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Efficacy and Safety of CE-224,535, an Antagonist of
P2X7 Receptor, in Treatment of Patients with
Rheumatoid Arthritis Inadequately Controlled by
Methotrexate
THOMAS C. STOCK, BRADLEY J. BLOOM, NATHAN WEI, SALIHA ISHAQ, WON PARK, XIN WANG, 

PANKAJ GUPTA, and CHARLES A. MEBUS

ABSTRACT. Objective. To evaluate efficacy and safety of CE-224,535, a selective P2X7 receptor antagonist, ver-

sus placebo, in patients with active rheumatoid arthritis (RA) and inadequate response to methotrex-

ate (MTX).

Methods. In our phase IIA study (ClinicalTrials.gov no. NCT00628095; A6341009), patients aged 

≥ 18 years with active RA were randomized to receive either CE-224,535 (500 mg bid) or placebo

for 12 weeks; all patients continued a stable background dose of ≥ 7.5 mg MTX.

Results. The American College of Rheumatology 20% (ACR20) response rate (primary efficacy

endpoint) was not significantly different from placebo for CE-224,535 (34.0% vs 36.2%; p = 0.591)

at Week 12, or at any timepoint over the 12-week treatment period. There was no significant differ-

ence at Week 12 for the ACR20 response rate following subgroup analyses by age, sex, baseline dis-

ease activity, baseline duration of disease, geographic region, or concomitant use of steroids.

ACR50/ACR70 response rates and change from baseline in Disease Activity Score 28-joint C-reac-

tive protein (DAS28-3-CRP) and Health Assessment Questionnaire-Disability Index for CE-224,535

were not significant at Week 12 versus placebo. Treatment-emergent adverse events (AE) were

reported by 62.3% (CE-224,535) and 55.3% (placebo) of patients; the most common AE were nau-

sea (11.3%, CE-224,535; 4.3%, placebo) and diarrhea (7.5%, CE-224,535; 4.3%, placebo). The pro-

portion of patients discontinuing due to an AE was 9.4% (CE-224,535) and 6.4% (placebo); no

deaths were reported. Serious AE occurred in 3.8% (CE-224,535) and 2.1% (placebo) of patients;

none was considered treatment-related.

Conclusion. CE-224,535 was not efficacious, compared with placebo, for the treatment of RA in

patients with an inadequate response to MTX. CE-224,535 demonstrated an acceptable safety and

tolerability profile. (First Release March 1 2012; J Rheumatol 2012;39:720–7; doi:10.3899/

jrheum.110874)
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Rheumatoid arthritis (RA) is a chronic, progressive autoim-

mune disease characterized by joint inflammation and

destruction, resulting in decreased quality of life1. Current

treatment options for RA include traditional disease-modi-

fying antirheumatic drugs (DMARD), such as methotrexate

(MTX), and biologic response modifiers2,3,4,5.

The ultimate goal of treatment for this incurable condi-

tion is to attain disease remission (no disease activity)6.

However, an inadequate number of patients achieve an ade-

quate treatment outcome, partly due to the lack of a consen-

sus definition of remission6 and the absence of clear guide-

lines on the use and interpretation of disease activity assess-

ment tools, leading to inconsistent clinical practice7. Also,

some patients do not respond to available treatments or they

develop intolerable side effects to them, therefore addition-

al treatment options using a unique mechanism of action are

desirable8.

The purinergic P2X7 receptor is an adenosine triphos-

phate (ATP)-gated ion channel found on cells of the

hematopoietic lineage, including lymphocytes, monocytes,
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and macrophages9. It is an important cell-surface regulator

of several key inflammatory molecules10, and ATP activa-

tion initiates increased posttranslational modification of

interleukin 1 (IL-1) and IL-18, activating both their func-

tionality and secretion11,12,13,14,15. IL-1 has been strongly

implicated in the multiple inflammatory pathways involved

in the pathogenesis of RA16. A preclinical study demon-

strated that key catabolic events are mediated by IL-18 sig-

naling in human articular chondrocytes17. In addition, a

recent study showed that both the expression levels and bio-

logical activity of IL-18 in the serum, synovial fluid, and tis-

sue of patients with RA were significantly increased com-

pared with samples from healthy adults18, suggesting a role

for IL-18 signaling pathways in RA.

The biologic therapy anakinra, an IL-1 receptor antago-

nist, has demonstrated modest efficacy in patients with

RA19,20,21. However, the pharmacokinetic/safety profile

associated with this treatment is not optimal20,22,23,24; more

frequent dosing may increase patient benefits, yet remains

impractical due to the properties of the drug and administra-

tion method (daily injection).

CE-224,535 was developed as a DMARD, and is a selec-

tive antagonist of the human P2X7 receptor, reducing leuko-

cyte secretion of IL-1ß and IL-18, thereby providing a novel

therapeutic approach for treatment of RA. It is possible that

more robust efficacy could be achieved with upstream inhi-

bition of IL-1 rather than the current IL-1 receptor inhibi-

tion; it was therefore anticipated that CE-224,535 had this

potential, given its inhibition of posttranslational processing

and release of IL-1ß and IL-1825,26.

Our phase IIA study investigated the efficacy and safety

of CE-224,535 in patients with active RA inadequately con-

trolled by MTX.

MATERIALS AND METHODS

Our study (A6341009) was sponsored by Pfizer Inc. and was conducted in

24 centers in 7 countries (Chile, Czech Republic, Mexico, Poland, Republic

of Korea, Spain, and the United States). The trial is registered with

ClinicalTrials.gov, number NCT00628095. The final protocol, any amend-

ments, and informed consent documentation were reviewed and approved

by the institutional review boards or the independent ethics committees at

each of the participating investigational centers. In addition, our study was

conducted in compliance with the ethical principles originating in or

derived from the Declaration of Helsinki and in compliance with all

International Conference on Harmonization Good Clinical Practice

Guidelines.

Patients. Eligible patients were aged ≥ 18 years with a diagnosis of active

RA based on the American College of Rheumatology (ACR) 1987 revised

criteria27, despite ongoing MTX treatment. Active disease was defined as 

≥ 4 tender/painful joints on motion and ≥ 4 swollen joints (28-joint count).

Patients also had to meet ACR 1991 Revised Criteria for Global Functional

Status in RA, Class I, II, or III.

Ongoing MTX treatment was required at a weekly dose of ≥ 7.5 mg

(oral or parenteral) for 3 months prior to study entry, at a stable dose for 

≥ 4 weeks prior to screening, and taken with concomitant therapy (folic

acid at a minimum of 400 µg daily, or equivalent dosing). Other DMARD

permitted included sulfasalazine, leflunomide, injectable or oral (aura-

nofin) gold, D-penicillamine, chloroquine, or hydroxychloroquine. No

more than 2 of these DMARD, in addition to MTX, were to be given dur-

ing the study or within 1 month prior to randomization.

Patients were excluded from the study if they had any other inflamma-

tory arthritis that could have interfered with disease activity assessments,

tuberculosis without treatment and/or positive tuberculin reaction without

known vaccination, 12-lead electrocardiogram demonstrating QTc > 460

ms for men and > 480 ms for women at screening, or any condition that

could possibly have affected oral drug absorption.

In addition, patients were excluded if they had participated in previous

CE-224,535 studies, or received the following treatments: pharmacologi-

cally active herbal supplements; corticosteroids by any route with the

exception of a stabilized oral dose of ≤ 10 mg prednisone or equivalent/day

(which was allowed); and the following medications given at the specified

intervals prior to study treatment: azathioprine, cyclosporine, anakinra, or

etanercept (≤ 4 weeks); infliximab, adalimumab, or any experimental RA

therapy (≤ 8 weeks); abatacept (≤ 3 months); or rituximab (≤ 12 months).

Patients were also excluded if they had a history of chronic or serious

life-threatening infection, severe, progressive and/or uncontrolled renal,

hepatic, hematological, gastrointestinal, endocrinological, pulmonary, car-

diac, or neurological disease.

Study design. Our phase IIA, randomized, double-blind, placebo-con-

trolled, parallel-group, multicenter study investigated CE-224,535 in the

treatment of the signs and symptoms of RA in patients inadequately con-

trolled by MTX (Figure 1). All patients were to continue a stable back-

ground weekly dose of at least 7.5 mg MTX during the study.

The primary objective was to test the efficacy of CE-224,535 compared

with placebo as assessed by the ACR20 response rate at Week 12. The sec-

ondary objectives of the study were to evaluate the safety and tolerability

of CE-224,535, the pharmacokinetic profile of CE-224,535, and health and

functional status.

Treatment. Patients were randomized equally to receive either oral

CE-224,535, 500 mg twice daily (bid), or placebo for 12 weeks.

Rescue medication. Acetaminophen was allowed as rescue medication if

dosed ≤ 2.6 g/day for ≤ 4 consecutive days. If a patient was already taking

stable background doses of acetaminophen, they could increase the dose up

to 2.6 g/day for up to 4 consecutive days for rescue purposes. For patients

who were not on stable, background opioid therapy, any of the following

single opioid agents could be given as rescue medication (with or without

acetaminophen) for ≤ 4 consecutive days up to a maximum potency equiv-

alent to 30 mg/day of orally administered morphine: hydrocodone, not

exceeding 30 mg total daily dose; oxycodone, not exceeding 15 mg total

daily dose; or tramadol, not exceeding 300 mg total daily dose.

Study assessments. The primary efficacy endpoint was ACR20 response

rate at Week 12. ACR20 response rate was also assessed at Weeks 2, 4, and

8. In addition, the differential effects of region, sex, age, duration of dis-

ease, disease activity at baseline, and concomitant steroid use were exam-

ined for ACR20 response rate at Week 12. ACR50, ACR70, Disease

Activity Score (DAS)28-3[C-reactive protein (CRP)], Health Assessment

Questionnaire Disability Index (HAQ-DI), and components of the ACR

response were all assessed at randomization and Weeks 2, 4, 8, and 12 (or

early termination).

Blood samples for pharmacokinetic analysis were collected prior to

dosing at the randomization visit and at least 2 hours after dosing; at 

Week 2, 2 samples were taken after dosing, with the second sample col-

lected at least 2 hours after the first sample but prior to the next 12-hour

dosing; at Week 4, 2 samples were collected: the first prior to dosing and

the second at least 3 hours after dosing. Plasma samples were analyzed for

CE-224,535 concentrations using a validated, sensitive, and specific high-

performance liquid chromatography tandem mass spectrometric method;

concentrations were summarized for each of the sampling timepoints.

Safety was evaluated throughout the study by monitoring adverse

events (AE), laboratory evaluations, physical examinations, vital signs, and

electrocardiograms. All patients who received study treatment were ana-

lyzed for AE; 1 patient in the CE-224,535 group was not analyzed for lab-
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oratory data because that patient discontinued the study before postdose

laboratory assessments were performed.

Statistical analyses. The null hypothesis was that there was no difference

between CE-224,535, 500 mg bid and placebo on the percentage of ACR20

responders at Week 12. The alternative hypothesis was that the patients

treated with CE-224,535, 500 mg bid had at least a 25% higher response

rate in ACR20 than the placebo group at Week 12. Categorical variables

(ACR20) were analyzed by chi-square test, unless the normal approxima-

tion to the binomial distribution was not appropriate. If this was the case,

Barnard’s exact test was to be used.

Baseline values were included as covariates in the analysis of covari-

ance model used in the analysis of secondary efficacy endpoints. The dif-

ferential effects of sex, age, region, duration of disease, disease activity, and

their interaction with treatment were examined in the Week 12 analyses of

the primary efficacy variable (ACR20). Duration of disease was

dichotomized as ≤ 5 years versus > 5 years. Age was dichotomized as ≤ 65

years versus > 65 years. No pharmacokinetic analysis was conducted; phar-

macokinetic data were summarized descriptively. All the safety data were

summarized descriptively by randomized treatment group through appro-

priate data tabulations and descriptive statistics. The safety endpoints were

evaluated by comparing CE-224,535, 500 mg bid to placebo using sponsor

data standards.

The full analysis set (FAS) included all patients who received ≥ 1 dose

of the randomized study treatment; the safety analysis set equaled the FAS.

For the primary endpoint, 3 data analyses were performed for robustness:

last observation carried forward (LOCF), nonresponder imputation (NRI),

and observed cases (no imputation). Throughout this report, data are pre-

sented for LOCF analyses only.

RESULTS

Patient disposition. Overall, 138 patients were screened, of

which 100 were assigned to study treatment: 53 received

CE-224,535, 500 mg bid; 47 received placebo. The propor-

tion of patients completing the study was 86.8%

(CE-224,535, 500 mg bid) and 85.1% (placebo; Figure 2).

Seven patients (13.2%) in the CE-224,535 group and 7

patients (14.9%) in the placebo group discontinued from the

study. Three patients (5.7%) in the CE-224,535 group and 3

patients (6.4%) in the placebo group discontinued due to AE

related to the study treatment, and 3 patients (6.4%) in the

placebo group discontinued due to lack of efficacy (Figure

2). Four patients (7.5%) in the CE-224,535 group discontin-

ued for reasons not related to the study treatment: 2 (3.8%)

discontinued due to non-treatment-related AE and 2 (3.8%)

discontinued because they were no longer willing to partic-

ipate. One patient (2.1%) in the placebo group discontinued

for reasons not related to the study treatment (Figure 2).

Baseline demographics and patient characteristics. Demo -

graphic characteristics were comparable between the treat-

ment groups. Patients were aged between 21 and 78 years

and the majority were white and female (Table 1). The mean

duration since first diagnosis of RA was 7.5 years (placebo)

and 8.7 years (CE-224,535). The mean duration of treatment

was similar between treatment groups: 85 days (placebo)

and 84 days (CE-224,535). The mean MTX dose at baseline

was 13.8 mg and 15.5 mg in the CE-224,535, 500 mg and

placebo groups, respectively. The proportions of patients on

concomitant glucocorticoids were 67.9% and 66.0% in the

CE-224,535, 500 mg and placebo groups, respectively. The

proportions of patients receiving concomitant DMARD

were 20.8% and 19.1%, respectively.

Efficacy. There was no significant difference in ACR20

response rate at Week 12 (primary efficacy endpoint)

between CE-224,535 (34.0%) and placebo [(36.2%; 90% CI

–0.17, 0.13; p = 0.591 (FAS, LOCF)]. The ACR20 response

rate was not significant at any timepoint over the 12-week

study period (Figure 3). The ACR20 analysis using NRI was

consistent with that of LOCF; ACR20 response rates at

Week 12 using NRI were 30.2% and 36.2% for CE-224,535

and placebo, respectively (90% CI –0.21, 0.09). There were

no significant changes from baseline for CE-224,535 versus

placebo in any of the ACR component scores throughout the

study period.

No statistically significant difference was observed

between CE-224,535 and placebo in the ACR20 response

rate following subgroup analyses at Week 12 by age, sex,

baseline disease activity, baseline duration of disease,

region, or concomitant use of steroids (LOCF, FAS; Table

2). Week 12 ACR20 response rates for CE-224,535 trended

Figure 1. Study design. Patients continued a stable background weekly dose of at least 7.5 mg

methotrexate during the study. bid: twice daily; BL: baseline (randomization).
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higher in those patients with higher baseline CRP levels

compared to those for placebo. ACR20 response rates were

50.0% and 47.4% for baseline CRP ≥ 6 mg/l and ≥ 8 mg/l,

respectively, in the CE-224,535 group compared with 26.1%

and 30.0% in the placebo group (Table 2). ACR50 and

ACR70 responses were not significant at Week 12: 11.3%

and 17.0% for CE-224,535 and placebo groups, respective-

ly (p = 0.793; ACR50); 3.8% and 0% for CE-224,535 and

placebo groups, respectively (p = 0.121; ACR70; Table 2).

At Week 12, the least-squares mean changes from base-

line in DAS28-3(CRP) were –0.9 and –0.8 for CE-224,535

and placebo groups, respectively (p = 0.752), and in

HAQ-DI were –0.2 and –0.3 for CE-224,535 and placebo

groups, respectively (p = 0.784; Table 2).

No significant difference was observed for either physi-

cian’s global assessment of arthritis or patient’s global

assessment of arthritis.

Safety

Adverse events. The number of all-causality AE reported

was similar between treatment groups: 72 (CE-224,535) and

61 (placebo); the number of treatment-related AE was 34

(CE-224,535) and 29 (placebo). The percentage of patients

reporting all-causality AE was similar between treatment

groups: 62.3% (CE-224,535) and 55.3% (placebo); the per-

centage of patients reporting treatment-related AE was

34.0% (CE-224,535) and 31.9% (placebo). Incidence of AE

in 3 or more patients per treatment group is presented in

Table 3. The most frequently reported all-causality AE in the

CE-224,535 treatment group were nausea (11.3%) and diar-

rhea (7.5%); in the placebo group, the most common AE

were headache (8.5%), upper abdominal pain, insomnia,

increased alanine aminotransferase (ALT), and increased

aspartate aminotransferase (all 6.4%).

The percentage of patients reporting all-causality serious

AE (SAE) was 3.8% and 2.1% in the CE-224,535 and place-

bo groups, respectively; none was considered treat -

ment-related. The percentage of patients reporting severe

AE was 9.4% (CE-224,535) and 4.3% (placebo); only 1

patient’s AE of abdominal pain/tenderness was considered

treatment-related (in the CE-224,535 treatment group). In

the CE-224,535 group, 1 patient had SAE of pelvic fracture,

capsular contracture associated with breast implant, and

breast prosthesis implantation, and 1 patient had an SAE of

depression. In the placebo group, 1 patient had SAE of road

traffic accident, back injury, and contusion. None of these

SAE was considered treatment-related.

Discontinuations (all-causality) due to AE occurred in

9.4% and 6.4% of patients in the CE-224,535 and placebo

groups, respectively (Figure 2). Reasons for permanent dis-

Figure 2. Patient disposition. AE: adverse event; bid: twice daily; LOE: lack of efficacy;

NLW: no longer willing to participate in study.
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continuation included vomiting, abdominal pain, and

arthralgia (CE-224,535), and moderate worsening of RA,

arthralgia, and increased ALT (placebo). There were no

deaths reported throughout our study.

Table 1. Baseline demographics/patient characteristics.

Placebo, CE-224,535, 500 mg bid

Characteristic n = 47 n = 53

Female, n (%) 44 (93.6) 44 (83.0)

Mean (SD) age, yrs 53.1 (11.6) 53.3 (10.8)

Age range, yrs 21–78 28–73

Race, n (%)

White 33 (70.2) 39 (73.6)

Black 4 (8.5) 3 (5.7)

Asian 6 (12.8) 6 (11.3)

Other 4 (8.5) 5 (9.4)

Mean (SD) weight, kg 77.9 (23.6) 73.8 (16.0)

Mean (SD) height, cm 161.6 (7.4) 163.7 (8.8)

Duration from first diagnosis*

Mean, yrs 7.5 8.7

(Range, yrs) (0.6–32.6) (0.3–29.3)

Baseline ACR component scores

Tender joint count, mean (SD) 14.5 (7.0) 13.1 (7.1)

Swollen joint count, mean (SD) 12.5 (6.8) 11.7 (6.3)

Patient’s global assessment of 59.3 (15.2) 56.9 (18.8)

arthritis, mean (SD)

Patient’s global assessment of 60.1 (21.0) 51.3 (25.1)

pain, mean (SD)

Physician’s global assessment of 54.8 (23.6) 53.7 (23.8)

arthritis, mean (SD)

HAQ-DI, mean (SD) 1.38 (0.62) 1.26 (0.68)

Baseline CRP, mean mg/l (SD) 9.2 (9.9) 11.5 (13.8)

≥ 6 24 23

< 6 29 24

≥ 8 19 20

< 8 34 27

*Duration from diagnosis to Day 1 of the study. ACR: American College of Rheumatology; bid: twice daily; CRP: 

C-reactive protein; HAQ-DI: Health Assessment Questionnaire-Disability Index.

Figure 3. ACR20 responder rate over 12 weeks; primary endpoint was ACR20 response rate at

Week 12 (full analysis set; last observation carried forward). There was no significant difference

between CE-224,535 and placebo at any timepoint. ACR: American College of Rheumatology;

bid: twice daily.
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Infections. The incidence of infections was similar between

treatment groups: 24.5% (CE-224,535) and 21.3% (place-

bo); the most common were bronchitis (5.7%, CE-224,535;

2.1%, placebo) and nasopharyngitis (5.7%, CE-224,535;

2.1%, placebo).

Abnormal laboratory findings. There were no notable

changes from baseline or between the treatment groups in

median changes from baseline for any laboratory measure-

ment. There were no notable differences between treatment

groups in the numbers of patients with laboratory abnormal-

ities after dosing. All clinical laboratory-related treat -

ment-emergent AE were of mild or moderate severity and

none was reported as an SAE; leukopenia, lymphopenia, and

neutropenia occurred in 1.9% of patients in the CE-224,535

treatment group and thrombocytopenia occurred in 2.1% of

patients in the placebo group. Transaminase elevations were

recorded only in the placebo group (Table 3).

Pharmacokinetics. The median trough concentration of

CE-224,535 in our study was ~250 ng/ml; this concentration

is about 25 times the estimated 90% inhibitory concentra-

tion (IC90) for inhibition of IL-1ß release as determined

previously in an ex vivo whole-blood assay. Patients whose

baseline CRP was ≥ 8 mg/l (n = 17) had median trough con-

centrations about twice as much as those with baseline CRP

< 8 mg/l (n = 27). A relationship between exposure and clin-

ical response could not be inferred despite the concentra-

tions adequately exceeding the IC90 estimate.

DISCUSSION

Our objective was to test the efficacy of CE-224,535 com-

pared with placebo, as assessed by the ACR20 response rate

at Week 12 in patients with RA who were inadequately con-

trolled taking MTX. Our study demonstrated that

CE-224,535 was not effective compared with placebo for

Table 2. Secondary efficacy endpoints at Week 12: ACR20 response rates by age, sex, baseline disease activity, baseline

duration of disease, region, or concomitant use of steroids; ACR50; ACR70; DAS28-3-CRP; HAQ-DI (full analysis set;

last observation carried forward).

Placebo, CE-224,535, 500 mg bid,

Endpoint n = 47 n = 53

ACR20 response rate by age, %

≤ 65 yrs 33.3 35.6 (p = 0.413)

> 65 yrs 60.0 25.0 (p = 0.999)

ACR20 response rate by sex, %

Male 0 33.3 (p = 0.188)

Female 38.6 34.1 (p = 0.671)

ACR20 response rate by baseline disease activity (DAS28-3-CRP), %

< 3.2 (low activity) —* —*

3.2–5.1 (moderate activity) 45.5 28.6 (p = 0.891)

≥ 5.1 (high activity) 28.0 40.0 (p = 0.185)

ACR20 response rate by baseline duration of disease, %

Duration ≤ 5 yrs 37.5 45.8 (p = 0.279)

Duration > 5 yrs 34.8 24.1 (p = 0.800)

ACR20 response rate by region, %

Latin America 40.0 60.0 (p = 0.377)

United States 44.4 29.2 (p = 0.846)

Europe 38.9 33.3 (p = 0.635)

Asia 0.0 33.3 (p = 0.098)

ACR20 response rate by concomitant use of steroids, %

Yes 35.5 36.1 (p = 0.478)

No 37.5 29.4 (p = 0.688)

ACR20 response rate by baseline CRP, %

≥ 6 mg/l 26.1 50.0

< 6 mg/l 45.5 20.7

≥ 8 mg/l 30.0 47.4

< 8 mg/l 40.7 26.5

ACR50 response rate, % 17.0 11.3 (p = 0.793)

ACR70 response rate, % 0.0 3.8 (p = 0.121)

Least-squares mean change from

baseline in DAS28-3-CRP (SEM) –0.8 (0.15) –0.9 (0.14) (p = 0.752)

Least-squares mean change from

baseline in HAQ-DI (SEM) –0.3 (0.07) –0.2 (0.07) (p = 0.784)

* Per the protocol, patients with low disease activity at baseline were excluded. p values are difference from placebo.

ACR: American College of Rheumatology; bid: twice daily; CRP: C-reactive protein; DAS: Disease Activity Score;

HAQ-DI: Health Assessment Questionnaire-Disability Index; SEM: standard error of the mean.
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the primary efficacy endpoint, ACR20 response rate at Week

12, or any of the secondary efficacy variables, despite ade-

quate drug exposure. When investigating treatments for cur-

rently incurable, chronic, and complex diseases such as RA,

it is essential to consider all potential therapeutic targets,

particularly those with a novel mechanism of action.

Although the P2X7 receptor appears to operate as an impor-

tant element of the proinflammatory cascade, and antago-

nists of its function are expected to induce antiinflammato-

ry outcomes, our study suggests that inhibition of the P2X7
receptor was unsuccessful in improving the signs and symp-

toms of RA.

One potential explanation for the lack of treatment effect

is the complex nature of the pathogenesis of RA. Activation

of the P2X7 receptor by ATP triggers the maturation and

subsequent release of IL-1 and IL-1811,12,13,14. However, it

would seem that inhibition of the release of IL-1 and IL-18

alone is insufficient to substantively mitigate the pathogen-

esis and maintenance of inflammation in RA. This is likely

due to the presence of multiple deregulated pathways that

produce additional key proinflammatory cytokines28.

It is also worth considering the patient population and

whether this was a contributing factor to the study findings.

Although the disease activity entry criteria (i.e., joint counts

and acute-phase reactant thresholds) were not generally as

rigorous as those often used in clinical studies investigating

similar endpoints in patients with RA29,30, the baseline dis-

ease activity of the patients enrolled in the study was suffi-

cient to enable the detection of an antiinflammatory effect.

Although all patients remained on a stable background

weekly dose of MTX during the study, it was demonstrated

in a previous study that there is no drug-drug interaction

(DDI) between CE-224,535 and MTX (data on file, Pfizer

Inc.). It is therefore unlikely that concomitant administration

of MTX and CE-224,535 affected the potential efficacy of

either drug. The observed plasma concentrations of

CE-224,535 in our study were similar to those previously

reported in the DDI study with MTX, and the exposures

(over 24 hours) adequately exceeded the estimated IC90 (10

ng/ml) for inhibition of IL-1ß release in a multiple-dose tol-

erance study (data on file, Pfizer Inc.). It is possible that the

lack of efficacy observed in this study was due to insuffi-

cient receptor occupancy in vivo. However, this is unlikely,

as the CE-224,535 plasma concentrations achieved in the

study were much greater than the concentration required to

inhibit IL-1 secretion ex vivo (25 times the estimated IC90

for inhibition). Assuming that plasma concentrations were

sufficient to achieve inhibition of the P2X7 receptor, it

appears that blockade of the P2X7 receptor alone is not as

effective as IL-1 receptor inhibition at mediating the inflam-

matory effects of IL-1ß. Trough concentrations were higher

in patients with CRP levels ≥ 8 mg/l compared with those

with CRP levels < 8 mg/l. During inflammation, hepatic

drug-metabolizing CYP enzymes, particularly CYP3A4, are

downregulated (likely due to IL-6 action), thus decreasing

clearance and increasing the levels of drugs adminis-

tered31,32. Since CE-224,535 is thought to be extensively

metabolized by CYP3A (< 20% of the dose excreted

unchanged in the urine), it is expected that the underlying

inflammation (as reflected in CRP measurements) will cause

an alteration of hepatic metabolism and lead to differences

in drug concentrations.

It is also unlikely that treatment compliance was an issue

in our study; the median duration of treatment with the study

drug was 84 days (similar to placebo) and the protocol stip-

ulated that treatment compliance had to be a minimum of

70%. One point for consideration is that if discontinuations

occurred early in the study period, these patients would have

discontinued before they had a chance to improve; therefore

use of LOCF imputation would result in scores closer to

baseline values being carried forward.

A dose of 500 mg bid was chosen for the study as it was

Table 3. Most frequently reported adverse events (safety analysis set).

Placebo, CE-224,535, 500 mg bid

n = 47 n = 53

All Treatment- All Treatment-

Preferred Term, n = (%) Causalities related Causalities related

Nausea 2 (4.3) 1 (2.1) 6 (11.3) 5 (9.4)

Diarrhea 2 (4.3) 2 (4.3) 4 (7.5) 3 (5.7)

Headache 4 (8.5) 2 (4.3) 3 (5.7) 0

Vomiting 1 (2.1) 0 3 (5.7) 2 (3.8)

Bronchitis 1 (2.1) 0 3 (5.7) 2 (3.8)

Nasopharyngitis 1 (2.1) 0 3 (5.7) 1 (1.9)

Worsening RA 2 (4.3) 1 (2.1) 3 (5.7) 1 (1.9)

Hypertension 0 0 3 (5.7) 2 (3.8)

Insomnia 3 (6.4) 1 (2.1) 1 (1.9) 1 (1.9)

Upper abdominal pain 3 (6.4) 3 (6.4) 0 0

Increased ALT 3 (6.4) 3 (6.4) 0 0

Increased AST 3 (6.4) 3 (6.4) 0 0

ALT: alanine aminotransferase; AST: aspartate aminotransferase; bid: twice daily; RA: rheumatoid arthritis.



727Stock, et al: CE-224,535 in RA

well tolerated and provided the potential to test the pharma-

cokinetic coverage-based efficacy hypothesis. This dose

was expected to result in concentrations exceeding the IC90

by more than 10-fold for the entire dosing period. The 500

mg bid dose appeared to be safe and well tolerated in

patients with RA who were inadequately controlled by

MTX. There was no notable difference between treatment

groups in the proportion of patients with all-causality and

treatment-related AE or SAE. Further, the proportion of dis-

continuations was comparable between treatment groups.

CE-224,535 appeared to be generally safe and well toler-

ated, but did not demonstrate a statistically significant sepa-

ration from placebo in any efficacy outcome variable. Thus,

it is probable that inhibition of the P2X7 receptor is not an

efficacious strategy for the management of RA.

ACKNOWLEDGMENT 

The authors thank the A6341009 investigators and study team, and also

Jennie Frain, PhD, from Complete Medical Communications, who provid-

ed medical writing assistance funded by Pfizer Inc.

REFERENCES

1. Abell JE, Hootman JM, Zack MM, Moriarty D, Helmick CG.

Physical activity and health related quality of life among people

with arthritis. J Epidemiol Community Health 2005;59:380-5.

2. Bathon JM, Cohen SB. The 2008 American College of

Rheumatology recommendations for the use of nonbiologic and

biologic disease-modifying antirheumatic drugs in rheumatoid

arthritis: Where the rubber meets the road. Arthritis Rheum

2008;59:757-9.

3. American College of Rheumatology Subcommittee on Rheumatoid

Arthritis. Guidelines for the management of rheumatoid arthritis:

2002 update. Arthritis Rheum 2002;46:328-46.

4. Jobanputra P, Wilson J, Douglas K, Burls A. A survey of British

rheumatologists’ DMARD preferences for rheumatoid arthritis.

Rheumatology 2004;43:206-10.

5. Saag KG, Teng GG, Patkar NM, Anuntiyo J, Finney C, Curtis JR,

et al. American College of Rheumatology 2008 recommendations

for the use of nonbiologic and biologic disease-modifying

antirheumatic drugs in rheumatoid arthritis. Arthritis Rheum

2008;59:762-84.

6. Cohen SB, Cohen MD, Cush JJ, Fleischmann RM, Mease PJ,

Schiff MH, et al. Unresolved issues in identifying and overcoming

inadequate response in rheumatoid arthritis: Weighing the evidence.

J Rheumatol Suppl. 2008 Feb;81:4-30.

7. Felson DT, Smolen JS, Wells G, Zhang B, van Tuyl LH, Funovits J,

et al. American College of Rheumatology/European League Against

Rheumatism provisional definition of remission in rheumatoid

arthritis for clinical trials. Arthritis Rheum 2011;63:573-86.

8. Bykerk V. Unmet needs in rheumatoid arthritis. J Rheumatol Suppl.

2009 June;82:42-6.

9. Collo G, Neidhart S, Kawashima E, Kosco-Vilbois M, North RA,

Buell G. Tissue distribution of the P2X7 receptor.

Neuropharmacology 1997;36:1277-83.

10. Lister MF, Sharkey J, Sawatzky DA, Hodgkiss JP, Davidson DJ,

Rossi AG, et al. The role of the purinergic P2X7 receptor in

 inflammation. J Inflamm 2007;4:5.

11. Sluyter R, Dalitz JG, Wiley JS. P2X7 receptor polymorphism

impairs extracellular adenosine 5'-triphosphate-induced 

interleukin-18 release from human monocytes. Genes Immun

2004;5:588-91.

12. López-Castejón G, Young MT, Meseguer J, Surprenant A, Mulero

V. Characterization of ATP-gated P2X7 receptors in fish provides

new insights into the mechanism of release of the leaderless

cytokine interleukin-1 beta. Mol Immunol 2007;44:1286-99.

13. Ferrari D, Pizzirani C, Adinolfi E, Lemoli RM, Curti A, Idzko M, et

al. The P2X7 receptor: A key player in IL-1 processing and release.

J Immunol 2006;176:3877-83.

14. North RA. Molecular physiology of P2X receptors. Physiol Rev

2002;82:1013-67.

15. Surprenant A, Rassendren F, Kawashima E, North RA, Buell G.

The cytolytic P2Z receptor for extracellular ATP identified as a

P2X receptor (P2X7). Science 1996;272:735-8.

16. Kay J, Calabrese L. The role of interleukin-1 in the pathogenesis of

rheumatoid arthritis. Rheumatology 2004;43 Suppl 3:iii2-iii9.

17. John T, Kohl B, Mobasheri A, Ertel W, Shakibaei M. Interleukin-18

induces apoptosis in human articular chondrocytes. Histol

Histopathol 2007;22:469-82.

18. Shao XT, Feng L, Gu LJ, Wu LJ, Feng TT, Yang YM, et al.

Expression of interleukin-18, IL-18BP, and IL-18R in serum,

 synovial fluid, and synovial tissue in patients with rheumatoid

arthritis. Clin Exp Med 2009;9:215-21.

19. Kavanaugh A. Anakinra (interleukin-1 receptor antagonist) has

 positive effects on function and quality of life in patients with

rheumatoid arthritis. Adv Ther 2006;23:208-17.

20. Mertens M, Singh JA. Anakinra for rheumatoid arthritis: A 

systematic review. J Rheumatol 2009;36:1118-25.

21. Waugh J, Perry CM. Anakinra: A review of its use in the

 management of rheumatoid arthritis. BioDrugs 2005;19:189-202.

22. Khraishi M. Comparative overview of safety of the biologics in

rheumatoid arthritis. J Rheumatol Suppl. 2009 June;82:25-32.

23. Singh JA, Christensen R, Wells GA, Suarez-Almazor ME,

Buchbinder R, Lopez-Olivo MA, et al. Biologics for rheumatoid

arthritis: an overview of Cochrane reviews. Cochrane Database

Syst Rev 2009;CD007848.

24. Cohen S, Hurd E, Cush J, Schiff M, Weinblatt ME, Moreland LW,

et al. Treatment of rheumatoid arthritis with anakinra, a

 recombinant human interleukin-1 receptor antagonist, in

 combination with methotrexate: Results of a twenty-four-week,

multicenter, randomized, double-blind, placebo-controlled trial.

Arthritis Rheum 2002;46:614-24.

25. Romagnoli R, Baraldi PG, Cruz-Lopez O, Lopez-Cara C, Preti D,

Borea PA, et al. The P2X7 receptor as a therapeutic target. Expert

Opin Ther Targets 2008;12:647-61.

26. Solle M, Labasi J, Perregaux DG, Stam E, Petrushova N, Koller

BH, et al. Altered cytokine production in mice lacking P2X(7)

receptors. J Biol Chem 2001;276:125-32.

27. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF,

Cooper NS, et al. The American Rheumatism Association 1987

revised criteria for the classification of rheumatoid arthritis.

Arthritis Rheum 1988;31:315-24.

28. McInnes IB, Schett G. Cytokines in the pathogenesis of rheumatoid

arthritis. Nat Rev Immunol 2007;7:429-42.

29. Kremer JM, Bloom BJ, Breedveld FC, Coombs JH, Fletcher MP,

Gruben D, et al. The safety and efficacy of a JAK inhibitor in

patients with active rheumatoid arthritis: Results of a double-blind,

placebo-controlled phase IIa trial of three dosage levels of 

CP-690,550 versus placebo. Arthritis Rheum 2009;60:1895-905.

30. Jones G, Sebba A, Gu J, Lowenstein MB, Calvo A, Gomez-Reino

JJ, et al. Comparison of tocilizumab monotherapy versus

methotrexate monotherapy in patients with moderate to severe

rheumatoid arthritis: The AMBITION study. Ann Rheum Dis

2010;69:88-96.

31. Haas CE, Kaufman DC, Jones CE, Burstein AH, Reiss W.

Cytochrome P450 3A4 activity after surgical stress. Crit Care Med

2003;31:1338-46.

32. Rivory LP, Slaviero KA, Clarke SJ. Hepatic cytochrome P450 3A

drug metabolism is reduced in cancer patients who have an 

acute-phase response. Br J Cancer 2002;87:277-80.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2012. All rights reserved.


