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Abstract:

A variety of disease-modifying antirheumatic drugs (DMARDs) are available to control the clinical activity of rheumatoid arthritis

(RA). Methotrexate (MTX), an analogue of folic acid and of aminopterin, is the most commonly used DMARD and is now

prescribed worldwide to at least 500,000 patients with RA. The mechanism by which MTX used at a low dose modulates

inflammation in RA is still unknown. Monitoring of the therapy in terms of MTX concentration in patients with RA seems not to

have a significant influence on the effectiveness of the treatment. Two meta-analyses showed that MTX has one of the best

efficacy/toxicity ratios. It should be the first DMARD used in the majority of patients with RA at this time. However, a significant

number of patients treated only with MTX fail to achieve optimal disease control, so there are many combinations of DMARD

regimes. It is hoped that more aggressive use of conventional DMARDs and biological agents will result in less disability and

a higher proportion of patients achieving remission. The therapy of RA is a dynamic process and requires maintaining a delicate

balance between benefits and risks. Even with the newer biological agents, MTX continues to serve as a reference point and there is

still a role for MTX in the treatment of RA patients.
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Abbreviations: ACR – American College of Rheumatology,

ADA – adenosine deaminase, AICAR – 5-aminoimidazole-4-

carboxamide ribonucleotide, ALT – alanine aminotransferase,

AMP – adenosine 5-monophosphate, AST – aspartate amino-

transferase, AZA – azathioprine, COX – cyclooxygenase, CSA

– cyclosporin A, CYC – cyclophosphamide, DHFR – dihydro-

folate reductase, DMARD – disease-modifying antirheumatic

drug, D-Pen – D-penicillamine, GAR – glycinamide ribonu-

cleotide, GSTM – intramuscular gold, HAQ – Health Assess-

ment Questionnaire Disability Index, HCQ – hydroxychloro-

quine, ICAM -1 – intracellular adhesion molecule-1, IFN – in-

terferon, Ig – immunoglobulin, IL – interleukin, IL-1ra – inter-

leukin1 receptor antagonist, LEF – leflunomid, LTB� – leuco-

triene B4, MTX – methotrexate, 7-OH-MTX – 7-hydroxy-

methotrexate, PBLs – peripheral blood lymphocytes, PBMCs –

peripheral blood mononuclear cells, PHA – phytohemaggluti-

nin, RA – rheumatoid arthritis, RF – rheumatoid factor,

RT-PCR – reverse transcriptase-polymerase chain reaction,

SSZ – sulfasalazine, TNF – tumor necrosis factor, VCAM-1

– vascular cell adhesion molecule-1

Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory

disease of unknown etiology, principally affecting

smaller synovial joints in a symmetrical fashion, lead-

ing, in most cases, to joint destruction. Extra-articular

manifestations are common and a variety of immuno-

logical abnormalities that lead to disability are evi-

dent. Its frequency is high; in Poland about 1% of the

population suffers from RA. RA is associated with

pain, deformity, decreased quality of life, and disability,

which in turn affect patients’ ability to work. Growing

evidence suggests that rheumatoid arthritis should no

longer be considered a benign disease. Considerable

data suggest that this disease is associated with dimin-

ished long-term survival, and bone damage can occur
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very early in the course of the disease. A variety of

disease-modifying antirheumatic drugs (DMARDs)

are available to control the disease process in RA. The

goal of treatment is to improve patients’ quality of life

and prevent joint destruction. Rheumatologists have

completely remodelled the traditional “therapeutic

pyramid” and now treat RA more aggressively and

when the disease is at a less active degree than ever

before. In 1989, a step-down bridge model was pro-

posed: rapid-acting and slow-acting antirheumatic

drugs should be used to achieve early, sustained con-

trol of inflammation and to prevent joint destruction.

Methotrexate (MTX) is prescribed worldwide to at

least 500,000 patients with RA and is the most com-

monly used DMARD.

MTX mechanism of action

Methotrexate (4-amino-N10-methylpteroyl glutamic

acid) is an analogue of folic acid and of aminopterin

(4-amino-pteroyl glutamic acid) that is also a folic

acid antagonist. It was first introduced in 1948 to treat

acute leukemia. Many pharmacological mechanisms

of MTX action have been suggested, including inhibi-

tion of purine synthesis, promotion of adenosine re-

lease, inhibition of production of proinflammatory cy-

tokines, suppression of lymphocyte proliferation, neu-

trophil chemotaxis and adherence, and reduction of

serum immunoglobulin. However, the mechanism by

which MTX at a low dose modulates inflammation in

RA is still unknown. Rapid clinical remission and fast

flare of the disease after MTX discontinuation suggest

that the anti-inflammatory elements of the mecha-

nisms of MTX action play a much larger part in RA

treatment than the antiproliferative ones (Fig. 1, Tab. 1).

Studies to date indicate that the most important ac-

tions of low-dose MTX are its effects in increasing

adenosine level and reducing the pro-inflammatory

while increasing the anti-inflammatory cytokine levels.

Effects on dihydrofolate reductase

MTX with high affinity binds and inactivates the di-

hydrofolate reductase (DHFR), resulting in the deple-

tion of metabolically active intracellular folates with

subsequent inhibition of the synthesis of thymidylate

and inosinic acid. Inhibition of DHFR causes cessa-

tion of the synthesis of purine metabolites which are

important for cell proliferation. In RA patients, this is

rather not the main element of action because the

doses required for MTX’s antiproliferative effect are

considerably higher.

Effects on adenosine

The intracellular 5-aminoimidazole-4-carboxamide

ribonucleotide (AICAR) formylotransferase also plays

an important role in the purine metabolism of the cell.

Its inhibition by low-dose MTX decreases the conver-

sion of AICAR to formyl-AICAR.

• Accumulation AICAR inhibits the degradation of

adenosine 5-P and adenosine by adenosine 5-mono-

phosphate (AMP) deaminase and adenosine deami-

nase (ADA).

• As concentrations of adenosine and adenosine-5-P

rise intracellularly, they are more likely to appear in

the extracellular milieu.

• In the extracellular space, adenosine 5-P is con-

verted to adenosine, which binds predominantly to

A2�receptors.

• After binding to the A2 receptor, the intracellular cy-

clic adenosine monophosphate (cAMP) level increases.

• Higher levels of cAMP produce a range of anti-

inflammatory effects, such as decreased secretion of

tumour necrosis factor (TNF), interferon (IFN)-� inter-

leukin (IL)-12, IL-6, and inhibition of phagocytosis [19].

Thus adenosine-mediated anti-inflammatory ef-

fects may play a central role in producing the anti-

inflammatory actions of MTX, as was demonstrated

recently by Riksen et al. in patients with RA [17, 91].
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Point of MTX action MTX action

in vitro adenosine increases adenosine release from fibroblasts and endothelial cells [17]

cytokines inhibits IL-1 activity with no effect on IL-1 production* [59]
increases IL-2 synthesis by mononuclear cells [73]
decreases IL-2 gene expression in peripheral blood mononuclear cells
reduces IL-8 synthesis by mononuclear cells [99, 100]
increases IL-4 and IL-10 gene expression of peripheral blood mononuclear cells [16]
increases Th2 and decreases Th1 cytokine production [16]

lymphocytes enhances or suppresses proliferation [59]

apoptosis induces apoptosis of mitogen-activated CD4� and CD8� lymphocytes, but not resting T cells [34]
good response of RA patients to MTX treatment is not always accompanied by a PBMC response to MTX [108]

eicosanoids inhibits IL-1�-stimulated production of prostaglandin E2, but no effect on cyclooxygenase (COX)-1 nor COX-2
mRNA expression [112].

neutrophil inhibits neutrophil adherence

synovial fibroblast inhibits proliferation [59]

adhesion molecules decreases expression in synovial tissues [18, 99]

blood vessels inhibits neovascularization [99, 100]

rheumatoid factor decreases production [16]

in vivo adenosine inhibits deamination of adenosine and potentiates adenosine-induced vasodilatation [91]

cytokines no effect on IL-1 production [59]
no effect on IL-4 production [16]
minor (reduce) or no effects on TNF-� production by blood mononuclear cells [100]**

collagenolytic proteases decreases of the metalloproteinase-1(MMP-1)/tissue inhibitor of metalloproteinase-1(TIMP-1) ratio in synovial
tissue[19]

blood vessels inhibits neovascularization [99, 100]

rheumatoid factor decreases production [59]

ex vivo adenosine accumulation increases adenosine release from fibroblasts and endothelial cells [17]

cytokine inhibits activity IL-1,IL-6,IL-8 [59]
enhanced IL-2 production [59]
minor or no effects of TNF-� production by blood mononuclear cells** [99]
stimulates soluble TNF receptor p75 and IL-1ra release [100]

eicosanoids decreases or increases production of LTB� by neutrophils and total plasma LTB� concentration [42, 67]
no effect or inhibition of leukotrienes [59]

apoptosis peripheral blood lymphocytes (PBLs) from MTX-treated RA patients underwent apoptosis upon ex vivo

activation [34].

neutrophil function inhibits chemotaxis[59]

rheumatoid factor no effect or decreases production [59, 98]

Lymphocyte,

mononuclear cell

populations

Controversial:
no effect [3, 81]
increases T cells [118]
lower T suppressor cells and absolute lymphocyte counts [115]

animal
model

adenosine increases adenosine release from fibroblasts and endothelial cells [17]

cytokine inhibits activity of IL-1* [59]
decreases the synovial fluid TNF-� concentration [16]

eicosanoid production no effect on prostaglandins or leucotriens [5]

blood vessels inhibits neovascularization [5, 99, 100]

macrophage inhibits activation [98]
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Effects on cytokines

MTX reduces the production of proinflammatory cy-

tokines, decreases the gene expressions of TH1cytoki-

nes, and increases those of anti-inflammatory TH2 cy-

tokines (Tab. 1). The inhibition of the monocytic and

lymphocytic pro-inflammatory cytokines involved in

rheumatoid synovitis seems to play an important role

in the anti-inflammatory action of low-dose MTX.

MTX effects on immunoglobulin

Variable effects of MTX treatment on immunoglobu-

lin M (IgM) rheumatoid factor production were

shown. MTX’s influence on B-cell function in RA is

probably not a major target of its action, and it is diffi-

cult to conclude that the effects of MTX therapy on

RF levels are related to the beneficial effects of this

drug in the therapy of RA [3, 98].

Effect on T cells

The effect of MTX on T cells is likely to be minor at

the doses used in RA. The immunosuppressive effect

with low-dose MTX is controversial (12 weeks of

therapy diminished the number of circulating T and B

cells, while long-term MTX therapy led to an increase

in the percentage of CD3 and CD4 cells in the peripheral

blood) [115, 118].

MTX effects on cyclo- and lipooxygenase

An anti-inflammatory effect of MTX has been sug-

gested by its rapid onset of action (4–6 weeks after

therapy begin) and the equally rapid flare after drug

discontinuation [116]. Its effect on the generation of

leucotriene remains somewhat controversial and is

unlikely to contribute on its own in a major way to the

efficacy of MTX therapy [42, 71]. MTX applied to

RA synoviocyte cultures in vitro inhibited the IL-1�-

stimulated production of prostaglandin E2, whereas

neither cyclooxygenase (COX)-1 nor COX-2 mRNA

expression was affected. This suggested that MTX

could have an anti-inflammatory action by decreasing

prostaglandin E2 release [112]. COX-2 activity was

found to be reduced in the plasma of RA patients

treated with MTX compared with healthy controls

[71]. However, a specific COX-2 inhibitor, celecoxib,

had no significant effect on MTX pharmacokinetics in

patients with RA [50]. In conclusion, the effect on cy-

clo- and lipooxygenase seems to be indirect.

MTX effects on apoptosis

Apoptosis is important in the down-regulation of the

immune responses after the activation and prolifera-

tion of T and B cells. In recent years, an association

between apoptosis and autoimmune diseases, including

RA, has been reported. It has been considered that the

process of apoptosis may play an important role in RA

by limiting synovial tissue hyperplasia [55, 77].

• MTX could induce in vitro apoptosis of mitogen-

activated CD4+ and CD8+ lymphocytes, but not rest-

ing T cells [34].

• peripheral blood lymphocytes (PBLs) from MTX-

treated RA patients underwent apoptosis upon ex vivo

activation [34].

• MTX-induced apoptosis of mitogen-activated cells

occurred through a CD95-independent pathway [33].

• good response of RA patients to MTX treatment is

not always accompanied by a peripheral blood mono-

nuclear cell (PBMC) response to MTX in vitro [108].

It seems that either apoptosis of the cells in the tis-

sue directly involved in the inflammatory process is

more important than that observed in peripheral blood

lymphocytes or another mechanism of the MTX ac-

tion may be responsible for the clinical improvement

in patients treated with low doses of MTX.

Other effects of MTX

Low-dose MTX in RA treatment seems to exert its

anti-inflammatory effects by acting at different levels

of the pathophysiological cascade [19, 20, 30, 56, 57]:

• it decreases the recruitment of inflammatory cells in

joints,

• it has a significant suppressive effect on neutrophil

chemotaxis,

• it reduces the numbers of macrophages and inflam-

matory cells in synovial tissue,

• it reduces intracellular adhesion molecule-1 (ICAM-1)

and vascular cell adhesion molecule-1(VCAM-1) in

synovial tissue,

• it decreases metalloproteinase-1 production, which

is probably caused by direct cytokine regulation by

MTX (down-regulation of IL-1),

• it inhibits neovascularization (controversial)

– it suppresses TNF-�-induced expression of ICAM-1

and VCAM-1 by vascular endothelial cells [113]
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– its inhibition of angiogenesis does not significantly

contribute to the anti-arthritic effect of MTX seen in

patients and animal models for RA [29].

Pharmacokinetics

MTX is usually given orally in patients with RA.

Bioavailability of low-dose oral MTX:

• Bioavailability is relatively high, but there is indi-

vidual variability among patients.

• MTX is mainly absorbed in the proximal jejunum [104].

• The absorption of MTX administered orally at

7.5 mg/week is roughly equivalent to that of parenter-

ally administered drug, but the absorption of oral

MTX drops off by as much as 30% when the weekly

dose is 15 mg or greater [41].

• Absorption may be reduced in a setting of intestinal

pathology, such as inflammatory bowel disease, short-

ened bowel, or other malabsorption syndrome.

• Absorption is not reduced by concomitant food intake.

• The bioavailability of intramuscular (im) and subcutane-

ous (sc) MTX is similar to that of intravenous (iv) MTX.

MTX distribution:

• After absorption, MTX is 35 to 50% albumin-bound,

while 7-hydroxymethotrexate, the principal metabo-

lite, is 91–95% albumin-bound.

• Transport of MTX and 7-hydroxymethotrexate

(7-OH-MTX) into cells occurs both passively and ac-

tively (by folate receptors FR-� and FR-�), and by fa-

cilitated diffusion [49, 102].

• MTX reaches its greatest concentrations in the kidney,

liver, gall bladder, spleen, skin, and red blood cells.

• MTX concentration in red blood cells may reflect its

toxic effects on bone marrow cells and the level of ac-

cumulation in hepatocytes.

• MTX distributes to the synovial fluid, with a ratio of

synovial fluid to plasma concentration of approxi-

mately 1 [120]. Four hours after iv MTX administra-

tion, the synovial fluid concentration equals serum

levels. Intra-articular injection, may therefore, not yield

any advantages over systemic therapy.

• MTX accumulates in the extravascular pool, so it

must be used with extreme caution in patients with

pleural effusion or ascites.

Metabolism of MTX:

• When the dose is less than 50 mg/m2, as in the treatment

of RA, most of the drug is excreted unaltered in the urine.

• Less than 10% of the dose of MTX is oxidized to

7-OH-MTX.

• A portion of intracellular MTX and 7-OH-MTX is

metabolized to polyglutamates. The polyglutamate

metabolites are stored in the liver and in erythrocytes

for long periods. Slow release of polyglutamated

MTX from cells may contribute to the prolongation of

the third phase of elimination.

MTX clearance:

• 65–80% of the drug is excreted by the kidneys (the

major part in the first 12 h after administration) and

20–35% is secreted with the bile and metabolized or

transferred to other compartments.

• In renal elimination, glomerular filtration plays the

major role, while those of tubular secretion and reab-

sorption are less important.

• Active biliary secretion is a minor pathway for MTX

excretion, but it becomes more important in patients

with renal insufficiency. MTX excreted in the bile

is converted to 2,4-diamino-N10-methylpteroic acid

(DAMPA) by carboxypeptidase in gut flora [21].

• Patients with impaired renal function will have re-

duced clearance of the drug from plasma and will thus

be at a greater risk of toxicity.

• Hemodialysis and peritoneal dialysis resulted in

only transient decreases in MTX concentrations be-

cause MTX is a drug with low-to-medium protein-

binding and high tissue distribution.

The usual terminal serum half-life of MTX is ap-

proximately 7–10 h, but some patients have pro-

longed elimination half-lives (of about 26 h). MTX

clearance in patients with RA is 80–90 ml/min/m2

[81]. The concentration of MTX in red blood cells re-

mained stable over a 9-day period, whereas its con-

centration in the serum fell below the limit of detec-

tion 52 h after the dose [61]. Individual clearance of

MTX could be determined by examining only two

plasma samples (at 0.5 and 2.0 h after administration).

Plasma MTX measurements are not helpful in defin-

ing an optimal treatment regimen [63]. In our study,
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we determined the concentration of MTX in 49 pa-

tients with RA who received 10 mg of the drug orally

once a week. No correlations among concentrations,

pharmacokinetic parameters of MTX, duration of the

disease, and disease activity were found. There was

no significant differentiation observed in MTX phar-

macokinetic parameters in relation to the time of ther-

apy. There were also no differences in drug concentra-

tion between patients receiving prednisone and those

who did not and between groups receiving diclophenac,

naproxen, and ketoprofen [120].

The MTX dose should be decreased in the elderly

(> 65 years) and in patients with renal impairment [9].

Drug dosage

Methotrexate may be given orally (in tablet or liquid

form) or parenterally, by sc or im injection. Studies

have demonstrated less toxicity with weekly admini-

stration of MTX than administration over five to

seven days. Pandya et al. did a pilot study to see if

MTX twice weekly is superior to MTX once weekly,

because the half-life of MTX active compound, the

polyglutamate MTX, is three days. At 8 and 16 weeks

there was no significant difference in ACR 20% and

ACR 50% responses. This study suggests that MTX

twice weekly has no advantage over once weekly re-

garding efficacy [83]. The following dose schedules

are commonly used:

1. single weekly oral or im low dose

2. doses divided into two or three weekly doses at

consecutive 12-h intervals

If significant improvement is not noted, the dosage

may be gradually increased. The usual starting dose in

RA is 7.5–10 mg per week. If a positive response has

not occurred within 4 to 8 weeks after MTX initiation

and there has been no toxicity, the dose should be in-

creased (by 2.5–5 mg/week each month) to 20–25 mg

per week before considering the treatment a failure.

To improve the efficacy of MTX at dosages of 20–25 mg

weekly or more, a change to parenteral administration

(sc) should be considered [41, 44, 64]. All schedules

should be continually adjusted to clinical response

and adverse reactions of the individual patients. Pa-

tients responding to MTX therapy generally maintain

the improvement as long as the therapy is continued.

Flare is observed within weeks after cessation. If re-

mission is obtained (complete remission is uncom-

mon) the dosage should be reduced or a weekly pulse

regimen could be changed to a fortnightly one [109].

Drug interactions (Tab. 2)

Folate supplementation during MTX therapy

Folic acid and folinic acid reduce some adverse

events (gastrointestinal intolerance, stomatitis, hepa-

totoxicity, hyperhomocysteinaemia, alopecia) associ-

ated with MTX, so most of rheumatologists recom-

mended all patients taking MTX to take them as well

even though this may be accompanied by a slight re-

duction in efficacy. A very important report on folic

acid supplementation was published by Morgan et al.

[76]. The patients received placebo or 5 or 27.5 mg of

folic acid weekly. This study demonstrated that folate

intake leads to a reduction in side effects without re-

duced efficacy. In a 48-week trial, Hoekstra et al. ana-

lyzed the toxicity of MTX in patients who received ei-

ther folic acid or placebo. The addition of folate was

strongly associated with a lack of hepatotoxicity [43].

Van Ede et al. demonstrated in a randomized con-

trolled trial that treatment with either folate regimen

resulted in a reduction in the incidence of liver en-

zyme elevations [111]. Patients receiving folate were

less likely to discontinue MTX than patients in the

placebo group, but folate supplementation was associ-

ated with higher mean doses of MTX. Another reason

to use folic acid in MTX-treated patients is for its ef-

fectiveness in reducing plasma homocysteine levels.

Hyperhomocysteinemia is an independent risk factor

for coronary artery disease, and premature mortality

in patients with RA is caused by accelerated athero-

sclerosis. Slot demonstrated in a small study that P-

homocysteine concentrations negatively correlated

with erythrocyte folate after four weeks. P-homo-

cysteine and erythrocyte folate were measured before

the start of MTX treatment, after four weeks of MTX

treatment, and after further four weeks of treatment

with MTX supplemented with folic acid (15 mg per

week). The author concluded that treatment with MTX

induced a significant rise in P-homocysteine that was

neutralized by folic acid supplementation [103].

After a meta-analysis, Whittle at al. proposed that

folic acid supplements be prescribed routinely to all

patients receiving MTX for the treatment of RA. They
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recommended 5 mg of oral folic acid given in the

morning following the day of MTX administration. The

folic acid dose can be increased if the side effects con-

tinue. Folate supplements do not appear to significantly re-

duce the effectiveness of MTX in the treatment of RA, so

the benefits outweights the risk [119]. In patients in whom

folic acid is not adequate, one can try using folinic acid

(initial dose: 5 mg/week) administrated 24 h after MTX.

Discussions about the necessity of folic acid sup-

plementation were resumed after the publication of

a post hoc analysis of two randomized, controlled

studies by Khanna et al. Nine to 21% fewer MTX-

treated RA patients taking folic acid had American

College of Rheumatology (ACR) 20%, 50%, or 70%

improvement at 52 weeks compared with those who did

not receive folic acid, so some rheumatologists believe
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Drug Effect of interaction Comments

Neomycin
Nystatin
Vancomycin

decrease in MTX absorption by 30–50% � MTX efficacity

Kanamycin increase in MTX gastrointestinal absorption � MTX efficacity

Cholestyramine increase in MTX elimination � serum MTX levels

Salicylates
p-Aminohipurate

reduce MTX elimination in urine drugs secreted by the organic acid transport system alike as is
MTX

� MTX efficacity and toxicity

NSAIDs** decrease glomerular filtration of MTX, secondary to
NSAID-induced renal capillary constriction

alter protein binding of MTX and 7-OH-MTX

impairment of the hepatic metabolism of MTX

Salicylates decrease MTX renal clearance by 35–47%

Toxicity increased by: reduced renal function, hepatic failure,
advanced age, high dosing of MTX (>15 mg/week)

Probenecid * inhibits MTX renal tubular secretion

inhibits MTX biliary excretion

� MTX toxicity

� MTX clearance by up to 60%

� mean serum MTX concentration

Aminoglycosides,
Amphotericin B,
Cyclosporine

decrease in MTX elimination Patients with decreased renal clearance are at risk of more
frequent or more severe toxicity due to MTX

Trimethoprim-
Sulfamethoxazole*

inhibition of the same enzyme as MTX

decrease MTX clearance due to inhibition of tubular
secretion

alter binding of MTX to plasma proteins

These drugs are also antifolates and their use with MTX is
associated with severe bone marrow suppression and
pancytopenia

Cephalosporin inhibition of MTX renal excretion probably by competition for tubular secretion

Folic acid block MTX reabsorption at the distal tubule � toxicity

� or no effect on MTX efficacity

Corticosteroids
(long-term treatment)

hinder MTX absorption or increase in MTX metabolism 20% decrease in MTX clearance

Hydroxychloroquine reduction in MTX clearance or increase in the active
tubular reabsorption

Increases the area under the curve of MTX serum concentrations
in time by 65%

Theophylline MTX may decrease the clearance of theophylline Theophylline level should be monitored when used with MTX
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that prophylactic prescription of folic or folinic acid

to all RA patients receiving MTX is not required [26, 52].

Contraindications

Patients with alcoholism, ongoing chronic liver dis-

ease, renal insufficiency, untreated folate deficiency,

leucopenia, thrombocytopenia, significant anemia,

immunodeficiency syndromes, or those being treated

with trimethoprim should not receive methotrexate.

Women of childbearing age should practice appropri-

ate contraception before using MTX. MTX is not rec-

ommended for nursing mothers. Women who wish to

conceive should discontinue MTX for at least one

menstrual cycle, but better is for at least 3–6 months.

Males should discontinue MTX at least three months

before conception is attempted.

The use of methotrexate in the

perioperative period

MTX did not increase the risk of infections or other

postoperative complications in patients with RA, and

treatment should not be stopped in patients whose dis-

ease is controlled by the drug before operation. Gren-

nan et al. formulated such an opinion after a prospec-

tive, randomized study involving 388 patients with

RA (160 of whom were taking MTX) followed for

one year after elective orthopedic surgery [38]. Simi-

lar findings in a randomized, prospective study in-

volving 64 patients were reported by Sany et al. [94].

Monitoring (Tab. 3)

Clinical use

MTX monotherapy

In 1972, Hoffmeister reported the results of MTX im

therapy in 29 patients with rheumatoid arthritis re-

ceiving a dosage of 10–15 mg/week. Fourteen pa-

tients showed marked improvement and 11 patients

experienced moderate improvement [45]. Six ran-

domized, controlled trials of MTX were initiated in

the early 1980s. The largest of these studies (189 pa-

tients) compared low-dose MTX (7.5–15 mg/week)

with placebo. MTX produced a significant improve-

ment in all efficacy variables measured [121]. Clinical

improvement usually started after three weeks of ther-

apy, and maximum response occurred at two to three

months. Most investigators observed flare within

a month of cessation of therapy. Statistically signifi-
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Tab. 3. ���������� ������ �./ ��������� �� 
0

Baseline studies complete blood cell count with platelet count, serum creatinine level, liver blood tests [alanine
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase, bilirubin], serum
albumin and serology for hepatitis B and C, and chest X-ray

Every 4–8 weeks studies* complete blood cell count, platelet count, AST, ALT, serum albumin and creatinine levels.

Pretreatment liver biopsy a) prior excessive alcohol consumption,

b) persistently abnormal baseline AST values,

c) chronic hepatitis B or C infection

Liver biopsy during treatment with MTX** a) five of nine determinations of AST within a given 12-month interval (6 of 12 if tests are performed
monthly) are abnormal (defined as an elevation above the upper limit of normal)

b) there is a decrease in serum albumin below the normal range (in the setting of well-controlled
rheumatoid arthritis)

: �./ ������ ����
� 5� ������� �� ������������ �	 ��� ����� ��

 �� �
���
�� ������ 	�

 �����	�����
� �� �	 ����� �� �����	����� �� ���������� 0-.�
0�. �
�������, �./ ������� �� 5� ��
��� ���������� ���� �
�����

� �����	����� ������� ���� �		����� �� ���� ��������
������ ��� ��������

��� 	��<���� 0-.� 0�. ���������� =!!8>, :: ����������� �./ �� � ������� ���� ���������� 
���� ���� �5�����
����� ��� ��	���� 
���� 5����� ��� �	
����
�� �	 5����� ��� ������ 444A �� 4B =�*>



cant linear dose improvement was noted with

10 mg/m2/week versus 5 mg/m2/week versus placebo.

MTX was approved by the United States Food and Drug

Administration in 1988 as a therapy for RA arthritis.

MTX has been compared with other DMARDs

(Tab. 4).

MTX and intramuscular gold (GSTM)

In three double-blind controlled studies comparing

MTX and GSTM, no significant differences in effec-

tiveness and in the progression of radiographic evi-

dence of erosion were seen, but MTX was better tol-

erated [75, 89, 107]. Menninger demonstrated in

a three-year study comparing MTX and GSTM in 174

patients with erosive RA that withdrawal from the

study because of toxicity was significantly higher in

the GSTM group (53% vs. 16% for MTX) [72]. Rau

et al. demonstrated in a three-year study that MTX

and GSTM were able to reduce the slope of radio-

graphic progression during three years of follow-up.

There was some advantage of parenteral gold, but no

significant intergroup difference [90]. Spanish authors

demonstrated after one year of treatment with

disease-modifying antirheumatic drugs (GSTM or

MTX) that, although a substantial reduction in disease

activity was observed during the one year of follow-

up, radiographic progression was observed in up to

36% [93]. In a comparative study, GSTM and low-

dose MTX showed equivalent efficacy, but toxicity

was more common in patients treated with GSTM

(withdrawals for toxicity: 43% GSTM and 19% MTX).

GSTM, although more toxic, remains a useful alterna-

tive for patients in whom MTX is contraindicated.

MTX and azathioprine (AZA)

In a 24-week double-blind study of 42 patients,

Hamdy et al. compared MTX (5–15 mg/week) and

AZA (50–150 mg/day). The MTX-treated group ex-

hibited a trend toward more rapid and marked im-

provement. After 24 weeks and after one year, radio-

logical evidence of progressive joint damage was

similar in both treatment groups. The authors con-

cluded that AZA and MTX were similarly effective in

the treatment of RA [40]. Interesting results were

shown by Willkens et al. after a 48-week, prospective,

multi-centre, controlled trial. Two hundred nine pa-

tients with RA were randomized to receive MTX

(5–15 mg/week), AZA (50–150 mg/day), or their

combination (5 mg MTX/week plus 50 mg AZA/day

to 7.5 mg MTX/week plus 100 mg AZA/day). Forty-

five percent of the patients in the MTX-only group

had at least 30% improvement in at least three of four

variables compared with 38% and 26% in the combi-

nation and AZA-only groups, respectively [122]. In

another 48-week, randomized, controlled trial, the

number of withdrawals caused by adverse effects was

significantly higher among patients receiving AZA

than MTX and efficacy was better in the MTX group

[48]. These authors concluded that MTX was superior

to AZA in treating RA.

MTX and cyclosporin A (CSA)

MTX was compared with CSA in a 34-week, double-

blind, randomized study of 264 patients with RA.

MTX (7.5–15 mg/week) was superior to CSA

(2.5–5.0 mg/kg/day) in improving disease activity.

Both MTX and CSA combined with prednisolone

were effective in patients with RA in an open randomized

trial. About a hundred (102) RA patients were treated

with either CSA (3 mg/kg/day) or MTX (0.15 mg/kg

/week). Statistically non-significant differences be-

tween the two groups in efficacy and radiographic

progression were demonstrated [1].
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Tab. 4. 7��������� �	 �./ ���� ����� ��0
�� �� �������� 
0

Drug Efficacy Adverse events

Auranofin MTX > auranofin MTX < auranofin

Intramuscular gold MTX = intramuscular
gold

MTX < intramuscular
gold

D-penicillamine MTX >
D-penicillamine

MTX <

D-penicillamine

Sulfasalazine MTX > sulfasalazine MTX � sulfasalazine

Azathioprine MTX � azathioprine MTX � azathioprine

Cyclosporin A MTX = cyclosporin A MTX < cyclosporin A

Hydroxychloroqiune MTX >
hydroxychloroqiune

MTX �
hydroxychloroqiune

Leflunomid MTX = leflunomid MTX = leflunomid

Etanercept MTX < etanercept MTX = etanercept

Adalimumab MTX < adalimumab MTX = adalimumab
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MTX and leflunomide (LEF)

In a large 12-month, randomized, double-blind, pla-

cebo-controlled trial with over 400 patients with ac-

tive RA, MTX was compared with LEF. Thirty-five

percent of patients receiving MTX and 41% receiving

LEF had successful response, and there were no sta-

tistically significant differences. The mean time to ini-

tial response was 9.5 weeks for patients treated with

MTX compared with 8.4 weeks for patients receiving

LEF. Strand et al. concluded that both drugs were

comparable in efficacy [105]. Cohen et al. demon-

strated in a group of 235 patients that 67% of MTX-

treated and 79% of LEF-treated patients achieved an

ACR improvement response of 20% or greater

(p = 0.049), but LEF was statistically significantly su-

perior to MTX in improving physical function as

measured by the Health Assessment Questionnaire

Disability Index (HAQ) [13]. Also, Chinese authors

showed in a large study (566 RA patients) that the ef-

ficacy of LEF 20 mg once daily was similar to that of

MTX 15 mg once weekly. The incidence of adverse

events and the rate of withdrawal due to adverse

events were lower in the LEF group than in the MTX

group (16.84% vs. 28.17%) [4]. Aletaha et al. ob-

tained a slightly different result. They studied the sur-

vival and clinical effectiveness of LEF compared with

MTX and sulfasalazine (SSZ) in 1088 patients with

RA. LEF courses were stopped earlier for adverse

events (p < 0.001) than MTX courses. MTX mean

survival was 28 months, LEF 20 months, and SSZ 23

months. They concluded that at present, MTX contin-

ues to be the most effective drug in clinical practice

[2]. In a two-year European study, MTX was com-

pared with LEF in 999 patients with active RA. After

one year the subjects could choose to continue in the

study for a second year of double-blind treatment. Im-

provements seen in the MTX-treated group were sig-

nificantly greater after 52 weeks, but in the second

year the distinction between the two treatment groups

in the number of tender joints and patient global as-

sessment was lost. After two years, radiographic pro-

gression was significantly less marked in the patients

who had received MTX [25].

Pincus et al. demonstrated that 57% RA patients

were still on MTX after five years compared with

18–25% taking other agents (GSTM, hydroxychloro-

quine (HCQ), D-penicillamine (D-Pen), AZA) [86].

Other authors found the median time at discontinua-

tion of HCQ, GSTM, and D-Pen treatment was two

years or less, compared with 4.25 years for MTX

[123]. In 1992, Felson et al. published a meta-analysis

of trials investigating DMARDs. MTX was among

the most efficacious drugs (together with SSZ,

GSTM, and D-Pen) and had the least toxicity [27].

Furst compared seven DMARDs on the results of con-

trolled trials. In effectiveness, the results were: MTX =

GSTM � D-Pen = AZA � HCQ = SSZ = auranofin.

However, the results on toxicity were: HCQ = AZA =

MTX � auranofin = SSZ � D-Pen � GSTM [32]. The

two meta-analyses showed that MTX had one of the

best efficacy/toxicity ratios. Also, from a study of 428

RA patients that compared HCQ (200–400 mg/day),

D-Pen (500– mg/day), SSZ (2–3 g/day), auranofin

(6 mg/day), GSTM (50 mg/week), MTX (0.15 mg/kg

/week, per os), CSA (3 mg/kg/day), AZA (2–3 mg/kg

/day), and cyclophosphamide (CYC) (1–2 mg/kg

/day), it appeared that MTX had the longest survival

time. The main reasons for discontinuation of treatment

were drug inefficacy (HCQ), followed by adverse drug

reactions (D-Pen) [84]. After examining data collected

over a 20-year period on 1160 patients treated with MTX

or HCQ or GSTM, Hurst et al. concluded that MTX was

the most effective DMARD of these three because of the

length of the therapeutic period. A second trial of the

same drug was far less effective than the first course [46].

The long-term survival of MTX treatment was also

demonstrated in the RA DMARD Intervention/Utili-

zation Study (Radius). This was a prospective, six-

month study on 2202 patients. Ninety-one percent re-

mained on MTX, 79% on LEF, 84% on HCQ, and

75% on SSZ for six months [97]. In addition, Kinder

et al. have shown that MTX is well tolerated in clini-

cal practice in the medium to long term. Between 1986

and 1999, 673 patients were treated with MTX. The

probability of patients remaining on treatment for five

years after starting MTX was 0.74. Life-threatening

side-effects were identified in 12 patients (1.8%) [53].

After many studies done in the past years, we know

that early and aggressive therapy of RA close to re-

mission is not achieved. After an observational data-

set comprising 3342 DMARD courses, Aletaha et al.

demonstrated evidence of a change in DMARD pat-

terns of effectiveness. We must use DMARDs imme-

diately after diagnosis, use the most effective

DMARD, and switch regimens rapidly if the level of

disease activity in newly diagnosed RA patients re-

quires a higher prescription rate of more aggressive

drugs such as MTX, as well as to decrease the lag

time until MTX is instituted in RA patients over the
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years [1]. Although results of many studies have

shown the efficacy of MTX in RA, it is very impor-

tant to know its effect on mortality in patients with the

disease. To answer this question, Choi et al. estimated

mortality in a cohort including 1240 patients with RA

seen at the Wichita Arthritis Center from 1981

through 1999 (588 were treated with MTX). The mor-

tality hazard ratio for MTX use compared with no

MTX use was 0.4 (95% CI: 0.2–0.8). The hazard ratio

of MTX use for cardiovascular death was 0.3

(0.2–0.7), whereas that for non-cardiovascular deaths

was 0.6 (0.2–1.2). These data indicate that MTX may

provide a substantial survival benefit, largely by re-

ducing cardiovascular mortality [12].

Combination therapy

A significant number of patients treated only with

MTX fail to achieve optimal disease control, so there

are many DMARD combination regimes (Tab. 5).

The ideal outcome of combination DMARD thera-

peutic strategies is one that is synergistic for efficacy

and lacking any additive effects of toxicity. Early ran-

domized controlled trials of combination therapy gen-

erally failed to demonstrate an advantage of these

regimens over MTX alone [85, 87]. Substantial

changes in study design, including more careful selec-

tion of the study population based on an incomplete

response to MTX, have led to a better understanding

of the advantages of combination therapy.

1) MTX + CSA

CSA may block oxidation of MTX to its relatively in-

active metabolite 7-OH-MTX, thereby potentiating

MTX efficacy. Fox et al. demonstrated in a study of

30 RA patients that co-administration of CSA and

MTX led to a 26% increase in mean peak plasma

MTX concentration, an 18% increase in the mean

plasma MTX concentration area under the curve

(AUC), and an 80% decrease in plasma 7-OH-MTX

AUC. In 13 patients receiving a 10-mg MTX dose,

CSA reduced urinary 7-OH-MTX excretion by 87%

without altering MTX excretion. MTX did not alter

the pharmacokinetics of CSA or its metabolites [31].

Tugwell et al. compared adding CSA (2.5–5 mg/kg)

or placebo to patients who had a partial response to

MTX at the maximum tolerated dose. In that trial,

48% of patients who received MTX + CSA and 16%

who received MTX + placebo met ACR 20% criteria.

However, serum creatinine levels were increased in

the CSA group [110]. Gerards et al. compared the effi-

cacy and toxicity of CSA monotherapy with CSA plus

MTX combination therapy in patients with early RA.

The median Larsen score increased to 10 points in the

monotherapy group and to 4 points in the combination

therapy group. Forty-seven percent of patients in the

monotherapy group versus 57% of those in the combi-

nation therapy group had reached ACR20 at week 48,

25% versus 48% of patients had reached an ACR50

response, and 12% vs. 20% of patients had reached an

ACR70 response. There was only a tendency towards

more toxicity in the combination therapy group. They

concluded that combination therapy was probably

better in improving clinical disease activity, and defi-

nitely better in slowing radiological progression [37].

In a 12-month study of 105 patients, the authors demon-

strated that CSA + MTX was more effective than CSA

+ HCQ or CSA alone in improving clinical data and in-

hibiting radiographic progression, although the differ-

ences were not significant in this relatively small study.
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Tab. 5. 7��������� �	 �./ �� ����������� versus �./ �� ���5���"
���� ������� �� �������� 
0

Combination
therapy

Comparison of efficacy Adverse events

MTX + CSA MTX < MTX + CSA MTX < MTX + CSA

MTX + HCQ MTX < MTX + HCQ MTX � MTX + HCQ

MTX + SSZ + HCQ MTX < MTX + SSZ
+ HCQ

MTX � MTX + SSZ
+ HCQ

MTX + LEF MTX < MTX + LEF MTX < MTX + LEF

MTX + etanercept MTX < MTX
+ etanercept

MTX � MTX
+ etanercept

MTX
+ infliximab

MTX < MTX
+ infliximab

MTX � MTX
+ infliximab

MTX
+ adalimumab

MTX < MTX
+ adalimumab

MTX � MTX
+ adalimumab

MTX + anakinra MTX < MTX + anakinra MTX < MTX + anakinra

MTX + SSZ MTX � MTX + SSZ MTX � MTX + SSZ

MTX + GSTM MTX = MTX + GSTM MTX < MTX + GSTM

MTX + AZA MTX = MTX + AZA MTX < MTX + AZA

�./ 1 ��������9���� 
0 1 ���������� ���������� 7-0 1 ���
������� 0�
27C 1 �����9���
���<����� --D 1 ��
	���
�%���� �E3 1 
�	
�������
F-.� 1 ����������
�� ��
�� 0D0 1 �%����������



However, the difference was significant in favor of

CSA + MTX regarding ACR 50% response [96].

2) MTX + SSZ

The effectiveness of MTX does not appear to be

really enhanced by combining it with SSZ. Maillefert

et al. demonstrated in a five-year, multicentre, pro-

spective, randomized trial comparing MTX mono-

therapy with the combination therapy MTX and SSZ

in 205 patients with early RA no differences in the

two groups in disease activity score, health assess-

ment questionnaire, or radiological changes [68]. In

another open-design study of 40 RA patients, after 24

weeks there was a greater decrease in mean disease

activity score in the combination-treatment group

(MTX and SSZ) than the MTX-only treatment group,

without an increase in toxicity [39]. Dougados et al.

demonstrated no evident beneficial effect of a combi-

nation of MTX plus SSZ or either MTX or SSZ in 209

RA patients after a double-blind, randomized, 52-

week trial. There was a trend in favor of a lower pro-

gression rate in the combination group (but not statisti-

cally significant). Adverse events occurred signifi-

cantly more often in the combination group, but dis-

continuations caused by adverse events were

comparable [22].

3) MTX + HCQ

In a randomized cross-over study with 10 healthy sub-

jects, Carmichael et al. demonstrated that the mean

AUC for MTX increased and the maximum MTX

concentration (Cmax) decreased when MTX was co-

administered with HCQ compared with MTX admin-

istered alone. The time to reach Cmax for MTX ad-

ministration also increased during co-administration

with HCQ. These results may explain the increased

potency of the MTX + HCQ combination over MTX

as a single agent and also the sustained effects of

MTX when administered with HCQ. In addition, the

reduced Cmax of MTX observed during co-

administration may explain the diminution of acute

liver-adverse effects [11].

4) MTX + GSTM, MTX + AZA

No advantage was shown when MTX was added to

GSTM or AZA. Until now there has been only one

study which provides evidence that in RA patients with

suboptimal response to MTX therapy, adding GSTM

results in significant clinical improvement [66].

5) MTX + doxycycline

Another combination therapy was presented by the

Rheumatoid Arthritis Investigational Network group.

Sixty-six patients were treated for two years with

doxycycline 20 mg or 100 mg plus MTX compared

with MTX alone. Doxycycline is not only an anti-

biotic, but also a metalloproteinase inhibitor, and pre-

vious studies with minocycline had suggested a mod-

est benefit in RA. Both doxycycline groups demon-

strated statistically superior improvement over MTX

monotherapy. It is amazing that the response to MTX

monotherapy was lower than that reported in other tri-

als (ACR20: 33%, ACR50: 12%, ACR70: 8%). We,

therefore, need more clinical observations regarding

this therapy [24].

6) Triple DMARD therapy

a) There are also interesting results of the study com-

paring monotherapy and triple DMARD therapy. The

superiority of the combination of MTX, SSZ, HCQ,

and prednisolone compared with monotherapy was

demonstrated in an open, two-year randomized trial

with 195 RA patients. Patients were treated either

with a combination of MTX 7.5 to 15 mg/week plus

SSZ 1 to 2 g/d plus HCQ 300 mg/d plus prednisolone

5–10 mg/d, or therapy with a single DMARD com-

bined with oral prednisolone up to 10 mg/d. After one

and two years of treatment, significantly greater clini-

cal improvement and significantly less radiographic

progression occurred in the combination group [78].

b) O’Dell et al. compared treatment of RA with MTX

alone, SSZ and HCQ, and a combination of all three

medications in a two-year study (102 patients with

RA) [79]. The rate of discontinuation of therapy for

drug toxicity was higher in the MTX group than for

either of the other two groups. They demonstrated

a 50% improvement in symptoms of arthritis without

evidence of toxicity in 33% of patients treated with

MTX alone, 40% of patients treated with SSZ and

HCQ, and 77% of patients treated with all three drugs.

In addition, it was found that patients with shared epi-

tope positivity were more likely to achieve 50%

improvement if treated with the triple therapy, but

those negative for the shared epitope responded just

as well to MTX alone as to the combination of MTX
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+ SSZ + HCQ. These authors continued to establish

the efficacy and toxicity of the combination therapy in

another study. One hundred seventy-one RA patients

who had not previously been treated with combina-

tions of the study medications were randomized to re-

ceive one of the three treatment combinations in this

two-year, double-blind, placebo-controlled protocol.

HCQ was given at a dosage of 200 mg twice a day,

MTX was accelerated from 7.5 mg/week to 17.5 mg/week,

and SSZ was escalated from 500 mg twice a day to 1g

twice a day in patients who were not in remission. Pa-

tients receiving the triple combination responded the

best, with 78% achieving an ACR 20% response at

two years compared with 60% of those treated with

MTX and HCQ (p = 0.05) and 49% of those treated

with MTX and SSZ (p = 0.002). Similar trends were

seen for the ACR 50% response. All combination

treatments were well tolerated. The authors concluded

that the triple combination of MTX, SSZ, and HCQ

was well tolerated and that its efficacy was superior to

that of the double combination of MTX and SSZ and

marginally superior to that of the double combination

of MTX and HCQ [80]. Calguneri et al. compared

monotherapy with MTX, SSZ, or HCQ with double

therapy (MTX + SSZ or MTX + HCQ) and triple ther-

apy (MTX + SSZ + HCQ) in 180 patients with early

RA in an open, randomized, two-year study. A 50% or

more improvement was shown in 88% patients after

triple therapy, 73% after double, and 49% after mono-

therapy. Radiographic scores were improved or un-

changed in 69% of patients receiving triple therapy,

64% receiving double, and 25% those on single ther-

apy. No difference in the number of adverse events

among the treatment groups was observed [10].

c) An interesting analysis of improvements and toxic-

ity in RA patients treated with a step-up combination

therapy (MTX, CSA, SSZ) or monotherapy for three

years was done by Ferraccioli et al. MTX (group 1),

CSA (group 2), or SSZ (group 3) was used for six

months. Then a combination of two drugs (CSA and

MTX) was employed in groups 1 and 2. SSZ was

added after 12 months if improvement was less than

ACR50 with the combination. Group 3 continued

with SSZ alone. At the 18-month follow-up, 90% of

group 1 and 88% of group 2, but only 24% of group 3

had reached ACR50. Side effects occurred in 62% of

group 1, 60% of group 2, and 48% of group 3. MTX ap-

pears to be the fastest-acting agent. A step-up approach

with MTX plus CSA plus SSZ led to a 50% improvement

according to the ACR criteria in most patients [28].

d) The Combinatietherapie Bij Reumatoide Artritis

(COBRA) trial demonstrated that a step-down combi-

nation therapy with prednisolone, MTX, and SSZ was

superior to SSZ monotherapy for suppressing disease

activity and radiological progression of RA. Also, af-

ter five years there were benefits of the combination

therapy versus SSZ alone in radiographic score [65].

e) After a five-year trial (after two years the drug

treatment strategy was no longer restricted) of 195 pa-

tients with RA, Finnish authors concluded that the cu-

mulative duration of work disability per patient-

observation year was significantly lower in those ran-

domized to a combination therapy (SSZ, MTX, HCQ

plus prednisolone) than in those randomized to a sin-

gle therapy (with or without prednisolone): a median

of 12.4 days versus 32.2 days. This was mainly due to

differences in sick leaves [88].

After a 10-year study of 4253 patients, Ortendahl et

al. came to the conclusion that MTX treatment of RA

in practice differs substantially from common percep-

tion and appears suboptimal by being too little, too

late, and too long to treatment change [82]. Zeidler et

al. suggested that combination therapy should be

started if active disease is still present after three

months of treatment with a single standard DMARD,

mostly MTX plus low-dose prednisolone, and that

combination DMARD therapy should be used before

TNF blocking agents [124].

7) MTX + biological agents

Because of radiographic evidence of progressive bone

loss and the inability to eliminate synovial prolifera-

tion with MTX, it became apparent that therapy for

RA needed further advancement. In the past years,

new disease-modifying antirheumatic drugs have

been approved. Each of these agents has demonstrated

efficacy compared with placebo in randomized, con-

trolled studies. Because MTX had a dominant thera-

peutic role, the new drugs were also studied in combi-

nation with it. The introduction of TNF-� antagonists

in 1998 has had a significant impact on the treatment

of RA. Infrequent adverse events, including serious

infections, particularly tuberculosis, which may be

atypical in presentation, development of a systemic

lupus erythematosus-like syndrome, additional cases

of congestive heart failure, demyelinating syndromes,

and increased risk of lymphoma, have been reported.

Additional post-marketing studies are necessary to

determine the true risk of TNF-� antagonists [47].
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a) MTX + etanercept. Bathon et al. compared MTX

(20 mg/week) and the TNF antagonist etanercept (10 mg

or 25 mg subcutaneously, twice weekly) in 632 pa-

tients with early RA. Patients who received the 25-mg

dose of etanercept had more rapid improvement and

significantly less progression in radiographic disease

than patients treated with MTX. Fewer patients in the

etanercept group than in the MTX group experienced

adverse events or discontinued treatment because of

adverse events. The authors concluded that etanercept

as a monotherapy was safe and superior to MTX in re-

ducing disease activity, arresting structural damage,

and decreasing disability over two years in patients

with early, aggressive RA [6, 35]. After the TEMPO

study, it is known that the combination of etanercept

and MTX is significantly better in reducing disease

activity, improving functional disability, and retarding

radiographic progression compared with MTX or

etanercept alone. This was a double-blind, randomized,

clinical study in 686 patients with active RA. These pa-

tients received etanercept 25 mg (subcutaneously twice

a week), oral MTX (up to 20 mg every week), or the

combination. The number of patients reporting infec-

tions or adverse events was similar in all groups [54].

b) MTX + infliximab. A total of 428 subjects with

active RA despite therapy with MTX were enrolled in

a randomized, double-blind trial (ATTRACT: Anti-

Tumor Necrosis Factor Trial in Rheumatoid Arthritis

with Concomitant Therapy) evaluating the clinical ef-

ficacy and safety of infliximab therapy. In patients

who received infliximab with MTX there were statis-

tically significant improvements in clinical benefit

and radiographic progression. The most benefit was

gained when dosages were higher than 3 mg/kg or

were given more frequently: every four weeks instead

of eight [106]. Maini et al. demonstrated in a two-year

study that infliximab plus MTX provided significant,

clinically relevant improvement in physical function

and quality of life, accompanied by inhibition of pro-

gressive joint damage and sustained improvement in

the signs and symptoms of RA among patients who

had previously incomplete response to MTX alone.

Median changes from baseline to week 102 in the to-

tal radiographic score were 4.25 for patients who re-

ceived the MTX-only regimen and 0.50 for patients

who received the infliximab plus MTX regimen. The

proportion of patients achieving an ACR20 response

at week 102 varied from 40% to 48% for the inflixi-

mab plus MTX groups compared with 16% for the

MTX-only group [69].

c) MTX + adalimumab. The ARMADA trial evalu-

ated the efficacy and safety of adalimumab, a fully

human monoclonal TNF-� antibody, in combination

with MTX in RA patients with active disease despite

treatment with MTX. Adalimumab was safe and well

tolerated; comparable numbers of adalimumab-

treated patients and placebo-treated patients reported

adverse events. The addition of adalimumab at a dos-

age of 20 mg, 40 mg, or 80 mg administered sc every

other week to long-term MTX therapy in patients with

active RA provided significant, rapid, and sustained

improvement in disease activity over 24 weeks com-

pared with MTX plus placebo [117]. The efficacy of

adalimumab in RA patients who had an inadequate re-

sponse to MTX was also demonstrated in the 52-week,

double-blind, placebo-controlled study. Adalimumab

was more effective than placebo in inhibiting the pro-

gression of structural joint damage, reducing the signs

and symptoms, and improving physical function in

patients with active RA. The rate of all adverse events

was comparable in the adalimumab and placebo

groups, although the proportion of patients reporting

serious infections was higher in patients receiving

adalimumab (3.8% vs. 0.5%) [51].

d) MTX + anakinra. To evaluate the efficacy and

safety of anakinra, a recombinant human IL-1 recep-

tor antagonist, in combination with MTX in patients

with active RA, Cohen et al. carried out a 24-week

study in 419 patients. In patients with persistently active

RA, the combination of anakinra and MTX was safe

and well tolerated and provided significantly greater

clinical benefit than MTX alone [14]. These results

were confirmed in the next double-blind, randomized,

placebo-controlled trial (506 RA patients). Signifi-

cantly greater proportions of anakinra-treated patients

achieved ACR20 (38% vs. 22%), ACR50 (17% vs.

8%), and ACR70 (6% vs. 2%) responses. Anakinra

was well tolerated, with a safety profile similar to that

of placebo with one exception: mild to moderate in-

jection site reactions were more common with anak-

inra than with placebo (65% vs. 24%) [15]. Genovesa

et al. demonstrated that combination therapy with

etanercept plus anakinra was not better than etaner-

cept alone, but was associated with an increased

safety risk. The incidence of serious infections,

injection-site reactions, and neutropenia was in-

creased with combination therapy. The authors con-

cluded that combination therapy with etanercept and

anakinra is not recommended for the treatment of pa-

tients with RA [36].
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e) MTX + abatacept. MTX was also used in a com-

bination with abatacept (CTLA4Ig), a fusion protein

that consists of the external domain of human CTLA4

and the heavy-chain constant region of human IgG1.

Abatacept binds to CD80 and CD86 on antigen-

presenting cells, blocking the engagement of CD28

on T cells and preventing T-cell activation. After six

months, patients treated with 10 mg of abatacept per

kilogram were more likely to have an ACR 20, 50, or

70% responses than patients in the placebo group.

The treatment with abatacept was well tolerated, and

the patients on abatacept also had improved health-

related quality of life. CTLA4Ig was well tolerated, with

an overall safety profile similar to that of placebo [62].

f) MTX + rituximab. Another very interesting com-

bination is that of MTX and rituximab. Rituximab is

a chimeric anti-CD20 monoclonal antibody that

causes selective and transient depletion of the CD20+

B-cell subpopulation. Edwards et al. showed in a ran-

domized, double-blind, controlled 48-week study that

a single course of two infusions of rituximab, alone or

in combination with either CYC or continued MTX,

provided significant improvement in disease symp-

toms at both 24 and 48 weeks. During the 48-week

follow-up period, serious infections occurred in one

patient (2.5 percent) in the control group and in four

patients (3.3 percent) in the rituximab groups. The

risk of infection with rituximab requires further

evaluation in controlled clinical trials [23].

In studies comparing MTX directly with biological

agents, the biological agents have greater efficacy in

patients with very severe disease, but the best results

are seen in patients who take a combination of MTX

and biological agents. These data have established

that MTX should probably be the first DMARD used

in the majority of patients with RA at this time. Based

on the results of prospective observational studies and

on the known pharmacological properties of MTX

(a large interindividual variation in bioavailability),

Seitz et al. have concluded that any novel disease-

modifying antirheumatic drug/biological agent has to

be compared with MTX given parenterally and in

maximum weekly doses (up to 25 mg) [101].

The goal of treatment is to improve both general

health and health-related quality of life (QOL). MTX,

LEF, CSA, glucocorticoids, etanercept, infliximab,

and adalimumab clinically and statistically signifi-

cantly improved QOL in patients with RA [8].

Conclusions

The therapy of RA is a dynamic process and requires

maintaining a delicate balance of benefits and risks.

Experience and familiarity with the currently avail-

able agents and knowledge of the nature of the disease

are necessary in order to make better therapeutic deci-

sions. MTX has excellent efficacy and an acceptable

toxicity profile. However, a number of patients do not

tolerate MTX and an alternative DMARD should be

chosen. The choice of an alternative DMARD should

be made after careful consideration, including con-

comitant diseases, existing medication, and drug com-

pliance. In patients with RA who are unable to toler-

ate MTX, the alternatives are parenteral administra-

tion (sc) of MTX or HCQ, SSZ for mild-to-moderate

disease and CSA or LEF for severe disease, given in

combination with low-dose oral corticosteroids. Bio-

logical anticytokine agents, etanercept, infliximab,

adalimumab, and anakinra are now available for use

in RA. It is hoped that more aggressive use of conven-

tional DMARDs and biological agents will result in

less disability and a higher proportion of patients

achieving remission [17, 58, 95]. The new agents are

expensive, but the annual costs must be weighed

against the personal and social expense of joint ar-

throplasty, hospitalization, disability, and diminished

quality of life that accompanies poorly controlled RA.

We need further studies to allow efficacious and cost-

effective drugs to be used to prevent the long-term

complications of uncontrolled RA. Even with the

newer biological agents, MTX continues to serve as

a reference point and, in some cases, adjuvant therapy.

There is still a role for MTX in the treatment of RA

patients.
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