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INTRODUCTION

The current worldwide epidemic of

type 2 diabetes constitutes one of the

major unmet challenges of public health.

The chronic diabetic state is character-

ized by hyperglycemia- and lipid-

 induced inflammatory processes that

damage tissues in a potentially self-

 amplifying manner (1). While current

therapy of diabetes has targeted glucose

control, treatment of diabetic complica-

tions, for example, neuropathy, aside

from striving for good metabolic control

has been only symptomatic. An inte-

grated therapeutic approach to diabetes

would target both the underlying cause

of glucose intolerance as well as activate

repair systems to prevent or reverse end

organ damage, that is, a disease modify-

ing therapeutic.

Over the past 15 years, preclinical

studies have identified the presence of an

endogenous protective system that is ac-

tivated by inflammation, metabolic stress

and tissue injury (2). The receptor for

this response, innate repair receptor

(IRR) is a member of the type I cytokine

receptor family and is a complex consist-

ing of β common receptor (CD131) and

erythropoietin (EPO) receptor subunits

(3). The principal mediator of this home-

ostatic response is hypoglycosylated

EPO produced in situ by many cells as a

stress response. This locally produced

EPO has been shown in diverse model

systems to antagonize the production

and effects of proinflammatory mole-

cules, for example, tumor necrosis factor

(TNF) (4), as well as activate healing

processes. However, proinflammatory

agents also attenuate the local produc-

tion of EPO. In many disease states,

therefore, the balance between tissue

damage and healing is tipped toward in-

jury due to inadequate EPO production.

Administration of recombinant human

EPO (rhEPO) has been shown to be effec-
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tive in the reduction of inflammation and

activation of the healing process in a

wide variety of preclinical models as

well as in patients. With respect to dia-

betes, substantial recent work has shown

that rhEPO can improve the diabetic

state in animal models (5). However, in

addition to interacting with the innate re-

pair receptor in a paracrine/autocrine

manner, EPO also functions as a circulat-

ing hormone via its interaction with the

EPO receptor homodimer that mediates

hematopoiesis. Therefore, use of rhEPO

for treatment of tissue injury is limited

by the potential side effects of increased

erythrocyte mass and endothelial cell ac-

tivation, which, in combination with acti-

vated platelet production, predisposes to

thrombosis (6,7). To circumvent this

problem, we have developed engineered

proteins and peptides that interact only

with the innate repair receptor (8,9).

One promising candidate is ARA 290,

which is an 11-amino acid peptide mod-

eled from the three dimensional struc-

ture of helix B of the EPO molecule that

interacts with the IRR (8). ARA 290 has

been evaluated extensively in a wide

spectrum of preclinical models, includ-

ing diet-induced insulin resistance (10),

diabetic retinopathy (11), diabetic auto-

nomic neuropathy (12), myocardial in-

farction (13), chronic heart failure (14),

burns (15), traumatic brain injury (16,17)

and shock-induced multi-organ failure

(18), among others. The results of these

studies show that ARA 290 prevents tis-

sue injury, reduces inflammation and ac-

tivates healing. However, in contrast to

rhEPO that has shown side effects in

clinical trials, to date ARA 290 has been

shown to be safe when formally evalu-

ated in preclinical animal toxicology, nor-

mal human volunteers and patients with

sarcoidosis (19–21).

Many diseases, including diabetes,

have been associated with damage and

loss of small unmyelinated or lightly

myelinated fibers of the peripheral sen-

sory and autonomic nervous system,

termed small fiber neuropathy (SFN).

This pathological process is character-

ized by neuropathic pain, sensory symp-

toms and/or autonomic dysfunction

(22). Diabetic painful neuropathy has

been shown to be mediated via an in-

flammatory chemokine pathway (23)

and strategies to reduce this inflamma-

tion, including gene transfer of soluble

TNF receptor, have been shown to alle-

viate pain (24). In preclinical models of

neuropathy, ARA 290 has been shown to

prevent and improve peripheral neuro-

pathic pain, an action that requires the

innate repair receptor (25). In these ef-

fects, ARA 290 is not acting as an anal-

gesic agent (26), but rather reduces the

underlying inflammation (27) and stim-

ulates nerve fiber regrowth from dam-

aged axons. Recent studies of patients

with sarcoidosis and SFN have shown

that ARA 290 reduces neuropathic

symptoms in conjunction with an in-

crease of small nerve fibers as assessed

by changes in the density of corneal

nerve fibers (19). Additionally, ARA 290

has been shown to reverse diabetes-in-

duced autonomic nerve degeneration in

a murine model (12).

The present study was initiated to de-

termine whether ARA 290 improves

metabolic control and neuropathic pain

in patients with type 2 diabetes.

MATERIALS AND METHODS

ARA 290 is a linear 11-amino acid pep-

tide of molecular weight 1257 daltons

(21). The material for this study was pro-

duced by Bachem (Weil am Rhein, Ger-

many) and prepared in sterile vials al-

lowing for daily subcutaneous

self-injection (SC) of 4 mg. Placebo con-

sisted of the vehicle (20 mmol/L sodium

phosphate buffer, pH 6.5, 1% sucrose and

4% D-mannitol. The results of pharmaco-

kinetic analyses performed in normal

volunteers show that following 4 mg SC,

a peak plasma level ~3 ng/mL

(~2.4 nmol/L) was obtained with a ter-

minal half-life of ~20 min (21). Preclinical

pharmacokinetic-pharmacodynamic data

has shown that beneficial effects of ARA

290 occur when plasma concentrations

exceed 1 nmol/L (2).

This double blind, placebo-controlled,

investigator-initiated clinical trial is reg-

istered in the Netherlands Trial Register

(NTR3858). The primary purpose was to

determine the safety and efficacy of ARA

290 on metabolic control and neuro-

pathic symptoms in subjects with type 2

diabetes. Primary endpoints were (1) col-

lection of adverse events and laboratory

parameters; (2) change in hemoglobin

A1c (Hb A1c) at d 28 and 56 compared

with baseline; (3) change in the scores of

the Small Fiber Neuropathy Screening

List (SFNSL), PainDetect, Neuropathic

Pain Symptom Inventory (NPSI), and

RAND-36 at d 28 and 56 compared with

baseline. Secondary endpoints were

change in (1) quantitative sensory test-

ing; (2) corneal nerve fiber density

(CNFD); and (3) 6 Minute Walk Test

(6MWT) distance at d 28 versus baseline.

Primary Inclusion criteria were (1) diag-

nosis of type 2 diabetes mellitus; (2)

spontaneous discomfort level of 6 or

greater on a numerical rating scale of the

“Pain Now” (0 [none] to 10 [worst]) of

the PainDetect questionnaire and SNFSL

score of >22, or spontaneous discomfort

level on Pain Now <5 and SFNSL >44 at

screening and at first dosing visit; (3) dis-

comfort defined as distal pain/discom-

fort plus one of the following: (a) pares-

thesia; (b) burning/ painful feet

worsening at night; or (c) intolerance of

sheets or clothes touching the legs or

feet; (4) between 18 and 70 years of age;

and (5) body mass index (BMI)

<40 kg/m2. Primary exclusion criteria

were (1) vaccination or immunization

within the month prior to screening; (2)

anti-TNF therapy or other biological an-

tiinflammatory agents administered

within the 6 months prior to screening;

or (3) use of erythropoiesis stimulating

agents within the two months prior to

screening or during the trial.

The power analysis was based on data

collected from a double-blind trial of the

safety and efficacy of ARA 290 in pa-

tients with sarcoidosis and symptoms of

small fiber neuropathy that received

4 mg ARA 290 SC daily for 28 d (19). In

this study, the mean decrease in the

SFNSL score for ARA 290 group at 28 d

was 9.1 points with a standard deviation
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(SD) of 8.5. On the basis of these data,

we estimated that to determine a differ-

ence between the active and placebo

group of a 9-point change in the SFNSL

score at a p value of 0.05 with a power of

0.9, 40 patients (20 each arm) be re-

quired. On the basis of the prior experi-

ence in diabetic populations, we also es-

timated that up to 10 subjects would

potentially withdraw from the study.

Therefore, a total of 50 patients (25 each

patient group) was required to complete

this study.

After obtaining informed consent, a

total of 61 subjects having diabetes and

painful distal extremities were screened:

49 met the inclusion criteria and were en-

rolled in the trial. One patient discontin-

ued drug administration at d 15 of dos-

ing due to a worsening of borderline

renal insufficiency (see Safety section

below) and was eliminated from the

analysis (n = 48). The baseline demo-

graphics of subjects are listed in Table 1.

Subjects self-injected active or placebo

(0.5 cc total volume) subcutaneously into

the anterior thigh using rotating injection

sites. Compliance was assessed by a

count and visual inspection of vials re-

turned to the pharmacy and checked

again via a daily patient diary. Subjects

also were maintained on a variety of

medications for treatment of diabetes

and its complications, including a wide

range of drugs to treat neuropathic pain,

including opioids, tricyclic antidepres-

sants, nonsteroidal antiinflammatories,

serotonin reuptake inhibitors, and/or

antiepileptics. These medications were

continued throughout the trial.

Endpoint Assessments

Safety. Clinical chemistry, hematology

and vital signs were recorded at enroll-

ment, and at 14, 28 and 56 d. A continu-

ous recording 12-lead electrocardiogram

was obtained before and for 10 min fol-

lowing the first administration of the

study drug. Serum for anti–ARA 290 an-

tibodies was obtained at baseline and

again at the end of dosing (28 d). Sub-

jects were interviewed in person or by

telephone every 2 wks and questioned

about possible adverse events. Adverse

events reported spontaneously by sub-

jects outside the above-indicated time

points also were documented.

Other endpoints. Neuropathic pain

was assessed using the numerical rating

scales of PainDetect (28) and the Neuro-

pathic Pain Symptom Inventory (29), two

validated and widely used patient re-

ported outcomes. The versions used in

this study were validated Dutch transla-

tions. Additionally, the SFNSL was used

to assess the severity of small fiber neu-

ropathic symptoms. The SFNSL was de-

veloped for Dutch-speaking individuals

and has been validated in sarcoidosis pa-

tients that have symptoms of small fiber

neuropathy (30). Finally, the Dutch ver-

sion of the RAND-36 was utilized to de-

termine health-related quality of life and

scoring was carried out as described by

Hays, et al. (31).

For missing data of individual ques-

tions in the questionnaires, the last data

point recorded was carried forward. One

placebo patient was missing the baseline

PainDetect value and was eliminated

from the PainDetect analysis.

Quantitative sensory testing was per-

formed for the face, hand and the foot

using a Medoc Advanced Medical Sys-

tems device (Ramat Yishai, Israel) in ac-

cordance with the German Research Net-

work on Neuropathic Pain protocol (32),

but was modified to include only six of

the thirteen domains to reduce the

amount of time subjects would be in-

volved in testing. These domains were:

cold detection threshold (CDT), warm de-

tection threshold (WDT), thermal sensory

limen (TSL), paradoxical heat sensation

(PHS), allodynia (ALL) and vibration de-

tection threshold (VDT). Normative val-

ues used were those of Rolke et al. (33).

Table 1. Baseline patient characteristics.a

Variable ARA 290 Placebo

Subjects 24 24

Males/females 18/6 12/12

Weight (kg) 92.2 ± 3.8 91.7 ± 2.7

Age 63.0 ± 1.5 63.8 ± 1.4

Height (cm) 175.3 ± 1.8 171.0 ± 1.6

BMI 29.9 ± 1.0 31.4 ± 0.8

ARA 290 dose (mcg/kg) 45.0 ± 1.9 0

ARA 290 dose (mg/ m2) 1.9 ± 0.05 0

hs-CRPb 3.35 ± 0.86 3.73 ± 1.17

Hb A1c (%; mmol/mol)c 7.3 ± 0.4; 55.8 ± 4.4 6.9 ± 0.2; 51.7 ± 1.9

[5.4%, 6.6%, 12.3%] [5.8%, 6.7%, 9.3%]

Cholesterol (mmol/L) 4.57 ± 0.18 4.59 ± 0.15

HDL (mmol/L) 1.22 ± 0.09 1.35 ± 0.08

Triglycerides (mmol/L) 2.35 ± 0.25 2.30 ± 0.27

SFNSL total score 24.8 ± 2.5 [3, 25, 52] 21.3 ± 1.7 [7, 21, 38]

RAND-36

NPSI total score 17.0 ± 2.0 [0, 16.5, 33.3] 21.7 ± 2.0 [4.5, 22.8, 37.5]

PainDetect total score 18.0 ± 1.4 [6, 20, 27] 18.0 ± 1.3 [6, 20, 28]

6MWT (m) 410.3 ± 17.4 447.8 ± 19.6

6MWT predicted (m)c 656.0 ± 13.8 618.4 ± 13.6

CNFD (number/mm2) 24.8 ± 1.4 24.1 ± 1.7

aValues correspond to number or mean ± SEM. Values within brackets refer to the range

as: minimum, median, maximum.
bhs-CRP, high-sensitivity C-reactive protein.
cFor each group, n = 21. Only subjects with A1c values at baseline, d 28 and d 56 included

(n = 42).
cCalculated from Troosters et al. (35).
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The 6MWT was performed according

to the American Thoracic Society guide-

lines (34). The expected 6-min walk dis-

tance was calculated using age, gender

and height as per Troosters, et al. (35).

Corneal nerve fiber images were ob-

tained using a Rostock Cornea Module/

Heidelberg Retina Tomograph III and

established methodology (36). A mini-

mum of six images from each eye were

selected by a single experienced investi-

gator blinded as to treatment, based on

the presence of adequate nerve fiber

contrast and full field of view. CNFD

(number/mm2) was manually quanti-

fied by a blinded expert analyst accord-

ing to our established criteria and evalu-

ation methods (37) For determination of

normal corneal nerve fiber density and

length, 55 healthy individuals ranging

in age from 28 to 73 years (median = 48

years) were evaluated.

Statistical Analysis

Data was analyzed using JMP (version

11; SAS, Cary, SC, USA). All variables

were considered to be continuous and

confirmed to follow a normal distribu-

tion before parametric statistical methods

used. Statistical testing was performed as

delineated in the text. For corneal nerve

density, some subjects fell within the nor-

mal range. In addition to a comparison

of the full subject group, a post hoc analy-

sis was carried out for the group of sub-

jects having a CNFD >1 SD less than the

normal mean.

RESULTS

Safety

No clinically significant changes from

baseline values of the hematology or

clinical chemistry were observed at any

of the time points sampled following

ARA 290. Anti–ARA 290 titers at baseline

and after 28 d were negative. The fre-

quency distribution of AEs was similar

in both treatment groups: for ARA 290,

54 “mild,” 9 “moderate” and 1 “severe”

categorizations were recorded, while for

placebo, 61 “mild” and 5 “moderate”

were noted. Potential relationship to ad-

ministration of study drug as assessed by

the investigator was: 25 “possibly” and

39 “unlikely” for the ARA 290 group,

and 40 “possibly” and 26 “unlikely” for

the placebo group.

Four serious adverse events were ob-

served in the ARA 290 treatment arm.

Two were judged unlikely to be associ-

ated with ARA 290 administration. The

remaining two were judged to be possibly

related to ARA 290 administration. In one

subject on daily furosemide therapy, the

dose was increased after wk 2 of the dos-

ing period and the previously borderline

renal insufficiency worsened slightly (cre-

atinine rose from 119 μmol/L to

159 μmol/L). The safety committee

stopped ARA 290 administration. How-

ever, furosemide administration contin-

ued at the increased dose and renal func-

tion did not improve over the follow up

period of 6 wks. Another subject, male 70

years of age, developed severe cellulitis of

the lower extremity requiring hospitaliza-

tion 2 wks after the last dose of ARA 290

and suffered a fatal myocardial infarction.

The safety committee judged the event to

be unrelated to ARA 290 treatment.

Metabolic Control

Forty-two diabetic subjects for whom

complete serial A1c determinations were

available (n = 42) had good baseline gly-

cemic control as evidenced by mean

Hb A1c values of 7.3% (55.8 mmol/mol)

in the ARA 290 group (n = 21) and 6.9 %

(52.1 mmol/mol) in the placebo group 

(n = 21). The mean changes from base-

line of Hb A1c at d 28, and d 56 were:

–0.16% ± 0.07 (–1.71 mmol/mol) and

–0.21% ± 0.09 (–2.24 mmol/mol) for the

ARA 290 group and –0.01% ± 0.07 

(–0.14 mmol/mol) and +0.21% ± 0.08 

(+2.24 mmol/mol) for the placebo

groups respectively (Figure 1; p = 0.002

repeated measures analysis of variance

[ANOVA]). The magnitude of change in

Hb A1c was directly proportional to base-

line values in the ARA 290 group,

whereas no relationship was observed

between baseline and posttreatment 

values in the placebo group (data not

shown).

In addition, ARA 290 treatment was

associated with significantly reduced ra-

tios of total serum cholesterol to high-

density lipoprotein (HDL)-cholesterol

(p = 0.039; Figure 2A) and serum triglyc-

eride levels (p = 0.043; Figure 2C). There

was an increase in HDL in the ARA 290

group compared with the placebo group

at 28 and 56 d (p = 0.066; Figure 2B). Sim-

ilar to the Hb A1c results, the change in

triglyceride concentration depended

upon the baseline value for the ARA 290

group (Figure 3A) but not for the placebo

group (Figure 3B).

Diabetic therapeutic regimens varied

in the patient population, ranging from

no pharmacological treatment to inten-

sive insulin therapy. The majority of sub-

jects experienced no change in medica-

tion during the dosing or 1-month

follow-up period.

Neuropathic Symptoms

PainDetect. At baseline, the mean total

neuropathic score was identical (ARA

290: 18 ± 1.37; placebo 18 ± 1.29) for the

two treatment groups. Distribution of

score severity (≤12, 13–18 or ≥ 19) was

Figure 1. ARA 290 administration is associ-

ated with an improvement in Hb A1c at 

d 28 and is maintained at least 4 wks fol-

lowing dosing. The A1c percentage de-

creased significantly from baseline in the

group receiving ARA 290 (4 mg SC daily

for 28 d; filled circles), whereas the pla-

cebo group (open circles) remained un-

changed. Follow-up at an additional 28 d

showed the ARA 290 treatment group

maintained an improved A1c profile (p =

0.002; repeated measures ANOVA).



6 6 2 |  B R I N E S  E T  A L .  |  M O L  M E D  2 0 : 6 5 8 - 6 6 6 ,  2 0 1 4

A R A  2 9 0  I N  T Y P E  2  D I A B E T E S  W I T H  N E U R O P A T H Y

also similar with 6, 12 and 5 subjects in

the ARA 290 group and 4, 13 and 6 sub-

jects in the placebo group, respectively.

Following dosing, the ARA 290 group

improved significantly compared with

the placebo group (Figure 4; p = 0.037 re-

peated measures ANOVA) with an im-

provement of 3.3 points in the ARA 290

group versus 1.1 points for placebo. The

difference between the groups increased

when evaluated at d 56 (28 d following

last dose) at which point the mean im-

provement in the ARA 290 had increased

to 4.2, and the placebo group diminished

to 0.74 points. Significant improvements

were observed in the “tingling,” “thermal

pain” and “allodynia” categories (p val-

ues 0.01, 0.04 and 0.04; paired t test), as

well as a trend for improvement in the

categories of “pressure pain” and “pain

attacks” (p = 0.08 and p = 0.09) in the

ARA 290 group, but not in the placebo

group. No difference was observed be-

fore and after ARA 290 treatment in the

“burning” category.

NPSI. The NPSI at baseline indicated

mild symptoms (score of 19.4 ± 1.4). Both

groups improved significantly by ~20%

compared with baseline at d 28 (mean

decreases of ARA 290 = –3.9 ± 1.9 and

placebo = –3.7 ± 1.5; p = 0.05 and p = 0.02

respectively; paired t test). By d 56, nei-

ther group was significantly improved

compared with baseline (ARA 290 = 

–1.8 ± 2.3 and placebo = –3.1 ± 2.2).

SFNSL. Similar to the NPSI, the base-

line total score (out of a maximum of 84)

of the SFNSL was in the lower end of the

range: 24.8 for the ARA 290 and 21.3 for

the placebo group respectively. Neither

the ARA 290 nor placebo treatment

group changed significantly from base-

line for the SFNSL when assessed at d 28

or d 56.

RAND-36. Baseline scores for each di-

mension are shown for the two treatment

groups with respect to the population

norm of patients with chronic disease

from the Medical Outcomes Study (31) in

Figure 5. The placebo group differed

from the reference population only in

bodily pain and physical role function-

ing. In addition to these dimensions, the

ARA 290 group differed as well in other

dimensions, except for emotional role

functioning and mental health. Physical

role functioning and vitality (energy/fa-

tigue) was notably reduced in the ARA

290 group. Following 28 d of injections,

no changes were observed in the placebo

group, whereas the ARA 290 group ex-

hibited significant improvements in the

physical role functioning and vitality di-

mensions (p = 0.05 and p = 0.02 respec-

tively; paired t test).

Figure 2. ARA 290 (filled circles) administration exhibited a favorable increase in (A) the

cholesterol/high density lipoprotein ratio (p = 0.039) and (B) high density lipoprotein (p =

0.066), as well as a decrease in (C) triglycerides (p = 0.043), in contrast to the placebo

group (open circles).

Figure 3. The observed change in triglyceride concentration over the 28-d treatment pe-

riod was inversely related to baseline level in the ARA 290 group (panel A; r2 = 0.23; p =

0.022), whereas no relationship was observed for the placebo group (panel B).

Figure 4. Neuropathic symptoms as as-

sessed by PainDetect are reduced signifi-

cantly by ARA 290 administration. Time-de-

pendent changes in the total PainDetect

score showed a significant improvement in

the ARA 290 group (filled circles) com-

pared with placebo (open circles; p =

0.03; repeated measures ANOVA). This cor-

responds to an ~18% change and ~23%

change from the baseline scores at d 28

and d 56 respectively for the ARA 290

group.
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6MWT. All subjects performed a

6MWT at baseline and d 28. The pre-

dicted 6-min walk distance calculated

from Troosters et al. (35) was a mean of

637 m, whereas the mean 6-min walk

distance for the patient cohort was only

429 m. Following dosing, the ARA 290

group increased their walk distance by a

mean of 3.5 % of baseline (p = 0.09),

whereas the placebo group increased

walk distance by 1.1 % of baseline (p = ns

[not significant]).

Corneal confocal microscopy. Assess-

ment of corneal nerve fiber density

(CNFD) showed that at baseline the

mean density was significantly reduced

for the diabetes group (24.4 ± 1.1 fibers/

mm2 versus normal control of 37.2 ±

0.9 fibers/mm2; p < 0.001). At d 28 after

administering ARA 290, there was a non-

significant increase of 1.1 ± 1.1, compared

with the placebo group with a mean in-

crease of 0.1 ± 1.2 fibers/mm2. However,

11 diabetic subjects had a CNFD within

1 SD of the normal mean and therefore

could not be determined to be abnormal.

A subgroup analysis performed on sub-

jects having a mean CNFD >1 SD from

normal was notable for a mean change in

of +2.6 ± 1.0 fibers/mm2 for ARA 290 

(n = 18; p = 0.02; paired t test) versus 

+0.7 ± 1.3 fibers/mm2 for placebo (n = 19;

p = ns). Additionally, in this group, a lin-

ear relationship existed between the ob-

served change in CNFD and the change

in symptoms for the ARA 290 subjects as

assessed by PainDetect (Figure 6).

Quantitative sensory testing. Thermal

sensitivity testing demonstrated that as a

group, at baseline, the subjects exhibited

a reduction of function of cold detection

threshold of all three regions tested, and

reduced function in warm detection

threshold in the foot and hand (Figure 7).

Additionally, the vibration detection

threshold was reduced significantly for

the hand and foot. These subjects also

suffered from severe allodynia in their

feet. There were no significant differ-

ences observed after treatment in either

patient group.

DISCUSSION

The results of this study show that

ARA 290 (4 mg SC) self-administered for

28 d by subjects with type 2 diabetes is not

Figure 5. ARA 290 administration benefits several dimensions of the RAND-36. At baseline, the individual dimensions of the RAND-36 in

both the ARA 290 (panel B) and placebo (panel A) groups approach the reference population having chronic disease (black dashed

line with filled triangles; data from the Medical Outcome Study [31]). The ARA 290 group showed a significant improvement in the physi-

cal role functioning and vitality domains. Baseline indicated by filled circles and d 28 by open circles. A higher score indicates a better

quality of life. Data points connected as a visual aid. P: pain; RLEP: role limitations emotion problems; GH: general health; E: emotional

wellbeing; PF: physical functioning; RLPH: role limitations physical health; SF: social functioning; E/F: energy/fatigue.

Figure 6. Change in corneal nerve density is related to change in PainDetect total score

for the ARA 290 treatment group. In subjects having a baseline CNFD >1 SD from the mean

of a normal population, improvement in the PainDetect score was related to the change

in CNFD at d 28 in the ARA 290 group (panel A) but not in the placebo group (panel B).
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associated with significant ARA 290–related

adverse events. Similarly, no clinically

significant ARA 290–related alterations

of baseline biochemical (electrolytes, cal-

cium, liver, kidney or pancreas) or hema-

tological (erythrocyte, thrombocyte or

leukocyte) parameters were observed. In

sum, the safety observations support the

concept that the IRR, the target of ARA

290, is induced only by injury, inflamma-

tion or metabolic stress and is therefore

not generally expressed by normal tis-

sues, thus limiting systemic adverse

events.

As predicted by preclinical studies

with EPO (5) and ARA 290 (10,38), sub-

jects receiving ARA 290 exhibited signifi-

cant improvement in glucose control as

shown by changes in Hb A1c concentra-

tion. It is notable that the beneficial effect

of ARA 290 appears to be sustained for

at least the 28-d follow-up period. Al-

though the magnitude of the A1c change

is small, it is consistent with the expecta-

tions for antidiabetic agents adminis-

tered to subjects having excellent base-

line control, and is similar to what has

been observed in previous clinical trials

evaluating antidiabetic agents (39). ARA

290 also benefited the lipid profile, with

an improvement in the cholesterol-HDL

ratio, in part, as a result of an increase in

HDL levels. Additionally, although not

performed on fasting serum samples, the

triglyceride concentration also improved

in parallel to A1c.The mechanism(s) of ac-

tion underlying these changes is cur-

rently unclear, but results of preclinical

work supports effects of ARA 290 on in-

sulin resistance and muscle mitochondr-

ial biogenesis (10) as well directly on in-

sulin release (38).

The enrollment criteria for this trial re-

quired painful neuropathic symptoms of

the extremities consistent with small

fiber neuropathy. The results of the quan-

titative sensory testing performed are

consistent with a mixed small and large

fiber neuropathy. Furthermore, the re-

duction in corneal nerve fiber density

(CNFD) confirms the presence of a struc-

tural small fiber neuropathy.

The sensory-related neuropathic

symptoms, as assessed by PainDetect,

are notable for being quite severe in

these well-controlled subjects and are

comparable to other trials using this in-

strument in diabetic subjects (40). Re-

sults of a recent study (41) show that

this instrument has excellent repeatabil-

ity and can be used to assess neuro-

pathic symptoms longitudinally. In the

current study, ARA 290 significantly im-

proved the total score compared with

the placebo group. Changes noted in the

scores of individual questions show that

symptoms indicative of small fiber func-

tion are improved.

Subgroup analysis of those subjects

having reduced corneal nerve fibers, and

therefore more definitive evidence of

small fiber neuropathy (37), show that

ARA 290 treatment is associated with an

increase in corneal nerve fiber density,

analogous to the improvement seen after

improved metabolic control (42) and

after simultaneous pancreas and kidney

transplantation (43). Additionally, the

observation that changes in symptoms

as assessed by PainDetect are correlated

with changes in the CNFD in the ARA

290 treatment group alone, further sup-

port a functional relationship between

small fiber density and neuropathic

symptoms. It is interesting, however,

that evaluation of small fiber function as

performed by QST (that is, thermal

thresholds) did not show significant

changes following ARA 290 administra-

tion. This is in contrast to a previous

trial in sarcoidosis where changes were

observed in several temperature-related

evaluations (19). Further study is needed

to determine the underlying reason for

these differences.

Finally, quality of life, as assessed by

RAND36, was similar in most dimen-

sions to a large control population with

chronic disease in spite of the excellent

glycemic control. It is interesting that 

the changes observed in the ARA 290

group occurred primarily in the vitality

(energy/fatigue) dimensions. Fatigue has

been observed to be a prevalent and clin-

ically important symptom and major

cause of functional disability of subjects

with sarcoidosis and SFN (44). It is likely

that fatigue is an important component

of the symptom complex of these dia-

betic subjects, which was not formally

assessed in this trial.

In summary, ARA 290 shows signifi-

cant potential for the treatment of dia-

betic small fiber neuropathy. The two

major limitations of this trial are that the

treatment duration was only for 28 d

and the subjects were under generally

excellent metabolic control. Longer du-

ration of therapy provided to poorly

controlled subjects could result in larger

changes in Hb A1c as well as more sub-

stantial changes in neuropathic symp-

toms and objective assessment of small

Figure 7. The subjects studied in this trial exhibited both small and large nerve fiber dys-

function. Baseline characteristics of sensory function as assessed using quantitative sensory

testing performed using sites on the hand, face, and foot. Thermal thresholds (small fiber

function) were especially abnormal, but there also is evidence indicative of large fiber dys-

function as well (vibration and allodynia). The distal extremity exhibited significant allody-

nia. Negative z scores indicate loss of function and positive score indicate gain of function.
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nerve fiber density and function. The

observed excellent safety profile, along

with the positive results presented

herein, support further evaluation 

of ARA 290 as a disease modifying

agent in subjects with painful diabetic

neuropathy.
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