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The erythropoietin analog
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sarcoidosis-induced chronic
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Introduction: Sarcoidosis is a multi-system inflammatory disorder that may

affect the peripheral nerves causing neuropathic pain. Chronic neuropathic

pain is a debilitating disease and current treatment options are either of limi-

ted efficacy or are hampered by the development of serious side effects.

A novel pharmacological treatment option is the non-hematopoietic erythro-

poietin analog ARA 290, a small peptide acting at the innate repair receptor,

which is a heteromer of the erythropoietin receptor and b-common receptor.

ARA 290 was recently granted designation as Orphan Drug Product by the

FDA, for treatment of neuropathic pain in sarcoidosis patients.

Areas covered: This report reviews the pathophysiology of sarcoidosis and, to

understand the mechanistic pathway of ARA 290, the role of the innate repair

receptor in inflammation and its natural and synthetic ligands, erythropoietin

and ARA 290. The results of two proof-of-concept studies are presented that

show the ability of ARA 290 to induce analgesia greater than placebo in

patients with sarcoidosis-induced chronic moderate to severe neuropathic

pain, without safety issues.

Expert opinion: ARA 290 is a promising novel therapeutic option in the treat-

ment of neuropathic pain in sarcoidosis. Further studies are designed to

obtain additional proof of ARA 290’s analgesic efficacy and ability to increase

the quality of life in afflicted patients.

Keywords: anti-inflammation, ARA 290, chronic pain, innate repair receptor,

neuropathic pain, pain, sarcoidosis
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1. Introduction

Neuropathic pain is pain caused by a lesion or disease of the peripheral or central
somatosensory nervous system (www.iasp-pain.org). It is a severe and debilitating
complication associated with a variety of multi-system disorders, including diabetes
mellitus (DM) and sarcoidosis, and several infectious diseases (e.g., HIV, leprosy) [1].
While neuropathic pain is well recognized in DM, its common occurrence in
sarcoidosis is just recently appreciated and due to awareness provoked by recent
publications the number of sarcoidosis patients diagnosed with neuropathic pain
is increasing [2,3]. Neuropathic pain treatment is difficult and currently pharmacolo-
gical interventions are based on a trial-and-error approach. Drugs being used in the
management of neuropathic pain consist of topical applications (e.g., capsaicine,
lidocaine), prolonged-release opioids, anticonvulsants and antidepressants [1]. Irre-
spective of the drugs utilized, efficacy is limited both with respect to the number
of patients obtaining adequate pain relief (30 -- 40%) and the magnitude of effect
(maximum pain relief 30 -- 50%) [4,5]. In the current report, we discuss a new
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treatment option for chronic neuropathic pain in patients
with sarcoidosis: ARA 290 (Box 1). ARA 290 is an erythropoi-
etin analog without the hematopoietic properties of EPO [6-8],
that is now being tested in Phase II a and b studies for treat-
ment of sarcoidosis-related neuropathic pain. The primary
action of the drug is to provide pain relief, while secondary
benefits include mood enhancement and improvement of
the quality of life. The choice of sarcoidosis-induced
neuropathic pain is due to the fact that the initial clinical
proof-of-concept trials yielded positive results in a majority
of sarcoidosis patients being treated with ARA 290 for
neuropathic pain relief.

2. Sarcoidosis

Sarcoidosis is a multi-system, chronic, inflammatory, orphan
disease first described more than 100 years ago by dermatolo-
gists Hutchinson, Besnier and Boeck [2]. Sarcoidosis affects
multiple organ systems causing localized non-caseating granu-
lomas [9,10]. The lungs (> 90%) and lymphatic system are
most frequently afflicted followed in frequency by involve-
ment of cardiac, neuronal, ocular, renal, and skin tissues.
The incidence of sarcoidosis varies by geographic region and
ranges from 1 in 5,300 women to 1 in 6,300 men [9,10]. Sar-
coidosis’ orphanumber is ORPHA797 (Orphanet, available
at www.orpha.net) and synonyms include Besnier-Boeck-
Schaumann disease and Boeck’s sarcoid. The clinical course
of the disease differs between patients and depends on a vari-
ety of factors such as ethnicity, genetics, site and extension of
organ involvement and the underlying often-episodic inflam-
matory process [9,10]. Symptoms may precede the diagnosis by
many months due to the presentation of a variety of non-
specific symptoms. In some patients the disease develops
asymptomatically; in others the disease has an insidious
course, which often results in a chronic relapsing form with
pain and fatigue as important symptoms. In patients with
an acute onset of the disease symptoms include fatigue, fever,
weight loss, night sweats, erythema nodosum and a dry
cough [9,10]. The acute form often resolves within 24 -- 36
months. In a minority of patients, the disease becomes

progressive with lung fibrosis and cardiac and/or neurosarcoi-
dosis. The progressive form of the disease has a poor prognosis
with a mortality rate of up to 5%. The etiology of sarcoidosis
remains unknown. Possibly exogenous toxins or antigens acti-
vate inflammatory pathways (including the release of specific
cytokines from macrophages such as tumor necrosis factor
(TNF)-a) that in genetically susceptible patients cause the
formation of non-caseating granulomas [9,10]. Specific occupa-
tions prone to being exposed to toxic materials have a higher
incidence of sarcoidosis compared to the general population.
For example, fire fighters involved in rescue activities during
and following the 2001 World Trade Center terrorist attacks
have an increased incidence of sarcoidosis [9,11].

The pain in patients with chronic sarcoidosis is often related
to neuropathy of the small fibers of the peripheral nervous sys-
tem [2,3,12,13]. Small fiber neuropathy (SFN) is due to damage or
loss of small myelinated (Ad-) and unmyelinated (C-) fibers of
the sensory and autonomic nervous system [14,15]. SFN is a com-
mon manifestation in a variety of systemic disorders including
diabetes mellitus, alcoholism, systemic amyloidosis, various
autoimmune disorders (e.g., Sj€ogren’s disease, systemic lupus
erythematosus), genetic disorders (e.g., Farbry’s disease), infec-
tious diseases (e.g., HIV infection) and may occur as part of a
paraneoplastic syndrome [15]. Most studies show that in just a
minority of sarcoidosis cases a generalized large fiber neuropa-
thy is observed [3,16]. Burns et al. [16] showed that sural nerve
biopsies in some patients with a definite diagnosis of sarcoidosis
neuropathy showed varying degrees of epineural, perineural and
endoneural granolomatosis causing multifocal involvement of
nerve fascicles and axon loss, with occasionally concurrent vas-
culitis. In case of a mixed small and large fiber neuropathy
also muscle weakness may become an important symptom.
While until recently an incidence of 30% was documented [2,3],
neuropathy in sarcoidosis is increasingly diagnosed due to an
increased awareness of the disease as well as improved
diagnostic tests.

The most prominent clinical features of SFN include pain
(often described as burning or shooting), numbness, paresthe-
sias, allodynia (causing intolerance to touch), and hyper-
algesia [15]. In case of autonomic nerve involvement there

Box 1. Drug summary.

Drug name ARA 290
Phase Phase II
Indication Neuropathic pain
Pharmacology description Agonist at the innate repair receptor
Route of administration Parenteral, intravenous, and subcutaneous
Chemical structure Pyr-Glu-Gln-Leu-Glu-Arg-Ala-Leu-Asn-Ser-Ser-OH (L-Pyroglutamyl-L-glutamyl-

L-glutaminyl-L-leucyl-L-glutamyl-L-arginyl-L-alanyl-L-leucyl-L-asparaginyl-L-seryl-
L-serine-OH)

Pivotal trial(s) Double-blind placebo-controlled randomized trial on the efficacy of 4 weeks of
ARA 290 treatment on neuropathic pain in sarcoidosis patients [41]

Pharmaprojects -- copyright to Citeline Drug Intelligence (an Informa business). Readers are referred to Pipeline (http://informa-pipeline.citeline.com) and

Citeline (http://informa.citeline.com).
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may be hypo/hyperhydrosis, diarrhea/constipation, sexual
dysfunction, blurry vision, and orthostatic hypotension [14,15].
There is currently no specific treatment for sarcoidosis-related
SFN. Sarcoidosis treatment is initiated when organ function is
threatened [9], with a prominent role for corticosteroids,
followed by other immunosuppressive and cytotoxic agents
(thalidomide, methotrexate) and antimalarial drugs (hydroxy-
chloroquine). Also beneficial effects of intravenous immuno-
globulin and TNF-a inhibition have been reported [17-19].
In case of neuropathic pain, sarcoidosis patients do not seem
to benefit from corticosteroid therapy [3]. Chronic pain treat-
ment in sarcoidosis patients is not different from treatment of
neuropathic pain from other causes and consists of antidepres-
sants, anticonvulsants and prolonged-release opioids. How-
ever, in common with their effects in other neuropathic pain
states, these agents provide limited pain relief in just
30 -- 60% of patients, at the cost of considerable side effects.
These data indicate that there is an imminent need for analge-
sic agents with high efficacy in neuropathic pain patients
without causing debilitating side effects.

Recently, we initiated a program aimed at the treatment
of neuropathic pain in patients with sarcoidosis with a
novel therapeutic agent, ARA 290. ARA 290 is a non-
hematopoietic erythropoietin analog with potent anti-
inflammatory and tissue protective properties, acting at the
innate repair receptor [20,21]. First studies in animals (with
nerve-damage-induced neuropathic pain) and in patients
with chronic neuropathic pain from sarcoidosis and diabetes
mellitus indicated that ARA 290 is highly effective in causing
pain relief in these neuropathic pain states. ARA 290 was
recently granted designation as an Orphan Drug Product
by the FDA, for the treatment of neuropathic pain in
sarcoidosis patients.

3. The innate repair receptor (IRR)
and ARA 290

Tissue injury initiates an innate immune response driven by
pro-inflammatory cytokines, including TNF-a (see Refs. 19
and 20 and references cited therein). This pro-inflammatory
process results in progressive tissue destruction but is halted in
surrounding tissues by an anti-inflammatory process aimed to
contain further destruction of tissue and attenuate apoptosis.
Two important players in this endogenous anti-inflammatory
process are the anti-inflammatory cytokine erythropoietin
(EPO) and the innate repair receptor (IRR) [21]. The IRR is
expressed by damaged tissues and is activated by EPOproduced
and released into damaged tissue. The IRR is distinct from the
hematopoietic EPOhomodimer receptor (EPOR2) and ismade
up of a b-common receptor (bCR) subunit (CD131) coupled
to an EPOR. The EPOR--bCR receptor complex, i.e., the
IRR, is a heteromer consisting of two EPORs and two bCRs.
The hematopoietic EPOR2 has a high affinity for EPO and is
activated at constant low concentrations of circulating EPO
(0.2 nM). Activation of the EPOR2 results in an inhibition of

the apoptosis of red cell precursor cells. In contrast, the IRR
has a lower affinity and requires high local concentra-
tions of EPO (2 -- 20 nM). Activation of the IRR by EPO
results in activation of multiple anti-inflammatory pathways,
which up-regulate survival signals and subsequently blocks
inflammation-induced apoptosis, activates tissue restorative
functions (e.g., stem cell differentiation) and generates nitric
oxide by endothelial cells.

EPO induces tissue protection and has tissue restorative
properties via an effect at the IRR [22]. Recent studies in ani-
mals show that exogenous EPO improves the process of heal-
ing and effectively prevents tissue damage after injury [22-27].
For example, 5000 IU/kg of recombinant human EPO
(rhEPO) reduced concussive injury of the brain after a blunt
trauma up to 6 h after the injury by 50 -- 70% [24]. However,
exogenous administration of high-dose EPO will -- apart from
its effects at the IRR -- always activate the hematopoietic
receptor, activating red cell production and related side effects
(e.g., thrombosis and hypertension). For example, in a clinical
study infusion of EPO at 40,000 IU/week to trauma patients
in the intensive care unit reduced mortality by 50% but
increased the risk of thrombosis by 40% [27].

Several non-hematopoietic EPO analogs have been devel-
oped that selectively activate the IRR and cause tissue protec-
tion (without any effect on the EPOR2 receptor complex and
consequently without enhancement of erythropoiesis and
other side effects) [6,23,28,29]. These molecules that mimic the
tissue protective effects of EPO have been tested in a variety
of animal models including models for stoke, wound healing,
cardiomyopathy and spinal cord compression, and in all of
these models the non-hematopoietic EPO analogs were
effective. One of these molecules is ARA 290 [6-8,20,21,23].
ARA 290 is a pyroglutamate helix B surface peptide that
mimics the spatial configuration of EPO that interacts with
the IRR. It is as effective as exogenous EPO in its ability to
reduce tissue damage from a variety of injuries and experi-
mental animal and preclinical human data indicate that
ARA 290 has no safety issues. Its mechanism of action is
believed to be activation of anti-inflammatory pathways via
the IRR similar to EPO [6-8,20,21].

4. ARA 290: chemistry, safety, and
pharmacokinetics

ARA 290 is an 11-amino acid, linear peptide, with a molecular
weight of 1257 Daltons [23]. The amino acid sequence is Pyr-
Glu-Gln-Leu-Glu-Arg-Ala-Leu-Asn-Ser-Ser-OH (Pyr repre-
sents pyroglutamic acid). The chemical structure of ARA
290 is given in Figure 1. Standard toxicity studies in animals
revealed no adverse reactions in doses up to 1000 times the
initial human dose of 1 µg/kg (Araim Pharmaceuticals, Inc.,
data on file). Similarly, no safety issues were identified in healthy
volunteers in supra-clinical dosages, and in patients with end-
stage renal disease, diabetes or sarcoidosis at therapeutic dosages
(Araim Pharmaceuticals, Inc., data on file).

ARA 290
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We recently performed a pharmacokinetic (PK) study on
intravenous (IV) and subcutaneous (SC) administration of
ARA 290 in healthy volunteers (PKARA study). Using a cross-
over design, healthy male volunteers received 2 mg (equivalent
to ~30 µg/kg, n = 10), 4 (~60 µg/kg, n = 5) and 6 mg
(~90 µg/kg, n = 5) ARA 290 subcutaneously, and 2 mg
(~30 µg/kg, n = 10) intravenously. The results of the study are
shown in Figure 2A and B. The 2, 4 and 6 mg SC formulation
caused a dose-dependent increase in plasma CMAX (CP MAX)
from 1.6 ± 0.5 ng/mL (2 mg) to 2.0 ± 0.7 ng/mL (4 mg) and
7.4 ± 1.9 ng/mL (6 mg) occurring at t = 6 min following injec-
tion (Figure 2A) with corresponding areas-under-the-curve
(AUC) of 84, 148, and 310 ng.min/mL. The elimination

half-life (t½ ELIM) estimation was ~20 min. In contrast, 2 mg
IV caused a rapid peak in CP MAX at min 1 of 54.2 ± 14.5 ng/
mL with a t½ ELIM of just 2 min and AUC of 313 ng.min/
mL. Compared to the 4 mg SC dose, the exposure AUC of
the other doses was 0.6 (2 mg SC), 2.1 (6 mg SC), and
2.1 (2 mg IV). The short t½ ELIM after the IV injection is
remarkable and similar observations have been made in the rab-
bit and rat. These data suggest rapid passage of the drug into the
effect compartment (in case of neuropathic pain probably the
spinal and supra spinal CNS) and rapid activation of the recep-
tor followed by the initiation of a sustained cascade of events
involving a series of transduction factors, eventually causing
the silencing or reduction of the inflammatory response
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Figure 1. Chemical structure of ARA 290.
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(see Figure 4 of [23]). The suggestion of a rapid passage of ARA
290 across the blood--brain barrier is in agreement with ample
animal data showing passage of ARA 290 across the blood---
brain barrier and eliciting a central effect despite the short
plasma half-life [6].

5. Animal data

The first indication that ARA 290 causes relief of neuropathic
pain comes from data obtained in rats following sciatic crush
injury [6]. In this model, the sciatic nerve was reversibly
crushed using a ligature for the duration of 1 min. ARA 290
0.2 nmol/kg given intravenously immediately following the
injury reduced damage compared to vehicle as measured by
the static sciatic index (SSI). Although the SSI is a crude test
of motor function, the response is certainly influenced by
the pain from the nerve injury. We next performed a second
series of experiments in rats using the spared nerve injury
(SNI) model of neuropathic pain [30]. This SNI model gener-
ates more robust and prolonged allodynia of the affected paw
and involves cutting two of the branches of the sciatic nerve.
ARA 290 treatment initiated within 24 h following surgery
(0.030 mg/kg, five intraperitoneal injections at 2 days interval
for 2 weeks, followed by one treatment/week) produced effec-
tive and long-term (> 15 weeks) relief of tactile and cold allo-
dynia. Restricting the treatment to the first 2 weeks following
surgery yielded similar results although there was a slow
return of allodynia toward values observed in vehicle-
treated animals. Figure 3 illustrates part of the results of this
animal study. Subsequent studies showed a clear ARA 290
dose--response relationship and even the ability of the peptide
to cause the relief of allodynia when treatment was initiated

days to weeks following surgery (unpublished observations).
The involvement of the bCR receptor was tested in wild
type and bCR receptor knockout mice using the SNI model.
A two-week treatment paradigm was applied followed by one
treatment/week showing relief of allodynia in wild type
animals only. In bCR receptor knockout mice, the response
to ARA 290 was similar to the vehicle response (i.e., maxi-
mal allodynic paw withdrawal responses, thus no relief
of allodynia).

The neuroanatomical site of action of ARA 290 in these
experiments remains unknown. A peripheral effect is not
excluded. For example, a peripheral effect from rhEPO has
been observed in rats using a chronic nerve constriction injury
model, where rhEPO facilitated the recovery from neuro-
pathic pain and reduced Schwann cell TNF-a expression at
the nerve injury site [31,32]. However, a peripheral nerve block
with a local anesthetic is unable to prevent the development of
peripheral neuropathy following SNI [33]. This suggests that
central effects are predominant in the development of allody-
nia following peripheral nerve injury. Indeed, following
peripheral nerve injury, an innate immune response is trig-
gered in the spinal cord dorsal horn with the release of pro-
inflammatory cytokines (including TNF-a) [32,34-38]. This
neuroinflammatory response is self-amplifying with collateral
damage to surrounding neurons causing central sensitization
of primary and secondary neurons (causing allodynia and
hyperalgesia). While currently no data are available on the
effects of ARA 290 on the inflamed spinal cord, there
are data showing that rhEPO reduces allodynia following
L5 spinal nerve transaction concomitant with a reduced
activation of glia cells and reduced expression of pro-
inflammatory cytokines and NF-kB activation at central
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sites [39,40]. These data confirm a central site of action of
rhEPO. Taken the fact that ARA 290 is an EPO analog acting
at the EPO--bCR receptor complex, and that it rapidly passes
the blood--brain barrier, we argue that ARA 290 has a pre-
dominant anti-inflammatory and neuroprotective mode of
action at spinal and supraspinal sites. Studies are ongoing to
confirm our hypothesis of a central site of action of ARA 290.

6. Clinical trials

In light of the success of the animal studies, we performed
two proof-of-concept clinical trials in patients with chronic

neuropathic pain at the Leiden University Medical Center.
Here, we will present the unpublished data of the first trial
and give a summary of the results of the second trial. The first
trial was an open-label study aimed to obtain an indication of
efficacy and safety of ARA 290 in patients with sarcoidosis
(n = 10) and DM (n = 10). The trial is registered under
NTR3081 at trialregister.nl. Patients were enrolled in the trial
when they were diagnosed with sarcoidosis or DM type 1 or
2 with a pain score of at least 5/10 (Table 1). Patients were
treated in house with intravenous ARA 290 injections (2 mg
in 9 mL saline, given over 2 min). A total of three injections
were administered at 2-day intervals (i.e., on Monday,
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Wednesday, and Friday). Pain scores before, during and for
one month following treatment were collected. All patients
concluded the study without side effects and no safety issues
were apparent. Patient characteristics were similar (Table 2)
and pretreatment pain scores were 7.0 ± 2.0 and 7.1 ±
2.7 in sarcoidosis and DM patients, respectively. The results
of the study on the total population (n = 10 + 10) are summa-
rized in Figure 4A and B (data presented as percentage of pre-
treatment pain scores [worst pain in last 24-h], closed circles;
see Table 2 for patient characteristics). The one-week ARA
290 treatment in sarcoidosis patients caused a reduction in
pain scores of 40%; the effect lasted for the 3 days following
the end of treatment (i.e., until day 8). Similarly, in DM
patients the treatment resulted in a reduction in pain scores
of 30% at least until day 8. In the study, responders were
defined as those patients that had pain relief of 2 points or
more. The number of responders was 6/10 in the sarcoidosis
group and 5/10 in the DM group. Their responses are given
in Figure 4A and B (open squares), showing responses of about
50% in both populations and again lasting for three days
following the end of the ARA 290 injections. To better under-
stand these data, we performed a time-series analysis using
non-linear mixed effects modeling (NONMEM). This analy-
sis described the change of pain scores in terms of an exponen-
tial function with half-life T½ (see explanation in [41]). T½
averaged to 2.6 ± 0.2 days (median ± SE). This means that
after the last treatment the effect returns toward baseline
with a half-life of almost 3 days (i.e., after 3 days the response
has returned by 50%, after 6 days by 75%, etc.). No differ-
ence in T½ was observed in sarcoidosis and DM patients.
The conclusion of this first trial was that ARA 290 is safe
and produces effective pain relief but that the duration of
effect following a 1-week treatment is rather limited. To test
the effect of a longer treatment duration, one of the

sarcoidosis patients was retreated, but now for 3 weeks instead
of just one week. The results of ARA 290 treatment (2 mg IV
for three weeks with 3 injections/week: on Monday, Wednes-
day and Friday) are given in Figure 5, showing a large effect on
pain scores (a decrease from 8 to 2 points at the end of the
3-week treatment period). Also the duration of effect was
extended with an estimated value of T½ of 24 days. Since this
is an n = 1 trial, some caution is warranted in the interpretation
of the data.

The results of the first proof-of-concept study were encour-
aging and in agreement with the animal data. The next trial
was aimed to assess whether ARA 290 treatment produces anal-
gesia greater than placebo in sarcoidosis-related neuropathic
pain trial register # (NTR3081) [42]. This double-blind, ran-
domized, placebo-controlled trial was performed with 22 sar-
coidosis patients, of which 12 received a 4-week ARA
290 treatment (2 mg IV with 3 injections/week: on Monday,
Wednesday, and Friday); the others received normal saline
instead of ARA 290. All patients had a diagnosis of SFN and
pain scores ‡ 5. The preliminary data analysis revealed that
ARA 290-treated patients had a significant greater decrease in
neuropathy symptoms as determined by the small fiber neurop-
athy screening list score and a significant improvement in pain
score as determined from the short form of the RAND36
(a quality of life questionnaire) during the 4-week treatment
period. No safety issues or side effects were noted by clinical
or laboratory assessments (e.g., as expected no changes in
hemoglobin concentration occurred). The study was successful
and indicates that ARA 290 indeed produces analgesia greater
than placebo in the sarcoidosis patient population with
moderate to severe neuropathic pain. No data on the offset of
effect were available from this study.

A next Phase 2b study is designed to assess the efficacy of a
more frequent treatment paradigm (one injection/day). In

Table 1. Study design of trial #1, An open-label study on the effect of a 1-week treatment with intravenous

ARA 290 on pain scores in chronic neuropathic pain patients.

Study design . Open-label
. 1-week intravenous ARA 290 treatment: 2 mg on Mon--Wed--Friday

Study population . Patients with neuropathic pain related to diabetes mellitus or sarcoidosis
. Pain score 5 or greater on an 11-point numerical rating scale
. Age > 18 years
. Excluded were females that were pregnant or lactating

Co-medication . All co-medication was allowed but no changes in dosing were allowed during the 28-day study period

Study end-points . Pain reporting on a 11-point numerical rating scale (0 = no pain; 10 = worst pain)
. Pain assessments on days 1 (day of first treatment), 3, 5, 8, 12, and 28
. Pain score: Most severe pain over the last 24 h
. Side effects (any effect reported)

Statistical analysis . Analysis of variance
. Time series analysis in NONMEM

Study approval . The study was approved by the LUMC medical ethics committee

Informed consent . All patients gave oral and written informed consent prior to enrollment in the study

Trial registration . NTR3081 at www.trialregister.nl
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contrast to the two previous trials, a subcutaneous formula-
tion of ARA 290 will be used allowing the patients to inject
themselves daily (comparable to daily insulin injections).
This double-blind, randomized, placebo-controlled trial (the
NERVARA study) will be performed in Q3 and 4 of 2012

and will monitor the effect of ARA 290 on pain scores as
well as on the neurohistology of small fiber neuropathy. In
2013/2014 multicenter trials in the US are being planned.

In conclusion, despite the relatively small size of the
proof-of-concept studies, the picture that emerges from the

Table 2. Patient characteristics of trial #1 (see Table 1).

Diabetes mellitus Sarcoidosis

No. of patients enrolled 10 10

Gender (M/F)* 5/5 5/5

Age (mean ± SD) 59 ± 10 years 49 ± 12 years

Weight (mean ± SD) 82 ± 16 kg 101 ± 31 kg

Height (mean ± SD) 171 ± 12 cm 177 ± 13 cm

Disease duration (mean and range) 6.2 yrs (2 to 12 years) 4.1 yrs (2 to 11 years)

Pre-treatment pain score 7.1 ± 2.7 (5 - 9) 7.0 ± 2.0 (5 - 9)
(mean ± SD and range)

Pre-treatment pain score distribution*
5 or greater 10 10
6 or greater 8 9
7 or greater 8 8
8 or greater 6 4
9 or greater 1 1

Co-analgesics*
Opioids 1 4
Pregabalin 4 1
Duloxetin 1 2
Amitriptyline 1 1
Acetaminophen or NSAIDs 4 3

Benzodiazepines* 1 2

*Number of patients.
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Figure 5. Effect of a 3-week ARA 290 treatment in one sarcoidosis patient with severe neuropathic pain. The closed triangles

denote the ARA 290 treatment days. The broken grey lines are the 30% and 50% response lines.
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data is that ARA 290 produces the relief of neuropathy-
related symptoms in sarcoidosis patients with chronic moder-
ate to severe neuropathic pain greater than placebo with a
response rate of about 50%. No safety issues have emerged
in patients or volunteers treated with the ARA 290 peptide.
The duration of effect seems to depend on the extent of
treatment and possibly also on the frequency of exposures
during treatment. These items will be examined further in
upcoming trials.

7. Conclusions

ARA 290 is a non-hematopoietic EPO analog acting at the
innate repair receptor (an erythropoietin -- b-common receptor
heteromer) that was recently designated as an Orphan Drug
Product by the FDA, for the treatment of neuropathic pain
in sarcoidosis patients. Animal data indicate that this 11-amino
acid peptide effectively counteracts tissue damage under condi-
tions of inflammation and/or injury through its actions at the
IRR, mimicking the effect of locally released erythropoietin.
Recently, a program was initiated aimed at using ARA 290
for treatment of neuropathic pain due to small fiber neuropa-
thy in patients with sarcoidosis. Initial open-label and dou-
ble-blind, placebo-controlled randomized proof-of-concept
trials indicate the ability of ARA 290 to produce analgesia, sig-
nificantly greater than placebo, in patients with sarcoidosis-
induced chronic moderate to severe neuropathic pain. No
side effects or toxicity issues were noted. Additional studies
are planned to further substantiate the efficacy of ARA 290 to
produce long-term pain relief and improvement of the quality
of life in patients with neuropathic pain from sarcoidosis.

8. Expert opinion

Despite the fact that the number of chronic pain patients has
increased over the last decades and most probably will con-
tinue to increase in an aging population, the success of current
treatment is disappointing. Treatment of chronic pain with a
neuropathic component using current treatment options (i.e.,
antidepressants, anticonvulsants, prolonged release opioids,
and local applications) is not truly efficacious [4,5]. Small fiber
neuropathy is a neuropathic pain disorder that is associated
with a variety of diseases with worldwide a high frequency
of occurrence (e.g., DM, leprosy, and HIV-infection) but
also in other less common diseases (such as sarcoidosis) caus-
ing debilitating chronic pain and a significant reduction of the
quality of life [15]. It is therefore not surprising that physicians
and industry alike are actively searching for innovative treat-
ment strategies that are distinct from the classical therapies
(i.e., aimed at different pathways) [43].

SFN is due to damage of the peripheral nerves. However, a
large portion of the chronification of neuropathic pain is
related to central (i.e., at spinal and supraspinal sites) pro-
cesses with most importantly central sensitization causing
reduced pain thresholds in the areas of the affected nerves

and secondary spreading of this process across the spinal
cord dorsal horn [1,44]. This latter process causes an extended
and often spreading area of allodynia and hyperalgesia.
Various mechanisms are involved in central sensitization, for
example spinal up-regulation of excitatory receptors, inability
to engage central inhibition and inflammation in the spinal
cord with activation of glia cells releasing pro-inflammatory
cytokines which maintain and reinforce the process of central
sensitization [45,46].

One of the first attempts to employ a new treatment stra-
tegy in neuropathic pain is the use of the anesthetic keta-
mine [46]. This treatment is aimed at antagonism of one of
the important players in the process of central sensitization,
the excitatory glutamatergic N-methyl-D-aspartate receptor
(NMDAR). Ketamine is an antagonist of the NMDAR
and produces prolonged pain relief (up to months following
treatment), probably by desensitizing the NMDAR [47],
although an anti-inflammatory effect cannot be excluded.
Despite its efficacy, the use of ketamine is currently res-
tricted for various reasons. Treatment is only successful
when the drug is infused for days rather than hours and
thus cumbersome and expensive [46,47]. Treatment is only
possible in an in-house setting as the drugs need to be
administered via the intravenous route and continuous
monitoring of side effects and toxicity is required. Side
effects include psychosis-like behavior, nausea/vomiting,
tachycardia/hypertension, and after repetitive treatments liver
enzyme elevation. All of these items reduce compliance of
physicians to administer the treatment.

In the current report, a novel therapy aimed at the inhibi-
tion of the pro-inflammatory response associated with neuro-
pathic pain is addressed. ARA 290, derived from the EPO
molecule, and acting solely at the innate repair receptor has
been tested positively in various animal models of inflamma-
tion and tissue destruction. The possible ability of ARA 290
to reduce chronic pain from peripheral nerve damage was
deduced from earlier studies showing an effect of (high
dose) EPO in animal models of neuropathic pain. The animal
data and the two proof-of-concept studies in sarcoidosis
patients with neuropathic pain that we present here indicate
that: i) ARA 290 produces effective relief of pain from periph-
eral neuropathy in sarcoidosis patients greater than placebo,
and ii) ARA 290 treatment up to 4 weeks is safe and no side
effects have been reported. Overall, these data are promising
but, since sample sizes were small further trials are required.
One objection of the initial trails was the need for the IV
injection of the drug. To overcome this issue, a subcutaneous
formulation has been developed that will make at-home treat-
ment possible, very similar to the use of insulin. This formu-
lation will be applied in future trials. These trials will not only
have to address the efficacy of ARA 290 on pain symptoms,
but evenly important need to assess its ability to improve
other sarcoidosis-related symptoms such as fatigue, malaise and
depression. Finally, it may well be that long-term ARA 290
treatment may have a beneficial effect on the underlying
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inflammatory process of the disease, similar to anti-TNF treat-
ment. This awaits further study.
An important property of ARA 290 is that that despite

its short half-life (t½ ELIM ~2 min), ARA 290 produces
long-term analgesic effects, indicating that its efficacy is
not driven by PK. Most likely its effect is related to a sus-
tained cascade of events of which the first step is activation
of the IRR receptor. This receptor seems to work as an on/
off switch. ARA 290 puts the IRR in the on mode after
which transduction factors are released that will eventually
silence or reduce the inflammatory response and cause
prolonged analgesia. In this respect, ARA 290 is similar
to ketamine. Ketamine produces long-term analgesia not
driven by PK (analgesia persists despite a rapid elimination
of the drug from the system). It is believed that ketamine
initiates a cascade of events ultimately causing a desensitized
NMDAR and possibly a reduced inflammatory response in
the spinal cord.

ARA 290 is currently being developed specifically for treat-
ment of neuropathic pain in sarcoidosis. The reason for this is
the success of ARA 290 treatment in the initial trials in a sar-
coidosis patient population and the lack of effective pain
treatment registered for this affliction. Still, it may well be
that ARA 290 is effective in other neuropathic pain disorders
as well. Indeed in the first proof-of-concept study, patients
with SFN from DM responded well to ARA 290 treatment.
Further planned studies will address the ability of ARA 290
to reduce pain in DM neuropathy and Complex Regional
Pain Syndrome type 1.
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