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Abstract

A length-dependent neuropathy with pain in the feet is a common complication of diabetes
(painful diabetic neuropathy, PDN). It was hypothesized that pain may arise from sensitized-
hyperactive cutaneous nociceptors, and that this abnormal signaling may be reduced by topical
administration of the a.p-adrenergic agonist, clonidine, to the painful area. This was a randomized,
double-blind, placebo-controlled, parallel-group, multi-center trial. Nociceptor function was
measured by determining the painfulness of 0.1% topical capsaicin applied to the pre-tibial area of
each subject for 30 minutes during screening. Subjects were then randomized to receive 0.1%
topical clonidine gel (n=89) or placebo gel (n=90) applied t.i.d. to their feet for 12 weeks. The
difference in foot pain at week 12 in relation to baseline, rated on a 0-10 numerical pain rating
scale (NPRS), was compared between groups. Baseline NPRS was imputed for missing data for
subjects who terminated the study early. The subjects treated with clonidine showed a trend
toward decreased foot pain compared to the placebo-treated group (the primary endpoint; p=0.07).
In subjects who felt any level of pain to capsaicin, clonidine was superior to placebo (p<0.05). In
subjects with a capsaicin pain rating =2 (0-10, NPRS), the mean decrease in foot pain was 2.6 for
active compared to 1.4 for placebo (p=0.01). Topical clonidine gel significantly reduces the level
of foot pain in PDN subjects with functional (and possibly sensitized) nociceptors in the affected
skin as revealed by testing with topical capsaicin. Screening for cutaneous nociceptor function
may help distinguish candidates for topical therapy for neuropathic pain.
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Introduction

A length-dependent neuropathy is one of the most common complications of diabetes. Pain,
typically felt in the feet, is a common feature. The analgesic efficacy of oral medications
such as pregabalin and duloxetine in PDN is highly variable and many patients have
difficulty with side effects [25]. It is therefore desirable to find alternative therapies. Prior
reports from studies in animals and man have suggested that clonidine may be effective in
relieving neuropathic pain when applied topically to the painful area [6;17]. Clonidine is an
a.2-adrenergic receptor agonist, that was originally approved as an oral product to treat
hypertension. Intrathecally applied clonidine was later shown to produce analgesia for both
acute and chronic pain [10]. Alpha-2 receptors are also present on nociceptors in the
epidermis [26]. Activation of these G-protein coupled receptors leads to release of an
inhibitory G-protein which in turn down regulates adenylate cyclase and other second
messengers thought to play a role in initiating and maintaining the abnormal excitability of
nociceptors [16]. The origin of neuronal signals leading to pain in PDN is unknown, though
nociceptors expressed in the skin are a potential target [3]. Given the robust expression of
alpha-2 receptors in cutaneous nociceptors, evidence that nociceptors in the skin may be
sensitized in neuropathic pain models, and prior behavioral and clinical data indicating
analgesic effects of clonidine, a double blind randomized study was performed to determine
efficacy, tolerability, and safety of topical clonidine to treat PDN. In some patients the skin
is profoundly denervated, and in these cases topical therapy is likely futile. In other patients,
the nociceptor innervation of the skin is preserved [11;23;32] and to the extent that abnormal
signaling in these nociceptors leads to pain, topical clonidine may have a therapeutic role.
Here we provide evidence that the analgesic effect of topical clonidine varies with the
painfulness of topical capsaicin applied near the foot. This supports the hypothesis that the
efficacy of this topical therapy depends on the presence of nociceptors in the skin, and
possibly on the level of sensitization.

Materials and Methods

Design

The study was a randomized, double-blind, placebo-controlled, parallel-group, conducted at
multiple centers throughout the United States that consisted of a screening phase (28 +/- 7
days prior to the baseline visit), a baseline phase (7 days prior to treatment plus the baseline
visit assessments [day 1]), a 12-week double-blind treatment phase, and a follow up period
(Figure 1). The protocol and informed consent documents were approved by the appropriate
Institutional Review Boards and the trial was registered (ClinicalTrials.gov identifier:
NCT00695565). Written informed consent was obtained from each patient before initiation
of study procedures.

Screening of subjects

All subjects were diagnosed to have a length dependent painful sensory neuropathy affecting
the feet attributable to type 1 or type 2 diabetes mellitus based on history, physical
examination, and laboratory data. The symptoms followed a stocking type distribution.
Subjects were excluded if they had clinical evidence of other causes of foot pain such as
Morton's neuroma, tarsal tunnel syndrome, plantar fasciitis, lumbar radiculopathy, and
arthritis. Subjects were also excluded if they had another condition with greater pain
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intensity, an unstable medical/psychological condition, or an open lesion/skin condition in
the area of gel application. The complete list of inclusion and exclusion criteria is provided
in Table 1. Physical examination, vital signs, application site assessment, complete medical
history, clinical lab specimen examination, ECG, urine drug screen and pregnancy test were
conducted at screening. Participants also completed questionnaires and underwent sensory
testing. Participants discontinued use of “as needed” (PRN) pain medications other than
acetaminophen (paracetamol). If they were on other daily pain medications, they were
allowed to continue these as long as they agreed to continue stable daily dosing throughout
the study.

Baseline assessment

Subjects recorded the average pain intensity in their feet over the past 24 hour period
(average daily pain) using the numerical pain rating scale (NPRS). Eligible subjects
(baseline pain rating > 4 [average of 7 days prior to treatment]; diaries greater than 80%
complete) underwent baseline measurements which included reassessment of screening
procedures and questionnaires, and laboratory assessments (including sampling of plasma
levels of clonidine). A subset of participants (97) underwent a 3 mm skin punch biopsy 6 cm
above the ankle of either leg in order to quantify intraepidermal nerve fiber density
(IENFD). Epidermal C-fibers co-localize with markers of nociceptors and are thought to
relate to pain functioning in the skin [26]. This procedure was elective and sites as well as
participants could opt out from participation based on their preference. Labeling was
performed with the pan axonal marker PGP 9.5 and density assessment followed validated
techniques [35]. (Therapath: www.therapath.com)

Questionnaires

The Brief Pain Inventory (BPI) [4] was used to assess pain and functioning. Subjects also
underwent tests of sleep (Chronic Pain Sleep Inventory; CPSI) [13], and depression along
with anxiety (Hospital Anxiety and Depression Scale; HADS) [40]. Clinician and Patient
Global Impressions of Change (CGIC, PGIC, respectively) were assessed by having the
investigator and patient independently rate the overall change in pain status at the final
treatment visit [8].

Psychophysical assessment

During screening, 0.1% capsaicin was applied over a 1 cm diameter area on the pre-tibial
area midway between the calf and ankle of both legs. The pretibial area was selected for
placement of the capsaicin stimulus rather than the foot, because the pretibial area is
typically also affected by the length dependent neuropathy, and it was believed that the pain
from capsaicin stimulus might otherwise be confused with the ongoing pain in the foot.
Notably the area selected was near the area chosen for skin biopsy used to anatomically
quantitate the severity of the small fiber neuropathy (data presented in Results). An
occlusive dressing (e.g., Tegaderm™) was applied over the capsaicin application site, and
left in place for 30 minutes. Subjects then rated the capsaicin induced pain on a 0-10 scale
(NPRS) for each leg independently. The responses from the right and left sides were highly
correlated (r2 = 0.93, p = 0.001). Therefore the mean pain rating of the two sides was used in
further analyses. Vibratory testing was performed on the dorsum of both large toes through
use of a 128 Hz tuning fork [20]. Normal, reduced, or absent mechanical sensation was
assessed through use of a 10g (5.07) von Frey monofilament (Center for Specialized
Diabetes Foot Services; Mid-Delta Health Systems, Inc.) applied to the dorsum of the great
toe [20]. An assessment of thermal discrimination was conducted to test the subject's ability
to differentiate warmth from cold on the dorsum of each foot using a heated or cooled metal
rod.
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Randomization and blinding

Participants were randomized in blocks to receive either 0.1% topical clonidine gel or
placebo gel in a 1:1 ratio, double-blinded fashion. Subjects were stratified with regard to
baseline pain severity, such that similar numbers of patients with moderate and severe pain
were included in the active and placebo groups. The placebo formulation was identical in
appearance, consistency, packaging, and labeling. Placebo and active drug were supplied by
Arcion Therapeutics.

Treatment period

Participants recorded their average pain over the last 24 hours in a diary each evening before
going to bed throughout the study using the numerical pain rating scale (NPRS). Subjects
returned to the clinic for visits at weeks 1, 2, 4, 6, 8, 10, and 12 for assessments.
Pharmacokinetics and other laboratory tests, physical examination, application site
assessments, vital signs, ECG, urine drug screen, urine pregnancy test, HADS, BPI, and
CPSI were obtained at clinic visits. Subjects also returned to clinic approximately one week
after discontinuation of study medication for a follow up safety evaluation.

Drug application

Study medication was self-administered to both feet in the morning, afternoon, and evening.
A “dose” was defined as the amount of gel delivered with one complete pump (a metered
dose) of the mechanical dispensing bottle per foot. Participants were instructed to apply the
gel evenly to the toes, between the toes, and top and bottom of the feet extending up to the
ankle. The clonidine bottles contained 0.1% clonidine and dispensed 0.65 g of gel (0.65 mg
clonidine) per dose. The total daily clonidine dose was 3.9 mg (two feet, three times/day;
0.65 mg x 6). Prior unpublished studies suggested that .05% is not an effective dose of
clonidine and 0.2% had no greater efficacy than 0.1% clonidine. Safety was assessed by
tracking the frequency and severity of adverse events, and comparing pre- and post-
treatment urinalysis, blood chemistry and hematology. Safety was additionally evaluated by
assessing local dermal changes and changes in heart rate and blood pressure at study visits.

Statistical Analysis

Results

Analyses of covariance (ANCOVA) were performed on NPRS change scores (from baseline
to 12 week average daily diary ratings; landmark analysis - primary outcome) and
(continuous) secondary outcome measures controlling for baseline scores and treatment-by-
study center interaction. Secondary outcomes of interest included pain (BPI), sleep (CPSI),
depression and anxiety (HADS), clinician and patient global impressions of change (CGIC
and PGIC), as well as physiological factors. CGIC and PGIC categories were compared
between active and placebo groups using a generalized linear model based on maximum
likelihood with specification of the distribution as multinomial. Analyses were also
conducted by capsaicin score (a pre-specified variable of interest), by separate analyses
using the intra-patient capsaicin scores as a dichotomous, independent factor in the
ANCOVA. Missing data for subjects who terminated early were imputed using the baseline
scores (BOCF).

Of 464 screened subjects, 182 were randomized (Figure 2). Of the randomized subjects, one
participant from each group was found to be ineligible after randomization (but before
dosing) had occurred. In another subject, the baseline NPRS scores were lost after treatment
on day 1 and the subject was subsequently lost to follow up. Of the 179 remaining subjects,
90 received placebo gel and 89 received active gel. Patient demographics, clinical
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characteristics at baseline, summary questionnaire data and other variables of interest are
presented in Table 2.

The two randomized groups were well balanced with regard to demographic characteristics
(Table 2). The mean pain level at baseline was 6.5 (n=179). Nine subjects were diagnosed
with type 1 diabetes; one had Type 1.5, and all remaining subjects had type 2 diabetes. The
mean duration of diabetes was 10 years with a mean pain duration of three years. Use of
concomitant neuropathic pain medications was overall 44% (39% in the active group and
48% in the placebo group).

Pain in the intent-to-treat (ITT) population decreased with time as shown in Figure 3. At 12
weeks the decrease in pain in the clonidine group (-2.3; 0-10, NPRS) was greater than the
drop in pain in the placebo group (-1.7 (A=0.6, p=0.07). The responder analysis shown in
Figures 4A and 4B demonstrates the cumulative proportion of patients who had specified
percent decreases in the NPRS at 12 weeks. For example, 43% of the clonidine subjects had
a 30% drop in pain compared to 36% of the placebo subjects. Changes in the BPI, CPSI, and
HADS did not reach statistical significance (Table 2).

To assess nociceptor function, topical 0.1% capsaicin cream was applied under occlusion for
30 minutes in the pretibial area. The capsaicin stimulus evoked pain in 45% of subjects
(48% active group; 41% placebo group). The change in pain from baseline in the active
versus placebo groups varied with the capsaicin rating as shown in Figure 3. In the subjects
that did not detect capsaicin (rating of 0; n = 99), clonidine had no statistically significant
differential effect over placebo at any time point. However, in the subjects who detected any
level of pain to capsaicin (capsaicin > 0), clonidine was significantly more effective than
placebo (difference in mean = 0.9, 95% CI 0.01 to 1.76; p < 0.05; Figure 3). The magnitude
of separation between the clonidine and placebo treated patients became more pronounced
with increasing capsaicin ratings. In subjects with a capsaicin pain rating = 2 (0-10, NPRS),
the mean decrease in pain was 2.6 (0-10, NPRS) for active compared to 1.4 for the placebo
(difference in mean = 1.2, 95% CI 0.21 to 2.22; p = 0.01). The responder analysis in Figure
4b is shown for subjects with capsaicin pain ratings = 2.

Male and female subjects did not differ with regard to the response to capsaicin, nor were
there any identified ethnic or racial differences. Capsaicin responders also did not
significantly differ from non-responders with respect to duration of diabetes, duration of
neuropathic pain, baseline HbAlc, and baseline pain (NPRS — data not shown). The analysis
of secondary endpoints demonstrated a similar pattern of efficacy in the capsaicin
responders (Table 3). Among capsaicin responders, PGIC and CGIC were statistically
significant in favor of clonidine (p = 0.034 and p = 0.018, respectively; Figure 5), as was
change in sleep quality (p = 0.034). A similar analysis was performed based on the results of
non-nociceptor sensory function (vibration, assessment of tactile sensibility, and thermal
discrimination). No significant correlations emerged between any of these measures and
clonidine efficacy or results of capsaicin testing.

Ninety-seven of the 179 subjects underwent a 3 mm skin punch biopsy. Nerve fiber count
varied with capsaicin response (Figure 6). The mean IENFD was 2.7 fibers/mm, SD=3.1;
lower limit of normal is 5.4 fibers/mm[15]). Those who reported any level of pain from the
capsaicin (responses > 0) had significantly greater intra-epidermal nerve fiber densities (p =
0.042) when compared with subjects rating “0” to capsaicin.
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Pharmacokinetics

The typical plasma level of clonidine for treating hypertension is over 1000 pg/ml [29]. In
the current examination, the clonidine levels at 2 weeks were similar to those at 12 weeks
and generally below the level of detection (10 pg/ml). There were two outliers with levels >
200 pg/ml (796 pg/ml and 315 pg/ml). The reason for these outliers was not apparent and
neither subject had side effects or blood pressure changes consistent with or attributable to
excessive clonidine exposure.

Safety
As indicated in Table 4 no severe adverse events were attributed to treatment with clonidine.
Skin site reactions were mild and only observed in the placebo group. No significant
differences were observed in cardiovascular parameters (blood pressure, heart rate, ECG,
serum chemistry, hematology, urine, PT, PTT or HbAlc, and physical examination.
Discussion

The results of this study suggest that treatment with topical clonidine reduces pain from
diabetic neuropathy and indicates that efficacy depends on the relative level of functionality
of nociceptors in the skin. The primary endpoint related to the effects of clonidine in the
overall population. Though there was a trend favoring efficacy (p = 0.07), statistical
significance was not achieved. The statistical analysis plan stipulated a further analysis
relative to the innervation status of nociceptors in the skin as revealed by testing with topical
capsaicin. Studies have shown that the loss of small fiber function and pain sensibility in the
skin varies widely among diabetic patients [3;18;33]. The abnormal signals in the
nociceptive pathways that lead to pain may in principal extend along the neuroaxis (from the
skin to the brain). If the skin is severely denervated with regard to nociceptor function, then
the target for clonidine, presumed to be the a.,-adrenergic receptor on the epidermal
nociceptors, would be lost and clonidine would not have efficacy [2;3;14]. To test for
functioning of nociceptors in the skin, topical capsaicin cream 0.1% was applied to the skin
above the ankle for 30 minutes at the screening visit. Analgesic efficacy of clonidine over
placebo increased with the subjects’ response to the capsaicin stimulus. Thus, these data
suggest that the analgesic effect of clonidine depends on the presence of functional
capsaicin-responsive nociceptors in the skin, and raises the broader issue that neuropathic
pain treatments may be guided by results of sensory testing.

The separation between clonidine and placebo was 1.2 on the NPRS scale in subjects with a
capsaicin response of > 2 (0-10 scale). In the overall population the separation was 0.6. This
separation is within the range seen in other approved therapies. Pregabalin and duloxetine
are widely used as oral therapies to treat PDN. Tolle et al [36] reported benefit of pregabalin
of 1.1 over placebo (difference between change in pain in placebo versus active group) with
600 mg dosing at 12 weeks. With 300 mg dosing the difference from placebo was only 0.2.
In a recent study in Japan [28] (n = 317) the difference over placebo at 300 mg/day was 0.6;
at 600 mg/day the difference was 0.7. Duloxetine at the dose of 60mg/day the difference
over placebo was about 1.3 at 12 weeks [38], but only 1.0 when the imputation for missing
data was BOCF [9].

Other sensory and skin biopsy data

Other tests of sensory functions (mechanical, vibration, thermal) did not correlate with the
responses to clonidine. These tests were done as simple screens and lacked quantitative
rigor. More sophisticated tests of heat and mechanically induced pain have been done in
specialized centers [14], but would be difficult to perform in the context of a large multi-
center clinical trial. Nevertheless, future studies aimed at assessments of other nociceptor
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functions and their relation to efficacy of topical treatment will be of value. The capsaicin
test reported here was technically simple to apply, took little time, and did not depend on the
use of specialized equipment or personnel [34].

To test for anatomical evidence of cutaneous C-fiber pathology, 97 of the 179 subjects
underwent a 3-mm skin biopsy. Intra-epidermal nerve fibers were labeled with the pan-
axonal marker PGP 9.5, and density of fibers was quantified. The C-fiber density in the
epidermis, presumed to correspond mainly to the innervation density of nociceptors
[1;24;26], was significantly lower in subjects who lacked a response to capsaicin. This
anatomical analysis simply assessed the density of epidermal fibers, not the expression of
ap-adrenergic receptors or the presence of sensitization. The capsaicin response, in contrast,
is in a sense a functional assay and could suggest sensitization in TRPV1-positive fibers as
well as the anatomical presence of nociceptors.

Mechanism of action

Conclusions

The blood levels of clonidine in this study were typically below the level of detection (10
pg/ml). Thus the effects were almost certainly peripherally-mediated. Li et al [17] studied
clonidine treatment in a rodent neuropathic pain model and determined that clonidine
reversed allodynia and hyperalgesia when applied to the affected paw but not when it was
applied to the contralateral side. Application of the clonidine patch relieved hyperalgesia in
patients with complex regional pain syndrome but only in the area of application [5].
Evidence indicates that clonidine is also efficacious in the treatment of PDN when delivered
through a transdermal patch applied remotely to the painful area (e.g., shoulder or anterior
chest region) [39]. In this case the analgesic mechanism of clonidine may be central as well
as peripheral given that intrathecally administered clonidine has been shown to have
analgesic properties [7;21;30].

The discovery that the targeted alpha-2a receptor is expressed directly on nociceptors in the
epidermis [27] further supports the hypothesis that clonidine effects are mediated by direct
effects in the skin. Clonidine is an agonist for an inhibitory G-protein coupled receptor
[22;31]. Activation of these receptors likely decreases levels of adenylate cyclase and
cAMP. Increased levels of these second messengers have been identified as a source of
increased excitability of nociceptors and as a mechanism of neuropathic pain. Adenylate
cyclase upregulation may also lead to phosphorylation of the TRPV1 channel and therefore
sensitize nociceptors to capsaicin stimulation. This observation provides further impetus to
use capsaicin testing as a tool to identify candidates for clonidine treatment [12;19;37].

Topical clonidine gel significantly reduced the level of pain in subjects with diabetic
neuropathy in whom there are functional (and possibly sensitized) nociceptors in the
affected skin. This study provides support for the view that quantitative sensory testing may
aid in identification of the appropriate treatment for a given patient. The treatment with
clonidine was safe and without the problematic side effects typically associated with
systemic therapies. Further research is warranted to corroborate the efficacy and safety of
topical clonidine as a treatment of PDN and possibly other neuropathic pain states. Drugs
with effects in preclinical trials targeting specific mechanisms have often failed in phase 2
and 3 efficacy trials. This could be due in part to the heterogeneity of mechanisms in the
patients. In future drug trials it may prove useful to screen for nociceptor function in the skin
as a way to optimize identification of effective topical therapies.
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Figure 3.

Change in pain by capsaicin response level [(Mean £ SEM) Y-axis = ANPRS; X-axis =
Week]. Effects of Clonidine over Placebo varied with capsaicin response determined during
screening. Weekly means of “average pain over the last 24 hours” rated on 0-10 numerical
pain rating scale (NPRS).
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ITT Population
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Figure4.

Cumulative proportion of responder's analysis (CPRA) graph displaying proportion of
patients who had a given percentage decrease in pain compared to baseline at week 12 with
Clonidine or Placebo. Effects of Clonidine over Placebo varied with capsaicin response
determined during screening. Ratings of pain were obtained through 0-10 NPRS.
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Figurebs.

Clinician and patient global impression of change (CGIC; PGIC) at point of study
termination (12 weeks) for capsaicin responders [(=2); Y-axis = percent of patients]. CGIC
and PGIC were assessed by having the investigator and patient independently rate overall
global impression of change in the subject's pain status at the final treatment visit using a 7
point verbal rating scale. The investigator and subject were asked: “Relative to Baseline,
please rate from among the following choices the subject's total improvement whether or
not, in your judgment, it is due entirely to study drug treatment: ‘very much improved,’
‘much improved,” ‘minimally improved,” ‘no change,” ‘minimally worse,” ‘much worse,” or
‘very much worse’.” Percentages are displayed by treatment group on the y-axis, the n for
each group is included within each bar.
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Nerve Fiber Density vs. Capsaicin Response
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Figure6.

Nerve fiber count by capsaicin response. Participating subjects (n=97) received a 3 mm
punch skin biopsy on the lower extremity six cm above the ankle. Intra-epidermal nerve
fiber density (IENFD) was determined using the pan-axonal marker PGP 9.5 by a central
laboratory (Therapath: www.therapath.com). Sites were selected for participation based on
willingness to do skin biopsy and a prespecified intent to do the biopsy in about one half of
the subjects.
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Inclusion/Exclusion criteria
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Inclusion Criteria

1

Between 18 and 80 years of age

Established diagnosis of diabetes (type I or 1) with pain attributable to a symmetrical stocking distribution neuropathy in the lower

extremities

Average daily pain score 24 on an 11-point 0-10 numerical pain rating scale (NPRS) in the area of PDN during the baseline phase

At least a six month history of PDN pain, but <five years (prior to screening)

Stable glycemic control regimen for at least 3 months

Stable analgesic regimen for at least 21 days prior to randomization

~N~N|J]oloo]lbk~]|lw

Willing to maintain current medications at their same dose throughout the study

Exclusion Criteria

1

Other chronic pain with greater intensity than their PDN pain

Other chronic pain within the region of PDN

Any serious or unstable medical or psychological condition

Hypotension

History of illicit drug or alcohol abuse within a year

Cognitive or language difficulties that would impair understanding/completion of the assessment instruments

Pregnant or lactating females, planning to become pregnant, or using unreliable means of birth control

Received other experimental drugs within two months of randomization

2
3
4
5
6
7
8
9

Prior use of topical clonidine gel

10

Open lesions or skin conditions in the area of gel application

11

Known sensitivity or intolerance to clonidine
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Table 4

Adverse events associated with treatment by group

System/Organ Class

Placebo Gel (N=90)

Clonidine Gel (N=89)

Number of patients with =1 related adverse event, n (%) 11 (12.2) 3(34)
General disorders and administration site conditions 2(2.2) 1(1.1)
Musculoskeletal and connective tissue disorders 2(2.2) 0(0)
Nervous system disorders 2(2.2) 2(2.2)
Psychiatric disorders 1(1.1) 0(0)
Respiratory, thoracic and mediastinal disorders 0 (0) 1(1.1)
Skin and subcutaneous tissue disorders 5(5.6) 0(0)

General disorders = Application site irritation/reaction; Musculoskeletal and connective tissue disorders = muscle tightness/pain in extremity;
Nervous system disorders = Burning sensation/Dizziness/Headache; Psychiatric disorders = disorientation; Respiratory, thoracic and mediastinal

disorders = dyspnoea; Skin and subcutaneous tissue disorders = dry skin/eczema/pruritus/rash.
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