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Introduction
The prognosis and management of Rheumatoid Arthritis (RA) has 

improved dramatically due to the introduction of new therapies and 
early treatment. The widely used anti-TNF agents are costly, exhibit a 
high rate of side effects and approximately 30-40% of patients fail to 
respond to those agents [1,2]. 

In principle, treatments for RA are applied by trial and error, 
according to drug response, and adverse event experience. Hence, the 
approach for developing new modes of treatment in RA should be to 
identify patients who are more likely to respond to specific therapies 
in a safe and effective manner, i.e., personalized therapy. Currently, 
research is focused on the development of novel biologic therapies and 
small molecule drugs that will meet those requirements.

The Gi protein-associated A3 Adenosine Receptor (A3AR) is found 
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Abstract
Background: CF101, an orally bioavailable A3 adenosine receptor (A3AR) agonist, demonstrated very good 

safety and anti-inflammatory effect in Phase II clinical studies in patients with rheumatoid arthritis (RA) and psoriasis. 
A3AR expression level in peripheral blood mononuclear cells has been defined as a biological predictive marker, 
based on a significant correlation found in a former RA Phase II study between its over expression at baseline and 
positive patients’ response to CF101 treatment. 

Methods: 79 patients were enrolled to a phase II, multicenter, randomized, double-blind, Placebo controlled, 
parallel-group study designed to assess the efficacy and safety of CF101 1mg vs. placebo, administered orally 
twice daily to patients with active RA for 12 weeks. Primary efficacy endpoint was ACR20 response at week 12 and 
secondary efficacy included ACR 50/70. Patients were enrolled based on A3AR mRNA expression level, utilized as 
an inclusion criterion. (NCT # NCT01034306)

Results: CF101 was found to be safe and well tolerated. CF101 achieved ACR20 of 48.6%, statistically 
significantly higher than that of the placebo group (25.0%) at week 12 (P=0.0352). CF101 showed superiority in 
ACR50 and ACR70 values vs. placebo. Interestingly, ACR20, ACR50 and ACR70 response rate at week 12 in a sub-
population with no prior systemic therapy was impressively higher (ACR20 75%) compared to the response of the 
whole patient population treated with CF101. 

Conclusions: CF101 reached the primary endpoint in the current study demonstrating clear evidence of 
efficacy and safety when given orally as monotherapy for 12 weeks in patients with active RA.
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to be highly expressed in inflammatory tissues, whereas low expression 
of the receptor is found in normal cells [3]. Interestingly, the high A3AR 
expression level is also reflected in the Peripheral Blood Mononuclear 
Cells (PBMCs) of patients with inflammatory autoimmune diseases, 
such as RA, psoriasis and Crohn’s disease compared with its expression 
in PBMCs derived from healthy subjects [4]. 

Pre-clinical pharmacology studies showed that chronic treatment 
with the highly selective A3AR agonist CF101 (generically known as 
IB-MECA) results in an anti-inflammatory response [2,5-7]. The 
studies included animal models of adjuvant, collagen and tropomyosin-
induced arthritis, monosodium iodoacetate-induced osteoarthritis, 
dextran sodium sulfate induced inflammatory bowel diseases, 
2,4,6-trinitrobenzene sulfonic induced colitis and spontaneous colitis 
in Interlukin-10 gene deficient mice, retinal antigen Interphotoreceptor 
Retinoid-binding Protein (IRBP) induced experimental autoimmune 
uveitis, Cecal Ligation and Puncture (CLP) and lipopolysaccharide 
(LPS)-induced sepsis, as well as in pulmonary inflammation [8]. 

The mechanism of action of adenosine agonism in inflammatory 
conditions involves the modulation of the Wnt and the nuclear 
factor kappa-B (NF-κB) signal transduction pathways, leading to the 
inhibition of tumor necrosis factor α (TNF-α), interleukin-6 and -12, 
macrophage inflammatory proteins and receptor activator of NF-κB 
ligand (RANKL) [9,10].

Phase II trials have demonstrated evidence of efficacy, excellent 
tolerability, and a favorable therapeutic index in populations with 
active RA and moderate to severe plaque psoriasis, treated with an 
oral formulation of CF101 at doses of 1 mg, 2 mg, or 4 mg twice daily 
[11,12]. CF101 was safe and well-tolerated in more than 1200 patients 
in several Phase I and II clinical studies [10-14].

In a former Phase IIa RA clinical study, a statistically significant 
correlation between A3AR expression level in patients’ PBMCs at 
baseline and response to CF101 was noted [14]. These data raise the 
hypothesis that A3AR may serve as a biological marker to predict 
patients’ response to CF101. Thus, the current Phase II study was 
aimed at assessing the efficacy and safety of CF101, administered orally 
twice daily as a monotherapy for 12 weeks to RA patients with elevated 
baseline expression levels of A3AR in their PBMCs.

Patients and Methods
Patients 

Patients were required to be at the age of 18-75 years, meet the 
criteria of the American College of Rheumatology for RA (15), with 
active disease as indicated by the presence of: ≥ 6 swollen joints, ≥6 
tender joints; and either Westergren erythrocyte sedimentation rate 
(ESR) of ≥ 28 mm/hour or CRP 2.0 mg/dl. An elevated expression 
level of PBMC A3AR, defined as 1.5-fold over a predetermined normal 
population standard, following the appropriate DMARD/biologic 
washout period, but within 2 weeks of beginning dosing was required. 
Patients taking a nonsteroidal anti-inflammatory agent (NSAID), or 
oral corticosteroid, at a dose of ≤ 10 mg/day prednisone or equivalent 
that had been stable for at least 1 month prior to the A3AR qualification 
visit, were allowed to enter the study providing that the dose remained 
stable throughout the study. All patient have signed an inform consent.

Study protocol

This was a Phase II, multicenter, randomized, double-blind, 
placebo-controlled, parallel-group study aimed to evaluate the efficacy 
and safety of 1 mg of CF101, administered orally twice daily for 12 

weeks to patients with active RA and elevated baseline expression 
levels of PBMCs A3AR (NCT # NCT01034306) approved by Helsinki 
Committee. The clinical trial was conducted at 12 investigative sites 
in Israel, Bulgaria and India in accordance with the Declaration of 
Helsinki and Good Clinical Practice guidelines and regulations, and all 
patients provided written informed consent prior to initiation of any 
study-related procedures. Washout of DMARDs, including biological 
agents, occurred prior to dosing and upon washout the patients had to 
be qualified again for inclusion in the study, including A3AR expression 
level.

Efficacy 

Primary efficacy endpoint was ACR20 response at week 12, with 
all-cause dropouts considered as non-responders (non-responder 
imputation [NRI]), in the Intent-To-Treat (ITT) population. Secondary 
efficacy endpoints included ACR20/50/70 by visit, ITT, using NRI; 
ACR20/50/70 by visit, ITT and evaluable population, last observation 
carried forward (LOCF) analysis; Disease Activity Score (DAS28) by 
visit; change from baseline and percent change from baseline at each 
visit in tender joint count (28 joint count), swollen joint count (28 
joint count), patient assessment of pain by visual analog scale (VAS), 
patient global assessment of disease activity by VAS, physician global 
assessment of disease activity by VAS, Health Assessment Questionnaire 
(HAQ) Disability Index (DI), CRP, and Westergren ESR.

A3AR expression level analysis

For quantification of A3AR levels, blood samples were withdrawn to 
BD Vacutainer® CPT™ tube with Sodium Citrate. Cells were separated 
according to the manufacturer’s protocol. Total RNA was extracted 
using RNeasy mini kit (QIAGENE) with QIAshredder Spin Columns 
(QIAGENE). RNA (500 ng) was reverse transcribed by high capacity 
cDNA reverse transcription kit (AB Applied Biosystems) according to 
manufacturer’s protocol. Real Time PCR was performed using rotor 
gene 3000 RT PCR detection system (Corbette Research, Australia) 
according to manufactures’ instruction. Briefly, The PCR primer 
used were 5`- GGCCAATGTTACCTACATCAC -3` [forward] and 
5`- CAGGGCTAGAGAGACAATGAA -3` [reversed] for ADORA3. 
Processes were set as follows: Initial denaturation at 95°C for 10 min, 30 
cycles of amplification including a denaturation step at 95°C for 15 sec, 
an annealing step at 50°C, an extension step at 72°C for 15 sec. Direct 
detection of PCR products monitored by measuring the fluorescence 
produced by the result of TaqMan probe hydrolysis after every cycle.

Safety 

Adverse events (AE), vital signs and weight were assessed at 
baseline and at weeks 2, 4, 8, and 12; clinical laboratory safety tests 
were assessed at baseline and at weeks 4, 8 and 12; and 12-lead resting 
electrocardiograms (ECGs) were assessed at baseline and at week 12. 

Statistical considerations 

The sample size is based on comparison of CF101 and placebo with 
respect to ACR20 response rates. Assuming a response rate of 27% for 
placebo and a response rate of 57% for CF101, a level α=0.05 test using 
the normal approximation to the binomial distribution, a sample size of 
40 patients per group provided a power of approximately 80%.

All patients randomized who received at least one dose of study 
medication were included in efficacy and safety analyses. Efficacy 
analyses were calculated using the ITT and Evaluable populations. For 
the primary efficacy analyses of ACR20, ACR50, and ACR70 response 
rates for all visits, patients who discontinue prior to reaching the 12 
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week endpoint were considered non-responders for subsequent visits, 
i.e. NRI was used. For secondary efficacy analyses, missing data were 
imputed by a last-observation-carried-forward (LOCF) rule. Secondary 
analyses of the primary efficacy parameter included comparisons of 
CF101 to placebo at each visit. For these secondary analyses, imputation 
using both LOCF and NRI was used.

Results
Patient demographics, baseline disease characteristics, and 
disposition 

Seventy nine patients were randomized to receive CF101 1 mg 
(n=42), or placebo (n=37). Seventy one patients (89.9%) completed 12 
weeks of treatment (37 patients in the 1 mg, 34 in the placebo group). 
Overall 5 patients (11.9%) from the CF101 group and 3 patients (8.1%) 
from the placebo group discontinued study treatment due to AEs 
(n=1), lost to follow-up (n=1), noncompliance (n=1), or withdrawal of 
consent (n=4) (Figure 1).

A total of 5 patients in each treatment group were excluded from the 
ITT population, leaving 37 (88.1%) in the CF101 group, and 32 (86.5%) 
in the placebo group. Most of the patients that were excluded from the 

study (4 in each treatment group) were disqualified after screening due 
to violation of Inclusion Criteria of elevated PBMC A3AR expression 
level.

The majority of patients in the study were women (81.2%): the 
CF101 group had a lower proportion of women (75.7%) than the Placebo 
group (87.5%). All the patients in the study were White/Caucasian. 
Duration of disease, presented as years since diagnosis, was similar 
for both treatment groups. Most of the prior treatments were similar 
in the CF101 and placebo group, except form oral corticosteroids and 
additional Non Biological DMARDs which were more prevalent in the 
CF101 treated population. Demographic and disease data are presented 
in Table 1. 

A3AR expression levels 

All patients were tested for the expression of A3AR mRNA levels. 
70% of all tested patients were found eligible to the study with high 
levels of A3AR (≥ 1.5 units) (Figure 2). 

ACR responses 

Primary efficacy was assessed using ACR20 response at week 12, 
with all-cause dropouts considered as non-responders, in the ITT 

Figure 1: Patients’ eligibility, randomization, assignment and discontinuation.
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population. Responder rate was statistically significant higher in the 
CF101 group (48.6%) as compared with the placebo group (25.0%) 
at week 12 (P=0.0352). Superiority in ACR50 and ACR70 values 
was observed in the CF101 treated group vs. placebo although not 
statistically significant. Figure 3a depicts ACR20, ACR50 and ACR70 
responder rates for weeks 2, 4, 8, and 12 by treatment group.

In a subpopulation of treatment-naive patients, with no prior 
systemic therapy, the response to CF101 was higher compared to the 
response in the whole patient population (Figure 3b). Furthermore, 
CF101 showed a linear improvement along the study period, data 
which are in line with the other Phase II studies conducted in RA and 
psoriasis patients (Figure 4). 

Safety 

Compliance was excellent in both treatment groups. Mean 
compliance rate was 98.4% overall (99.4% in the CF101 group and 97.1% 
in the placebo group). The proportion of patients experiencing any AE 
was similar for both groups (16.7% for the CF101 group and 16.2% 
for the Placebo group). There are no apparent differences between the 
groups in the occurrence of specific organ system AEs and no events 
which suggest clinically important intolerability of CF101. Table 2 
presents the number and proportion of patients who exhibited AEs 
according to specific organ system. None of the AEs were considered 
to be definitely related to study treatment. Two AEs, worsening in RA 
and rash, were considered possibly related to CF101. The majority of 
AEs were considered to be mild. One patient in the CF101 group was 
discontinued from the study due to a rash. This single episode of a rash 
was mild, required treatment with medication, was considered to be 
possibly related to the study drug, and resolved in 3 days.

No deaths occurred during the course of the study. Two serious AEs 
(SAEs) occurred during the study, one in each treatment group. Both 
SAEs resolved with treatment and neither was considered to be related 
to study treatment. One patient in the CF101 group was hospitalized for 
treatment of pyoderma, considered to be an SAE but unrelated to study 
drug. The patient was discharged a week later, at which time the event 
was considered to be resolved. One patient in the placebo group was 
hospitalized for atrial fibrillation with uncontrolled ventricular response, 
considered to be unrelated to study drug. The patient was treated with 

CF101,1 mg Placebo Total
N 37 32 69
Age
 mean (min-max) 56.7 (24-71) 61.5 (40-74) 58.9 (24-74)

Sex 
N (%)

male 9 (24.3%) 13 (18.8%) 13(18.8%)
female 28 (75.7%) 56 (81.2%) 56 (81.2%)

Race (White/Caucasian) 
n (%) 37 (100%) 32 (100%) 69 (100%)

Years Since diagnosis
 mean (min-max) 4.4 (2-36) 3.8 (2-11) 4.1 (2-36)

Prior treatment 
n (%) 8 (21.6%) 12 (25.0%) 16 (23.2%)

Naïve Patients 29 (78.4%) 24 (75.0%) 53 (76.8%)
Treated Patients Intra-articular corticosteroids 1 (2.7 %) 0 (0.0%) 1 (1.4%)

Parental corticosteroids 2 (5.4%) 1 (3.1%) 3 (4.3%)
Oral corticosteroids 7 (18.9%) 3 (9.4%) 10 (14.5%)

NSAIDs 11 (29.7%) 9 (28.1%) 20 (29.0%)
Biological agents 1 (2.7%) 0 (0.0%) 1 (1.4%)

Non Biological DMARDs 26 (70.3%) 19 (59.4%) 45 (65.2%)

Table 1: Demographic and baseline characteristics by group and overall.

A3AR high expression

A3AR low expression

Figure 2: Patient’s characteristic by A3AR high or low expression levels.
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Figure 3: ACR response rate at 12 weeks upon treatment with CF101 1 mg, 
twice daily for 12 weeks vs. placebo (a) all patients (b) systemic treatment-
naïve patients.
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medication and discharged a day later with improved cardiac rhythm. 

No clinically relevant changes from baseline, or differences 
between treatment groups, were observed regarding vital signs, weight, 
electrocardiogram, or safety laboratory values.

Thus, the data demonstrate that CF101 was safe and well-tolerated 
when administered daily as monotherapy for 12  weeks to patients 
with active RA. Few AEs occurred, and the proportion of patients 
experiencing AEs was similar for the treatment groups. No deaths, and 
only 2 SAEs occurred (1 in each treatment group), neither of which 

System Organ Class Adverse Events CF101, 1 mg (N-42) Placebo (N=37)
n (%) n (%)

Blood and lymphatic system disorder Anaemia 0 (0.0) 1 (2.7)
Cardiac disorders Atrial fibrillation 0 (0.0) 1 (2.7)

Dry mouth 0 (0.0) 1 (2.7)
Gastrointestinal disorders Hyperchlorhydria 0 (0.0) 1 (2.7)

vomiting 1 (2.4)
General disorders and administration site conditions Burning sensation 0 (0.0) 1 (2.7)
Immune system disorders Rheumatoid nodule 1 (2.4) 0 (0.0)

Pyodema 1 (2.4) 0 (0.0)
Infections and infestations Upper respiratory tract infection 1 (2.4) 0 (0.0)

Urinary tract infection 0 (0.0) 1 (2.7)
Albumin urine present 0 (0.0) 1 (2.7)

Investigations Blood Creatinine increase 0 (0.0) 1 (2.7)
Blood uric acid increase 0 (0.0) 1 (2.7)

Metabolism and nutrition disorders Oedema peripheral 0 (0.0) 1 (2.7)
Musculo skeletal disorder 0 (0.0) 1 (2.7)

Musculoskeletal and connective tissue disorders Musculo skeletal pain 0 (0.0) 1 (2.7)
Rheumatoid arthritis 1 (2.4) 0 (0.0)

Nervous system disorders Vascular headache 1 (2.4) 0 (0.0)
Vertigo 1 (2.4) 0 (0.0)

Skin and subcutaneous tissue disorders Rash 1 (2.4) 0 (0.0)

Table 2: Summary of number of patients experiencing adverse events.

 

Figure 4: CF101 ACR20, 50 and 70 response rates along the 12 week study period.
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were considered to be related to study treatment [15].

Discussion
In this study, we present the safety and efficacy of CF101, an A3AR 

agonist, in a Phase II study in patients with rheumatoid arthritis. The 
A3AR has been defined as a potent anti-inflammatory target known 
to induce its effect via inhibition of the Wnt and the NF-κB signal 
transduction pathways, resulting in apoptosis of inflammatory cells 
[16]. CF101 is an oral bioavailable drug which has been proved to be safe 
and well-tolerated in more than 1200 patients participated in RA and 
Psoriasis Phase II clinical studies [11-14,17]. A3AR is over-expressed 
in inflammatory cells and the high expression is reflected also in the 
PBMCs [3]. In a former Phase IIa clinical study, a direct correlation has 
been found between A3AR expression prior to treatment and patients’ 
response to CF101 [13]. Based on these data, the inclusion criteria in 
this study was high level of A3AR at baseline in comparison to that of 
healthy subjects. Remarkably, we have found that 70% of the patients 
had an over-expression of the A3AR at baseline and therefore were 
eligible to be included in the study. We did not find a direct correlation 
between the degree of response and the expression level and assume that 
receptor level >1.5 unit is suffice to generate a response. The finding that 
70% of the patients have receptor over-expression means that this high 
percent of whole population will be eligible to be treated with the drug. 
This personalized medicine-based tool may be useful for predicting 
patients’ response to the drug and, to the best of our knowledge, this 
is the first time that RA patients were selected for a specific treatment 
based on a biological predictive marker, suggesting the A3AR target 
concept as a personalized medicine type of approach.

CF101 treatment resulted in 48.6% response rate in ACR20 at week 
12 (P=0.0352 vs. placebo). CF101 also showed superiority on ACR50 
and ACR70 over placebo which was not statistically significant, most 
probably due to the low number of patients included in the trial. The 
effect of CF101 was linear and cumulative along the study period, 
corroborating with the effect found in our earlier RA and Psoriasis 
Phase II studies, showing that it takes time for the drug to induce the 
anti-inflammatory effect. Based on these data, we expect that longer 
treatment will result in a higher response rate. 

Interestingly, when looking at the treatment-naïve population, 
CF101 demonstrate 75% ACR20 response rate vs. 37.5% in the placebo 
group. Even more pronounced effect has been shown in the ACR50 and 
ACR70 where CF101 showed 50% response rate in both vs. 10% and 
0% in the placebo group, respectively. It has been documented earlier 
that the target A3AR is over-expressed in early diagnosed RA patients 
previously untreated with DMARDS vs. healthy subjects [16]. This may 
explain the better response in the treatment-naïve patient population 
and may suggest CF101 as a first line therapy due to the excellent safety 
and efficacy.

The data support former studies defining A3AR as a therapeutic and 
a biological predictive marker, positioning this receptor as a validated 
anti-inflammatory target. 

Conclusion
CF101 administered orally twice daily for up to 12 weeks was safe 

and well tolerated inducing a statistically significant effect on disease 
manifestations. A3AR can be utilized also as a biological marker to 
predict patients’ response to CF101. The latter is suggested as a new 
oral and safe drug candidate to treat patients with RA.
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