
1Keystone, et al: CH-1504 for active RA

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2011. All rights reserved.

Efficacy and Safety of CH-1504, a Metabolically Stable
Antifolate, in Patients with Active Rheumatoid
Arthritis: Results of a Phase II Multicenter Randomized
Study 
EDWARD C. KEYSTONE, VALERY S. SHIRINSKY, LEE S. SIMON, SIMON PEDDER, L. ARTHUR HEWITT, 

and the CH-1504 Study Group

ABSTRACT. Objective. To investigate the potential efficacy, safety, and tolerability of daily use of CH-1504 in

patients with active rheumatoid arthritis (RA). US National Institutes of Health database no.

NCT00658047.

Methods. In our phase II randomized double-blind double-dummy study, patients naive to methotrex-

ate (MTX; n = 201) and having moderate to severe RA received either CH-1504 (0.25 mg, 0.5 mg, or

1.0 mg once-daily oral doses) or MTX (titrated to 20.0 mg once-weekly oral doses). All received week-

ly 10-mg folate supplementation. Efficacy and safety were assessed at 2, 4, 8, and 12 weeks, with a

treatment-free followup at 16 weeks. Safety and tolerability were assessed. Primary efficacy endpoint

was proportion of patients achieving ACR20 response at Week 12. Secondary endpoints included dif-

ference from baseline in the 28-joint Disease Activity Score (DAS28) and individual components of the

American College of Rheumatology (ACR) composite index.

Results. Demographic characteristics were similar in all treatment groups: mean age 54.3 ± 11.4 years,

female sex 87%, mean baseline DAS28 6.6 ± 0.9. At Week 12, CH-1504 demonstrated comparable effi-

cacy compared to MTX as measured by ACR20, DAS28, and ACR composite core-set measures,

including tender and swollen joints. No dose-response relationship was observed. Adverse events across

treatment groups were mild. Liver enzyme levels increased from baseline to Week 16 in the MTX

group, with qualitatively lesser increases in the CH-1504 groups. Two patients in the MTX group with-

drew because of gastrointestinal-related adverse events. CH-1504 appeared safe and well tolerated at

all dose levels.

Conclusion. CH-1504 has comparable efficacy to MTX and is safe and well tolerated. Metabolically

stable antifolates are a promising therapeutic option that warrants further study. (J Rheumatol First

Release July 1 2011; doi:10.3899/jrheum.101038)
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Methotrexate (MTX) is regarded as the “gold standard” dis-

ease-modifying antirheumatic drug (DMARD) for the treat-

ment of rheumatoid arthritis (RA)1,2,3. It reduces disease

activity4 and can retard disease progression5,6,7. MTX is struc-

turally related to folic acid and acts as an antagonist to it by

inhibiting dihydrofolate reductase (DHFR), the enzyme that

converts folic acid to its active form in addition to other poten-

tial modes of action. Folic acid is required for cell growth and

tissue proliferation; thus, antifolates can be used effectively in

disorders mediated by the rapid division or proliferation of

cells, including cancer and inflammatory diseases such as RA.

However, MTX is associated with a number of side effects,

including gastrointestinal (GI) disorders, stomatitis and

mucosal ulcers, hepatotoxicity, skin reactions, alopecia, bone

marrow suppression, and disturbances of the central nervous
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system such as fatigue, malaise and lethargy8,9,10. Patients

receiving MTX are more likely to discontinue treatment

because of adverse events (AE) than because of lack of

 efficacy4,8,10,11.

A potential contributor to the AE observed with MTX12,13

may be its conversion to polyglutamylated metabolites that

accumulate in tissues. MTX is also hydroxylated in the liver

to 7-hydroxymethotrexate, which may similarly be polyglu-

tamylated and retained within the cells, possibly causing liver

and kidney toxicity14,15. It has been hypothesized, therefore,

that an MTX analog that does not form polyglutamates may

be therapeutically superior to MTX in treating RA16.

CH-1504 is a potent antifolate that inhibits DHFR with

potency similar to that of MTX, but does not undergo polyg-

lutamylation, 7-hydroxylation, or deglutamylation, potentially

eliminating some of the metabolism-based AE associated with

MTX16,17,18. CH-1504 is taken into cells by the reduced folate

carrier more efficiently than is MTX, which may contribute to

higher CH-1504 activity levels16,17,18.

Our objective was to assess as a proof of concept the effi-

cacy, safety, and tolerability of oral CH-1504 in a small num-

ber of patients with active RA who were MTX-naive.

MATERIALS AND METHODS

This trial is registered in the US National Institutes of Health database, clini-

caltrials.gov, no. NCT00658047.

Patient population. Patients aged 18 to 80 years with a diagnosis of active RA

according to American College of Rheumatology (ACR) criteria, and with at

least 6 swollen joints and 6 tender joints (based on joint counts of 66 and 68,

respectively) were eligible. Patients also had to have ≥ 1 of the following cri-

teria at screening: C-reactive protein (CRP) ≥ 1.0 mg/dl; erythrocyte sedi-

mentation rate (ESR) ≥ 20 mm/h; or morning stiffness lasting 45 min or

longer.

Patients were excluded if they had received previous therapy with MTX;

any biologic agent for RA (biologic therapy for a different disease was per-

mitted as long as the last dose was > 120 days before baseline); hydroxy-

chloroquine within 120 days of baseline; sulfasalazine; or any steroid injec-

tions within 30 days of the baseline visit. Patients with current active infec-

tion(s) or any inflammatory arthritis other than RA were not eligible.

Patients were permitted to receive concomitant therapy with nonsteroidal

antiinflammatory drugs at standard doses kept constant throughout treatment,

analgesics (not to be used for 12 h prior to any study evaluation), and corti-

costeroids at stable doses for at least 30 days prior to baseline (maximum 10

mg/day prednisone or equivalent). All patients were required to take 10 mg

folic acid on Day 2 of each dosing week.

Study design. This was a phase II randomized MTX-controlled study of 3

months’ duration, conducted at 27 centers globally including Canada, Poland,

Russia, and Ukraine. Our study was double-blind and double-dummy. All

patients provided written informed consent prior to participating. Relevant

ethical committees’ approval was received at each of the participating sites.

The study was carried out according to the Declaration of Helsinki (as amend-

ed) and conducted in accord with the International Conference on

Harmonization Good Clinical Practice guidelines.

Patients meeting the eligibility criteria were randomly assigned to one of

4 treatment arms in a 1:1:1:1 ratio to receive capsulated CH-1504 0.25

mg/day, 0.50 mg/day, or 1.0 mg/day, or capsulated MTX (10 mg/week for the

first 2 weeks, then 15 mg/week for the next 2 weeks and 20 mg/week there-

after) for 12 weeks (Figure 1). Patients randomized to the MTX arm received

their weekly MTX dose on Day 1 of each dosing week. On Days 2 through 7,

patients taking MTX received 2 placebo capsules to maintain the blind design

of the study. The first screening assessment was conducted up to 14 days prior

to the baseline visit. Patients were assessed for safety and efficacy outcomes

at Weeks 2, 4, 8, and 12. A followup visit was conducted at 16 weeks.

Outcome measures and assessments. The primary efficacy outcome measure

was the proportion of patients achieving 20% or greater improvement in ACR

criteria (ACR20) from baseline to 12 weeks. Secondary efficacy outcome

measures included proportions of patients achieving 50% and 70% improve-

ments in ACR criteria from baseline (ACR50 and ACR70); proportion of

patients achieving European League Against Rheumatism (EULAR) respons-

es of “good” or “moderate”; and change from baseline in individual compo-

nents of the ACR composite index and Disease Activity Score in 28 joints

(DAS28). Assessments of disease activity and laboratory analyses, including

ESR and CRP, were performed at each study visit. Hepatic enzymes were

evaluated as a function of their elevation above the upper limit of normal.

Safety assessments. Safety variables were assessed at each visit by physical

examination, vital signs, laboratory measures, and AE reporting. Investigators

recorded all AE that occurred during the study and assessed the relationship

between the AE and study treatment.

Statistical analyses. The predefined primary efficacy endpoint was the pro-

portion of patients achieving an ACR20 response at Week 12. Secondary end-

points were compared between treatment groups. The efficacy analyses were

based on a modified intent-to-treat (mITT) population, which included all

patients who were randomized, received ≥ 1 dose of the study medication, and

who contributed ≥ 1 on-treatment efficacy assessment. The safety population

included all patients who were randomized and received ≥ 1 dose of the study

medication. This population was used for all safety and demographic

 analyses.

Our study was not designed for head-to-head statistical comparisons;

rather, it was exploratory in design. Summary statistics were presented for

continuous variables. Efficacy data were summarized for each treatment

group using descriptive statistics. Relative risks, comparing each treatment

with MTX, were estimated including 95% CI as appropriate. 

RESULTS

Baseline characteristics and patient disposition. Of the 302

patients screened, 201 were randomized across the 4 treatment

arms and 185 (92%) completed the study (Figure 2). Baseline

characteristics were generally similar across treatment groups.

No patient had received prior biologic therapy for any disease.

The mean age at enrollment for the entire study population

was 54.3 ± 11.4 years; 87% of patients were women; and the

mean DAS28 at baseline was 6.6 ± 0.9 (Table 1).

Sixteen patients discontinued treatment during the study

(Figure 2). Among the CH-1504 treatment groups, 1 patient

receiving 0.5 mg/day and 1 receiving 1 mg/day withdrew

because of an AE. The patient receiving 0.5 mg/day CH-1504

experienced mild anxiety, which was deemed possibly related

to treatment and resolved without complications. The patient

receiving 1 mg/day experienced allergic dermatitis deemed

moderate and unlikely to be related to the study medication.

Beyond AE, 1 patient in the 1-mg/day group withdrew from

the study because of a respiratory disorder, which was

assessed as mild and not related to the study medication. The

illness resolved. Twelve patients withdrew for reasons includ-

ing withdrawal of consent, patient decision, and noncompli-

ance with the treatment regimen. One patient from the MTX

group was excluded from the mITT population because of

withdrawal of consent and no efficacy assessments. One
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patient receiving MTX withdrew because of GI-related AE.

Thus the mITT analysis included 200 patients.

Efficacy. At the primary endpoint evaluation (Week 12),

ACR20 response was achieved in 43.8% of patients (21/48)

receiving 0.25 mg/day CH-1504, 39.6% (19/48) receiving 0.5

mg/day CH-1504, and 34% (17/53) receiving 1 mg/day CH-

1504, compared with 39.2% of patients (20/51) receiving

MTX (Table 2). Thus, ACR20 response was similar among all

treatment groups (p > 0.5).

At Week 12, 13.7% of patients receiving MTX achieved an

ACR50 and 5.9% achieved an ACR70 response. In the 3

groups receiving CH-1504, ACR50 and ACR70 response rates

at 12 weeks were highest in the group receiving 0.5 mg/day

CH-1504 (Table 2). No patient in the 1 mg/day treatment

group achieved ACR70 at Week 12.

At the 16-week followup visit, ACR20 responses were

maintained in most subjects: 37.3% of patients receiving

MTX and 35.4%, 41.7%, and 32.1% of patients receiving the

3 different dosages of CH-1504 had achieved an ACR20

response (Figure 3). Also at Week 16, ACR50 and ACR70

response rates in each CH-1504 group were higher than at

Week 12 (Figures 4 and 5). In contrast, ACR50 and ACR70

response rates in MTX-treated patients were identical at

Weeks 12 and 16 (Table 2).

Individual components of the ACR composite index. The mean

change from baseline to Weeks 12 and 16 for the individual
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Figure 1. Study design. MTX: methotrexate.

Figure 2. Study design and patient disposition. AE: adverse event.
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components of the ACR composite index were comparable

across groups for all components (Table 3). At Week 12, the

greatest improvement from baseline in patient assessment of

pain, patient global assessment of disease activity, physician

global assessment of disease activity, Health Assessment

Questionnaire-Disability Index (HAQ-DI), and ESR occurred

in the MTX group. However, improvement in tender joint

count (TJC) at Week 12 was observed in the 0.5 mg/day CH-

1504 group, and in swollen joint count (SJC) in the 1 mg/day

CH-1504 group.

At Week 16, changes from baseline in all of these measures

were more pronounced in the CH-1504 groups compared with

the MTX group (Table 3). There was a worsening in the MTX

group from Weeks 12 to 16 in TJC, assessment of pain, both

patient and physician assessment of disease activity, CRP, and

ESR.

Although an inverse dose-response trend to 0.25 mg, 0.5

mg, and 1.0 mg doses of CH-1504 was seen for the ACR20

response criteria, a positive dose-response trend appeared for

some ACR components. An escalating improvement from

baseline to Week 12 was observed in the TJC (58.3%, 62.5%,

and 72.5%, respectively), patient global assessment of disease

activity (39.6%, 54.2%, and 79%), and HAQ (35.4%, 43.8%,

and 51%).

4 The Journal of Rheumatology 2011; 38:9; doi:10.3899/jrheum.101038
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Table 1. Baseline patient demographics and disease characteristics (mITT population). Except where otherwise

indicated, values are mean (± SD).

Characteristic MTX, CH-1504 CH-1504 CH-1504

n = 51* 0.25 mg/day, 0.5 mg/day, 1 mg/day,

n = 48 n = 48 n = 53

Demographics

Women, n (%) 43 (84.3) 44 (91.7) 38 (79.2) 48 (90.6)

White, n (%) 51 (100) 48 (100) 48 (100) 53 (100)

Age, yrs 53.2 (10.1) 54.7 (10.4) 55.2 (12.0) 52.3 (12.8)

Age range, yrs 34–75 27–76 21–78 19–78

Concomitant medications

Glucocorticoids, n (%) 17 (32.7) 16 (33.3) 16 (33.3) 23 (43.4)

Other antiinflammatory/antirheumatic 18 (34.6) 8 (16.7) 10 (20.8) 17 (32.1)

agents, n (%)

Acetic acid derivatives, n (%) 10 (19.2) 11 (22.9) 12 (25.0) 17 (32.1)

COX-2 inhibitors, n (%) 0 (0) 2 (4.2) 1 (2.1) 2 (3.8)

Disease measures

Tender joint count 27.6 (12.8) 32.5 (14.3) 28.7 (14.2) 26.7 (13.0)

Swollen joint count 16.2 (7.7) 17.9 (8.1) 16.4 (9.0) 16.9 (10.2)

Patient’s assessment of pain# 57.5 (21.4) 60.2 (19.5) 61.4 (20.1) 56.6 (19.4)

Patient’s global assessment of disease activity# 58.2 (19.7) 61.2 (19.2) 61.1 (21.0) 59.9 (18.6)

Physician’s global assessment of disease activity# 56.0 (13.9) 56.7 (14.5) 57.3 (17.4) 56.3 (13.5)

HAQ-DI 1.54 (0.6) 1.60 (0.6) 1.61 (0.5) 1.60 (0.6)

CRP, mg/l 18.48 (23.0) 14.54 (24.2) 14.38 (17.9) 14.5 (15.2)

ESR, mm/h 42.9 (23.5) 46.1 (24.2) 45.1 (22.9) 43.0 (24.8)

DAS28 6.52 (0.9) 6.87 (0.8) 6.60 (0.9) 6.51 (0.8)

* One patient in the MTX group was excluded from the mITT population because consent was withdrawn and

the patient left the study. # 100-mm visual analog scale. mITT: modified intent to treat; MTX: methotrexate;

COX: cyclooxygenase; CRP: C-reactive protein; DAS28: Disease Activity Score in 28 joints; ESR: erythrocyte

sedimentation rate; HAQ-DI: Health Assessment Questionnaire-Disability Index.

Table 2. Percentage of patients with rheumatoid arthritis achieving 20%, 50%, and 70% improvement in ACR measure (mITT population).

Treatment Group ACR20 ACR50 ACR70

12 wk 16 wk 12 wk 16 wk 12 wk 16 wk

MTX, n = 51 39.2 (CI 25.8, 53.9) 37.3 (CI 24.1, 51.9) 13.7 (CI 5.7, 26.3) 13.7 (CI 5.7, 26.3) 5.9 (CI 1.2, 16.2) 5.9 (CI 1.2, 16.2)

CH-1504 0.25 mg/day, 43.8 (CI 29.5, 58.8) 35.4 (CI 22.2, 50.5) 8.3 (CI 2.3, 20.0) 12.5 (CI 4.7, 25.2) 2.1 (CI 0.1, 11.1) 4.2 (CI 0.5, 14.3)

n = 48

CH-1504 0.5 mg/day, 39.6 (CI 25.8, 54.7) 41.7 (CI 27.6, 56.8) 10.4 (CI 3.5, 22.7) 22.9 (CI 12, 37.3) 4.2 (CI 0.5, 14.3) 10.4 (CI 3.5, 22.7)

n = 48

CH-1504 1 mg/day, 34 (CI 21.5, 48.3) 32.1 (CI 19.9, 46.3) 5.7 (CI 1.2, 15.7) 9.4 (CI 3.1, 20.7) 0 3.8 (CI 0.5, 13)

n = 53

ACR: American College of Rheumatology; mITT: modified intent to treat; MTX: methotrexate.
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DAS28 and EULAR response. Overall, mean disease activity

improved from baseline to Weeks 12 and 16 in all treatment

groups, although the majority of patients still had moderate

(DAS ≥ 3.2 to ≤ 5.1) or high (DAS > 5.1 to ≤ 10) disease

activity at the end of the study. The greatest mean change in

the DAS28 from baseline was –1.51, observed in the 0.5

mg/day CH-1504 group at Week 16 (SD 1.54).

At Week 12, a “good” or “moderate” EULAR response had

been achieved by 47% (n = 24) of patients receiving MTX

(95% CI 32.9, 61.5); 39.6% (n = 19) of patients receiving 0.25

5Keystone, et al: CH-1504 for active RA
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Figure 3. American College of Rheumatology (ACR) 20 response rates over time. MTX: methotrexate.

Figure 4. American College of Rheumatology (ACR) 50 response rates over time. MTX: methotrexate.
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mg/day CH-1504 (95% CI 25.8, 54.7); 43.8% (n = 21) of

patients receiving 0.5 mg/day CH-1504 (95% CI 29.5, 58.8);

and 32.1% (n = 17) of patients receiving 1 mg/day CH-1504

(95% CI 19.9, 46.3). By Week 16 followup, these numbers

had increased to 49.1% (95% CI 34.8, 63.4), 41.7% (95% CI

27.6, 56.8), 43.8% (95% CI 29.5, 58.8), and 43.4% (95% CI

29.8, 57.7), respectively.

Safety results. Through Week 12 across all treatment groups,

64 patients (31.8%) experienced AE (Table 4). The majority

of AE were mild and resolved. Two patients in the MTX group

withdrew from the study because of GI-related events.

Three serious AE were reported: 2 in the MTX group

(cholecystitis acute and exacerbation of RA) and 1 in the 0.25

mg/day CH-1504 group (exacerbation of RA). None of the

reported serious AE was considered related to the study drug,

and all resolved without sequelae. There were no deaths dur-

ing the study. 

In general, there were no differences in hematology or

chemistry values between treatment groups. An increase from

baseline in alanine aminotransferase (ALT) and aspartate

aminotransferase (AST) was observed in a small number of

patients across all groups. The investigator did not consider

these changes to be clinically relevant.

However, when hepatic enzymes were evaluated as a func-

6 The Journal of Rheumatology 2011; 38:9; doi:10.3899/jrheum.101038
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Table 3.  Mean change from baseline in individual components of the American College of Rheumatology index (mITT population). Values are mean (± SD).

Disease Measures MTX, n = 51* CH-1504 0.25 mg/day, n = 48 CH-1504 0.5 mg/day, n = 48 CH-1504 1 mg/day, n = 53

Wk 12 Wk 16 Wk 12 Wk 16 Wk 12 Wk 16 Wk 12 Wk 16

Tender joint count –9.6 (14.72) –8.5 (12.70) –8.6 (11.97) –11.5 (13.0) –9.7 (12.89) –12.3 (13.92) –9.4 (11.12) –12.0 (13.08)

Swollen joint count –7.8 (8.15) –8.9 (7.80) –6.9 (8.48) –8.6 (8.58) –8.4 (9.02) –9.8 (10.32) –8.9 (9.03) –9.8 (10.77)

Patient’s assessment –16.6 (23.57) –12.3 (25.93) –9.3 (18.92) –9.3 (25.01) –15.1 (23.92) –17.2 (27.34) –9.1 (22.49) –11.0 (27.10)

of pain**

Patient’s global –15.7 (22.69) –13.2 (24.66) –9.5 (17.09) –9.5 (24.21) –14.5 (24.49) –17.9 (27.93) –11.0 (23.11) –12.6 (25.16)

assessment of disease activity**

Physician’s global –20.0 (18.92) –16.7 (19.44) –12.6 (17.45) –12.2 (17.89) –16.0 (20.88) –17.7 (20.99) –12.0 (20.33) –14.8 (20.70)

assessment of disease activity**

HAQ-DI –0.39 (0.59) –0.39 (0.59) –0.27 (0.66) –0.27 (0.66) –0.30 (0.54) –0.48 (0.63) –0.28 (0.43) –0.35 (0.50)

CRP, µg/ml – 6.02 (27.65) –4.38 (18.9) 3.84 (18.68) –1.48 (17.26) 2.11 (15.09) –3.82 (15.31) 3.49 (18.53) 0.93 (18.12)

ESR, mm/h –11.4 (9.37) –9.9 (30.80) –4.9 (20.69) –7.4 (16.81) –5.3 (15.97) –11.9 (23.43) –2.9 (18.01) –3.5 (20.30)

* One patient in the MTX group was excluded from the mITT population because consent was withdrawn and the patient left the study. ** 100-mm visual

analog scale. mITT: modified intent to treat; MTX: methotrexate; HAQ-DI: Health Assessment Questionnaire-Disability Index; CRP: C-reactive protein;

ESR: erythrocyte sedimentation rate.

Figure 5. American College of Rheumatology (ACR) 70 response rates over time. MTX: methotrexate.
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tion of their elevation above the upper limit of normal (ULN),

13.5% (7/52) of patients treated with MTX had ALT above the

ULN at Week 12. The same result was observed in patients

treated with CH-1504 0.25 mg [4.2% (2/48)], in patients treat-

ed with CH-1504 0.5 mg [6.3% (3/48)], and in patients treat-

ed with CH-1504 1.0 mg [7.5% (4/53)]. AST elevations, in

contrast, were low across all groups at Week 12. Although a

trend of increasing ALT with larger doses of the study drug

was observed, no ALT result matched that of MTX at its peak

dose, and all doses of the study drug had similar responsive-

ness. This suggests that the differential rate of ALT rise was

not due to “underdosing” of the study drug.

DISCUSSION 

A daily dose of CH-1504, a metabolically stable antifolate,

was demonstrated to have comparable efficacy to an escalat-

ing dose of weekly MTX and was generally well tolerated in

our proof-of-concept study. Improvements in ACR response

and ACR composite index were observed from baseline

through Weeks 12 and 16 in all CH-1504 treatment groups.

The majority of AE experienced during our study were mild,

and all doses of the study drug were associated with only

slightly elevated serum ALT levels. Overall, there was an

inverse qualitative trend for efficacy with an escalating dose

of the study drug, and a statistically insignificant escalating

dose-response trend for increasing ALT serum levels.

Interestingly, some of the individual components of the

ACR composite index did show an escalating dose response

to 0.25 mg, 0.5 mg, and 1.0 mg of CH-1504. An improvement

from baseline to Week 12 was observed in the TJC, patient

global assessment of disease activity, and HAQ. CRP and

ESR responses also did not behave as expected. There was

variable but no clear progressive response in either of the

acute-phase reactant measures with CH-1504, a finding dif-

ferent from the observed progressive response with MTX. A

disparity in such measured response tests from clinical

responsiveness has been noted before in treatment with anti-

tumor necrosis factor-α therapies19.

In some of the outcome measures there appeared to be

ongoing and increasing benefit with various doses of the

metabolically stable drug, while with MTX there appeared to

be no accrued benefits from Weeks 12 to 16. At Week 16,

changes from baseline were greater in the CH-1504 groups for

TJC, SJC, patient assessment of pain, patient and physician

global assessment of disease activity, HAQ-DI, and ESR,

despite lack of a dose response, compared with the MTX

group. In fact, there was a worsening in the MTX group in

TJC, assessment of pain, both patient and doctor assessment

of disease activity, CRP, and ESR from Weeks 12 to 16.

Although MTX is commonly used in the treatment of

RA20, about 10% to 37% of patients discontinue because of

toxicity4,10. However, many of the studies in the reviews that

produced this discontinuation rate were conducted when folic

acid supplementation, now known to decrease MTX-induced

toxicity, was not standard12,21,22. The effect on the discontin-

uation rate of requiring use of concomitant folic acid is not yet

clear11.

Our study is not a true “head-to-head” comparison of opti-
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Table 4. Safety findings through Week 12 (safety population*). Values are number of patients (%).

Adverse Events (AE) MTX, CH-1504 CH-1504 CH-1504

n = 52 0.25 mg/day, n = 48 0.5 mg/day, n = 48 1 mg/day, n = 53

Total AE 16 (30.8) 12 (25.0) 19 (39.6) 17 (32.1)

Common AE

Upper respiratory tract infection 0 0 0 1 (1.9)

Diarrhea 0 0 1 (2.1) 1 (1.9)

Nausea 1 (1.9) 0 0 1 (1.9)

Constipation 0 0 1 (2.1) 0

Dyspepsia 0 1 (2.1) 0 0

Vomiting 1 (1.9) 0 0 0

Headache 0 1 (2.1) 1 (2.1) 0

Dizziness 1 (1.9) 0 0 0

Pruritus 1 (1.9) 0 0 0

Urticaria 0 0 0 1 (1.9)

Hyperuricemia 0 0 1 (2.1) 0

Hypertension 0 0 0 1 (1.9)

Increased ALT** 3 (5.8) 1 (2.1) 3 (6.3) 1 (1.9)

Increased AST** 1 (1.9) 2 (4.2) 3 (6.3) 2 (3.8)

Increased blood creatinine 1 (1.9) 0 0 0

Serious AE 2 (3.8) 1 (2.1) 0 0

* The safety population comprised all patients who were randomized and received 1 or more doses of the study

medication (n = 201). ** No specific guidance was given to investigators about when to report elevated hepat-

ic enzymes as AE. Data represent only events reported by investigators as AE. MTX: methotrexate; ALT: ala-

nine aminotransferase; AST: aspartate aminotransferase.
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mal treatment regimens for both CH-1504 and MTX. The 3-

month timeframe of our study and the shortened stable dosing

of MTX of 2 months because of the forced dose escalation

contributed to this. However, our study does offer some evi-

dence that CH-1504 provides significant improvement in a

relatively short time that is comparable to a substantial expo-

sure to MTX (20 mg/wk). While the study does not recreate

the initial findings from a previous open-label study23, where

9 out of 10 patients receiving CH-1504 achieved an ACR20

response by Week 12 that persisted through Week 24, com-

pared with only 4 of 10 MTX patients who were considered

responders at study end, it does confirm the hypothesis that a

metabolically stable antifolate dosed daily can be an effective

treatment for RA.

Safety data on hepatic enzyme elevations were observed

both as AE and as a function of their elevation above the ULN.

No specific guidance was given to the investigators about

when to report elevated hepatic enzymes as AE. While Table

4 suggests that there are similar elevations in serum levels of

AST and ALT across all treatment arms, these data represent

only events that were reported by investigators as AE. These

liver function test AE were reported based on the investiga-

tor’s own judgment and consequently are inconsistent across

our study. Therefore it is difficult to make comparisons

between groups with regard to elevated hepatic enzymes

reported as AE. 

However, when hepatic enzymes were evaluated as a func-

tion of their elevation above the ULN, ALT was seen to rise

with increasing doses of CH-1504. Nevertheless, the highest

elevation seen with CH-1504 was only about half that seen

with MTX. While hepatic enzyme elevations were not report-

ed uniformly as AE, the laboratory data proved to be more

reliable measures of hepatotoxicity.

Of note, the observed liver function test elevations with

MTX were less than expected, which might reflect the con-

comitant use of a single dose of 10 mg/week of folate [as com-

pared with the typical cumulative dose of 7 mg/week (1 mg

per day) in the United States]. This folate dose regimen was

chosen because of the varying dose strengths available in the

regions where our study was conducted. Other factors that

may have contributed to lower than expected MTX-induced

liver abnormalities include the rather small sample size, the

use of an escalating exposure to MTX with a stable dose of 20

mg/week for only 8 weeks, and pure chance. Thus, perhaps in

another locale with a different dose of concomitant folate, the

MTX-dosed patients might have had more serum elevations

of AST or ALT, or both.

The limitations of our study were the small size, the

exploratory aspect of the dosing, the requirement to use a dose

of folate that previously had not been extensively tested for its

effects, and the locality (our study did not include a broad

demographic). In addition, the dose of MTX 20 mg orally for

8 weeks was not optimal. Statistical comparison among the

groups is limited because of the exploratory design. What role

these limitations may play in the overall results is unknown.

Despite these limitations, the data suggest that CH-1504

does have potential as a promising therapeutic option in RA.

Additional studies are needed to confirm these results and

expand our understanding of this drug’s effects. Certainly the

efficacy, safety, and tolerability compared to MTX in our

early proof-of-concept study warrant further investigation of

this molecule.
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