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Introduction
Rheumatoid arthritis (RA) is a chronic, auto-immune disease characterized by symmetrical poly
arthritis and resulting in irreversible joint damage in the majority of patients. The prevalence of
RA in the Netherlands is 1-2%, women being affected almost twice as frequently as men. Despite
extensive research, the etiology of RA is still unknown. The mainstay of the treatment of RA con
sists of pharmacotherapy. Other important aspects are physical therapy, occupational therapy,
orthopedic surgery and social support.
During the last decades, drug therapy of RA has changed substantially. First, the so-called pyra
mid structure has been put upside-down. In the past, patients were treated primarily with
painkillers and nonsteroidal antiinflammatory drugs (NSAIDs). Only after severe progression of
the disease so called second-line agents or disease-modifying antirheumatic drugs (DMARDs)
were started. Nowadays, DMARDs are not longer postponed, since much damage already appears
in early stages of the disease ( 1 ). The number of available DMARDs has expanded and DMARDs
can be prescribed in various combinations.
Methotrexate (MTX, amethopterin, 4-amino 4-deoxy-N10-methylpteroyl-glutamic acid) is
one of those DMARDs, which is used as a single drug or in combination therapy. MTX was first
introduced into the treatment of childhood leukaemia in 1947. After its introduction in the treat
ment of psoriasis in the 1960s, MTX has been commonly used in the treatment of RA since the
1980s (2,3). Nowadays, MTX is a first choice DMARD and it will probably remain so in the near
future. It is an effective drug that is also cheap, widely available and easy to take. It is used only
once a week and can be taken not only orally but also via intramuscular or subcutaneous injec
tions. Treatment with far more expensive biological agents directed against Tumor Necrosis
Factor α (TNF α) (4), which are currently being introduced, will only be prescribed for those
patients who have failed MTX treatment. Moreover, MTX may play a role as concomitant thera
py during treatment with biologicals for enhancement of efficacy and preventing the formation
of neutralizing anti-TNF α antibodies.
Although MTX is an effective DMARD, its use is often limited due to adverse events: up to 30%
of patients discontinue MTX within one year (5). It is important to find strategies which diminish
MTX-related toxicity and offer optimal use of MTX for individual patients and for limiting the
costs associated with other pharmacological treatment such as the biological agents. MTX
antagonism of folate metabolism has led to studies investigating the effect of folic or folinic acid
supplementation on the occurrence of adverse events, which so far seems to be the most promis
ing strategy (6). Theoretically the effects of folic acid and folinic acid could well be different. Folic
acid competes with MTX for binding to dihydrofolaatreductase (DHFR), by increasing the intra
cellular pool of dihydrofolates. In contrast, folinic acid directly overcomes MTX blockade of
DHFR, by increasing intracellular tetrahydrofolates. Although reported results are encouraging,
questions about the exact effect of folate supplementation on both the toxicity and the efficacy of
MTX therapy have not been answered yet and have led to the randomized clinical trial described
in chapter 3 (7,8).
The precise mechanisms of action and toxicity of MTX are still unknown (3). Also, efficacy and
toxicity may be (partly) mediated by either the same or different metabolic pathways. MTX
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inhibits DHFR, but also exerts its influence on several other metabolic pathways, such as the
homocysteine (methylation processes and protein metabolism) and purine and pyrimidine
metabolism (nucleotide synthesis). In a subset of patients from the above mentioned main trial
(chapter 3) parameters of these metabolic pathways were studied and related to the efficacy and
toxicity of MTX treatment (chapter 6,7).
Prescription of MTX still is trial and error. More knowledge about the susceptibility of individual
patients for the favorable or non-favorable effects of MTX could lead to a more differentiated prescription policy. The discovery of polymorphisms in the methylene-tetrahydrofolate reductase
(MTHFR) gene (part of folate and homocysteine metabolism), draws attention to the fact that some
patients may be genetically more prone to the occurrence of MTX-related adverse events (9,10).

Aim and outline of the thesis
In this thesis several aspects of MTX metabolism in relation to its clinical effects (both efficacy
and toxicity) are studied. We try to get a better understanding of the mechanism of action of
MTX, to decrease the frequency and severity of MTX-related toxicity and to find factors that predict which patients would likely benefit from MTX treatment and those who would probably suffer from adverse events. The goal is to improve MTX treatment so that more patients will enjoy
the beneficial effects of MTX for a longer time.
This thesis includes 9 chapters:
•· Chapter 1 is this introduction.
• Chapter 2 is a review article about the mechanism of action of MTX.
• Chapter 3 presents the results of a clinical trial of the effects of folic and folinic acid supplementation on the efficacy and toxicity of MTX treatment in RA patients.
• Chapter 4 presents the economic evaluation results of the clinical trial described in chapter 3.
• Chapters 5,6 and 7 concern the results of studies conducted alongside the clinical trial
described in chapter 3.
• In Chapter 5 the results are given of a trial studying the relation between the presence or
absence of the C677T mutation in the MTHFR gene and the efficacy and toxicity of MTX therapy.
• Chapter 6 describes the effects of MTX treatment, with or without folic or folinic acid supplementation, and the presence or absence of the C677T mutation in the MTHFR gene on
folate and homocysteine metabolism.
• In Chapter 7 the impact of MTX treatment on the activities of purine enzymes and the relation of purine metabolism with the efficacy and toxicity of MTX treatment is described.
• Chapter 8 is a summary and discussion of the preceding chapters.
• Chapter 9 is a Dutch summary and discussion of the preceding chapters.
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Abstract
Objective · To provide an update of the current knowledge of the mechanism of action of lowdose methotrexate (MTX) in the treatment of patients with rheumatoid arthritis (RA), with an
emphasis on the mechanisms involved in toxicity We also considered strategies currently used to
prevent or decrease MTX toxicity
Methods · We reviewed the literature dealing with the subjects of MTX treatment of RA, the
mechanisms of action of low-dose MTX regarding efficacy and toxicity, and strategies used to
prevent or decrease MTX toxicity
Results · MTX is a fast working and effective second-line antirheumatic agent (SLA) Its use is
limited mainly because of side effects The mechanisms of action regarding efficacy and toxicity
are probably determined by different metabolic pathways Recent data indicate that the antiinflammatory effect of MTX is mediated by adenosine However, MTX side effects can only partly
be explained by its folate antagonism and may also depend on its action on other related metabolic pathways The latter include the homocysteine-methionine-polyamine pathway and purine
metabolism Variants in these metabolic routes (e g the C677T mutation in the methylenetetrahydrofolate reductase (MTHFR) gene), may predispose to the development of side effects
Currently the most promising strategy to decrease or prevent toxicity of MTX is concomitant prescription of folic acid or folinic acid Other strategies are currently under investigation
Conclusions · MTX benefits a majority of RA patients Approximately 30 % of patients, however, abandon treatment because of drug-related side effects Folic acid or folinic acid likely
reduces MTX toxicity More data however, are needed to evaluate a potential detrimental effect
on the antirheumatic efficacy of MTX
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Introduction
Methotrexate (MTX, amethopterin) is a folic acid antagonist that was introduced into the treatment of childhood leukaemia in 1947 In 1951 Gubner et al reported a favorable effect in patients
with psoriasis, psoriatic arthritis and rheumatoid arthritis (RA) (1) Low-dose MTX has been
commonly used in the treatment of psoriasis since the 1960s and was approved for this purpose
by the Food and Drug Adminislralion in 1971 However, its use in the treatment of RA only
begun during the 1980s and it was not approved by the Food and Drug Administration for this
indication until 1988 (2-5)
Currently, MTX is prescribed by rheumatologists all over the world MTX has proved to be a very
effective, fast-working, second-line antirheumatic agent (SLA) with the best efficacy-toxicity ratio
(6-8) Nevertheless, the main reason for discontinuation of MTX is not inefficacy but toxicity (912) Because of its clear-cut and long-lasting efficacy, much effort is currently being made to
develop strategies to decrease or prevent its toxicity In approximately 30% of RA patients, toxicity leads to discontinuation of MTX therapy Therefore, diminishing of toxicity may result in better treatment of this group of RA patients (9-22)
MTX acts as a folate antagonist, but this does not directly explain the full spectrum of side effects
However, MTX exerts its action also on other related metabolic pathways Recently, a gene mutation was discovered in one of these metabolic routes that may predispose to the development of
side effects (23-25) Other promising research focuses on the homocysteine-methionmepolyamine pathway and on purine metabolism
To better understand the possible mechanisms operative in both efficacy and toxicity of MTX in
the treatment of RA patients, we describe folate metabolism and folate dependent metabolic
pathways in which MTX is involved Subsequently, we then discuss how these may relate to efficacy and side effects Finally, we discuss strategies to prevent or decrease toxicity of MTX

Folate metabolism
Figure 1 gives an outline of folate metabolism and folate dependent pathways Because humans
are not capable of forming folic acid from their basic constituents, dietary intake is essential (26)
Dihydrofolate-reductase (DHFR) catalyzes the conversion of dihydrofolate (DHF) into
tetrahydrofolate (THF), which serves as a central component of folate dependent pathways
(27,28) THF is also formed from 5-methyl-THF during the conversion of homocysteine (the
methyl group acceptor) into methionine, and in the steps involved in purine synthesis The biologically active folates are derivatives of tetrahydrofolates and participate in one carbon transfer
reactions In the cells, these folates are converted into polyglutamated forms and thereby retained
intracellularly Serum folate consists mainly of 5-methyl-THF, which is the predominant circulating form of folate In rapidly dividing tissues, 5-methyl THF and 10-formyl-THF are equally
predominant 5-Methyl-THF is more susceptible to both intra- and extracellular changes in folate
status (29)
Folates are involved in several important metabolic routes 5,10-methenyl-THF/10-formyl-THF,
5,10-methylene-THF and 5-methyl-THF deliver one-carbon units for the synthesis of purines,
pynmidines and methionine respectively
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Figure 1 Simplified metabolic scheme illustrating folate metabolism and its relation to purine, pynmidine and homocysteine-methionine metabolism Known inhibition of enzymes by methotrexate is
indicated by —H—
Abbreviations DNA, deoxyribonucleic acid, dTMP, deoxythymidylate, is, thymidylate synthetase,
dUMP, deoxyundylate, GAR, glycinamide ribosyl-5-phosphate, FGAR, form-glycmamide ribosyl-5-phosphate, AICAR, amino-imidazolcarboxamide ribosyl-5-phosphate, FAICAR, form-ammo-imidazolcarboxamide ribosyl-5-phosphate, RNA, ribonucleic acid, DHF, dihydrofolate, dhfr, dihydrofolate-reductase,

THF, tetrahydrofolate, 5,10-CH2-THF, 5,10-methylene tetrahydrofolate, 5,10-CH-THF, 5,10-metheny
tetrahydrofolate, 10-CHO-THF, 10-formyl tetrahydrofolate, mthfr, methylene-tetrahydrofolate reductase,
5-CH3-THF, 5-methyl tetrahydrofolate, 5-CHO-THF, 5-formyl tetrahydrofolate (fohnic acid). Met, methio
nine, SAM, S-adenosyl-L-methionine, ms, methionine synthetase, Hey, homocysteine, SAH, S-adenosyl-L-homocysteme, R, methyl-acceptor

Purine-metabolism
Purines are necessary for the synthesis of the nucleic acids adenosine monophosphate (AMP) and
guanosine monophosphate (GMP), and finally deoxyribonucleic acid (DNA) and ribonucleic
acid (RNA). The purine-metabolism is composed of a de novo synthesis and a salvage route (Fig
2) Complete purine de novo synthesis (PONS) exists only in proliferating cells such as of bone
marrow and liver and is partly performed in lymphocytes and mononuclear cells (30). The cen
tral enzyme is 5-phosphoribosyl-l-pyrophosphate (PRPP) synthetase. In PDNS the 5,10methenyl-THF dependent enzyme glycinamide nbosyl-5-phosphate (GAR) formyltransferase
and the 10-formyl-THF dependent enzyme amino-imidazolcarboxamide ribosyl-5-phosphate
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(AICAR) formyltransferase are involved Salvage probably takes place in all body cells, but measurements have been done mainly in lymphocytes and erythrocytes In the purine salvage route,
the enzymes hypoxanthine-guanine phosphonbosyl transferase (HGPRT), purine nucleoside Phosphorylase (PNP), adenosine deaminase (ADA) and purine-5'nucleotidase (5'NT) are involved
AICAR and its metabolites inhibit adenosine kinase (AK) and ADA with the consequent increase
of adenosine, which has antiinflammatory properties (31-33)

Pyrimidine-metabolism
The 5,10-methylene-THF dependent enzyme thymidylate synthetase (TS), catalyzing the conversion of
deoxyundylate (dUMP) to deoxythymidylate (dTMP), forms a rate limiting step in DNA-synthesis (26)

Homocysteine-methionine-polyamine

pathway

Homocysteine and folate status are inversely related Homocysteine is probably an even better
parameter for measuring the effective capacity of folate metabolism than folate blood levels (34-38)
Homocysteine is not derived from the diet but from transmethylation of methionine It is reused
by remethylation to methionine and transsulfuration to cysteine, regulated by methylene-tetrahydrofolate reductase (MTHFR) and cystathionme-ß-synthase (CS) respectively (39) 5-MethylTHF is necessary as a methyl donor for the conversion of homocysteine to methionine, which in
turn can be converted into S-adenosyl-L-methiomne (SAM) by adenosine triphosphate (ATP)
SAM is the most important methyl group donor in the cell, during these methyltransferase reactions, SAM is converted into S-adenosyl-L-homocysteine (SAH) SAH is degraded by SAHhydrolase into homocysteine and adenosine Homocysteine is an inhibitor of methyltransferases
Therefore, the ratio between SAM and SAH is an important determinant of intracellular transmethylation capacity (40,41)
SAM is not only converted into SAH, but also into decarboxy-SAM, which is the substrate for the
synthesis of polyamines In polyamine synthesis, the decarboxylation of SAM by SAM-decarboxylase is a rate limiting step (41,42) The polyamines putrescine, spermidine and spermine are
essential for cell functions including proliferation, differentiation, protein synthesis and immunemediated cellular reactions (43-46) A decrease in polyamines results in antiproliferative and
immunomodulating effects

Methotrexate metabolism
MTX (amethoptenn, 4-amino 4-deoxy-N10-methylpteroyl-glutamic acid) has a structural formula that is rather similar to DHF (Fig 3) MTX consists of one more methyl-group and has a
NH2-group in stead of an OH-group MTX in low doses given orally is almost completely
absorbed, although there is a significant variability (47) The initial (distribution) half life is 1 5
to 3 5 hours, the terminal (elimination) half life is 8 to 15 hours MTX and its metabolites are
eliminated mainly through the kidney (29) MTX enters the cell by active transport It is a prodrug that is converted by folylpolyglutamylsynthetase to its polyglutamate form, through addition of 1 to 4 glutamate groups (48) The polyglutamate form is probably present in all cells, and
measurements have been performed in erythrocytes (49), liver (50), fibroblasts (51 ), and myeloid
precursors in bone marrow (52) MTX-polyglutamates are retained within the cell, replace DHF
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in its binding to DHFR, and have a stronger affinity for folate dependent enzymes like TS, GAR
formyltransferase and AICAR formyltransferase (48,53,54) than MTX-monoglutamate and DHF.
MTX levels in serum remain detectable for only a short time and are not a good indicator for the
efficacy of MTX. However, the process of polyglutamation is crucial for the cellular retention of
MTX and its effectiveness (55).
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The mechanism of action of methotrexate as a folate antagonist
Figure 1 shows the modes of action of MTX acting as a folate antagonist Chabner et al postulated two theories in explaining the mechanism of action of MTX (A) the depletion theory, based
upon blockade of DHFR resulting in depletion of intracellular reduced folates, and (B) the competition theory, based on the direct inhibition of distal steps in the synthesis of nucleotides by
MTX and by accumulated DHF (48)
MTX inhibits DHFR, thereby causing a depletion of reduced THFs, because of trapping of DHFpolyglutamates (27,28,55-58) Moreover, direct enzymatic inhibition by DHF and/or MTX polyglutamates effects 5,10-methylene-THF reductase, TS (59,60), GAR formyltransferase (61,62)
and AICAR formyltransferase, leading to inhibition of purine and pyrimidine metabolism and
subsequent inhibition of DNA- and RNA-synthesis Reduced availability of 5-methyl-THF will
reduce homocysteine remethylation, causing an increase of homocysteine and adenosine (31,32)
Also, MTX may directly inhibit methionine-synthetase (48), and even methionine transport (63),
leading to an additional decrease of SAM, which next to reduced transmethylation may also
reduce the synthesis of polyamines (41,43)

Efficacy and side effects of methotrexate in rheumatoid arthritis
Efficacy
In the last decade, the efficacy of MTX has been extensively studied Nowadays MTX has proved
its efficacy in RA on both a short-term and long-term basis (3,9,12,15-18,64-72) The longest
clinical studies vary from 7 up to 10 years (15,69,70)
The effect of MTX on radiological joint damage is somewhat uncertain (19) Some authors found
delay or prevention of structural damage within one year (73,74) Other studies show no difference in effect on radiologic progression when compared with other active antirheumatic treatment (71,75-79) In a metaanalysis MTX showed a slower rate of radiological progression compared with azathiopnne, but not compared with all other slow-acting drugs (80)
Several studies compared the efficacy and toxicity of MTX with other antirheumatic drugs ( 13)
MTX proved to be more effective and less toxic than auranofm and azathiopnne (78,81) Felson
et al performed two metaanalyses in which MTX had the best efficacy/toxicity ratios MTX was
as effective, but less toxic than sulfasalazine (6,7) MTX works fast and has the best probability of
continuing therapy of all SLAs (7,8,82-85)
MTX was first prescribed in a dose of 5 mg/week, but the weekly dose has gradually increased over
the last 10 years, showing a dose-response relationship (86,87) In many studies the mean dose is
10-15 mg/week and the maximum dose is 25-30 mg/week (20-22,79,88,89)
Despite the fact that low-dose MTX has become standard therapy for RA, its mechanisms of
action with respect to efficacy as well as side effects are still obscure (14,27,90-109)
Antiproliferative effects · In cancer treatment, high-dose MTX is used for its antiproliferative
properties However, antiproliferative effects probably do not explain its mechanism of action in
low-dose treatment of RA Hirata describes direct inhibition of endothelial cell proliferation by
low-dose MTX in RA (110), but several authors describe conflicting results about inhibition of
lymphocyte proliferation (3,44,45,92,94-96,105,111)
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Immunomodulating effects · Immune mechanisms play a key role in the pathogenesis of RA
(90) Several studies show suppression as well as enhancement of activities of both numbers of Band T-cells and their function by MTX (75,94,95,107) Cronstein postulates that MTX modulates
the production of cytokines (tumor necrosis factor (TNF) α, Interleukine (ll)-l, 11-6,11-8) by its
cytotoxic effect on cells that generate these cytokines (107)
The immunomodulating effect of MTX may be related to its potential to inhibit the synthesis of
polyamines (105) Wolos et al showed that inhibition of polyarmnes prevented the development
of collagen-induced arthritis in an animal model (112) Polyamines may play a role in the patho
genesis of RA, because increased levels of polyamines have been found in lymphocytes, synovial
fluid, and urine of patients with RA (113-115) Furumitsu et al showed correlation of the levels
of urinary polyamines with radiological damage (114)
Immunomodulating effects of MTX may also be the result of interference with purine metabo
lism The association of disturbances of purine metabolism with immune disorders shows that
purine metabolism can effect the immune response (116) There are several inborn errors of
purine metabolism that lead to immune disorders Purine nucleoside Phosphorylase (PNP)-deficiency leads to B- and T-cell disorders and is associated with autoimmune disorders like systemic
lupus erythematosus, idiopathic thrombocytopenic purpura, and autoimmune hemolytic
anaemia (117-122) Adenosine-deaminase (ADA) deficiency is well recognized as a cause to
severe combined immunedeficiency disease (SCID) (123) Purine-5'nucleotidase (5'NT)-deficiency is associated with primary hypogammaglobulinemia (124,125) Disturbances of purine
metabolism might be implicated in the pathogenesis of RA (126,127) Although Stolk et al (128)
found no influence of early RA or disease activity on purine enzymes, several other studies of
patients with RA have found lower activities of purine enzymes, especially S'NT and ADA
(126,129) Kerstens et al found a positive correlation between low activities of purine enzymes
and response to treatment as well as toxicity in azathiopnne-treated patients (130-132)
Antiinflammatory effects · The rapid improvement and exacerbation after respectively intro
duction and discontinuation of MTX suggests the possibility of an antiinflammatory effect
(2,90) Cronstein postulates two possible biochemical mechanisms of action of MTX (A) inhibi
tion of homocysteine remethylation and (B) adenosine release (107) Adenosine seems to play a
central role in the antiinflammatory response It occupies specific receptors on fibroblasts and
endothelial cells, thereby diminishing the adherence and destructive capacity of neutrophils
(3,105,106) Adenosine inhibits the function of natural killer cells, monocytes/macrophages, and
T-lymphocytes (33), the toxicity of C^-metabohtes (133,134) and the synthesis of TNFa and
complement (135,136) In vitro studies show that low-dose MTX leads to adenosine release in
fibroblasts and endothelial cells (137) Cronstein et al were the first to prove that MTX exerts an
adenosine-induced antiinflammatory effect m vivo in a mouse model This suggests new possi
bilities for drug development agents inhibiting inflammation by increasing adenosine-release
(eg, inhibitors of AICAR-formyltransferase, ADA, AK, or adenosine uptake) (105-107)

Side effects
Side effects are quite common during treatment with MTX (Table 1) (10,14,19,82,101,138,139)
The severity varies, but most side effects are mild, reversible, and can be treated conservatively
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Side effects like nausea, changes in transaminases, and stomatitis are often encountered and are
dose dependent; others like pneumonitis and hepatocellular changes are not (140). However, in
appoximately 30% of patients with RA, toxicity leads to discontinuation of MTX therapy within
one year (9-22). Only a few determinants for toxicity are known, such as increasing age and poor
renal function (11,16,141). Another important problem is that although the risk of side effects
may be slightly higher in the first six months, the risk for all sorts of adverse effects is permanent,
implying a need for long-term monitoring (9,12,15,69,79,90).
Although the precise mechanism of toxicity is still obscure, some side effects have been directly
related to MTX involvement in the previously mentioned metabolic pathways. Other side effects
like pneumonitis and progressive subcutaneous nodules probably have a more complex origin
(90,142,143).

Table 1. Side-effects of low-dose methotrexate
Frequent

Less frequent

Rare

Elevation of transaminases

Central nervous system

Nephrotoxicity

Gastrointestinal

(headache, vertigo)

Dermatitis

(nausea, anorexia, diarrhea)

Pneumonitis

Photosensitivity

Stomatitis

Leucopema and thrombopenia

Gynecomastia

Hair loss

Oligospermia

Infections

Progression of subcutaneous
nodules

Folate metabolism · At least part of the side effects of MTX seems to be directly related to its
folate antagonism and its cytostatic effects, especially in tissues with a high cell turnover (bone
marrow and gastrointestinal tract), which have a high requirement for purines, thymidine, and
methionine (56,57,144-146). Supplementation of folic acid or folinic acid may diminish toxicity
(as is mentioned later) (147,148).
Kremer et al were the first to show accumulation of MTX-polyglutamates in liver biopsies from
patients with RA, accompanied by folate deficiency. Although no correlation could be shown
between those parameters and transaminase elevations, one could speculate whether MTXpolyglutamates cause hepatotoxicity because of folate deficiency (149).
Purine metabolism · Kerstens et al found a correlation between low activities of purine enzymes
and response to treatment as well as toxicity in azathiopnne-treated patients (130-132). In a similar way part of the toxicity of MTX may be caused by its inhibition of purine metabolism.
Adenosine · Inhibition of ADA leads to accumulation of metabolites like deoxyadenosine and
deoxyadenosine triphosphate (dATP) through alternative routes. It is possible that high concentrations of adenosine, deoxyadenosine and methylated adenosine-metabohtes are directly toxic.
Deoxyadenosine causes chromosomal fractures and inactivates SAH-hydrolase, which is needed
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for adequate transmethylation dATP inhibits ribonucleotide reductase, which is necessary for
DNA-synthesis (150-152) Baggott et al suggest a parallel between SCID, caused by ADA-deficiency, and MTX-treatment, which also induces inhibition of ADA (123,153)
Homocysteine-methionine-polyamine pathway · MTX leads to hyperhomocysteinemia, a
well-known risk-factor for vascular disease (154,155)
Roubenoff et al found that RA patients have higher fasting homocysteine levels (156) In a study
among RA patients treated with MTX, Haagsma et al found that patients with gastrointestinal toxicity had a significantly greater increase in homocysteine during the 52 weeks of MTX treatment
(157) The ratio SAM/SAH, which is a marker of methylation reactions, is decreased by MTX
Inhibition of methylation reactions by MTX may lead to toxicity (41) Barak et al relate hepatotoxicity to the effects of MTX on methionine biosynthesis and methylation processes (158)
Finally, the inhibition of polyamine synthesis by MTX may cause toxicity, since polyamines are
important for cell function
MTHFR gene mutation · Recently a C677T mutation in the MTHFR gene was discovered,
which has a prevalence of about 8% in the normal population (23-25) This gene defect exerts a
strong effect on folate metabolism It causes a decreased activity of the enzyme methylenetetrahydrofolate reductase, leading to hyperhomocysteinemia, which has been postulated to be a
risk factor for spina bifida and vascular disease (23,24,155)
In patients treated with MTX, both MTX treatment and the C677T mutation (when present) will
lead to impeded remethylation of homocysteine and accumulation of homocysteine (Fig 1)
Accordingly, Haagsma et al found a greater increase of homocysteine during MTX treatment in
the group of RA patients with the C677T mutation More patients also had an increased frequency of gastro-intestinal side effects (157)

MTX: drug-drug interactions
Patients with RA are often treated with a combination of drugs, partly because combinations of
antirheumatic drugs are used to improve RA treatment and also because RA patients often suffer
from concomitant diseases which require medical treatment Interaction of concomitant therapies are a major concern with regard to toxicity
Several reports describe the life-threatening interactions of MTX with trimethoprim, sulfamethoxazole, and probenecid (159-165) Trimethoprim and sulfamethoxazole both have additional antifolate effects, by inhibiting DHFR and the conversion of paraaminobenzoic acid to
dihydrofolate, respectively (159,166) Organic acids such as probenecid competitively inhibit
tubular secretion of MTX (167)
Conflicting results have been published about nonsteroidal antiinflammatory drugs (NSAIDs)
affecting MTX disposition, mode of action and toxicity (168-176) Interaction may be the result
of reduction of renal clearance through interference with tubular secretion and displacement of
MTX from protein, increasing the fraction of unbound MTX (168,170) Baggott et al suggested
that the interaction between NSAIDs and MTX results in part from interference with folate
metabolism NSAIDs lacking a carboxylic acid group, like pyroxicam, inhibit dihydrofolate reductase However, NSAIDs containing a carboxylic acid group and an aromatic ring are inhibitors of
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AICAR formyltransferase and thereby may synergistically increase adenosine release (177) It
seems appropiate to continue NSAlDs if necessary while carefully monitoring patients taking
MTX, especially those with decreased renal function (178)
To improve drug treatment of RA, proposals have been brought forward to combine two or more
SLAs (179-185) Effective combinations of SLAs have often been found empirically Increased
knowledge of the mechanism of action of MTX could lead to its more rational use in combination therapy (185)
Because the main reason for discontinuation of MTX is not inefficacy but toxicity, it seems worthwhile to develop strategies to decrease its toxicity Combined therapy with MTX and hydroxychloroquine may lead to a reduction in liver test abnormalities (186) and may be associated with
nodule regression (187,188) There is no known apparent similarity between the mechanism of
action of MTX and hydroxychloroquine (189) Fries et al proposed that the ability of hydroxychloroquine to increase size and number of lysosomes in hepatocytes stabilizes the membranes
and thereby exerts its protective effect (186) Reduced bioavailibihty of MTX may also account for
these effects (190,191) Currently the most promising strategy to reduce toxicity of MTX therapy
seems to be the concomitant prescription of folic acid or fohnic acid

MTX and folic acid/folinic acid administration
MTX is a folate antagonist, during MTX treatment of RA patients, their folate status is compromised (57,58) These effects of MTX on folate metabolism have led to studies investigating the
effect of folate administration in the forms of folic acid or fohnic acid on MTX efficacy and toxicity (Table 2) (21,89,192-200) Because the inhibition of DHFR by MTX is incomplete, supplementation of folic acid can still increase the amount of the various THF forms Fohnic acid (leucovorin, 5-formyl-THF) is a one-carbon-substituted fully reduced folate that, in contrast to folic
acid, bypasses DHFR (Fig 1, Fig 3) (89,197)
Table 2 gives an outline of studies combining MTX treatment with folic acid or fohnic acid
administration The studies by Morgan et al using folic acid 1 mg/day and Shiroky et al using
fohnic acid 2 5 to 5 mg/week show a decrease of MTX toxicity up to 50% (21,196) Other studies
fail to show a significant decrease in toxicity, possibly because of a lack of sufficient number of
patients Moreover, these studies included patients who were already treated with MTX for some
time, so the initial (most frequent) toxicities could not be studied
The main question is whether folic acid or fohnic acid will not only diminish MTX toxicity, but
MTX efficacy as well The studies of Morgan et al, using very high doses of folic acid, are reassuring in this respect (196-198) For fohnic acid, however, both the dosage levels and intervals of
administration appear to be more critical than folic acid Low-dose fohnic acid may decrease MTX
toxicity, high doses or early administration may diminish the therapeutic effect of MTX Late
administration, 3 to 4 days after MTX, was no more effective than placebo in controlling nausea
(89) Dosing between 12 and 48 hours after MTX may be preferable (195) Shiroky et al found no
difference in efficacy of MTX between the fohnic acid and the placebo treated group The fohnic
acid treated group, however, required higher MTX doses to establish the same efficacy (21)
Many rheumatologists prescribe fohnic acid (as "rescue therapy" in case of serious, mostly hematological side effects) or folic acid (in case of mild side effects), however, there is no consensus So

Table 2. Studies combining MTX treatment of RA patients with folic acid or folinic acid

Author

Study design

Study duration

Number ol

(weeks)

patients

Comedication

Efficacy

Toxicity

MTX mean/max
(mg/week)

folic acid 1 mg/day

unchanged

diminished

7 5/15

23

folic acid
1 or 10 mg/day
during 5 days

unchanged

unknown

6 7/unknow

79

folic acid
5 or 27 5 mg,
during 5 days when
MTX not taken

unchanged

diminished

9/unknown

placebo-controlled,
double-blind,
crossover

folinic acid
20 mg/week
during 2 days,
starting 4 days
before MTX im

unchanged

unchanged

18 5/25

Tishler(194|

prospective,
unblmded

folinic acid
15 mg/day during
3 consecutive days,
4-6 h after MTX

diminished

diminished

10/12 5

Buckley (193)

double-blind,
cross-over,
randomized

20

folinic acid
dose equal to MTX,
4 h after MTX

unchanged

a trend towards
diminishing

9 9/15

Joyce (195)

placebo-controlled,
double-blind

27

folinic acid 15 mg,
2 h after MTX

diminished

unchanged

8/unknown

Shiroky[21)

placebo-controlled,
double-blind,
randomized

92

folinic acid
2 5 - 5 mg,
24 h after MTX

unchanged

diminished

12 5/30

Weinblatt(192)

placebo-controlled,
double-blind

folinic acid 1 mg,
simultaneously
with MTX

unchanged

unchanged

128/20

Morgan (196)

placebo-controlled,
double-blind,
randomized

Morgan [198)

placebo-controlled,
double-blind,
randomized

Morgan 1197)

placebo-controlled,
double-blind,
randomized

Hanrahan (89)

24

48

52

Abbreviations MTX, methotrexate, RA, rheumatoid arthritis, im, intramuscular
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far no conclusive studies have been performed regarding the effect of folic acid and folinic acid
either on the toxicity or on the efficacy of MTX treatment Because folic acid is much less expensive than folinic acid, a trial comparing not only their influence on the efficacy and the toxicity of
MTX treatment of RA patients, but also their cost effectiveness would be useful (199,200) Such
a trial was started in our department in 1996, the results are expected in 1999

Conclusion
Although its use is limited by side effects, MTX is a fast-working, effective drug with a better
drug-survival curve compared with other antirheumatic drugs The mechanisms of action are
complex Efficacy and toxicity may be determined either by the same or by different metabolic
pathways The antiinflammatory effect of MTX is possibly mediated by adenosine, toxicity could
be mediated by homocysteine metabolism Specific drugs such as folic acid or folinic acid used as
comedication may reduce toxicity Determination of so-called predictive parameters in patients
may discriminate between those who will benefit from treatment and those who will likely suffer
from severe toxicity The presence or absence of the C677T mutation in the MTHFR gene could
be such a parameter As for now, comedication with folic acid, a nontoxic and very inexpensive
drug, appears to have the most promising possibilities It is essential, however, to determine its
possible influence on the efficacy of MTX
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Abstract
Objective · To study the effect of folates on discontinuation of methotrexate (MTX) as singledrug anti-rheumatic treatment due to toxicity, to determine which type of adverse events are
reduced, to study the effects on the efficacy of MTX, and to compare folic with folinic acid sup
plementation in a 48-week, randomized, double-blind, placebo-controlled trial
Methods · Patients with active RA (η = 434) were randomly assigned to receive MTX plus either
placebo, folic acid (1 mg/day) or folinic acid (2 5 mg/week) The initial MTX dosage was 7 5
mg/week, increases were allowed up to a maximum of 25 mg/week for insufficient responses
Folate dosages were doubled once the dosage of MTX reached 15 mg/week The primary endpoint
was patient withdrawal because of adverse events Secondary endpoints were the MTX dosage and
parameters of efficacy and toxicity of MTX
Results · Toxicity-related discontinuation of MTX occurred in 38% of the placebo group, 17%
of the folic acid group, and 12% of the folinic acid group These between-group differences were
explained by a decreased incidence of elevated liver enzyme levels in the folate supplementation
groups No between-group differences were found in the frequency of other adverse events or in
the duration of adverse events Parameters of disease activity improved equally in all groups
Mean dosages of MTX at the end of the study were lower in the placebo group (14 5 mg/week)
than in the folic and folinic acid groups (18 0 and 16 4 mg/week, respectively)
Conclusion · Both folate supplementation regimens reduced the incidence of elevated liver
enzyme levels during MTX therapy, and as a consequence, MTX was discontinued less frequent
ly in these patients Folates seem to have no effect on the incidence, severity, and duration of other
adverse events, including gastrointestinal and mucosal side effects Slightly higher dosages of
MTX were prescribed to obtain similar improvement in disease acitivity in the folate supplemen
tation groups
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Introduction
During the last decades, several second-line agents, also called disease-modifying antirheumatic
drugs (DMARDs), have been added to the inventory of medical treatments of rheumatoid arthritis (RA). Among these DMARDs, methotrexate (MTX) is considered to have the best efficacy-totoxicity ratio, a relatively quick onset of action, and long-lasting efficacy (1,2). MTX can be prescribed as a single-DMARD therapy or as combination therapy with other DMARDs. Reasons for
discontinuing MTX as single-DMARD therapy mainly concern toxicity. Approximately 30%
of RA patients discontinue MTX treatment within 1 year because of toxicity (3-6). In clinical
practice, MTX-related toxicity limits optimum treatment in many patients. This is one of the
reasons MTX is commonly prescribed in combination with other DMARDs, such as chloroquine,
hydroxychloroquine, sulfasalazine, cyclosporine, auranofm, azathioprine, and aurothioglucose (7).
Since toxicity is an important limiting factor in treatment with MTX, it is worthwhile to find
strategies to decrease its toxicity.
MTX is a folate antagonist (8,9). Although it is not known whether this mechanism is responsible for the efficacy of MTX in RA, some side effects are related to the antagonism of folate. In the
past, several groups of researchers have tried to decrease MTX toxicity by using supplementation
with either folic acid or folinic acid (10-20). Although the reported results are encouraging, the
numbers of patients in the studies are small, and the results need to be confirmed in a larger randomized clinical trial. Moreover, several related questions have remained unanswered. First, does
folate supplementation reduce MTX-related toxicity and increase the percentage of patients that
can be treated with MTX as single-DMARD therapy, thereby reducing the need for (more expensive) combination-DMARD therapies? Second, which adverse events are influenced? Third, does
folate supplementation also influence the efficacy of MTX treatment? Fourth, is either folic acid
or folinic acid preferable? Since folic and folinic acid relate differently to folate metabolism and
its inhibition by MTX, their influence on MTX treatment could well be different (9).
To answer these questions, we conducted a prospective trial among patients with active RA, studying the effect of folic acid and folinic acid on both the toxicity and the efficacy of MTX treatment.

Patients and methods
Patients
Between June 1996 and June 1997, consecutive patients with RA classified according to the
American College of Rheumatology (ACR; formerly the American Rheumatism Association) criteria (21) were recruited when their attending rheumatologist proposed treatment with MTX.
Patients were eligible if they were >18 years of age and if active arthritis, defined as a Disease
Activity Score (DAS) of >3.() (see below), was present. Treatment with other DMARDs was not
allowed for 2 weeks before or during the study. Corticosteroids and nonsteroidal antiinflammatory drugs (NSAIDs) were permitted if the dosages were stable from at least 1 month before
enrollment until the end of the study.
Exclusion criteria were previous treatment with MTX, current concomitant treatment with either
folic acid, folinic acid, trimethoprim, probenecid, sulfonamides, or allopurinol, pregnancy,
intended pregnancy, breast-feeding, or lack of adequate contraception, consumption of >20 alco-
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holic drinks per week, elevated transaminase levels (defined as higher than the upper limit of nor
mal), impaired kidney function (defined as an estimated creatinine clearance [according to
Cockcroft] of <50 ml/minute), leukopenia (defined as a white blood cell [WBCj count <3.5 χ
9

9

10 /liter), and thrombocytopenia (defined as a platelet count <12() χ 10 /liter). Before patients
were included in the study, all of these laboratory variables were measured twice.

Study design
The protocol was approved by the research and medical ethics committees of all participating
hospitals. All patients gave written informed consent. This 48-week, multicenter, prospective, ran
domized, double-blind, placebo-controlled study took place in 3 university-based and 21 com
munity-based rheumatology practices throughout The Netherlands. The same protocol was used
in all participating centers. Patients were randomly assigned to receive either MTX plus placebo,
MTX plus folic acid, or MTX plus folinic acid. Randomization was stratified for each participat
ing hospital. Random numbers were computer generated. Treatment codes were kept by the cen
tral pharmacy and were revealed after the primary analysis had been completed.

Study drugs
Folic acid was taken orally every morning at a dosage of 1 mg/day. Folinic acid was taken orally
at a dosage of 2.5 mg/week 24 hours after the MTX dose was taken. If the MTX dosage was
increased to >15 mg/week, the dosages of folic and folinic acid were doubled. The placebo, folic
acid, and folinic acid tablets were prescribed as double dummies (folic acid and identical place
bo; folinic acid and identical placebo).

MTX regimen
All patients were treated with MTX starting at a dosage of 7.5 mg orally once a week. The 2.5 mg
MTX tablets were taken as a single dose in the evening. Increases up to 25 mg/week were allowed
at the discretion of the attending rheumatologist (see section on adjustment of MTX dosage).

Evaluation
At entry and during the study the patients were evaluated every 3 weeks by a research nurse.
Patients were examined by the same observer throughout the study. All persons performing joint
assessments were trained before the start of the study so that the procedure could be standardized
and interobserver variance minimized.

Assessment of toxicity
At the evaluation performed every 3 weeks, patients were encouraged to report any adverse events
that had occurred. The duration and the severity (assessed by the patient using a 1-10 scale) of
the adverse events were recorded. In addition, a standard toxicity form (36 items) designed by
Fries et al (22) was completed at every visit. The protocol prescribed specific adjustments of MTX
dosage (described below) according to the results of these evaluations.
The following laboratory values were monitored at every control (followup) visit: erythrocyte
sedimentation rate (ESR; mm/hour), hemoglobin (mmoles/hter), and hematocrit (liter/liter),
WBC count (xl0 9 /liter), platelet count (xl()9/liter), alanine aminotransferase (ALT; units/liter),
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and serum creatinine (mmoles/liter) All samples were sent to a central laboratory for determi
nations
Abnormal laboratory findings were classified as mild, moderate, or severe Mild abnormalities
consisted of the following 1) ALT values <3 times the upper limit of normal levels occurring on
at least 2 of 4 consecutive evaluations, 2) decreased platelet count to between 120 and 100 χ
9

9

l() /liter, and 3) decreased WBC count to between 3 0 and 3 5 χ 10 /liter Mild abnormalities that
were persistent (results not normaluing despite lowered MTX dosage) or recurrent (the reap
pearance of mild laboratory abnormalities after resolution of the first episode) were handled as
moderate abnormalities
Moderate laboratory abnormalities consisted of the following 1 ) ALT >3 times the upper limit of
9

normal levels, 2) decreased platelet count to between 100 and 50 χ 10 /liter, and 3) decreased
9

WBC count to between 3 0 and 2 0 χ 10 /liter Moderate abnormalities that were persistent
(results not normalizing despite discontinued MTX) or recurrent (the reappearance of moderate
laboratory abnormalities after resolution of the first episode) were handled as severe abnormali
ties
Severe laboratory abnormalities consisted of the following

1 ) decreased platelet count to <50 χ

109/liter, 2) decreased WBC count to <2 0 χ 109/liter, and 3) deterioration of the kidney function,
which was defined as a doubling of the serum creatinine level compared with the value at baseline

Disease activity
To evaluate the activity of disease and the efficacy of therapy and to compare them between the 3
treatment groups, we used the ACR preliminary core set of disease activity measures in RA clin
ical trials (23) This core set includes a tender joint count, swollen joint count, ESR, patient's
assessment of pain (using a 0-100 mm visual analog scale, where 0 = no pain and 100 = the worst
imaginable pain), patient's global assessment of disease activity (1-5 scale, where 1 = no disease
activity and 5 = worst imaginable disease activity), physician's global assessment of disease activ
ity (1-5 scale, where 1 = no disease activity and 5 = worst imaginable disease activity), and
patient's assessment of physical function (1-10 scale, where 0 = no physical impairment and 10 =
worst imaginable physical impairment) The categories "functional capacity of upper and lower
extremities" of the Arthritis Impact Measurement Scales (AIMS) were used to measure function
al capacity (24) These questionnaires were completed by the patients every 12 weeks
The DAS was calculated every 6 weeks (25) The DAS is a composite outcome measure, based on
the Ritchie Articular Index (26), the number of swollen joints (44 joint count), the ESR, and the
patient's assessment of general health (using a 0-100 mm visual analog scale, where 0 = best imag
inable health and 100 = worst imaginable health)
Finally, response categories (good, moderate, or bad) were defined according to the European
League Against Rheumatism (EULAR) and ACR response criteria (27-29)

Adjustments

of the MTX dosage

For patients who had an insufficient response to the study medication, the study protocol encour
aged rheumatologists to increase the MTX dosage by 2 5 mg/week every 6 weeks up to a maxi
mum of 25 mg/week MTX was increased until a significant decrease in disease activity (change
in DAS >1 08) was obtained
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In case of an adverse event(s), the protocol included the possibility of dosage reductions. Mild
adverse events were handled by a reduction of the MTX dosage by 2.5 mg/week. After resolution
of the event, subsequent increases of the MTX dosage were again allowed in patients who had an
insufficient response. If mild adverse events persisted or recurred, they were considered moder
ate toxicities. Moderate adverse events were handled by temporarily withholding the MTX. When
the adverse event resolved and/or laboratory results returned to normal, rechallenge with MTX
was allowed at the last tolerated dosage. Again, in cases of an insufficient response, further
increases in the MTX dosage were allowed. Recurrent or persisisting moderate adverse events
were considered severe. Severe adverse events were handled by discontinuing the MTX and the
study drugs.

End points
The primary end point was the percentage of patients who discontinued treatment with MTX as
single-DMARD therapy for toxicity-related reasons. For the purpose of this study, these cases
were regarded as MTX failures. This category included patients with severe adverse events who
discontinued MTX immediately and patients with moderate adverse events who discontinued
MTX only after the adverse event persisted or recurred despite changes in the dosage as described
in the previous section.
Secondary end points were related to the toxicity of MTX (incidence, severity, and duration of
adverse events not leading to MTX withdrawal), disease activity (ACR core set variables, DAS, and
response categories), and functional capacity (AIMS).

Statistical analysis
The sample size of approximately ± 435 (3 groups of 145 patients), was based on the expectation
that 30% of placebo-treated patients would discontinue the study within 1 year because of
adverse events. Assuming that 10% of all patients who entered the study would be nonevaluable
patients, the study was designed to have at least 80% power to detect a 50% reduction in the risk
of adverse events leading to discontinuation of MTX treatment in the folate supplementation
groups.
Taking into account the observed variation in response to MTX (σ=0.85), the number of patients
in the trial made it possible to detect a difference in the DAS of 0.31 units between all groups with
a power of 80%.
Analyses considering differences in toxicity and disease activity were performed in 2 populations:
an intention-to-treat (ITT) population using end-point analysis (with the last observation car
ried forward) and a population using the actual period of treatment with MTX. No interim analy
ses were done.
The primary end point was examined by chi-square test, with a significance level of 0.017
(Bonferroni correction for cx=0.05 for comparing 3 groups). In addition, the period of actual
MTX treatment was analyzed using the log rank test and visualized by Kaplan-Meier curves.
Secondary variables were tested exploratively, with a significance level of 0.05. Standard statistical
methods were used: chi-square (Pearson) test, Student's t-test, linear models, log rank test, and
Wilcoxon's tests.
The influence of alcohol intake on the ocurrence of elevated ALT values was studied by logistic
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Table 1 . Baseline characteristics of the study subjects, by treatment group"

Treatment group
Placebo

Folic acid

Folinic acid

(n=137)

(n=133)

(n=141)

Age, mean ±SD years

57 1 ± 1 2 7

563±126

54 5 ± 1 2 6

Sex, % female

730

73 7

65 2

Disease duration, median months

49 5

44 5

37 0

Rheumatoid factor, % positive

781

72 9

801

Alcohol consumption, % of patients

57 7

594

560

No of previous DMARDs, median (range)

1 6(0-6)

1 5(0-4)

1 4(0-5)

Disease Activity Score, mean ± SD

47±09

48±09

46 + 09

Ritchie articular index, mean ± SD

145±71

156±82

144±71

No of painful joints, mean ± SD (maximum 53)

213+11 1

225±114

20 0 ± 1 0 6

No of swollen joints, mean ± SD (maximum 44)

176 + 7 8

182 + 7 0

170 + 7 2

Pain, mean ί SD VAS score*

51 5 ± 2 1 9

49 2 ± 2 1 0

49 7 ± 1 8 0

General health, mean ± SD VAS score*

499±207

471 ± 1 9 2

48 9 ± 20 2

Patients global assessment of disease activity,
mean ±SD (1-5scale)&

34 + 0 7

34±08

34±06

Physician's global assessment of disease activity,
mean± SD (1-5scale)&

33±06

33 + 06

33±06

Patient's assessment of physical function,
mean ± SD score (0-10 scale)!

4 17 + 404

3 92 ± 3 60

3 83 ± 3 60

ESR, mean ± SD mm/hour

467±263

44 2 ± 26 9

44 6 ± 26 3

Demographic characteristics

Clinical characteristics

* DMARDs = disease-modifying antirheumatic drugs, ESR = erythrocyte sedimentation rate
#

The visual analog scale (VAS) was a 0-100 mm scale, where 0 = best imaginable and 100 = worst imaginable

&

Global assessments used a 1-5 scale, where 1 = no disease activity and 5 = worst imaginable disease activity

§

Patient's assessment of physical function was based on the categories of functional capacity of the upper and the
lower extremities of the Arthritis Impact Measurement Scales Assessments used a 0-10 scale, where 0 = no phys
ical impairment and 10 = worst imaginable physical impairment
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and linear regression analyses In both logistic and linear regression analyses, the treatment
groups (placebo, folic acid, or folinic acid) and alcohol intake were considered to be the
independent variables Severe elevations and all elevations of the ALT values were the dependent
variables

Results
A total ot 434 patients were enrolled in the study 144 in the placebo group, 143 in the folic acid
group, and 147 in the folinic acid group Five patients withdrew shortly after inclusion and never
took the study medication On review, 18 patients proved not to meet the inclusion criteria: 5 had
a creatinine clearance <50 ml/minute (according to the method of Cockcroft), 6 had a DAS <3.0,
3 had mild leucopema, and 4 had mildly elevated liver transaminase levels. These 18 patients were
equally distributed among the 3 treatment groups, and their data were not included in the analyses. Thus, 411 patients were included in the ITT population. 137 in the placebo group, 133 in the
folic acid group, and 141 in the folinic acid group
There were no clinically relevant differences in baseline demographic and clinical characteristics
between the treatment groups as shown in table 1.

Table 2. Toxicity events leading to discontinuation of methotrexate*

Treatment group

Placebo

Folic acid

Folinic acid

Total

(n=137)

(n=133)

(n=141)

(n=434)

Elevated ALT values

35

6

46

Gastrointestinal complaints

9

4

20

Mental complaints

3

3

10

Hair loss

3

1

Malaise/weightloss

2

2

Leukopenia

2

0

Dizziness

0

1

Dyspnea

2

0

Pneumonitis

1

0

Severe deterioration of kidney function

0

0

Hypermenorrhea

0

0

*

1

Values are the number of patients experiencing the event Some patients experienced more than one adverse event
ALT = alanine aminotransferase
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Figure 1 Methotrexate (MTX) continuation curve, showing the percentage of patients who did not per
manently discontinue MTX treatment during the study period by supplement group

Toxicity
The primary end point of the study was the percentage of patients discontinuing MTX treatment
because of adverse events These totals were 38% in the placebo group, 17% in the folic acid
group, and 12% in the folmic acid group The differences between the placebo group and the folic
acid (21%, 95% CI 11% to 32%) and folmic acid (26%, 95% CI 16% to 36%) groups were statis
tically significant (p<0 001 for both comparisons) The difference between the 2 folate supple
mentation groups (4%, 95% CI -4% to 13%) did not reach statistical significance (p=0 29)
Figure 1 shows the corresponding MTX continuation curve The curves start to diverge after 3
months Using the log rank test, the period of actual MTX treatment in the folate supplementa
tion groups was significantly longer than that in the placebo group (p<0 001 ) No difference was
found between the folic acid and the folmic acid group (p=0 31) Table 2 shows the adverse events
that led to discontinuation of MTX treatment Differences between the groups were almost
entirely due to differences in the incidence of ALT elevations
The incidence of elevated ALT values, whether mild, moderate, or severe, was significantly higher in
the placebo group (p<0 001) than in the folate supplementation groups (table 3) Again, we found
no statistically significant differences between the 2 folate supplementation groups (p=0 32)
To determine whether alcohol consumption influenced the results, some additional analyses were
performed In multiple logistic regression analysis, the protective effect of folate supplementation
was again demonstrated Compared with the patients in the placebo group, those in the folic acid
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group had a reduced risk of experiencing either severe or any (including mild, moderate, and
severe) elevations of the ALT values as defined in the Patients and methods section (relative risk
[RR] 0 11, 95% CI 0 04 to 0 29 and RR 0 12, 95% CI 0 07 to 0 23, respectively) Similar results
were obtained for the folinic acid group (RR 0 10, 95% CI 0 04 to 0 28 and RR 0 16,95% CI 0 09
to 0 28, respectively) No influence of alcohol intake could be demonstrated in these analyses
The RRs for the incidence of severe elevations of ALT values associated with the consumption of
1 alcoholic drink per day were 0 98 (95% CI 0 57 to 1 67) and 0 99 (95% CI 0 58 to 1 70) for the
comparison between the placebo group and the folic acid and folinic acid groups, respectively For
any elevation (mild, moderate, or severe) of the ALT values, these RRs were 0 86 (95% CI 0 56 to
2 21) and 0 97 (95% CI 0 64 to 1 46) for the comparison between the placebo group and the folic
acid and folinic acid groups, respectively
The definitions in the protocol excluded occasional elevations of ALT values that did not influence MTX dosages To determine whether this influenced the results of our study, we performed
some additional analyses that included all abnormal ALT values For each patient, we calculated
the percentage of abnormal ALT values for all ALT tests performed The mean percentage of
abnormal ALT values was 16 8% in the placebo group, 3 8% in the folic acid group, and 6 0% in
the folinic acid group In multiple linear regression analyis, the use of folates was associated with
a significant reduction in the percentage of abnormal ALT values -13 0% (95% CI -16 4% to 9 6%) for folic acid and -10 8% (95% CI -14 5% to -7 1%) for folinic acid Again, the consumption of alcohol was not associated with the percentage of abnormal ALT values
Only multiple occurrences of an elevated ALT value, and not resolving or recurring ALT elevations, could lead to discontinuation of MTX treatment This is illustrated by a post hoc analysis,
calculating the mean percentage of abnormal ALT test results that were identified during the
12-week period prior to study withdrawal because of elevated ALT values 55 5% for an increased
ALT above the upper limit of normal (ALT >45 units/liter), 8 6% for an increased ALT >3 times
the upper limit of normal (ALT >135 units/liter), and 40 2% for an increased ALT >3 times the
baseline value (at study entry) for that patient The mean ALT level determined from all tests during these 12 weeks was 61 3 units/liter
The 10 most frequent adverse events, apart from abnormal laboratory findings, are shown in table 4
No differences were seen between the 3 treatment groups
Besides hepatotoxicity, there were no consistent differences in other adverse events between the 3
groups The duration and seventy of adverse events were also similar A total of 95% of patients
experienced some sort of toxic event Patients scored most adverse events as 4-6 on a 1-10 scale ( 1
= very mild and 10 = very severe), and these events did not lead to adjustments of the MTX dosage
Leukopenia was seen in 9 patients (2 taking placebo, 4 taking folic acid, and 3 taking folinic acid)
Mild thrombocytopenia was seen in 4 patients in the placebo group One patient had a doubling
of the serum creatinine value, this patient was taking folic acid
Disease activity
In the ITT analysis, as well as during actual MTX treatment (data not shown), there were no significant differences in disease activity between the 3 treatment groups (table 5) This was also
observed for the course of the DAS during the study The greatest decline in the DAS occurred
during the first 6 weeks of treatment
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Table 3. Elevated alanine aminotransferase values*

Elevation of liver enzyme levels

Treatment group
Placebo

Folic acid

Folinic acid

(n=137)

(n=133)

(n=141)

Mild

20(15)

7(5)§

8(6)5

Moderate

17(12)

5(4)5

10(7)5

Severe

35 (26)

5(4)§

6(4)5

Total

72 (53)

17(13)5

24(17)5

Mild elevations of liver enzyme levels resolved by lowering the methotrexate (MTX) dosage, moderate elevations
resolved by temporarily discontinuation of MTX, and severe elevations required discontinuation of MTX Values
are the number (%) of patients
§

p<0 001 versus placebo

Table 4. The 10 most frequently reported symptoms/complaints* 1%)

Symptom/complaint

Treatment group
Placebo

Folic acid

Folinic acid

Total

|n=137)

(n=133)

(n=141)

(n=411)

Nausea

55(40)

44 (33)

51 (36)

150(36)

Dizziness

33(24)

30 (23)

34 (24)

97(24)

Headache

34(25)

36(27)

26(18)

96(23)

Skin symptoms

31 (23)

27 (20)

28 (20)

86(21)

Malaise/tiredness

19(14)

33 (25)

27(19)

79(19)

Upper abdominal pain

27 (20)

21(16)

29(21)

77(19)

Stomatitis

24(18)

20(15)

25(18)

69(17)

Cough

25(18)

14(11)

27(19)

66(16)

Hair loss

19(14)

10(8)

20(14)

49(12)

Diarrhea

11(8)

12(9)

20(14)

43(10)

*

p>0 08 versus placebo for all symptoms/complaints Values are the number {%) of patients
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Figure 2. Response rates according to the European League Against Rheumatism (EULAR) response
criteria and the American College of Rheumatology 50% (ACR-50) and 20% (ACR-20) response criteria,
by supplement group.

In both types of analyses, the response according to the EULAR (27) and the ACR 20% and ACR
50% response criteria (28,29) showed the same pattern, and there were no significant differences
between the 3 groups (figure 2).
After 48 weeks, the improvement in measures of functional capacity were similar in the 3 treat
ment groups (table 5).
MTX

dosage

The protocol recommended that the MTX dosage be increased by 2.5 mg every 6 weeks until a
good response was achieved. During the study, each patient had 16 evaluations at which decisions
about the MTX dosag were made. However, not all patients who were eligible for an increase in
the MTX dosage (i.e., did not meet the response criteria) had their MTX dosage increased. This
was mostly due to the patient's refusal to increase the MTX dosage because he or she was content
with the effect already achieved and/or was concerned about toxicity at higher dosages. Failure to
increase the MTX dosage despite insufficient response occurred at 2.5% of the evaluations in the
placebo group, 2.2% in the folic acid group, and 2.7% in the folinic acid group.
In patients who did not discontinue MTX, the final MTX dosage was significantly lower in the
placebo group (14.5 mg/week) than in the folic acid group (18.0 mg/week; p<0.001) and the
folinic acid group (16.4 mg/week; p=0.017). The 2 folate supplementation groups did not differ
significantly (p=0.06)(table 6).
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Table 5. Changes in clinical and laboratory variables from baseline to the end of the study,
by intention-to-treat analysis*
Treatment group
Placebo

Folic acid

Folinic acid

(n=137)

(n=133)

(n=141)

Disease Activity Score

-15 + 12

-15 + 12

-14±1 1

Ritchie Articular Index

-59 ± 6 9

-7 1 ± 6 6

-66 + 65

No of painful |oints (maximum 53)

-89±94

-108 + 107

-95±96

No of swollen joints (maximum 44)

-8 3 ± 7 6

-84 + 80

-76 + 76

Pam, VAS score*

-150 + 244

-151 ±244

-16 4 ±231

General health, VAS score*

-14 0 ±26 6

-159±240

-138±249

Patient's global assessment of disease activity (1-5 scale)&

07±10

08±10

0β±09

Physician's global assessment of disease activity
(1-5 scale)*

06±09

07±09

07±0B

Patient's assessment of physical function (0-10 scale)§

-1 26 ± 1 00

-107±065

-0 82±055

Erytrocyte sedimentation rate, mm/hour

-19 0 ±25 6

-161 ±25 5

-18 2 + 22 8

*

There were no significant between-group differences for any of the variables Values are the mean ± SD

#

The visual analog scale (VAS) was a 0-100 mm scale, where 0 = best imaginable and 100 = worst imaginable

&

Global assessments used a 1-5 scale where 1 = no disease activity and 5 = worst imaginable disease activity

5

Patients assessment of physical function was based on the categories of functional capacity of the upper and the lower
extremities of the Arthritis Impact Measurement Scales Assessments used a 0-10 scale, where 0 = no physical impairment
and 10 = worst imaginable physical impairment

Table 6. Changes in DAS from baseline, final MTX dosage, and cumulative MTX dose for all patients
who took MTX during the 43-week trial*
Treatment group
Placebo

Folic acid

Folinic acid

(n=137)

(n=133)

(n=141)

Change DAS

1 54 ± 1 03

Final MTX dosage (mg/week)

145±58

180±55$

164±62&

Cumulative MTX dose (mg)

571 ±133

656 ±114*

627 ± 133#

'Values are the mean ± SD DAS = Disease Activity Score, MTX = methotrexate
§

ρ >0 1 versus placebo

5

ρ < 0001 versus placebo

6

ρ = 0017 versus placebo

#

ρ < 0 01 versus placebo

1 73 + 1 06§

1 66 + 0 97§
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Discussion
MTX is currently a DMARD of first choice in the treatment of RA Unfortunately, its use is limited by its toxicity The prescribing of folates to decrease the frequency of adverse events caused
by MTX is far more common in the US than in Europe (90% versus 10% of patients) (30)
Previous trials examining the effects of folate supplementation (10-20) left several questions
unanswered.
Recently, Ortiz et al (19) performed a meta-analysis of 7 double-blind, randomized, controlled trials with a total sample of 307 patients (67 patients treated with folic acid, 80 patients treated with
folline acid, and 160 patients without folate supplementation) This meta-analysis demonstrated a
reduction in mucosal and gastrointestinal side effects, with an OR of 0.21 (95% CI 0.10 to 0 44)
for folic acid and 0.58 (95% CI 0 29 to 1 16) for folinic acid Effects on elevated liver transaminase
levels could not be evaluated since in only 3 studies were the number of patients with abnormal
liver transaminase levels reported. No consistent differences in disease activity variables were
observed, but the small sample sizes studied sofar make conclusions difficult to draw.
Compared with previous studies, the present trial has several advantages More patients were
studied and, and contrary to the studies using combined toxicity scores, all adverse events were
analyzed individually (16,17) Moreover, the attending rheumatologists were encouraged to
increase the dosage of MTX gradually until a relevant improvement of disease activity was
achieved As a result, the mean dosages of MTX at the end of the study were higher than in
studies previously described, and more consistent with current practice
A major finding of our study is that both folic acid and folinic acid reduce the incidence of MTXrelated transaminase elevations Within the rules of our protocol, this allowed significantly more
patients to continue taking MTX Some points need to be discussed in relation to this finding.
First, decisions in our study were based exclusively on ALT values since aspartate aminotransferase (AST) values were not available In general, elevations of ALT are more frequent than elevations of AST (30), and as a consequence, this measure could be too sensitive.
Second, one might argue that decisions to reduce or discontinue MTX were made too quickly.
However, in our study, 2 abnormal results (ALT level above the upper limit of normal) among 4
consecutive (once every 3 weeks) liver function determinations were considered to indicate mild
elevation of the ALT values, and the MTX dosage was adjusted accordingly. In comparison, the
suggested guidelines for monitoring liver toxicity recommend a liver biopsy or discontinuation of
MTX treatment if 5 of 9 transaminase determinations within a given 12-month interval (or 6
abnormal results of 12 measurements if tests are performed monthly) are abnormal (defined as
an elevation above the upper limit of normal)(30).
Third, the duration of followup in our study was 48 weeks We cannot exclude the possibility that
significant liver toxicity might have developed with prolonged MTX treatment, even with folate
supplementation
Fourth, NSAIDs may also influence the incidence of transaminase elevations In our study, the use
of NSAIDs was permitted only in stable dosages from at least 1 month before enrollment until the
end of the study, and the numbers of patients taking NSAIDs were similar among the 3 treatment
groups. After MTX was discontinued, the elevated ALT values resolved in all patients It therefore
seems likely that hepatotoxicity was not caused by NSAIDs

chapter 3 47
Methotrexate and supplementation with folic or folinic acid

Finally, the protocol allowed patients to consume up to 20 alcoholic drinks per week This reflects
current practice in The Netherlands but is in conflict with the existing guidelines of the ACR (30)
All of the additional analyses we performed failed to show an influence of alcoholic consumption
(within the limits of our inclusion criteria) on the occurrence of elevated transaminase values
No differences were observed for any of the other adverse events reported We were unable to con
firm the finding in the meta-analysis by Ortiz et al (19) of reduced mucosal and gastrointestinal
toxicity with folate supplements In the present study, these toxicities were apparently experienced
by the patients as mild or moderate and were either accepted or handled by dosage reduction of
MTX
In their studies on folic acid supplementation, Morgan et al (17) used a composite toxicity score
To facilitate comparison of our results with these earlier studies, we also calculated these scores
The mean score was higher in the placebo group (4 86) than in the folic acid (2 45) and folinic
acid (3 06) groups Differences between the placebo group and the folic acid group (mean differ
ence 2 41, 95% CI 1 02 to 3 80) and the folinic acid group (1 80, 95% CI 0 29 to 3 32) were sta
tistically significant (p = 0 0007 and ρ = 0 02, respectively) The difference between the 2 folate
supplementation groups (0 61, 95% CI -0 43 to 1 65) was not statistically significant (p = 0 25)
In comparison with the study by Morgan et al ( 17), the toxicity scores in our study are higher, this
is probably due to the higher frequency of toxicity monitoring in our study
It could be argued that the dosage of folates may have been suboptimal for the relatively high
dosages of MTX in our study and that higher folate dosages could have resulted in decreases in
the frequencies of other adverse events in addition to the observed decrease in the frequency of
elevated ALT values However, the folic acid and folinic acid dosages in our study were chosen in
accordance with published effective dosages, and in the meta-analysis by Ortiz et al, higher folate
dosages were not more effective than lower ones (10,11,19)
Small effects of folate supplementation on the efficacy of MTX can only be shown in large
studies This study had 80% power to demonstrate a difference of 0 30 units in the decrease of the
DAS between the 3 treatment groups In fact, in the ITT analysis, no differences in the DAS val
ues were found between all groups at any time during the study Also, the numbers of patients
with a moderate or a good response to treatment, according to EULAR response criteria, were
similar in the 3 groups
The dosages of MTX at the end of the study were higher than those in the studies by Morgan et
al (9 5 mg/week) and Shiroky et al (13 6 mg/week) (10,17) These previous studies were done at
a time when rheumatologists were not using the higher dosages used today Moreover, in the pres
ent study, the protocol encouraged attending rheumatologists to increase the MTX dosage until
at least a relevant response to treatment was achieved In the folate supplementation groups, the
final dosage of MTX in those patients who continued treatment was higher than that in the place
bo group (18 0 and 16 4 versus 14 5 mg/week) A likely explanation would be that folates decrease
the efficacy of MTX to some extent and that as a result, higher dosages of MTX are needed for the
same clinical response
Recently, 2 large studies, one conducted in North America and one predominantly in Europe,
comparing the efficacy and safety of leflunomide versus MTX and placebo have been reported
(31,32) In these studies, MTX was prescribed at a fixed dosage of 15 mg/week Folate supple
mentation was mandatory in the study in North America and was uncommon in Europe The
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ACR 20% response rate was lower in the North American than in the European study (52% versus 65%), and elevations of transaminases were more frequent in Europe The discrepancies in
these results have been suggested to be due to the difference in folate supplementation between
the 2 trials, the contention being that folate supplementation reduces the efficacy of MTX to some
degree (33) Other investigators have drawn attention to other differences between the 2 trials that
may also explain the disparate outcomes, including differences in study design (a randomized
placebo-controlled North American study and a randomized non-placebo-controlled multinational study), disease duration, and amounts of NSAIDs used (34)
In conclusion, this is the first large randomized study that unequivocally demonstrates that either
of the 2 folate supplementation regimens are equally effective at increasing the rate of continuation of MTX by their ability to decrease the incidence of elevated ALT values Folate supplements
seem to have no effect on other adverse events A negative effect on the efficacy of MTX after 48
weeks of treatment, if any, is small and can be overcome by slightly higher MTX dosages without
increased toxicity over the short term However, we cannot exclude the possibility that slightly
higher weekly and cumulative doses of MTX could be associated with long-term toxic effects
Advantages of folic acid over folmic acid are the lower costs and the convenience of administration folic acid is very inexpensive and does not need to be given at a fixed interval
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Abstract
Objective · To study the cost-effectiveness of supplementation with folic or folinic acid in
methotrexate (MTX) treated patients with rheumatoid arthritis (RA)
Methods · Patients with active RA (η = 434) were randomly assigned to receive MTX plus either
placebo, folic acid or folinic acid Efficacy was measured by drug-survival and quality of life was
assessed with the EuroQol questionnaire The cost analysis included both medical and non-medi
cal costs, noted on special Case Report Forms and patient diaries Incremental cost-effectiveness
ratios (ICERs) were calculated for the comparison of folic acid with placebo and for folinic acid
with placebo
Results · The economic evaluation showed that the investment needed to save one patient from
discontinuing MTX treatment was €45 for folic acid and €183 for folinic acid The total costs
(medical and non-medical) were comparable between the 3 treatment groups Since the mean
quality of life scores were not significantly different between the 3 treatment groups, the corresponding ICERs were not calculated
Conclusion · In the setting of current clinical practice in the Netherlands supplementation with
folic acid is recommended for patients with active RA who start treatment with MTX
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Introduction
Financial resources in health care are limited and choices must be made concerning their use.
Economic evaluations address both effectiveness and costs of different therapies and their results
are used when decisons must be made about the introduction of new therapies. They are also
increasingly important in the formulation of guidelines by organisations of health care professionals In this way, economic evaluations are relevant for the clinician. In rheumatology, several
authors have recommended the inclusion of economic evaluations in clinical trials (1,2). So far,
several economic evaluations have been performed in the field of rheumatology (3-6)
Methotrexate (MTX) is an effective disease modifying antirheumatic drug (DMARD) for patients
with rheumatoid arthritis (RA) (7,8) However, within one year, up to 30 % of the patients have
to stop treatment because of severe adverse events (9) Supplementation with folic or folinic acid
during MTX treatment may reduce the toxicity due to MTX (10-12) Recently, a randomized clinical trial was performed to study the effects of folic or folinic acid supplementation on both the
efficacy and toxicity of treatment with MTX ( 13). In order to evaluate the costs and potential benefits associated with folic or folinic acid supplementation during MTX treatment, we performed
an economic evaluation alongside this trial
Before we describe the methods and results of our study we will first summarize some aspects of
the terminology and methodology of economic evaluations Economic evaluations should ideally be preceded by three other types of evaluations, considering efficacy, effectiveness and availability (14) Efficacy studies are designed to answer the question whether an intervention can
work Effectiveness relates to the question whether the intervention works in clinical practice In
availability studies the central question is whether the intervention is available to all people who
could benefit from it Subsequently it is necessary to measure and value costs and benefits in order
to evaluate whether the costs of the new treatment are justifiable in relation to the benefits that

Table 1. Checklist for economic evaluations by Drummond et al (14)

1

Was a well defined question posed in answerable form 7

2

Was a comprehensive description of the competing alternatives given'

3

Was the effectiveness of the programme established'

4

Were all important and relevant costs and consequences for each alternative identified'

5 Were costs and consequences measured accurately in appropriate physical units'
6

Were costs and consequences valued credibly'

7

Were costs and consequences ad|usted for differential timing'

8

Was an incremental analysis of costs and consequences of alternatives performed'

9

Was allowance made for uncertainty in the estimates of costs and consequences'

10 Did the presentation and discussion of the study results include all issues of concern to use'
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Table 2. Recommendations for economic evaluations by OMERACT (15)

Perspective
• The societal perspective should be included
Measures of effectiveness
• Sole reliance on efficacy data from clinical trials is not recommended
•

In addition to clinical data, population based, observational data analyses
and meta-analyses should be incorporated

• ACR or EULAR criteria recommended as measures of response
Measures of cost and health services utilization
• Quality Adjusted Life Years are recommended
•

Estimates of costs should include costs of health care services, patient and caregiver time,
and the monetary value of non-health effects (the cost of lost work)

• Lost work time and listing of specific services utilized should be reported separately
• The most appropriate comparison group should be current practice
• Discounting of costs and health outcomes with 3% per annum
Statistical analysis
• One-way and multi-way sensitivity analyses should be conducted
•

Incremental cost-effectiveness ratio of the intervention compared to current practice should be reported

• Statistical modeling based on real utilization data in a community setting should complement
economic evaluations done within clinical trials

are achieved. This type of evaluation is referred to as an economic evaluation. A complete economic evaluation is characterized by inclusion of both costs and consequences, and by a comparison with an alternative treatment. In the analysis, the (additional) costs and (additional)
effects of a (new) intervention are compared to the costs and effects of an alternative. The incremental cost-effectiveness ratio (ICER) of treatment 1 over 2 is defined in the formula: ICER =
(Costsl - Costs2) / (Effectsl - Effects2). The ICER should be interpreted as the additional investment needed to obtain an additional effect with treatment 1.
In the literature experts have formulated guidelines on how to perform an economic evaluation.
These guidelines can also be used to determine the validity of an economic evaluation.
Drummond et al provide a general checklist containing ten questions, which is useful to quickly
identify relevant methodological aspects of an economic evaluation (table 1) (14). This checklist
helps to identify the strengths and weaknesses of a study.
In 1997, at the second Outcome Measures in Rheumatoid Arthritis Clinical Trials (OMERACT)
conference, a task force was formed to study economic and health status outcomes in rheumatology. In 1999, the subgroup studying economic evaluations presented guidelines for economic
evaluation in rheumatology (table 2) (15). These guidelines are more specific and describe which
choices are recommended. For example, Drummond et al mention that a description of the alternatives should be given (14). OMERACT states that the best alternative of an experimental treatment is current practice (15).
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These guidelines from Drummond et al and OMERACT can be used to assess whether an economic evaluation is valid and whether all relevant aspects are included However, it is more difficult to determine whether the results apply to one's own setting Therefore, it is necessary to assess
the context in which the study has been performed There are four aspects which describe the
context of an economic evaluation 1) the viewpoint of the analysis, 2) the alternative in the comparison, 3) the trial protocol, and 4) the time horizon
The viewpoint, or perspective, determines which costs categories should be included and how
they should be valued (14) The main perspectives that can be distinguished are the third party
payer perspective (health care insurers), the perspective of a health care institution, and the
societal perspective In the third party payer perspective, costs are valued using the charges of the
interventions In the perspective of a health care institution, real cost prices are calculated instead
of charges A societal perspective implies that not only costs induced by the caregivers or caregiving institution should be included, but also other costs, such as travelling costs of patients,
costs of medication not on prescription, and the costs of absenteeism from work, usual referred
to as productivity costs The choice for one of these perspectives mostly depends on who has
commissioned the economic evaluation
Since an economic evaluation is based on a comparison between at least two interventions, the
choice of the alternative treatment may influence the results In some cases, the choice of the com
parator might even bias the results (16) If a new intervention has been compared with a very
expensive and not effective treatment, the surplus value of this new intervention may be overestimated The choice of the alternative depends on the perspective of the analysis From a societal
perspective, the most relevant alternative might be current practice From the patient's perspective, the most effective treatment might be the best comparator
In a clinical trial, the efficacy of an intervention is evaluated For decision-makers and physicians,
the effectiveness of an intervention is more important than the efficacy Measuring the efficacy in
a trial might lead to promising results, which may be disappointing after implementation of the
intervention in clinical practice A more naturalistic trial is needed to assess the effectiveness of
an intervention (17) A naturalistic trial means that the data should be collected under natural
healthcare circumstances Other reasons why clinical trial data might be less useful are the selection of subjects in clinical trials, the short duration, and the protocol driven costs Protocol driven costs are costs related to the use of resources that are associated with the trial, in contrast to
costs associated with patients' treatment (14)
Especially in evaluations concerning chronic diseases, the time horizon should be long enough to
include all relevant costs and consequences, in order to assess the long-term impact of an intervention (18)

Methods
Outline of the trial
The economic evaluation was performed alongside a forty-eight-week, multicenter, randomized,
double-blind, placebo-controlled study, which has been described in detail by van Ede et al (13)
Patients with active RA and no former MTX treatment were asked by the treating rheumatologist
to participate in the trial Patients were randomly assigned to 3 groups MTX plus placebo, MTX
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plus folic acid ( 1 mg per day), and MTX plus folinic acid (2.5 mg once a week). All patients were
treated with MTX starting at a dosage of 7.5 mg orally once a week. In case of insufficient
improvement in disease activity, the dosage could be increased every 6 weeks by 2.5 mg up to a
maximum of 25 mg MTX/week. If the MTX dosage reached 15 mg/week or more, the dosages of
folic and folinic acid were doubled.

Effects
Two outcome measures were used in the cost-effectiveness analysis: drug survival and quality of
life. The drug survival was analyzed using the Kaplan-Meier method (13). Quality of life was
measured with the EuroQol questionnaire, including five questions regarding impairment on five
domains of quality of life (mobility, self-care, usual activities, pain/discomfort and
anxiety/depression). The answers on these questions provided a classified health status. The
health status was valued using preferences elicited from a general population by the time-tradeoff method (range 0-1,1 indicating perfect health) (19). The patients completed the EuroQol at
intake and after 12,24, 36, and 48 weeks of follow up. Quality Adjusted Life Years (QALYs) for the
48-week period were calculated with the area under the curve of the EuroQol scores. To calculate
the area under the curve, the patients needed to fill out at least four out of five EuroQol questionnaires, including the first and the last questionnaire. The score of a missing or incomplete
questionnaire was interpolated using the other quality of life scores of the patient. The mean
quality of life scores and the 95% confidence interval (CI) were calculated for each treatment
group.

Costs
Both medical and non-medical costs were included in the cost analysis. It appeared difficult for
both patient and physician to distinguish between medical costs related to the interventions and
other medical costs. Therefore we included all medical costs. Protocol-driven-costs were not
included in the cost analysis.
The medical costs were categorized into 3 groups: the costs of the primary treatment, the costs of
RA treatment, and all other medical costs. The costs of the primary treatment included the costs
of co-medication with folic or folinic acid and MTX. The costs of RA treatment contained,
besides the costs of the primary treatment, also the costs of outpatient visits to the rheumatologist, and the costs of other RA medication (other DMARDs used after discontinuation of MTX,
corticosteroids, and nonsteroidal antiinflammatory drugs (NSAIDs)). Other medical costs were
defined as the costs for visits to a general practitioner, other outpatient visits, use of other medication available at prescription, hospitalization, and surgery.
The non-medical costs were divided in the following subgroups: travelling costs, absenteeism, and
out-of-pocket costs (alternative treatment, home help, medication not on prescription, and other
expenses related to RA).
Costs were calculated by multiplying resources consumed with cost prices. The quantities were
measured using Case Report Forms (CRFs) and patient diaries. Every patient was asked to complete a diary once every 3 weeks, totalling 18 diaries during the study period. All prices were based
on the 1997 cost price level. Older prices were adjusted to the price level of 1997.
The prices of MTX and folate supplementation were calculated using the lowest price in the drug
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reimbursement system Polirne acid was not available in tablets of 2 5 mg Therefore we used the
price of a 15 mg tablet folinic acid divided by six Charges were taken as price for the outpatient
visits, surgeries, and diagnostic tests at the hospital For quantities with charges above €23, integral cost prices were calculated These integral cost prices included the costs for employees, costs
for materials, depreciation costs for inventory, and overhead costs The prices of frequent activities were calculated in both a university hospital and a general hospital A weighted average was
calculated using the ratio of the national number of RA patients treated in university hospitals
and the number of patients treated in general hospitals (20) No information about overhead
costs was available in the general hospital Therefore, the prices were corrected using the percentage overhead costs in the university hospital
Travelling costs were derived from the distance between the home address of the patient and the
hospital (estimated from postal codes) Travelling costs for visits to a general practitioner were
derived from the average distance to a general practitioner in the Netherlands, which is one kilometer Patients noted absenteeism in the diaries The number of days was multiplied with the
mean national costs per day (21) Patients noted the out-of-pocket costs in monetary units in
their diaries
Diaries were corrected for missing periods using the patient-year-approach (22) This means that
the costs of patients with missing diaries were extrapolated to a 48-week period After correction
for the missing diaries, the mean, median, and the inter-quartile range of the cost categories per
patient were calculated The costs were calculated according to the intention-to-treat analyses
Patients who discontinued MTX treatment were included in the analyses, and costs of treatment
after the MTX treatment were also included in the cost analysis

Analysis
Differences in the mean costs and effects between the treatment groups were tested separately
Differences in quality of life scores were tested by analysis of variance (ANOVA) The drug survival was analyzed with the Kaplan-Meier method The Mann-Whitney U test was used to test differences in the costs between the treatment groups
ICERs were calculated for two outcome measures First, differences in the costs of the primary treatment were related to differences in the MTX-survival between the treatment groups Other medical
costs, such as the costs of RA medication after discontinuation of MTX, were not directly related to
the drug survival Second, differences in the total costs (both medical and non-medical costs) were
related to differences in the quality of life scores (QALYs) between the treatment groups
For each ICER, two comparisons were made In the first comparison, the folic acid group was compared with the placebo group In the second comparison, the folinic acid group was compared with
the placebo group In each ICER, only patients with data about both costs and effects were included For example, patients who missed more than one EuroQol questionnaire were not included in
the ICER which compared the differences in QALYs, because no QALYs could be calculated
Finally, a sensitivity analysis was performed The aim of a sensitivity analysis is to analyze whether
uncertainties in data may have impact on the final outcome of the study (23) In the sensitivity
analysis, the estimates were varied within a defined range In this economic evaluation, both the
cost prices of the folate supplementation and the prices for outpatients' visits of a rheumatologist
were included in the sensitivity analyses
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Table 3. Mean and median volumes (frequency
after correction for missing diaries.
Placebo

the triai} per patient,

Folic acid
(n=122)

Folinic acid
(n=127)

median

mean

median

mean

median

In= 127)
mean

of use of resources during

consultations
general practitioner

2

1

3

2

2

1

rheumatologist

3

2

3

1

3

1

other medical specialists

2

1

2

0

2

0

physical therapy

9

0

9

0

11

0

occupational therapy

2

0

3

0

4

0

other therapies

5

0

2

0

6

0

hospitalization (days)

3

0

2

0

4

0

radiodiagnostics

0

0

0

0

0

0

endoscopy

0

0

0

0

0

0

surgeries

0

0

0

0

0

0

8
1

0

10

0

6

0

0

1

0

0

0

hospital

absenteeism*
paid work
unpaid work

The number of patients with paid work was 22 m the placebo group, 2B in the folic acid group, and 41 in the folinic acid group
The number of patients with unpaid work was 15 in the placebo group, 20 in the folic acid group, and 14 in the folinic acid group

Results
The study included 434 patients: 144 in the placebo group, 143 in the folic acid group, and 147 in
the folinic acid group. Fifty-eight patients were excluded from the analyses: 23 patients (placebo
group η = 7, folic acid group η = 6, and folinic acid group η = 10) were excluded due to inap
propriate inclusion in the study and 35 patients (placebo group η = 10, folic acid group η = 11,
and folinic acid group η = 14) were lost to follow up. Finally, 376 patients were included in the
economic evaluation. Fifty-four patients (placebo group η = 16 , folic acid group η = 16, and
folinic acid group η = 22) did not complete enough quality of life questionnaires to calculate
QALYs.

Effects
Toxicity-related discontinuation of MTX occurred in 38% of the placebo group, 17% of the folic
acid group, and 12% of the folinic acid group. The differences between the placebo group and the
folic acid (21%; 95% CI 11% to 32%) and the folinic acid (26%; 95% CI 16% to 36%) groups
were statistically significant (p < 0.001 for both comparisons) in contrast to the difference
between the two folate supplementation groups (4%; 95% CI —4% to 13%). The most frequent
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Table 4. Cost prices used to value volumes in the cost-effectiveness analysis {€, Euro!

Price

methotrexate (tablet 2 5 mg)

019

folic acid (tablet 1.0 mg)

0 05

folmic acid (tablet 2.5 mg)

0 69

general practitioner

16

rheumatologist

17

outpatient visit (per hour)

69

physical therapy

16

hospitalization

118

intensive care

1,044

chest radiograph

45

abdominal ultrasonography

67

cervical radiograph

45

bronchoscopy

142

duodenoscopy

96

total hip prosthesis

1,400

travelling costs (per kilometer)

0 18

absenteeism paid work (per hour)

18

absenteeism unpaid work (per hour)

7

adverse event leading to discontinuation of MTX was elevation of liver transaminases. Other, less
frequent reasons were gastrointestinal complaints, mental complaints, hair loss and general
malaise and weight loss. The between-group differences were explained by a decreased incidence
of elevated liver enzyme levels in the folate supplementation groups. More detailed information
was described in van Ede et al (13).
Quality of life scores at baseline, measured with the EuroQol questionnaires, were 0.49 (range
0.24 to 0.88) for the placebo group, 0.47 (range 0.18 to 0.92) for the folic acid group and 0.52
(range 0.32 to 0.92) for the folinic acid group. Quality of life scores improved in all groups. The
changes in scores after 48 weeks were 0.14 (95% CI 0.08 to 0.20) for the placebo group, 0.16 (95%
CI 0.11 to 0.21) for the folic acid group and 0.16 (95% CI 0.11 to 0.21) for the folinic acid group.
These differences between the three treatment groups were not statistically significant. The
QALYs (48 week period) were 0.55 (95% CI 0.52 to 0.58) in the placebo group, 0.55 (95% CI 0.52
to 0.58) in the folic acid group, and 0.58 (95% CI 0.56 to 0.60) in the folinic acid group.

Costs
Only 140 out of 376 included patients completed all 18 diaries. On average, 23 days of the follow
up period were missing. The missing periods were comparable between the treatment groups.
Table 3 shows the frequency of the use of resources during the trial. We found no significant dif-
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Table 5. Mean, median and interquartile range (IQ range) of costs per patient per 43 weeks (€, Euro}
Placebo
(n=127)

Folic acid
(n=122)

Folinic acid
(n=127)

mean

median |IQ range] mean

median |IQ range] mean

median |IQrange]

25

28 [20-30]

44

50(33-54]

methotrexate

35

37 [23-481

45

48 [39-55]

44

48 [35-55]

extra laboratory

2

0 [0-0]

0

0 [0-0]

1

0[0-0]

rheumatologist

57

34 [0-85]

46

17(0-71]

44

20[0-59]

other RA-medication *

168

159(91-215]

156

140(71-216]

177

1581104-222]

subtotal

262

227 [170-334]

272

256(197-328]

310

295(217-373]

other outpatient visits

43

1510-52]

36

0[0-44]

49

0(0-21]

general practitioner

38

16(0-50]

42

27 [0-65]

35

16(0-54]

on prescription

339

207115-556]

287

78 [3-535]

280

104(4-537]

activities in hospital

16

0 [0-0]

125

0 [0-0]

150

0 [0-0]

hospitalisation

291

0 [0-0]

281

0 [0-0]

478

0[0-0]

paramedical treatment

259

0 [0-444]

215

0 [0-262]

284

0(0-411]

subtotal

986

586(144-1,282]

986

524(122-1,352]

1,276

488 [123-1,306]

costs RA treatment
folate supplementation

outpatient visit

other medical costs

other medication

non-medical costs
travelling costs

22

1315-29]

23

912-21]

21

7 [0-29]

absenteeism

1,141

0 [0-0]

1,428

0 [0-0]

827

0 [0-0]

out of pocket c o s t s "

571

23(0-641]

533

52 [0-507]

509

11(0-471]

subtotal

1,734

67[11-1,002]

1,984

182 [10-864]

1,357

12814-826]

total costs

2,981

1,314 [600-3,000] 3.243

*
"

1,556 [741-2,900] 2,943

1,198 [621-3.354]

nonsteroidal anti-mflammatory drugs, corticosteroids, and other antirheumatic medication
help at home, medication not on prescription, and other expenses related to RA

ferences between the three treatment groups. The results of the cost price calculations are presented in table 4.
The costs of primary treatment (MTX and folate supplementation) were higher in the folate supplementation groups then in the placebo group (table 5). The costs of RA treatment were €262
in the placebo group, €272 in the folic acid group, and €310 in the folinic acid group. The costs
of RA treatment were significantly higher in the folinic acid group in comparison with the placebo group (p=0.002). This was mainly due to higher productivity costs in this group. Overall, the
total costs (both medical and non-medical) were comparable in the three treatment groups.
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Table 6. Incremental cost-effectiveness ratios including differences in the costs of the RA treatment (€, Euro!
and the drug survival. The results of this study and the sensitivity analysis.
folic acid versus placebo*

folmic acid versus placebo*

45

183

price comedication high

320

1,062

price comedication low

folic acid is dominant

182

this study

sensitivity analysis

*

Additional costs to save one patient from discontinuation of MTX.

Incremental cost-effectiveness ratio's
An ICER was calculated for the differences in the costs of the primary treatment compared with
the differences in drug survival. Since drug survival is a group-outcome measure, the ICER could
not be calculated using the mean costs and the mean effect per patient in each treatment group.
For every 100 patients in each treatment group, the costs of the primary treatment were €26,200
in the placebo group, €27,200 in the folic acid group, and €31,000 in the folmic acid group. The
effects were discontinuation of MTX treatment in 38 patients (per 100) in the placebo group, 17
patients (per 100) in the folic acid group and 12 patients (per 100) in the folinic acid group.
Comparing the folic acid group with the placebo group, the ICER was €45 per patient saved from
discontinuation of MTX (table 6). Comparing the folinic acid group with the placebo group, the
ICER was €183 per patient saved from discontinuation of MTX.
The mean QALYs were not statistically significant different between the treatment groups.
Therefore, no ICERs were calculated using QALYs as effect variable.
In the sensitivity analyses, changes in the cost prices in the defined range did not influence the
overall result of the study (table 6). Only the price of folinic acid determines the choice between
the use of folic acid or folinic acid in the rheumatologist's practice.

Discussion
In our study, supplementation with either folic or folinic acid both reduced the incidence of elevated liver enzyme levels during MTX therapy equally effective. Consequently, MTX was discontinued less frequently in these patients (13). The present economic evaluation showed that the
investment needed to save one patient from discontinuing MTX treatment was lower for folic acid
than for folinic acid. The costs for supplementation with folic acid were €25 per patient per 48
weeks. The total costs (medical and non-medical) were comparable between the 3 treatment
groups. We will discuss these results using the four points of interest described in the introduction.
In this trial a societal viewpoint was used, implying the measurement of both medical and nonmedical costs (9). We planned to calculate two types of ICER: total costs per QALY gained and
primary treatment costs per additional patient not discontinuing MTX. Since QALYs were not
different between the treatment groups, no ICERs were calculated using the QALYs. This also
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means that total costs were not used in the calculation of ICERs Our choice to use primary treatment costs in the calculation of the remaining ICER is justified because these costs can be considered the investment needed to achieve that more patients continue MTX
In table 5 the costs for the different cost categories are reported separately This facilitates that specific groups of persons use the results of our study Officials with financial responsibilities in a
hospital for instance will be interested most in the medical costs that occur within the hospital.
Health insurers prefer charges over real cost prices These data cannot be directly derived from the
presented data The costs per patient should be calculated again, using the data on the consumption of resources and the relevant charges instead of the cost prices presented in table 4
In the present economic evaluation, we compared both folic and folinic acid with placebo
Placebo seemed the best alternative, because treatment with folate supplementation during MTX
treatment was not yet common practice in Europe at the time we planned this study If a new drug
is intended as an adjunctive therapy, and not as a substitute for an existing therapy, a placebo-controlled trial can be useful (8)
In a context where folate supplementation during MTX treatment is commonly used, these comparisons with placebo might not be relevant For example, in the United States, folic acid is used
more frequently To determine whether folinic acid might have surplus value over folic acid, a
direct comparison between folic acid and folinic acid should be made In this economic evaluation, we did not calculate the ICER for this comparison, but all relevant data are presented The
incremental costs for folinic acid compared to folic acid are €760 per patient saved from discontinuation of MTX
OMERACT recommended that decision analyses should be based on real utilization data in a
community setting to complement the economic evaluation done within a clinical trial (15) The
present economic evaluation was based on a clinical trial only Nevertheless, we tried to approach
clinical practice First, the dosages of MTX were comparable with current practice Second, in this
trial an intention-to-treat analysis has been performed This means that all patients were included in the groups to which they were originally randomly assigned, regardless whether they discontinued the treatment or deviated from the protocol Third, in this trial patients from both university hospitals and general hospitals were included, which increases the generahzabihty of the
findings Fourth, the protocol-dnven-costs (these are costs related to resource use associated with
the trial and not patients' treatment) were excluded from the cost analysis
The follow up period in this trial was 48 weeks In contrast, RA is a chronic disease, often lasting
life time Studies with longer periods of observation would be useful but are difficult to perform
The relative short duration of our study gives rise to specific problems First, we cannot exclude
the possibility that with prolonged treatment the beneficial effects of supplementation might disappear, although in general most adverse events leading to discontinuation of MTX occur during
the first year of treatment Second, no differences were found in the quality of life scores despite
the fact that more patients continued the use of MTX in the folate supplementation groups
Perhaps, a longer follow up period would have shown that prolonged MTX treatment translates
into higher quality of life scores
Several authors have discussed guidelines on economic evaluations and how to handle them
(14,15,24,25) Most literature on economic evaluations is concerned with the questions whether
all relevant aspects are included and whether the results are valid Such guidelines can be helpful
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in the assessment of economic evaluations in medical journals However, no guidelines exist for
determining whether an intervention is cost-effective and therefore, no threshold for an acceptable ICER can be given In our opinion, the additional investment of €1,000 per 100 patients per
48 weeks to achieve that 21 additional patients can continue MTX treatment is justifiable At the
time of our study, tumor necrosis factor (TNF)a blocking agents were not available for standard
treatment in the Netherlands At the present time these very expensive drugs are prescribed and
reimbursed for patients who fail MTX treatment In these new circumstances, the additional
investment to prevent MTX failure is more than compensated by the savings on TNFa blocking
therapy
In conclusion, the results of the present economic evaluation apply to the Dutch clinical practice
and health care system The results of our study support the use of folic acid as comedication during MTX treatment of RA The introduction of TNFa blocking agents for RA patients who fail
on MTX treatment after completion of our study, has strengthened this conclusion Whether the
results are also useful and will lead to the same recommendation in other countries, depends on
whether the context of the economic evaluation applies to the specific setting involved
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Abstract
Objective · To study the possible relationship between the C677T mutation in the methylenetetrahydrofolate reductase (MTHFR) gene and the toxicity and efficacy of treatment with
methotrexate (MTX) in patients with rheumatoid arthritis (RA)
Methods · Genotype analysis of the MTHFR gene was done in 236 patients who started MTX
treatment with (n=157) or without (n=79) folic or folinic acid supplementation Outcomes were
parameters of efficacy of MTX treatment, patient withdrawal due to adverse events, discontinuation of MTX treatment because of elevated liver enzyme levels, and the total occurrence of elevated liver enzyme levels during the study Multivariate logistic regression analysis was used to
study the relationship between the presence of the MTHFR C677T mutation and toxicity outcomes of MTX treatment
Results · Forty-eight percent of the patients showed the homozygous (T/T) or heterozygous
{TIC) mutation The presence of the C677CT or C677TT genotypes was associated with an
increased risk of discontinuing MTX treatment because of adverse events (relative risk 2 01, 95%
confidence interval 1 09 to 3 70), mainly due to an increased risk of elevated liver enzyme levels
(relative risk 2 38, 95% confidence interval 1 06 to 5 34) Efficacy parameters were not significantly different between the patients with and those without the mutation
Conclusion · The C677T mutation is the first identified genetic risk factor for elevated alanine
aminotransferase values during MTX treatment in patients with RA We postulate that the incidence of clinically important elevation of liver enzyme levels during MTX treatment is mediated
by homocysteine metabolism Supplementation with folic or folinic acid reduced the risk of toxicity related discontinuation of MTX treatment both in patients with and in patients without the
mutation
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Introduction
The precise mechanism of action of methotrexate (MTX) is still unknown MTX acts as a folate
antagonist, but it also exerts its action on other related metabolic pathways, such as purine and
pynmidine metabolism and the homocysteine-methionine pathway (1,2) MTX inhibits dihydrofolate reductase (DHFR), resulting in a depletion of tetrahydrofolates (THFs)(3,4) Reduced
availability of 5-methyl-THF (5mTHF) will reduce homocysteine remethylation to methionine,
leading to accumulation of homocysteine and decreased intracellular transmethylation capacity
(5)
In 1995, a C677T polymorphism of the methylene-tetrahydrofolate reductase (MTHFR) gene was
identified, which has a prevalence of ± 8% (homozygous form) in the normal population (6,7)
MTHFR is one of the regulating enzymes in the remethylation of homocysteine from methion
ine. In rheumatoid arthritis (RA) patients, both treatment with MTX and the presence of the
mutated MTHFR gene will lead to reduced conversion of 5,10-methylene-THF into SmTHF, subsequently leading to impeded remethylation of homocysteine and resulting in hyperhomocysteinemia
Theoretically, inhibition of methylation processes, which are very important for cell function,
could be responsible for side effects. It is not known whether the efficacy and toxicity of MTX
treatment are mediated partly by the same metabolic pathways or by completely different ones.
We undertook the present study to investigate the effect of the presence of the C677T mutation
on the toxicity and efficacy of MTX treatment in RA patients

Patients and methods
Patient population
The 236 patients enrolled in this study were participants in a 48-week, multicenter, double-blind,
placebo-controlled trial investigating the effect of folic acid and folimc acid supplementation on
the efficacy and toxicity of MTX treatment in 411 patients with RA diagnosed according to the
American College of Rheumatology (formerly, the American Rheumatism Association) criteria
(8). The results of this clinical trial have been published recently (9).
The present study was specifically designed to study the possible influence of the MTH FR C677T
mutation on the efficacy and toxicity of MTX therapy For logistic and financial reasons, not all
participating centers could enroll patients in the present study The sample size of 236 patients
was based on the expected prevalence of ±50% for the C677T mutation (±10% homozygous and
±40% heterozygous) in the MTHFR gene. The study was designed to have at least 80% power to
detect a 50% increment in the risk of adverse events leading to discontinuation of MTX treatment
in the groups with the mutation Treatment assignment was stratified for each center Patients
were eligible if they were age >18 years, and if active arthritis, defined as a Disease Activity Score
(DAS) >3 0, was present (10,11)
Patients previously treated with MTX or those consuming >20 alcoholic drinks per week were
excluded Treatment with other disease-modifying antirheumatic drugs was not allowed beginning 2 weeks before and continuing through the period of study. Corticosteroids and nonsteroidal antiinflammatory drugs were permitted if the dosages had been stable beginning at least
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1 month before enrollment and continuing until the end of the study
Patients were randomly assigned to receive either MTX alone, MTX plus folic acid (1 0 mg/day),
or MTX plus folimc acid (2 5 mg/week) The initial MTX dosage was 7 5 mg/week and could be
increased to a maximum of 25 mg/week if necessary The dosages of folic and folimc acid were
doubled when the MTX dosage reached >15 mg/week
The efficacy of MTX was measured by the DAS every 6 weeks ( 10,11 ) Toxicity was assessed every
3 weeks, at that time, routine laboratory measurements were performed, and a standard toxicity
questionnaire including 36 items, designed by Fries et al (12), was administered Adverse events
were classified as mild (handled by reduction of the MTX dosage with 2 5 mg/week), moderate
(handled by temporarily withholding the MTX), or severe (handled by permanent discontinuation of MTX)

Elevation of liver enzyme levels
Mild elevations of the liver enzyme levels were defined as alanine aminotransferase (ALT) values
<3 times the upper limit of normal levels occurring on at least at 2 of 4 consecutive (every 3
weeks) evaluations Moderate elevations were defined as ALT values >3 times the upper limit of
normal Mild elevations of ALT values were handled by reducing the MTX dosage by 2 5
mg/week If the mild elevation persisted (results not normalizing despite the lowered MTX
dosage) or recurred (reappearance of mildly elevated ALT values after resolution of the first
episode), this was also considered to be a moderate elevation of the ALT values Moderate elevations of the ALT values were handled by temporarily withholding the MTX When the laboratory results returned to normal, rechallenge with MTX at the last tolerated dosage was allowed
Again, in the case of an insufficient response, further increases in the MTX dosage were allowed
Persisting or recurrent moderate elevations of the ALT values were considered to be severe, and
the MTX was withdrawn permanently (For more detailed information, see ref 9 )

Genotypic analysis
The prevalence of the C677T mutation of the MTHFR gene was investigated by polymerase chain
reaction (PCR) and restriction enzyme analysis of DNA extracted from the patients' white blood
cells (6,13)

Statistical analysis
Patients with either the homozygous or the heterozygous C677T mutation were considered as one
group because of the small number of homozygotes expected (8% with the C677TT genotype,
according to the literature [14])
Patients treated with either folic or folimc acid were also considered as one group This was based
on the results of the randomized clinical trial from which all patients were recruited That study
showed no differences in the efficacy and toxicity outcomes of MTX treatment between the folic
acid and the folimc acid supplementation groups (9)
Finally, in the analysis of efficacy outcomes versus genotype, all 236 patients (with or without folic
or folimc acid supplementation) were considered as one group This was based on the fact that in
the aforementioned randomized clinical trial, no differences in efficacy were found between the
MTX plus placebo group and the MTX plus folic acid or folimc acid groups (9)
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Table 1 . Genofypes oi the 236 rheumatoid arthritis patients, by treatment group *

Genotype

CT
<n=95)

π

All

(n=122)

(n=19)

(n=236)

MTX + placebo
(n = 79)

38

35

6

79

MTX + folic acid
In = 79)

48

24

7

79

MTX + fohnic acid

36

36

6

78

cc

(n=78)

*

The genotype categories are homozygous (TT| heterozygous (CTI and no mutation
ICC) at position 677 in the methylenetetrahydrofolate reductase gene MTX = methotrexate

Baseline variables and changes in disease activity parameters, including the DAS and its individual
components, were compared between the different genotype groups by Student's f-test
To calculate the relative risks (RRs) associated with the presence or absence of the C677T muta
tion of the MTHFR gene, logistic regression analyses were performed The dependent variables
included the total incidence of increased ALT test results, regardless of severity, during the study
and withdrawal from the study because of either any adverse event or because of the occurrence
of elevated ALT values Besides the C677T mutation (homozygous or heterozygous), the inde
pendent variables included folate supplementation, age, sex, creatinine clearance, and alcohol
consumption Folate supplementation was defined as the use of folic acid or folinic acid as
comedication during treatment with MTX Alcohol consumption was classified as either absent
or present (within the limits defined by the exclusion criteria for the study) Bivanate regression
analysis was done to detect possible confounders. Subsequently, a final model was constructed
using stepwise multivariate logistic regression analysis In these analyses, the C677T mutation of
the MTHFR gene was always forced into the model

Results
A total of 236 patients were included in the study 79 in the placebo group, 79 in the folic acid
group, and 78 in the folinic acid group Nineteen patients (8%) had the homozygous (T/T) muta
tion, 95 patients (40%) had the heterozygous (C/T) mutation, and 122 patients (52%) did not
have the mutation (CIC) (table 1) Aside from a higher percentage of women in the mutated
groups (p<0 05), baseline variables showed no statistically significant between-groups differences
(table 2)

Toxicity
Toxicity-related discontinuation of MTX treatment occurred in 57 of the 236 patients (24%)
Thirty patients withdrew because of elevated ALT values, and 27 patients withdrew because of a
variety of toxicities, such as gastrointestinal complaints and hair loss
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Table 2. Demographics and disease characteristics in the 236 rheumatoid arthritis patients at baseline*

Genotype

cc
(n=122|

CT and ΓΓ
(n=114)

Age, years

56 ±12 5

55 + 131

Sex, % female

66

80#

Disease duration, months

83 ± 95.1

75 ±81.0

Rheumatoid factor, % positive

75 8

861

Disease Activity Score

45±10

46±09

Ritchie Articular Index

14 2 ± 8.7

149±67

No of painful joints (maximum 53)

207±124

213±104

No of swollen joints (maximum 44)

15.7 ± 7 1

16.9 ±7.4

ESR, mm/hour

46 2 ± 27 6

44 8 ± 26 1

VAS pain (0-100 mm scale)

52 5 ± 21 4

531 ± 2 0 4

VAS general health (0-100 mm scale)

50 4 ± 23 1

506±202

Folate supplementation, %

68 8

64 0

The genotype categories are homozygous (TT), heterozygous (CT|, and no mutation (CC) at position 677 in the
methylenetetrahydrofolate reductase gene The range of the visual analog scale (VAS) was from 0 (best status) to 100 (worst
imaginable status) Except where indicated otherwise, values are the mean t SD ESR=erythrocyte sedimentation rate
p<005

Table 3 shows the results of univariate logistic regression analysis of the risk of toxicity due to
MTX treatment and the presence of the MTHFR mutation. The presence of the C677T mutation
(either homozygous or heterozygous) was associated with an increased risk of MTX discontinu
ation due to any reason (RR 2.01; 95% CI 1.09 to 3.70) or due to elevation of ALT values (RR 2.38;
95% CI 1.06 to 5.34). In an additional analysis, we studied the association between the presence
of the C677T mutation and the total occurrence of any ALT elevations, including patients who
had to discontinue MTX treatment and patients in whom the ALT elevations could be handled by
MTX dosage reductions. In this analysis, no association was found (RR 1.01; 95% CI 0.58 to 1.78).
Patients receiving folate supplements had less chance of discontinuing MTX (RR 0.21; 95% CI
0.11 to 0.39).
No consistent, statistically significant association was found between possible confounders, such
as age, sex, creatinine clearance, and alcohol consumption, and the increased risk of toxicityrelated withdrawal from MTX treatment due to the presence of the C677T mutation. Only age
was discretely associated with the occurence of all hepatotoxicity (RR 1.03; 95% CI 1.01 to 1.06).
Table 4 shows the similar RRs from the bivariate logistic regression analyses before and after
correction for these confounders.
Finally, stepwise multivariate logistic regression analysis was performed. Age, sex, creatinine clear
ance and alcohol consumption were not selected for inclusion in this final model. In addition to
the C677T mutation (forced into the model), only supplementation with folic or folinic acid was
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Table 3. Relative risk of toxicity due to methotrexate treatment and the presence of the MTHFR mutation
in the 236 rheumatoid arthritis patients, by univariate logistic regression analysis*
Toxicity-related

Hepatotoxicity-

discontinuation

related discontinuation

All hepatotoxicity
(mild/moderate/severe)

(n = 57)

(n = 30)

(n = 68)

RR

95% CI

RR

95% CI

RR

95% CI

201

1 09 to 3 70

2 38

1 06 to 5 34

101

0 58 to 1 78

Age, years

101

0 98 to 1.03

100

0 97 to 1 02

1.03

1 01 to 1 06

Sex#

0.51

0.24 to 1.08

0 82

0.33 to 2.01

148

0.80 to 2.75

Presence of the MTHFR mutation

Creatinine clearance, ml/minute

100

0 99 to 1 02

1.01

100 to 102

100

0 98 to 1 01

Alcohol consumption*

0 85

046to157

0 86

0 39 to 1 90

0.83

0 47 to 1 49

Folate supplementations

0 21

0.11 to 0.39

0.11

005to028

017

009to032

*

Presence of the homozygous (TT) or heterozygous (CT) form of the C677T mutation in the methylenetetrahydrofolate
reductase (MTHFR) gene RR = relative risk, 95% CI=95% confidence interval

I

Males were coded as 0, females were coded as 1

*

No alcohol was coded as 0, < 20 drinks/week was coded as 1

§

No folate supplementation was coded as 0, comedication wih folic or folmic acid was coded as 1

Table 4. Relative risk for the association between the presence of the
toxicity outcomes before and after correction for possible confounders*

mutation

and

Toxicity-related
discontinuation

Hepatotoxicityrelated discontinuation

All hepatotoxicity
(mild/moderate/severe)

<n = 57)

(n = 30)

(n = 68)

RR

95% CI

2 01

1.09 to 3 70

Age, years

2.04

Sex#

189

Uncorrected

MTHFR

RR

95% CI

RR

95% CI

2.38

106 to 5 34

101

0 58 to 178

1.11 to 3.76

2 38

1.06 to 5.34

105

0 59 to 1 86

1 01 to 3 48

2 37

1.58 to 3 54

108

0 61 to 1.91

2.34

1.07 to 4.94

Corrected

Creatinine clearance, ml/minute

2 00

106to368

102

058to180

Alcohol consumption*

2 03

1.10 to 3 75

2.41

107 to 540

102

0.58 to 1.80

Folate supplementations

2.01

105 to 3.83

2.37

1 01 to 5.60

0 92

050to169

*

Values are the corrected relative risk (RR) of the methylenetetrahydrofolate reductase (MTHFR) mutation (C677TT/C677CT
versus C677CC) and the 95% confidence interval (95% CI)

*

Males were coded as 0, females were coded as 1

*

No alcohol was coded as 0, < 20 drinks/week was coded as 1

i

No folate supplementation was coded as 0, comedication wih folic or folmic acid was coded as 1
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Table 5 Discontinuation of MTX treatment because of elevated liver enzyme levels in relation to folic acid
or folmic acid supplementation and the presence or absence of the C677T mutation *
Genotype
CC

CT and TT

All subjects

(n=122)

(n=114)

(n=236)

MTX + placebo
(n=79)

8/38(211)

15/41(366)

23/79(291)

MTX + folic or folmic acid
(n = 157)

2/84(2 4)

5/73(6 8)

7/157(4 5)

All subjects
(n = 236)

10/122(8 2)

20/114(17 5)

30/236(12 7)

*

The genotype categories are homozygous ITT) heterozygous ICT) and no mutation (CO at position 677 in the methylenetetrahy
drofolate reductase gene Values are the number with the genotype/number in the group (%) MTX = methotrexate

significantly associated with all 3 outcomes of MTX treatment Therefore, multivariate RRs for
genotype were identical to the bivanate RRs corrected for the use of folates (table 4)
Supplementation with folic or folmic acid reduced the incidence of withdrawal from MTX treatment due to either an elevation of ALT values (RRO 11, 95%CI 0 05 to 0 28) or due to any adverse
event (RR 0 21, 95% CI 0 11 to 0 39) (table 3) Moreover, the total incidence of elevated ALT tests
during the study was decreased (RR 0 17, 95% CI 0 09 to 0 32)
Table 5 shows the proportions of patients who discontinued MTX treatment because of ALT elevations subgrouped according to genotype and folate supplementation Folates appeared to be
equally effective in reducing hepatotoxicity in patients with and without the C677T mutation in
the MTHFR gene The RRs associated with the use of folates were similar in both groups, with
widely overlapping 95% CIs (for patients with the mutation RR 0 19,95% CI 0 08 to 0 43 and for
patients without the muation RR 0 11, 95% CI 0 03 to 0 39) In addition, the logistic regression
analyses failed to show an interaction between folate supplementation and the presence of the
C677T mutation in the MTHFR gene
In an additional analysis, the effect of homozygosity versus heterozygosity of the C667T mutation
was studied, despite the low number of patients with the homozygous mutation The presence of
both the heterozygous mutation (C677CT versus C677CC) and the homozygous mutation
(C677TT versus C677CC) was associated with an increased risk of MTX discontinuation due to
elevation of the ALT values (for heterozygous patients RR 2 58, 95%CI 1 08 to 6 19 and for
homozygous patients RR 1 35, 95% CI 0 69 to 21 66)

Efficacy
Improvements in clinical and laboratory variables in the patients, grouped according to the presence and absence of the C677T mutation, are shown in table 6 No significant differences were
found in relation to the presence or absence of the homozygous or heterozygous form of the
C677T mutation of the MTHFR gene
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Table 6. Improvement in clinical and laboratory variables in relation to genotype*
Genotype

CC

CT and π

Difference

(n=122)

(n=114)

(95% CI)

Disease Activity Score

14 + 11

16 + 11

0 2 (-008 to 0 48)

Ritchie Articular Index

64±70

76 + 73

1.2 (-0 62 to 3 02)

21.4 + 104

208 + 124

0 6 (-3 5 to 2.3)

No of swollen |oints (maximum 44)

70 + 73

87±74

17 (-018 to 3 58)

ESR, mm/hour

180 + 259

20.1 ±23 3

2 1 (-4 2 to 8.40)

VAS for pain (0-10O mm scale)

17 7 + 243

17.2 ±25 2

0 5 (-6 82 to 5 82)

VAS for general health (0-100 rim scale)

15 2 ±26 3

16.1+25 8

0 9 (-5 75 to 7 55)

No ot painful joints (maximum

53)

The genotype categories are homozygous (TT), heterozygous (CT), and no mutation ICC) at position 677 in the methylenetetrahydrofolate reductase gene The range ot the visual analog scale (VAS) was from 0 (best status) to 100 {worst imaginable status)
Except for the difference and 95% confidence interval (95% CI), values are the mean ± SD ESR=erYthrocyte sedimentation rate

Discussion
The outcome of MTX treatment in the individual patient is unpredictable. Because of the pres
ence of the homozygous or heterozygous C677T mutation of the MTHFR gene, some patients
may be genetically more prone to benefit from MTX treatment or to experience its toxicity (1).
This study was designed to examine the possible influence of the C677T mutation in the MTHFR
gene on the outcome of MTX therapy. The main finding of our study is the increased risk of toxicity-related discontinuation of MTX in patients with the C677T mutation in the MTHFR gene
(estimated RR 2.34). No effect was seen in relation to efficacy.
Some points of the study design should be addressed. First, the 236 patients enrolled in the pres
ent study form a selection from a randomized clinical trial containing 435 patients. Since no sta
tistically significant differences in the baseline characteristics between the original (9) and the
present study group were seen, we think the group of 236 patients from the present study form a
representative group. Second, at baseline, there were statistically significantly more women with
the gene mutations. In subsequent logistic regression analyses, sex appeared not to be a confounder.
Theoretically, one would expect the association between the MTHFR genotype and toxicityrelated withdrawal from MTX treatment to be stronger in the homozygous group than in the
heterozygous group. An additional analysis for both mutation forms examined separately showed
a higher RR for the heterozygous group. However, in the homozygous group, the 95% CI of 0.69
to 21.66 was rather wide due to the small group of homozygous patients, and no definite conclu
sions can be drawn.
The results show a discrepancy between the RRs for discontinuation of MTX treatment due to
elevated ALT values and the total incidence of elevations of ALT values. The latter is not associated
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with the presence or absence of the C677T mutation in the MTHFR gene This is probably
because temporarily and slightly elevated ALT values may be the result of chante or may be
caused by other factors, such as alcohol consumption and other medication
Supplementation with folic or folinic acid reduces the incidence of toxicity-related withdrawal
from MTX treatment, as has been demonstrated in a larger group of patients (9) The RRs for
MTX discontinuation associated with the use of folic or folinic acid are similar in patients with
and without the mutation Because of the higher baseline risk in patients with the heterozygous
or homozygous C677T mutation, the absolute risk reduction is larger in these patients than in
those without the mutation
No studies investigating the relationship between the outcome of MTX treatment and the presence or absence of the C677T mutation of the MTHFR gene have previously been published
Haagsma et al (15) showed a relationship between the presence of the C677T mutation and the
occurence of hyperhomocysteinemia during MTX treatment Those investigators also identified
a relationship between the change in homocysteine levels and (gastrointestinal) toxicity Andersen
et al (16) found a relationship between hyperhomocysteinemia and liver enzyme elevations during MTX treatment In concordance with our results, these findings suggest that the presence of
the C677T mutation and subsequent decreased conversion of intracellular folates into 5mTHF
leads to increased toxicity, probably via impeded homocysteine metabolism
We conclude that the C677T mutation is the first identified genetic risk factor for toxicity in MTX
treatment in patients with RA Patients with the MTHFR mutation will probably benefit from
supplementation with folic or folinic acid during MTX treatment

Acknowledgements
This study was supported by a grant from the Dutch Arthritis Association
Dr. Blom's work was supported by a grant from The Netherlands Heart Foundation (D97-021).

chapter 5 75
Methotrexate and the C677T mutation in the MTHFR gene

References
1

van Ede AE, Laan RFJM, Blom HJ, De Abreu RA, van de Putte LBA Methotrexate in rheumatoid arthritis an update with focus
on mechanisms involved in toxicity Sem Arthritis Rheum 1998,27 277-92

2

Cronstem BD The mechanism of action of methotrexate Rheum Dis Clin NA 1997,23(41739-55

3

Grosflam J, Weinblatt ME Methotrexate Mechanism of action, pharmacokinetics, clinical indications and toxicity Curr Opm
Rheumatol 1991,3 363-8

4

Goldman ID, Matherly LH The cellular pharmacology of methotrexate Pharmacol Ther 1985,28 77-102

5

Fmkelstem JD Methionine metabolism in mammals J Nutr Biochem 1990,1 228-37

6

Frosst P, Blom HJ, Milos R, Goyette P, Sheppard CA, Matthews RG, Boers GJH, den Heijer M, Kluijtmans LAJ, van den Heuvel LP,
Rozen R A candidate genetic risk for vascular disease a common mutation m methylenetetrahydrofolate reductase Nature
Genetics 1995,10 111-3

7

Engbersen AMT, Franken DG, Boers GHJ, Stevens EMB, Trijbels FJM, Blom HJ Thermolabile 5,10-methylenetetrahydrofolate
reductase as a cause of mild hyperhomocystememia Am J Hum Genetics 1995,56 142-50

8

Arnett FC, Edworthy SM, Bloch DA, et al The American Rheumatism Association 1987 revised criteria for the classification of
rheumatoid arthritis Arthritis Rheum 1988,31 315-24

9

van Ede AE, Laan RFJM, Rood MJ, et al Effect of folic and folmic acid supplementation on toxicity and efficacy of methotrexate
in rheumatoid arthritis A double-blind, randomised, placebo-controlled, multicenter, 48-week study In press

10

Van der Heijde DMFM, van 't Hof MA, van Riel PLCM, et al Judging disease activity m clinical practice in rheumatoid arthritis
first step in the development of a disease activity score Ann Rheum Dis 1990,49 916-20

11

Ritchie DM, Boyle JA, Mclnness JM et al Clinical studies with an articular index for the assessments of joint tenderness in
patients with rheumatoid arthritis Q J Med 1968,147 393-406

12

Fries JF, Spitz PW, Williams CA, Bloch DA, Singh G, Hubert HB A toxicity index for comparison of side effects among different
drugs Arthritis Rheum 1990,33 121-30

13

Giesendorf BAJ, Vet JAM, Tyagi S, Mensmk EJMG, Trijbels FJM, Blom HJ Molecular beacons a new approach for semiautomated mutation analysis Clin Chem 1998,44(31484-6

14

Van der Put NMJ, Eskes TKAB, Blom HJ Is the common 677C-T mutation in the methylenetetrahydrofolate reductase a risk factor for neural tube defects 7 A mega-analysis Q J Med, 1996

15

Haagsma CJ, Blom HJ, van Riel PL, van 't Hof MA, Giesendorf BA, van Oppenraaij-Emmerzaal D, van de Putte LB Influence of
sulphasalazme, methotrexate, and the combination of both on plasma homocysteine concentrations in patients with rheumatoid
arthritis Ann Rheum Dis 1999,5812179-84

16

Andersen LS, Hansen EL, Knudsen JB, Wester JU, Hansen GVO, Hansen TM Prospectively measured red cell folate levels in
methotrexate treated patients with rheumatoid arthritis relation to withdrawal and side effects J Rheumatol 1997,24 830-7

76

η
Χ
>

Η
Μ
OS

Homocysteine and folate status in methotrexate
treated patients with rheumatoid arthritis

AE van Fde
RbJM I aan
HJ Blom
GH] Boers
( / Ilaagsma
CMCi Thomas
ThM de Boo
LBA van de Putte

accepted Rheumatology

78 chapter 6
Methotrexate and homocysteine

Abstract
Objective · To study 1 the influence of methotrexate (MTX) therapy on homocysteine and
folate metabolism in patients with rheumatoid arthritis (RA), 2 the influence of the C677T muta
tion in the methylenetetrahydrofolate reductase (MTHFR) gene on the change in plasma homo
cysteine levels during MTX treatment, and 3 the interference of folate and homocysteine meta
bolism with the efficacy and toxicity of treatment with MTX
Patients and methods · The 113 patients enrolled in this study were participating in a 48-week,
multicenter, double-blind, placebo-controlled study, comparing the efficacy and toxicity of MTX
treatment with or without folic or folimc acid supplementation The MTX dosage was 7 5
mg/week initially and raised to a maximum of 25 mg weekly if necessary
Total folate, 5-methyltetrahydrofolate (both in serum and in erythrocytes), homocysteine, cys
teine and cysteine-glycine and MTHFR-genotype were determined before start, after 6 weeks and
after 48 weeks or at study withdrawal Blood was drawn from fasting patients at a standardized
time in the morning, 16 hours after intake of MTX The laboratory results were related to para
meters of efficacy and toxicity of MTX treatment
Results · Baseline values were equally distributed in the three treatment groups The mean plas
ma homocysteine level (normal range 6 to 15 μιηοΐ/ΐ) before the start of MTX was relatively high
in all groups 15 4 μιηοΐ/ΐ (95% Confidence Interval (CI) 13 5 to 17 2) in the MTX plus placebo
group (n = 39), 14 3 pmol/l (95% CI 12 2 to 16 4) in the MTX plus folic acid group (n = 35) and
15 9 μπιοΐ/ΐ (95% CI 13 7 to 18 1) in the MTX plus folimc acid group (n = 39)
After 48 weeks of MTX therapy the mean homocysteine level showed an increase in the placebo
group (3 6 μπιοΐ/ΐ, 95% CI 1 7 to 5 6) In contrast, a decrease was observed in the folic and folin
ic acid supplemented groups (-2 7 pmol/l, 95% CI -1 4 to -4 0 and -1 6 μιηοΐ/ΐ, 95% CI 0 1 to 3 0, respectively) The differences in change of plasma homocysteine level between the placebo
group and both folate supplemented groups are statistically significant (p<0 0001), contrary to
the difference between the folic and folimc acid group (p=0 26)
Linear regression analysis showed that the change in plasma homocysteine levels was statistically
significantly associated with folic or folimc acid supplementation (p=0 0001) but not with the
presence or absence of the C677T mutation in the MTHFR gene Homozygous mutants had a
higher plasma homocysteine at baseline
No relation was found between the change in disease activity and the change in homocysteine or
the mean homocysteine after 48 weeks of MTX therapy
Toxicity-related discontinuation of MTX treatment was not associated with the change in homo
cysteine
Conclusions · Low-dose MTX treatment in RA patients leads to increased plasma homocysteine
levels Concomitant folate supplementation with either folic or folimc acid decreases plasma
homocysteine levels and consequently protect against potential cardiovascular risks No relation
was found between the change in homocysteine and the presence or absence of the C677T muta
tion in the MTHFR gene Homocysteine metabolism was not associated with efficacy or toxicity
of MTX treatment
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Introduction
Methotrexate (MTX) has become one of the most widely used disease-modifying antirheumatic
drugs (DMARDs) in the treatment of rheumatoid arthritis (RA) MTX acts relatively fast, has one
of the best efficacy-to-toxicity ratios and is also cheap (1-2) Toxicity remains an important cause
for MTX discontinuation (3)
Despite extensive research, the precise mechanism of action of MTX is still unknown, and we cannot predict which patients will benefit from MTX treatment and who will suffer from adverse
events (4-5). MTX, a folic acid antagonist, influences several metabolic pathways, including the
homocysteine-methionine pathway (figure 1) Next to inhibition of dihydrofolate reductase,
resulting in reduced availability of reduced folates, MTX may also inhibit the conversion of 5,10methylenetetrahydrofolate (5,10-CH2-THF) into 5-methyltetrahydrofolate (5mTHF) (6,7)
Homozygosity of the C677T mutation of the methylenetetrahydrofolate reductase (MTHFR)
gene also results in reduced MTHFR activity The resulting decrease of a methylgroup donor
causes impeded remethylation of homocysteine to methionine and, consequently, hyperhomocysteinemia (8,9)

folic acid
+
DHF
i dhfr
THF-

t

5,10-CH2-THF-H— 5-CH3-THF f
mthfr
5,10-CH-THF
t

5-CHO-THF
(folinic acid)

THF

Î

cystathionine

10-CHO-THF

cysteine

Figure 1 Simplified metabolic scheme illustrating folate metabolism and its relation to homocysteinemethionine metabolism

Abbreviations

Known inhibition of enzymes by methotrexate is indicated by —H—

DHF, dihydrofolate, DHFR, dihydrofolate-reductase, THF, tetrahydrofolate, 5,10-CH2-THF,

5,10-methylene tetrahydrofolate, 5,10-CH-THF, 5,10-methenyl tetrahydrofolate,

W-CHO-THF, 10-formyl

tetrahydrofolate, mthfr, methylene-tetrahydrofolate reductase, 5-CH3-THF, 5 methyl tetrahydrofolate, 5CHO-THF, 5-formyl tetrahydrofolate (folinic acid), Met, methionine, SAM, S-adenosyl-L-methionme, MS,
methionine synthetase, Hey, homocysteine, SAH, S-adenosyl-L-homocysteme, R,methyl-acceptor,R-CH3
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Hyperhomocysteinemia may be related to MTX toxicity either on the short term as well as on the
long term Several papers have drawn attention to the adverse effects of hyperhomocysteinemia,
especially increased cardiovascular risks (10-13)
We investigated the effects of MTX treatment in RA patients on folate and homocysteine metabo
lism, the role of folic and folimc acid supplementation and the influence of the C677T mutation
in the MTHFR gene We also studied the relationship of homocysteine metabolism with efficacy
and toxicity of MTX treatment

Patients and methods
One hundred and thirteen patients suffering from RA according to the American College of
Rheumatology (ACR, formerly the American Rheumatism Association) criteria were included in
the present study (14) They comprised a sample from 411 participants in a 48-week, multicenter, double-blind, placebo-controlled, randomized clinical trial examining the effect of folic and
folimc acid supplementation on the efficacy and toxicity of MTX treatment [15] Since measure
ment of parameters of folate and homocysteine metabolism requires special blood-drawing and
laboratory conditions, only patients from 9 of 22 participating centers could enroll in this study
Patient treatment assignment was stratified for each center Patients were randomized between
three treatment modalities MTX plus placebo, or MTX plus folic acid ( 1 0 mg/day), or MTX plus
folimc acid (2 5 mg/week) The initial MTX dosage was 7 5 mg/week and raised to a maximum
of 25 mg/week if necessary The dosages of folic and folimc acid were doubled if the MTX dosage
was increased to >15 mg/week (22)

Inclusion criteria
Entry criteria were active arthritis, defined as a Disease Activity Score (DAS) >3 0 (see below),
wash-out period for other DMARDs of 2 weeks, corticosteroids and NSAIDs permitted if the
dosages were stable from at least 1 month before enrollment until the end of the study.

Exclusion criteria
Exclusion criteria were previous treatment with MTX, current concomitant treatment with folic
or folimc acid, pregnancy, breast-feeding, consumption of >20 alcoholic drinks per week, elevated
transaminase levels (defined as higher than the upper limit of normal), impaired kidney-function
defined as an estimated creatinine clearance (according to Cockcroft) of < 50 ml/minute,
leukopenia (defined as a white blood cell (WBC) count <3 5 χ 109/liter) and thrombocytopenia
(defined as a platelet count <120 χ lOMiter)

Efficacy
Efficacy of MTX treatment was measured by the Disease Activity Score (DAS) every six weeks
(16) The DAS is a composite outcome measure based on the Ritchie Articular Index, the num
ber of swollen joints, the erythrocyte sedimentation rate (ESR), and a visual analog scale for gen
eral health (17) Also, response categories (good, moderate or no) were defined according to the
European League Against Rheumatism (EULAR) response criteria (18)
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Toxicity
Toxicity was assessed 3-weekly using a standard toxicity form including 36 items, designed by
Fries et al and special forms for other symptoms and complaints (19) Routine laboratory meas
9

urements (3-weekly) included ESR (mm/hour), hemoglobin (mmoles/hter), WBC (xl0 /liter) )
9

platelet count (xl0 /liter), serum creatinine ^moles/liter) and alanine aminotransferase (ALT,
units/liter)
Gastrointestinal toxicity included all symptoms and complaints of the mouth and the upper or
lower abdominal tract, except laboratory abnormalities
Elevation of liver enzymes was defined as elevated ALT values <3 times the upper limit of normal
levels occurring on at least 2 of 4 consecutive (3-weekly) evaluations {mild) or as elevated ALT
values >3 times the upper limit of normal levels {moderate) In case of adverse events the proto
col included the possibility of dosage reductions Mild elevation of ALT values was handled by a
reduction of the MTX dosage by 2 5 mg/week After resolution subsequent increases of MTX
dosage were again allowed in case of insufficient response If mild elevation of ALT values per
sisted (not normalising tests despite decreased MTX dosage) or recurred (the re-occurrence of
mild elevation of ALT values after resolution of the first period) these were considered as moder
ate elevation of ALT values Moderate adverse events were handled by temporarily withholding
MTX When the laboratory results returned to normal, rechallenge with MTX was allowed at the
last tolerated dosage Again, in cases of an insufficient response, further increases in the MTX
dosage were allowed Recurrent or persisting moderate elevations of ALT values were considered
severe Severe adverse events were handled by definite discontinuation of MTX and study drugs

Folate and homocysteine metabolism
For the present study blood samples were taken at study entry (before the first MTX dosis), after
6 weeks and after 48 weeks (end of study) or at study withdrawal Blood was drawn from fasting
patients in the morning, 16 hours after intake of MTX, for the following measurements
Vitamin B6 (reference values 35-107 nmol/1), measured only at baseline, was determined with a
procedure as described previously (20) Vitamin B12 in serum (reference values 160-750 pmol/1),
measured only at baseline, and folic acid in serum (reference values 7-39 nmol/1) and in erythro
cytes (reference values 150-250 nmol/1) were determined with the Dualcount SPB (Solid Phase
Boil) Radioassay (Diagnostic Products Corporation, Los Angeles, CA, USA) as described previ
ously (21) The concentrations of 5mTHF were determined in serum (reference values 3-17
nmol/1) and erythrocytes (reference values 83-720 nmol/1) with a modified procedure based on
reverse-phase ion pair high performance liquid chromatography (HPLC) and a diode array detec
tor described previously by Selhub (22)
Homocysteine (reference values 6-15 μιηοΐ/ΐ), cysteine (reference values 150-250 μιτιοΐ/ΐ) and cys
teine-glycine (reference values 40-60 pmol/l) were measured by the HPLC technique with fluorometric detection (23,24)

MTHFR gene mutation
Genotypic analysis of the MTHFR gene was done on DNA from white blood cells by polymerase
chain reaction and restriction analysis (9)
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Statistical analysis
Baseline variables and changes in laboratory measurements were compared using Student's f-test.
The independent influences of folic or fohnic acid supplementation and of the C677T mutation
in the MTHFR gene on homocysteine metabolism, corrected for MTX dosage and duration of
treatment, was studied by multiple linear regression analysis The change in plasma homocysteine
level was considered as the dependent variable, folic or fohnic acid supplementation, the C677Tmutation in the MTHFR-gene (either homozygous or heterozygous), MTX dosage and duration
of MTX therapy as the independent variables.
In order to study the hypothesis that MTX induced improvement in disease activity is mediated
by changes in homocysteine metabolism, we performed linear regression analyses First, univari
ate analysis was done with the change in DAS as the dependent variable and the change in plas
ma homocysteine as the independent variable Subsequently, we performed multiple linear
regression analysis. Again, the change in DAS was the dependent variable. The independent vari
ables included the use of folate supplementation, MTX dosage and duration of MTX treatment,
and the change in plasma homocysteine Finally, we substituted the change in plasma homocys
teine for the plasma homocysteine level at the end of the study in these analyses

Results
A total of 113 patients were included in the study; 39 in the placebo group, 35 in the folic acid and
39 in the fohnic acid group. Patient characteristics and baseline variables were similar in all
groups (table 1). No patients suffered from deficiencies of folic acid, vitamin B6 or B12 before
MTX was prescribed.

Table 1 Demographics and disease characteristics in the 113 rheumatoid arthritis patients at baseline*

MTX+placebo
(n=39)

MTX+fohc acid
(n = 35)

MTX+folmic acid
(n = 39)

Age, years

57 1 ±124

564 ±14 0

533±125

Sex, % female

69

67

72

Disease duration, months

68 ±64

72 ±83

82 ±83

Rheumatoid factor, % positive

80

80

87

Disease Activity Score

48±12

47±09

43±08

Ritchie Articular Index

181±92

190±88

155±71

No of painful joints (maximum 53)

23 4 ±12 5

24 5 ±12 2

182±99

No of swollen |oints (maximuir 44)

181±88

155±75

128±60

ESR, mm/hour

48 1 ± 22 5

345 + 147

434±257

VAS pain (0-100 mm scale)

58 1 ± 22 8

50 9 ± 20 5

480±149

VAS general health (0-100 mm scale)

550±196

485±173

45 5 ± 20 1

*

The range of the visual analog scale (VAS) was from 0 (best status) to 100 (worst imaginable status) Except where indicated
otherwise values are the mean ι SD ESR = erythrocyte sedimentation rate

Table 2. Laboratory variables at baseline and changes from baseline to the end of the study'

End of study - baseline

Baseline
MTX + placebo

MTX + folic acid

MTX + (olirne acid

MTX -f placebo

MTX + folic acid

MTX + folinic acid

(n=39)

(π=35|

(n=39)

(n=39)

(n=35)

(n=39)

qc q

(33 8 to 40 0)

381
(34 2 to 41 9)

32 7
(29 2 to 361)

Vitamin B12 (pmol/l)

249 6
(211 I t o 2881)

2396
(208 0 to 271 2)

262 7
(226 2 to 2991)

Folate m serum (nmol/l)

138
(11 7 to 16 0)

127
(10 8to14 5)

127
(10 9 to 14 5)

-4 1
(-7 6 to -0 6)

47 0
(30 8 to 63 2)

136
(91 to 18 0)

Folate in erythrocytes (nmol/l)

657 4
(576 7to7381)

6126
(5275 to 697 7)

6321
(5424 to 721 7)

-76 2
(-20 0 to 172 3)

6316
(537 5 to 725 6)

393 3
(312 6 to 474 0)

5-methyl-THF in serum (nmol/ll

84
(6 9 to 9 9)

79
(65to93)

74
(6 1 to 8 8)

-12
(-16 to 4 0)

131
(101 to 162)

63
(4 5 to 81)

5-methyl-THF m erythrocytes (nmol/l)

405 9
(3587-4531)

385 5
(316 4 to 454 6)

402 6
(331 6 to 473 7)

-78 8
(-6 8to-150 9)

380 5
(303 5 to 457 5)

217 4
(160 6 to 274 1)

Homocysteine (μηοΙ/Ι)

154
(13 5 to 17 2)

14 3
(122to164)

159
(137to181|

36
(17 to 56)

-2 7
(-14 to-4 0)

-16
(-0 1 to -3 0)

Cysteine (pmol/l)

2215
(2100 to 2331)

2154
(204 5 to 226 3)

2130
(2021 to 223 8)

-0 3
(-10 0 to 10 6)

22
(-3 2 to 7 7)

55
(-14to12 5)

Cysteme-glycme pmol/l)

50 7
(48 6 to 52 8)

49 9
(48 1 to 51 8)

49 7
(47 5 to 52 0)

-0 01
(-19to19)

0 48
(-2 0 to 2 9)

134
(-10 to 3 7)

Vitamin B6 (nmol/l)

*

Values are the mean (95% confidence interval) Reference values
vitamin B6 35 107 nmol/l. vitamin BI2 160-750 pmol/l
folic acid (serum) 7-39 nmol/l. folic acid (erythrocytes) 260 1300 nmol/l
5-methyl-tetrahydrofolate (serum) 3 17 nmol/l. 5-methyl-tetrahydrofolate (erythrocytes) 83 720 nmol/l
homocysteine 6 15 pmol/l. cysteine 150-250 pmol/l, cysteine-glycine 40 60 pmol/l
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Figure 2 Homocysteine levels (SE) during 48 weeks of study

Homocysteine and cysteine
At start, mean plasma homocysteine levels were relatively high in all groups 15 4 μπιοΐ/ΐ (95% CI
13 5 to 17 2) in the placebo group, 14 3 μιηοΐ/ΐ (95% CI 12 2 to 16 4) in the folic acid group and
15 9 μιηοΐ/ΐ (95% CI 13 7 to 18 1) in the folinic acid group After 6 weeks the mean plasma homo
cysteine level showed an increase in the placebo group (3 0 μπιοΐ/ΐ, 95% CI 1 9 to 4 I), was
unchanged in the folinic acid group (0 1 μπιοΐ/ΐ, 95% CI -1 0 to 1 3) and decreased (-2 8 μιηοΐ/ΐ,
95% CI -1 3 to -4 3) in the folic acid group After 48 weeks of MTX therapy the mean plasma
homocysteine increased with 3 6 μιτιοΐ/ΐ (95% CI 1 7 to 5 6) in the placebo group In contrast,
both folic and folinic acid supplemented groups showed a decrease, most pronounced in the folic
acid group (-2 7 μιηοΐ/ΐ, 95% CI -1 4 to-4 0 and-1 6 μιηοΐ/ΐ, 95% CI -0 1 to-3 0, respectively The
difference in changes of plasma homocysteine level between the placebo group and both folate
supplemented groups is statistically significant (p<0 0001 ), unlike the difference between the folic
and the folinic acid group (p=0 26) (figure 2) Cysteine and cysteine-glycine levels showed an
increase in the folic or folinic acid supplemented groups (most pronounced in the folinic acid
group) and a decrease in the placebo group (table 2)

Folates and MTHFR gene mutation
At the start, the mean serum folate levels were in the normal range 13 8 nmol/1 (95% CI 11 7 to
16 0) in the placebo group, 12 7 nmol/1 (95% CI 10 8 to 14 5) in the folic acid group and 12 7 nmol/1
(95% CI 10 9 to 14 5) in the folinic acid group In the placebo group serum folate decreased with
4 1 nmol/1 (95% CI 7 6 to -0 6) In contrast, both folic and folinic acid supplemented groups
showed an increase, most pronounced in the folic acid group +47 0 nmol/1 (95% CI 30 8 to 63 2)
versus +13 6 nmol/1 (95% CI 9 1 to 18 0) in the folinic acid group The difference in folate increment
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between the folic and folimc acid supplemented groups was 33 4 μπιοΐ/ΐ (95% CI 16.1 to 50 7)
The changes in mean levels of folate in erythrocytes, and 5mTHF in serum and in erythrocytes dur
ing MTX treatment showed similar patterns· an increase in the folic and folimc acid supplemented
groups, most pronounced in the folic acid group, and a decrease in the placebo group (table 2)
Fifty patients (45%) showed the C677T mutation in heterozygous form (CT), 12 patients (10%)
in homozygous (TT) form and in 51 patients (45%) the mutation was not present (CC). These
figures were similar in the 3 treatment groups Baseline plasma homocysteine levels were higher
in the homozygous (17 1 pmol/l, 95% CI 11 1 to 23.1) and heterozygous (15 2 pmol/l, 95% CI
13 5 to 16.9) patients than in the non mutated group (14 9 pmol/l, 95% CI 13 2 to 16.6). The dif
ferences in baseline plasma homocysteine levels between the homozygous group on the one hand
and the heterozygous and non-mutated groups on the other were statistically significant (p=0 017
and p=0 014, respectively).
Linear regression analysis was used to study the independent effects of folic or folimc acid sup
plementation and the C677T mutation in the MTHFR gene on the change in plasma homocys
teine levels during MTX treatment, after correction for MTX dosage and duration of MTX ther
apy Again, the use of folates was significantly associated with a decrease in homocysteine levels
(ß estimate -5 7, 95% CI -3 7 to -7 6 pmol/l). The effect of folate supplementation on plasma
homocysteine levels was similar in patients without the C677T mutation (677CC genotype) and
in patients with either the homozygous (677CT) or heterozygous (677TT) mutation (data not
shown) The C677T mutation itself did not influence the change in plasma homocysteine levels
during MTX treatment (ß estimate -1.0,95% CI -2 8 to 0.9 μπιοΐ/ΐ). MTX dosage was not associ
ated with changes in plasma homocysteine levels (ß estimate -0.07, 95% CI -0 26 to 0 11 μιηοΐ/ΐ),
contrary to the duration of MTX therapy (ß estimate 0.13, 95% CI 0.03 to 0.22 μπιοΐ/ΐ).

Efficacy
Univariate linear regression analysis showed no statistically significant relation between the
change in DAS and the change in plasma homocysteine levels (p=0 30) In subsequent multivari
ate linear regression analysis, the change in DAS was statistically significant associated with folate
supplementation (p=0.04) and duration of MTX therapy (p=0 01), but not with the change in
homocysteine (p=0.69) and MTX dosage (p=0.51). Finally, no association was found between the
change in DAS and the mean homocysteine level at the end of the study.
According to the EULAR response criteria, 47 patients (42%) showed a good response, 60 patients
(53%) moderate response and 6 patients (5%) no response (25) These results were similar in the
groups of patients with and without folate supplementation.

Toxicity
In the present study, discontinuation due to toxicity of MTX treatment occurred in 38 of 113
patients (34%). In 15 of these (39%) withdrawal was due to elevated ALT values, in 4 ( 11%) due
to gastrointestinal toxicity, and in 19 (50%) due to a variety of reasons No statistically significant
association was found between changes in plasma homocysteine levels and toxicity-related dis
continuation of MTX therapy Also, no relationship was found between the baseline homocys-

86 chapter 6
Methotrexate and homocysteine

teine levels and the occurrence of adverse events.
The same analysis was also performed in the subgroups of patients treated with MTX alone and
MTX plus folic or folinic acid. In both subgroups no differences were seen in plasma homocys
teine changes or levels between patients with or without toxicity.

Discussion
The main result of the present study is the increase in plasma homocysteine during MTX treat
ment, and its reversal by folic or folinic acid supplementation. The decrease in homocysteine was
more pronounced and more rapid in the folic acid group than in the folinic acid group, although
the difference between these 2 treatment groups was not statistically significant. Like previous
studies in RA patients we found a relatively high mean baseline plasma homocysteine level (15.2
μπιοΐ/ΐ, 95% CI 14.0 to 16.5; reference value 6-15 pmol/l) (13,23,25-27). Baseline values of folic
acid in serum and erythrocytes and vitamin B6 and B12 were within the normal range and can
not explain these relatively high plasma homocysteine levels.
The results of our study confirm the findings of former studies which report a trend toward ele
vation or a significant increase in plasma homocysteine between pretreatment levels and levels
drawn after 6 to 12 months MTX treatment (23,28,29). One should consider that plasma homo
cysteine levels are dependent on the timing of blood sampling after MTX administration (30). In
the first 48-72 hours there is an increase, followed by a gradual decrease. In the above mentioned
studies the time of blood sampling after MTX administration was different: after 5 to 7 days in the
studies by Morgan et al (28,29), compared to 24 hours in the study by Haagsma et al (23), and after
16 hours in the present study. Nevertheless, all studies showed an increase in plasma homocysteine
levels. The homocysteine increment was most pronounced in the present study: 3.6 μιηοΐ/ΐ versus
2 pmol/l in the study by Morgan et al (28) and 3.1 μπιοΐ/ΐ in the study by Haagsma et al (23).
The effect of supplementation with folic acid on plasma homocysteine has been studied before in
RA patients treated with MTX. Morgan et al (28) measured plasma homocysteine levels 5 to 7
days after MTX administration and showed that plasma homocysteine decreased in patients sup
plemented with either 5.0 or 27.5 mg folic acid per week. Our results indicate that supplementa
tion with either folic acid (1-2 mg/day) or folinic acid (2.5-5.0 mg/week) also inhibits the early
rise in plasma homocysteine, 16 hours after MTX administration. This effect of folate supple
mentation is achieved although the mean dosages of MTX at the end of the study were higher and
more consistent with current practice then in the study by Morgan et al (15.3 mg MTX/week in
the present study versus 9.5 mg MTX/week in the study by Morgan et al)(28). In the long term
hyperhomocysteinemia may be associated with considerable toxicity. Mild hyperhomocysteinemia (above 12 to 15 μηιοΐ/ΐ) is considered as an independent risk factor for vascular disease (12).
The relation between plasma homocysteine and risk for cardiovascular disease seems to be grad
ed and linear (31). In a meta-analysis Boushey et al showed that a 5-pmol/l homocysteine incre
ment is related to a 1.7 higher risk for coronary artery disease, 1.5 for cerebrovascular disease and
6.8 for peripheral arterial disease (32). So, even the modest increment of 3.6 pmol/l in our study
may have its unbeneficial impact on the patients' cardiovascular risks. Moreover, after 48 weeks
MTX therapy, the difference between the folic or folinic acid supplemented groups on the one
hand and the MTX plus placebo group on the other was 6.3 μπιοΐ/ΐ. Landewé et al found, in a retro-
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spective study, increased mortality in patients with cardiovascular disease who had started with
MTX without folic or folinic acid supplementation, in contrast to similar patients who had started another DMARD They hypothesize that this increased mortality may be attributed to a MTXinduced rise in homocysteine (33).
Theoretically, the presence of the C677T mutation in the MTHFR gene, which inhibits the reduction of S.lO-CHj-THF to 5mTHF, would lead to additional or synergistic alterations in folate and
homocysteine metabolism when MTX is given. In contrast to previous studies, we showed a statistically significant higher mean baseline homocysteine level in homozygous mutated patients,
compared to heterozygous patients or patients without the mutation (23,34). However, in the
present study the change in plasma homocysteine during MTX treatment was not influenced by
the presence or absence of the C677T mutation in the MTHFR gene. Possibly, the number of
patients with the C677TT genotype was too small to observe such interaction.
The mechanism of action of the antiinflammatory effects of MTX is not completely understood.
MTX is a folate antagonist The inhibition of the enzyme methylene-tetrahydrofolate reductase is
responsible for the increase in homocysteine levels Hyperhomocysteinemia may therefore be
considered as an antifolate effect We found no association between the rise in homocysteine and
the improvement of the DAS. In the multiple linear regression analyses, folate supplementation
was associated with a small but statistically significant decrease of MTX efficacy. On the other
hand, folate supplementation also reversed the increase in homocysteine. Considered together,
these results suggest that the antifolate activity of MTX is not the most important pathway in its
efficacy Our data are consistent with the hypothesis formulated by Cronstein et al that the antiinflammatory effects of MTX are mediated by adenosine release (35)
In conclusion, MTX treatment leads to hyperhomocysteinemia, which can be reversed by folic or
folinic acid supplementation. The presence or absence of the C677T mutation in the MTHFRgene did not modify this finding. No relation was found between homocysteine metabolism and
efficacy or toxicity of MTX treatment Since hyperhomocysteinemia is related to increased cardio- and cerebrovascular disease, this forms another argument for concomitant folate supplementation during MTX treatment.

Acknowledgement
This study was supported by a grant from the Dutch Arthritis Association.
Dr. Blom's work was supported by a grant from the Netherlands Heart Foundation (D97-021)

88

chapter 6
Methotrexate and homocysteine

References
1

Wemblatt ME, Coblyn JS, Fox DA, et al Efficacy of low-dose methotrexate in rheumatoid arthritis Ν Engl J Med 1985,312 818-22

2

O'Dell JR Methotrexate use in rheumatoid arthritis Rheum Dis Clin NA, 1997,23(4) 779-96

3

Alarcon GS, Tracy IC, Strand GM, Singh K, Macaluso M Survival and drug discontinuation analyses m a large cohort of
methotrexate treated rheumatoid arthritis patients Ann Rheum Dis 1995,54 708-12

4

van Ede AE, Laan RFJM, Blom HJ, De Abreu RA, van de Putte LBA Methotrexate in rheumatoid arthritis an update with focus
on mechanisms involved in toxicity Sem Arthritis Rheum 1998,27 277-92

5

Cronstem BD The mechanism of action of methotrexate Rheum Dis Clin NA 1997,23(4) 739-55

6

Grosflam J, Wemblatt ME Methotrexate Mechanism of action, pharmacokinetics, clinical indications and toxicity Curr Opm
Rheumatol 1991,3363-8

7

Goldman ID, Matherly LH The cellular pharmacology of methotrexate Pharmacol Ther 1985,28 77-102

8

Engbersen AMT, Franken DG, Boers GHJ, Stevens EMB, Trijbels FJM, Blom HJ Thermolabile 5,10-methylenetetrahydrofolate
reductase as a cause of mild hyperhomocysteinemia Am J Hum Genet 1995,56 142-50

9

Frosst P, Blom HJ, Milos R, et al A candidate genetic risk for vascular disease a common mutation in methylenetetrahydrofolate
reductase Nature Genetics 1995,10 111-3

10

Welch GN, Loscalzo J Homocysteine and atherothrombosis Ν Eng J Med 1998,338 1042-50

11

Graham I Homocysteine m health and disease (editorial) Ann Intern Med 1999,131 387-8

12

Boers GHJ Mild hyperhomocystememia is an independent risk factor of arterial vascular disease Sem Thrombosis Hemostasis
2000,26(31291-5

13

Eikelboom JW, Lonn E, Genest Jr J, Hankey G, Yusuf S Homocyst(e)ine and cardiovascular disease a critical review of the epi
demiologic evidence Ann Intern Med 1999,131 363-75

14

Arnett FC, Edworthy SM, Bloch DA, et al The American Rheumatism Association 1987 revised criteria for the classification of
rheumatoid arthritis Arthritis Rheum 1988,31 315-24

15

van Ede AE, Laan RFJM, Rood M, et al Effect of supplementation with folic or folmic acid on toxicity and efficacy of methotrex
ate treatment in patients with rheumatoid arthritis A forty-eight-week, multicenter, randomized, double-blind, placebo-controlled
study Arthritis Rheum 2001,44 1515-24

16

Van der Heijde DMFM, van 't Hof MA, van Riel PLCM, et al Judging disease activity in clinical practice in rheumatoid arthritis
first step m the development of a disease activity score Ann Rheum Dis 1990,49 916-20

17

Ritchie DM, Boyle JA, Mclnness JM, et al Clinical studies with an articular index for the assessments of joint tenderness in
patients with rheumatoid arthritis Quat J Med 1968,147393-406

18

van Gestel AM, Prevoo MLL, van 't Hof MA, van Rijswijk MH, van de Putte LBA, van Riel PLCM Development and validation of
the European Lague Against Rheumatism response criteria for rheumatoid arthritis Comparison with the preliminary American
College of Rheumatology and the World Health Organization/International League Against Rheumatism Criteria Arthritis Rheum
1996,3934-40

19

Fries JF, Spitz PW, Williams CA, Bloch DA, Singh G, Hubert HB A toxicity index for comparison of side effects among different
drugs Arthritis Rheum 1990,33 121-30

20

Steegers-Theumssen RPM, Boers GHJ, Steegers EAP, Tri|bels FJM, Thomas CMG, Eskes TKAB Effects of sub-50 oral contra
ceptives on homocysteine metabolism A preliminary study Contraception 1992,45129-39

21

MOOIJ PNM, Thomas CMG, Doesburg WH, Eskes TKAB Multivitamin supplementation in oral contraceptive users Contraception
1991,44 277-88

22

Selhub J Determination of tissue folate composition by affinity chromatography followed by high-pressured ion pair liquid chro
matography Analyt Biochem 1989,182 84-93

23

Haagsma CJ, Blom HJ, van Riel PL, et al Influence of sulphasalazme, methotrexate, and the combination of both on plasma
homocysteine concentrations in patients with rheumatoid arthritis Ann Rheum Dis 1999,5812) 79-84

24

Te Poele-Pothoff MTWB, van den Berg M, Franken DG, et al Three different methods for the determination of total homocysteine
in plasma Ann Clin Biochem 1995,32 218-20

25

Roubenoff R, Dellanpa P, Nadeau MR, et al Abnormal homocysteine metabolism in rheumatoid arthritis Arthritis Rheum
1997,40(4)718-22

26

Hernanz A, Plaza A, Martin-Mola E, et al Plasma levels of homocysteine and other thiol compounds in rheumatoid arthritis
women Clin Biochem 1999,32(1)65-70

27

Den Hei|er M, Blom HJ, Gerrits WBJ, et al Is hyperhomocystememia a risk factor for recurrent venous thrombosis' Lancet
1995,345 882-5

chapter 6 89
Methotrexate and homocysteine

28

Morgan SL, Baggott JE, Lee JY, Alarcon GS Folic acid supplementation prevents deficient blood folate levels and hyperhomocystememia during longterm, low dose methotrexate therapy for rheumatoid arthritis implications for cardiovascular disease
prevention J Rheumatol 1998,25441-6

29

Morgan SL, Baggott JE, Refsum H, Ueland PM Homocysteine levels m patients with rheumatoid arthritis treated with low-dose
methotrexate Clin Pharmacol Ther 1991,50 547-56

30

Refsum H, Heiland S, Ueland PM Fasting homocysteine as a sensitive parameter of antifolate effect a study of psoriasis patients
receiving low-dose methotrexate treatment Clin Pharmacol Ther 1989,46 510-20

31

Arnesen E, Refsum H, Bonaa KH, et al Serum total homocysteine and coronary heart disease Int J Epidemiol 1995,24 704-9

32

Boushey CJ, Beresford SAA, Omenn GS, Motulsky AG A quantitative assessment of plasma homocysteine as a risk factor for
vascular disease Probable benefits of increasing folic acid intakes JAMA 1995,274 1049-57

33

Landewe RBM, van den Borne BEEM, Breedveld FC, Dijkmans BAC Methotrexate effects m patients with rheumatoid arthritis
with cardiovascular comorbidity Lancet 2000,355(611616-7

34

Brattstrom L, Wilcken DEL, Ohrvik J, Brudm L Common methylenetetrahydrofolate reductase gene mutation leads to hyperhomocystememia but not to vascular disease Circulation 1998,98 2520-6

35

Cronstein BD The mechanism of action of methotrexate Rheum Dis Clin NA 1997,23(4) 739-55

90

Purine enzymes in methotrexate treated
patients with rheumatoid arthritis

AH van Ede
RFJM Laan
RA DeAbreu
ABJ Stegeinan
LBA van de Putte

accepted Annals of the Rheumatic Diseases

92 chapter 7
Methotrexate and purine enzymes

Abstract
Objectives · To study 1 purine metabolism during treatment with methotrexate (MTX) in
patients with rheumatoid arthritis (RA) and 2 the relation of purine metabolism with efficacy
and toxicity of MTX treatment
Methods · One hundred and three patients with active RA who started treatment with MTX
were included The initial MTX dosage was 7 5 mg/week and raised to a maximum of 25 mg
weekly if necessary The purine enzymes 5'-nucleotidase (5'NT), purme-nucleoside-phosphorylase (PNP), hypoxanthine-guamne-phosphonbosyltransferase (HGPRT) and adenosine-deaminase (ADA) were measured before start, after 6 weeks and after 48 weeks or at study withdrawal
The laboratory results were related to parameters of efficacy and toxicity of MTX treatment
Results · Baseline values of S'NT and PNP (16 9 and 206 8 nmol/10 6 mononuclear cells/hour,
respectively) were similar to those in former studies Activities of HGPRT and ADA were relatively
low at start (8 7 and 80 3 nmol/10 6 mononuclear cells/hour, respectively) After 6 weeks purine
enzyme activities showed no important changes from baseline After 48 weeks of MTX therapy a
decrease of the enzyme activities of ADA (-216 nmol/106 mononuclear cells/hour, 95% CI -147
to -28 6), PNP (-78 9 nmol/10 6 mononuclear cells/hour, 95% CI -48 7 to -109 0), and HGPRT (2 0 nmol/10 6 mononuclear cells/hour, 95% CI -0 9 to -3 1 ) was found No association was shown
between enzyme activities of ADA, PNP and HGPRT, and efficacy or toxicity of MTX treatment
In contrast, enzyme activity of 5'NT showed a decrease in the subgroup of patients discontinuing
MTX treatment because of hepatotoxicity
Conclusion · We conclude that MTX treatment in RA patients leads to a significant decrease of
the purine enzyme activities of ADA, PNP, and HGPRT, that is not related to the antiinflammatory efficacy or toxicity of MTX Hepatotoxicity was related with a decrease in the enzyme activity of 5'NT These changes may be explained by direct or indirect (via purine de novo and salvage
metabolism and the homocysteine pathway) effects of MTX
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Introduction
Despite extensive research, the precise mechanism of action of MTX in vivo is still unknown (1,2).
MTX, a folic acid antagonist, influences several metabolic pathways including purine metabolism.
Purines are necessary for the synthesis of nucleic acids (adenosine monophosphate (AMP) and
guanosine monophosphate (GMP)) and eventually desoxyribonucieic and ribonucleic acid The
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Figure 1 Simplified metabolic scheme illustrating folate metabolism and its relation to purine and
homocysteine metabolism Known inhibition of enzymes by methotrexate is indicated by "
Abbreviations DHF, dihydrofolate, dhfr, dihydrofolate-reductase, THF, tetrahydrofolate, 5,10-CH2-THF,
5,10-methylene tetrahydrofolate, 5,10-CH-THF, 5,10-methenyl tetrahydrofolate, 10-CHO-THF, 70 form//
tetrahydrofolate, mthfr, methylene-tetrahydrofolate reductase, 5-CH3-THF, 5-methyl tetrahydrofolate, 5CHO-THF, 5 formyl tetrahydrofolate (folmic acid). Met, methionine, SAM, S-adenosyl-L-methtonme, ms,
methionine synthetase, Hey, homocysteine, SAH, S-adenosyl-L-homocysteine, R,methyl-acceptor,
PRPP, 5-phosphoribosyl-1-pyrophosphate, PRA, phosphonbosylamme, GAR, glycmamide ribosyl-5phosphate, FGAR, form-glycmamide nbosyl-S-phosphate, AICAR, ammo-imidazolcarboxamide nbosyl5-phosphate, FAICAR, form-ammo-imidazolcarboxamide ribosyl-5-phosphate, IMP, mosme monophosphate, s-AMP, succmyl-adenosme monophosphate, AMP, adenosine monophosphate, GMP, guanosine
monophosphate, XMP, xanthine monophosphate, 5'nt, purine-5'nucleotidase, pnp, purine nucleoside
Phosphorylase, hgprt, hypoxanthme-guanme phosphonbosyl transferase, ada, adenosine deaminase,
ak, adenosine kinase
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purine metabolism is composed of a de novo synthesis and a salvage route The latter involves the
enzymes S'-nucleotidase (5'NT), purme-nucleoside-phosphorylase (PNP), hypoxanthine-guanine-phosphonbosyltransferase (HGPRT) and adenosine-deaminase (ADA) (Figure 1)
Purine metabolism may play an interesting role in patients with rheumatoid arthritis (RA) First,
several disturbances of purine metabolism have been associated with immune disorders (3-11)
In RA, in which a dysregulation of the immune system also may play a role, changes in purine
enzymes have been reported (11-13). Second, outcome of treatment with azathioprine (efficacy
as well as toxicity) in RA patients has been associated with low acitivities of purine enzymes (1416) Third, the antiinflammatory effect of MTX may be dependent on adenosine release (2) Also,
part of MTX-related toxicity may be caused by its inhibition of purine metabolism ( 1 ).
This is the first study investigating the effects of MTX treatment on purine enzymes m RA
patients. Also, the relation of purine enzyme levels with efficacy and toxicity of MTX treatment
was studied.

Patients and methods
One hundred and three patients suffering from RA according to the American College of
Rheumatology (ACR) criteria were included in the study (17) They comprised a sample from 411
participants in a 48-week, multicenter, double-blind, placebo-controlled, randomized clinical
trial, investigating the effect of folic acid and folimc acid supplementation on the efficacy and toxicity of MTX treatment (18). Since measurement of purine enzyme activities required special
blood-drawing and laboratory conditions, only patients from 9 out of 22 participating centers
could enroll in this study. Patient treatment assignment was stratified for each center. Patients
were randomized between three treatment modalities. MTX plus placebo, or MTX plus folic acid
(1 0 mg/day), or MTX plus folimc acid (2.5 mg/week). The initial MTX dosage was 7.5 mg/week
and could be increased to a maximum of 25 mg/week if necessary The dosages of folic acid and
folimc acid were doubled when the MTX dosage reached > 15 mg/week.
For inclusion the arthritis had to be active, defined as a Disease Activity Score (DAS) >3 0.
Preceding treatment with MTX was not allowed A wash-out period of two weeks for other
DMARDs was obligatory. Corticosteroids and NSAIDs were permitted in stable doses from at
least one month before enrollment until the end of the study. Alcohol was permitted if <20 alcoholic drinks per week

Efficacy
Efficacy of MTX treatment was measured by the DAS every six weeks (19,20) Spearman rank correlation was used to express the correlation between changes in plasma purine enzyme activities
and the erytrocyte sedimentation rate (ESR, mm/hour) and DAS at baseline and changes after 48
weeks of MTX treatment. Finally, response categories (good, moderate or no response) were
defined according to the European League Against Rheumatism (EULAR) response criteria (21 ).

Toxicity
Toxicity was assessed every 3 weeks, using a standard toxicity questionnaire including 36 items,
designed by Fries et al and special forms for other symptoms and complaints (22) Routine labo-
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ratory measurements (3-weekly) included ESR (mm/hour), hemoglobin (mmoles/liter), white
blood cell (WBC) count (xlO'/liter), platelet count (xl0 9 /liter), serum creatinine level
^moles/liter) and alanine aminotransferase (ALT, units/liter)
Gastrointestinal toxicity included all symptoms and complaints considering the mouth and the
upper or lower abdominal tract, except laboratory abnormalities
Elevation of liver enzyme activities was defined as elevated ALT values <3 times the upper limit
of normal levels occurring on at least at 2 of 4 consecutive (3-weekly) evaluations (mild) or as elevated ALT values >3 times the upper limit of normal range {moderate) In case of adverse events
the protocol included the possibility of dosage reductions ( 18)

Purine enzymes
For the present study blood samples were taken before start of MTX treatment, after 6 and 48
weeks (end of study), 16 hours after the intake of MTX If MTX was discontinued before the end
of the study, blood was drawn at study withdrawal The purine enzyme activities of 5'NT, PNP,
HGPRT and ADA were measured, using the high-performance liquid chromatography (HPLC)
technique (23) Blood was collected in 10 ml Vacutainer tubes containing polystyrene granules
(Becton and Dickinson, Rutherford, NJ) Mononuclear cells were obtained by Ficoll-Isopaque
(density 1 077 g/ml, Nycomed) gradient centrifugation of defibrinated blood and in these cells
the enzyme activities were measured Enzyme activities are expressed in nmol/10 6 mononuclear
cells/hour of incubation All enzyme assays were carried out in triplicate, results represent the
mean value Reference values were obtained by former studies carried out in our laboratory and
partly published in Stolk et al (24)

Statistical analysis
Baseline characteristics and changes in laboratory variables were compared using Student's f-test
Linear regression analyses were performed to find associations between the change in purine
enzyme activities and several independent variables age, sex and folate supplementation Folate
supplementation was defined as the use of either folic or folinic acid as comedication during
treatment with MTX Spearman rank correlation coefficients were used to express the correlation
between changes in plasma purine enzyme activities and clinical variables of efficacy Finally the
mean changes in purine enzyme activities were compared between the group of patients who
continued all 48 weeks of MTX treatment and patients who discontinued MTX treatment
because of (hepato)toxicity

Results
A total of 103 patients enrolled in the study 34 were treated with MTX plus placebo, 33 with
MTX plus folic acid and 36 with MTX plus folinic acid supplementation Patient characteristics
and baseline variables are shown in table 1 There were no significant differences between the
three treatment groups (data not shown) Sixty-three patients consumed alcoholic drinks, 25
patients < 1 alcoholic drink/week, 30 patients 1-10 alcoholic drinks/week, and 8 patients 11-19
alcoholic drinks/week
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Table 1. Demographics and disease characteristics in the 103 rheumatoid arthritis patients at baseline*

Age, years

556+127

Sex, % female

69

Disease duration, months

75 9

Rheumatoid factor, % positive

87 5

Disease Activity Score

4 6+10

Ritchie Articular Index

174 ± 8 0

No of painful (Oints (maximum 53)

21 7 ± 11 4

No of swollen |0ints (maximum 44)

173±72

ESR, mm/hour

42 0 ±21 9

VAS pain (0-100 mm scale)

51 3 ±19 3

VAS general health (0 100 mm scale)

49 3 ± 18 8

The range of the visual analog scale (VAS) was from 0 (best status) to 100 (worst imaginable status! Except where indicated
otherwise values are the mean ± SD ESR = erythrocyte sedimentation rate

Purine enzymes
Changes in purine enzyme activities were not associated with age or sex and no differences were
found in subgroups with or without folic or folinic acid supplementation (data not shown).
Therefore in subsequent analyses all patients, whether given treatment with folic or folinic acid
supplementation or placebo, were considered as one group.
Table 2 shows purine enzyme activities at start and the changes after 6 and 48 weeks of MTX
treatment After 6 weeks no patients had discontinued MTX treatment and all patients were treated with the same dosage of 7.5 mg MTX/week Purine enzyme activities showed no significant
changes from baseline. However, after 48 weeks and 76 patients still being treated with MTX (15
treated with MTX plus placebo, 29 treated with MTX plus folic acid, and 32 treated with MTX
plus folinic acid), PNP as well as HGPRT and ADA showed a significant decrease (p=0.0001,
p=0.002 and p<0.00001, respectively) In contrast, 5'NT did not change The mean MTX dosage
after 48 weeks was 17.0 mg/week (95% CI 15 8 to 18.3 mg/week). Additional analysis showed no
correlation between MTX dose and changes in purine enzyme activities

Efficacy
Efficacy was measured in the group of 76 patients still on MTX treatment after 48 weeks. Changes
in enzyme activities of ADA, PNP, and HGPRT showed no relation with ESR and DAS at baseline
nor with the change in ESR and DAS after 48 weeks In contrast, 5'NT was correlated with DAS
at baseline (p=0 02) and the change in ESR after 48 weeks (p=0 03) (table 3) According to the
EULAR response criteria, 35 patients (46%) showed a good response, 38 patients (50%) a moderate response and 3 patients (4%) no response (21). No relation was seen between changes in
purine enzyme activities and response category (data not shown).
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T a b l e 2 . Purine enzyme

activities

at baseline

and changes

from baseline

after 6 and 48

weeks*

Baseline
(n = 103)

Week 6 - baseline
(n = 103)

Week 48 - baseline
(n = 76)

5'NT

169(150to188)

2 1 (-0 6 to 4 8)

0 4 (-12 to 21)

ADA

80 3 (74 9 to 85 7)

-15 (-10 2 to 7 3)

-21 6 (-28 6 to-14 7)

PNP

206 8 (182 6 to 230 9)

-6 5 (-40 7 to 27 7)

-78 9 (-109 0 to-48 7)

HGPRT

8 7 (8 0 to 9 4)

-01 (-1 Ho 0 8)

-2 0 (-3 H o - 0 9)

*

Values are the mean (95% confidence interval) Enzyme activities are expressed in nmol/106 mononuclear cells/hour of incubation
Reference values (from our laboratory obtained in patients with rheumatoid arthritis and healthy controls m former studies and
partly published by Stolk et al (24])

5'NT
ADA
PNP
HGPRT

13 7 (SD 3 6| for men, 20 4 (SD 4 7) for women
134 (SD 461
212 (SD 54)
123(SD42)

Table 3. Spearman correlation coefficients between parameters of disease activity (ESR and DAS)
and changes in purine enzyme activities during 48 weeks of methotrexate therapy in patients
with rheumatoid arthritis*
ESRt=0

Change in ESR
after 48 weeks

DASt=0

Change in DAS
after 48 weeks

(n = 103)

(n = 76)

In = 103)

(n = 76)

5'NT

016
p=011

0 25
p=0 03

0 23
p=0 01

011
p=0 34

ADA

-0 06
p=0 55

-010
p=0 39

004
p=0 68

010
p=0 38

PNP

-0 09
p=0 37

-016
p=019

-007
p=0 47

-0 09
p=047

HGPRT

-0 06
p=0 53

-004
p=0 71

-013
p=018

0 07
p=0 54

ESR = erythrocyte sedimentation rate, DAS = disease activity score

Toxicity
Discontinuation of MTX treatment because of adverse events occurred in 27 of 103 patients
(26%); in 14 patients withdrawal was due to elevated ALT values and in 13 patients due to a variety of reasons.
As a consequence of the premature discontinuation of MTX treatment, the mean MTX dosage
was lower in the group of patients withdrawing MTX therapy because of any adverse event (10 3
mg/week, SD 4.0) and in the subgroup of patients withdrawing MTX because of hepatotoxicity
(9.3 mg/week, SD 3.5) in comparison with the group of patients continuing MTX treatment during 48 weeks (17.0 mg/week, SD 5.1).
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Table 4 shows the results of changes in purine enzyme activities in patients who continued 48
weeks of MTX treatment versus patients who discontinued MTX because of (hepato)toxicity No
significant between-group differences were found with the exception of the decrease of S'NT
from baseline in the group of patients discontinuing MTX because of hepatotoxicity (p=0.007).

Table 4. Relation between changes in purine enzyme activities
discontinuation of methotrexate treatment*
No discontinuation
(n = 76)

from

baseline

and

toxicity-related

Toxicity-related discontinuation
(n = 27)
All toxicity
(n = 27)

Hepatotoxicity
(n = 14)

S'NT

04(-12to21)

-19(-79to41)

-61(-12 9to0 7)#

ADA

-21 6 (-28 6 to-14 7)

-191 (-31 4 to-6 8)

-14 9 (-25 5 to-4 3)

PNP

-78 9 (-1090 to-48 7)

-38 7 (-86 6 to 9 2)

-67 6 (-133 6 to-15)

HGPRT

-2 0 (-31 to-0 9)

-0 9 (-3 2 to 1 4)

-3 4 (-6 5 to-0 4)

*

Values are the mean (95% confidence interval)

#

No significant between group differences were found with the exception of the decrease of 5 NT from baseline in the group of
patients discontinuing methotrexate because of hepatotoxicity compared to no discontinuation (p=0 007)

Discussion
In the present study four enzymes from the purine salvage pathway were measured before and
during MTX treatment in RA patients. The main result was the statistically significant decrease of
ADA, PNP and HGPRT during MTX treatment which had not been reported before in neither
the rheumatology nor oncology literature. These changes in purine enzyme activities were not
associated with the efficacy of MTX treatment This is confirmed by the finding that the greatest
decline in the DAS occurred during the first 6 weeks of MTX treatment, while the purine enzyme
activities at that time showed no significant changes yet. Also, no relation was shown between
changes in these purine enzyme activities and toxicity of MTX treatment.
In contrast, the enzyme activity of 5'NT showed a decrease in the subgroup of patients discontinuing MTX because of hepatotoxicity Analagously to the 5'NT deficiency that has been associated with azathioprine-related bone marrow toxicity we expected, but did not find, low baseline
5'NT activity in this patient group (25) Also, after 6 weeks MTX treatment 5'NT activity had not
yet changed from baseline Apparently, 5'NT decreases at some point between 6 weeks and the last
measurement at study withdrawal. It is uncertain whether the decrease in 5'NT is causally related to the occurrence of hepatotoxicity. The decrease in 5'NT activity during MTX treatment in a
subgroup of patients might make them more prone to the hepatotoxic effects of MTX. The association of 5'NT with the DAS at baseline and the change in ESR after 48 weeks is probably due to
chance, since we found no significant changes in 5'NT activity during the study.
Hypothesizing about the meaning of presented changes in purine enzyme activities during MTX
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treatment, we should discuss the metabolism of adenosine, which has antiinflammatory properties, first (1,2) There are two separate pathways leading to the formation of adenosine, the purine
de novo synthesis and the homocysteine remethylation route (figure 1) Degradation of adenosine is catalysed by ADA and indirectly by PNP via inosine
In vitro studies show that MTX leads to adenosine release in fibroblasts and endothelial cells
Cronstein et al were the first to prove that MTX exerts an adenosine-induced antiinflammatory
effect in vivo in a mouse model (1,2) In purine de novo synthesis, MTX inhibits glycinamide
ribosyl-5-phosphate (GAR) formyltransferase and amino-imidazolcarboxamide ribosyl-5-phosphate (AICAR) formyltransferase, leading to increment of AICAR and its precursor
AICAnbonucleoside The effect on the subsequent formation of adenosine is not clear Cronstein
proposes two possible mechanisms by which MTX leads to increment of adenosine, 1 ) accumulation of AICAR causes inhibition of adenosine monophosphate deaminase (AMPD) with subsequent increase of AMP and finally adenosine, and 2) accumulation of AICAR inhibits ADA and
subsequent increase of adenosine (2) The latter fits well with the decrease of ADA activity we
have observed during MTX treatment
Homocysteine metabolism is affected by MTX, since inhibition of 5,10-methylene-tetrahydrofolate (THF) reductase leads to diminished availability of 5-methyl-THF and consequent reduced
homocysteine remethylation, whether this has effect on the formation of adenosine is not known
Inhibition of several metabolic steps by MTX is dose-dependent The dosages of MTX used in RA
lead to partial inhibition and the resulting hyperhomocysteinemia may lead to subsequent
increase of S-adenosyl-homocysteine (SAH) and adenosine On the other hand, reduction of the
formation of methionine, S-adenosyl-methiomne (SAM) and SAH may lead to a decrease of
adenosine
The effects of MTX on the enzyme activities of ADA and PNP are unknown The decrease of ADA
and PNP we observed during MTX treatment may be explained in several ways First, MTX could
have a direct inhibiting effect on ADA and PNP Second, MTX might inhibit ADA and PNP indirectly via for instance AICAR and its metabolites Inhibition of the degradation route would subsequently lead to an increase of adenosine Third, ADA and PNP may be inhibited indirectly to
compensate the decrease of adenosine during MTX treatment, caused by inhibition of PDNS and
homocysteine remethylation Theoretically, decrease of ADA and PNP would lead to increment
of adenosine and subsequent antiinflammatory effects Unfortunately, we could not find an association between the decrease of ADA and PNP and the efficacy of MTX treatment in the present
study
The effects of MTX on the enzyme activity of HGPRT is also not clear MTX exerts an inhibiting
effect on purine de novo synthesis, leading to an increase of PRPP Since HGPRT is co-substrate
of PRPP one would expect an increase of HGPRT during MTX treatment The decrease of
HGPRT we found in the present study may be explained by the declining demand of intracellular nucleotides, since MTX inhibits the DNA and especially RNA synthesis
Finally, some points need to be discussed The reason for blood sampling 16 hours after MTX
intake was a concomitant study investigating the influence of MTX therapy on homocysteine
metabolism No data are available about the influence of time between intake of MTX and blood
sampling for determining purine enzyme activities Another point is whether the results are influenced by a change in the cells tested In the present study no measurements were done in lym-
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phocyte subsets However, a former study from our laboratory using the Fluorescence Activated
Cell Sorter in RA patients and healthy controls showed no differences between purine enzyme
activities measured in B- or T- lymphocytes or CD4 and CD8 subsets (data not published).
Although MTX itself may influence the division of various subsets of lymphocytes, it seems
unlikely that the results from our present study are a simple reflection of a change in the cells test
ed.
In conclusion, this is the first study that shows changes in purine enzyme activities during MTX
treatment of RA patients The decrease in enzyme activities of ADA, PNP and HGPRT showed no
association with efficacy or toxicity of MTX therapy. In contrast, hepatoxicity was related with a
decrease of the enzyme activity of 5'NT Further studies are needed to determine the precise role
of purine metabolism in RA and in treatment with MTX Although adenosine measurements are
technically difficult, since it has a very short Τ1/2, it seems necessary to involve adenosine in
future studies
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Summary
Rheumatoid arthritis (RA) is a chronic, auto-immune disease with a prevalence of 1-2% Despite
extensive research, the etiology of RA is still unknown The cornerstone of the treatment of RA
consists of pharmacotherapy Besides nonsteroidal antiinflammatory drugs (NSAIDs) and corticosteroids, disease modifying antirheumatic drugs (DMARDs) are used Since the 1980s treatment with DMARDs is started early to change the course of the disease Also the number of
antirheumatic drugs has expanded The latest developments are the biological agents
Methotrexate (MTX) is one of the most effective DMARDs, as a single drug or in combination
therapy In contrast to biological agents, it is cheap and widely available Therefore we expect
MTX to hold its key role also in the future
Chapter 1 is a general introduction about MTX The aim and contents of this thesis are described
The main questions are whether supplementation with folic or folinic acid reduces the occurrence
of adverse events, if there is any impairment of the efficacy of MTX and if there is a difference in
costs associated with the use of folic acid or folline acid Besides folate metabolism, the related
homocysteine and purine metabolism are studied which are probably also involved in the mechanism of action of MTX Finally, a subgroup of patients, characterized by a genetic mutation in
the methylenetetrahydrofolate reductase (MTHFR) gene, is studied to determine if they are more
prone to MTX-related toxicity
In chapter 2 a review is presented of the current knowledge of the mechanism of action of lowdose MTX in the treatment of RA patients MTX acts as a folate antagonist, but exerts its action
also on other related metabolic pathways, such as the homocysteine-methionine polyamine
pathway, purine and pynmidine metabolism This is illustrated by a simplified metabolic scheme
The mechanisms of action regarding efficacy and toxicity are probably determined by different
metabolic pathways Recent data indicate that the antiinflammatory effect of MTX may be mediated by adenosine MTX-related toxicity is partly due to its folate antagonism, but probably is also
associated with its action on other related metabolic pathways The latter include the homocysteine-methionine-polyamine pathway and purine metabolism Variants in these metabolic routes
may predispose to the development of adverse events Currently the most promising strategy to
decrease or prevent MTX-related toxicity is concomitant prescription of folic or folinic acid
Chapter 3 deals with the results of a randomized, double-blind, placebo controlled, 48-week clinical trial, which aimed to study the effect of folic or folline acid supplementation on the efficacy
and toxicity of MTX treatment A total of 411 patients with active RA were randomly assigned to
receive MTX plus either placebo, folic acid (1 mg/day) or folinic acid (2,5 mg/week) The initial
MTX dosage was 7 5 mg/week With insufficient response, increases were allowed with a maximum of 25 mg weekly Folate dosages were doubled once the dose of MTX reached 15 mg/week
Toxicity-related discontinuation of MTX occurred in 38% of the placebo group, 17% of the folic
acid group (p<0 001), and 12% of the folinic acid group (p<0 001) These between-group differences were explained by the decreased incidence of elevated alanine aminotransferase (ALT) in
the folate supplemented groups No differences were found in the frequency of other adverse
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events Also severity and duration of adverse events were not different between the study groups
Parameters of disease activity improved equally in all groups Mean dosages of MTX at the end of
the study were lower in the placebo group (14 5 mg/week) than in the folic and folinic acid groups
(18 0 mg/week, p<0 001 vs placebo and 16 4 mg/week, p=0 017 versus placebo, respectively)
The main conclusion from this study is that both folate supplementation regiments reduce the
incidence of elevated liver enzymes during MTX therapy equally effective As a consequence MTX
is discontinued less frequently in these patients Folates seem to have no effect on the incidence,
severity and duration of other adverse events, including gastrointestinal and mucosal side effects
Slightly higher dosages of MTX were prescribed to obtain similar improvement of disease acitivity in the folate supplemented groups
Chapter 4 presents the results of the economic evaluation performed alongside the clinical trial
described in chapter 3 The total costs (medical and non-medical) were comparable in the three
treatment groups An incremental cost-effectiveness ratio (ICER) was calculated for the differences in the costs of primary treatment (MTX and folate supplementation) compared with the
differences in drug survival An investment of € 183 (folinic acid) or € 45 (folic acid) per patient
per year was needed to save one patient from discontinuing MTX treatment No between-group
differences were found in the Quality Adjusted Life Years (QALYs) and therefore the ICERs
including differences in costs related to differences in QALYs were not calculated The results of
the present economic evaluation apply to the setting of current clinical practice in the
Netherlands and support the supplementation with folic acid during MTX treatment of RA
Chapter 5, 6 and 7 concern the results of studies conducted in a subset of patients enrolled in the
clinical trial described in chapter 3
Chapter 5 presents the results of a study examining the relationship between the C677T mutation
in the methylenetetrahydrofolate reductase (MTHFR) gene and outcome of MTX therapy in RA
patients
In 1995, a C677T polymorphism of the MTHFR gene has been identified, which has a prevalence
of about 8% in homozygous form and 40% in heterozygous form in the normal population
MTHFR is one of the regulating enzymes in the remethylation of homocysteine from methionine In RA patients, both treatment with MTX and the mutated MTHFR gene (when present) will
lead to impeded remethylation of homocysteine and result in hyperhomocysteinemia
Theoretically, inhibition of methylation processes, that are very important for cell function, could
be responsible for adverse events
In the 236 patients enrolled in this study, genotypic analysis of the MTHFR gene was performed
by polymerase chain reaction and restriction analysis of DNA from white blood cells In 48% of
patients the homozygous (T/T) or heterozygous (TIC) transition was present The presence of the
C677CT or C677TT genotypes was associated with an increased risk of discontinuation of MTX
treatment due to adverse events (RR 2 01, 95%CI 1 09 to 3 70), mainly due to an increased risk
of elevated liver enzymes (RR 2 38, 95%CI 1 06 to 5 34) Efficacy parameters were not different
between the groups of patients with and without the mutation
The C677T mutation is the first identified genetic risk factor for elevated ALT values during MTX
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treatment in patients with RA We postulate that the incidence of clinically important elevation
of liver enzymes during MTX treatment is mediated by homocysteine metabolism.
Supplementation with folic or folinic acid decreases the risk of toxicity-related discontinuation of
MTX treatment in both patients with and without the mutation
Chapter 6 describes a study on the influence of MTX treatment (with or without folate supple
mentation) and the C677T mutation in the MTHFR gene on folate and homocysteine metabo
lism in RA patients. We also studied the relationship of homocysteine metabolism with efficacy
and toxicity of MTX therapy
In the 113 patients enrolled in this study homocysteine was determined at baseline, after 6 weeks
and after 48 weeks or at study withdrawal. Blood was drawn from fasting patients at a standard
ized time in the morning, 16 hours after intake of MTX.
Like in previous studies in RA patients, plasma homocysteine levels at baseline were relatively
high in all groups (15.4 μπιοΐ/ΐ, normal range 6 to 15 μιηοΐ/ΐ). The main result of the study was
the increase in plasma homocysteine during MTX therapy, and its reversal by folic or folinic acid
supplementation The presence or absence of the C677T mutation in the MTHFR gene did not
modify this finding. No relation was found between homocysteine metabolism and efficacy or
toxicity of MTX treatment.
In the long term hyperhomocysteinemia may be associated with considerable toxicity, especially
cardio- and cerebrovascular disease Therefore the reversal of the occurrence of hyperhomocys
teinemia forms, additonally to the reduced incidence of hepatotoxicity-related discontinuation of
MTX (chapter 3), another argument for folate supplementation during MTX treatment.
Chapter 7 reports a study on purine enzyme activities during MTX therapy and the relation with
efficacy and toxicity of MTX treatment
Purines are necessary for the synthesis of the nucleic acids adenosine monophosphate (AMP) and
guanosine monophosphate (GMP), and eventually desoxynbonucleic and ribonucleic acid. The
purine metabolism is composed of a de novo synthesis and a salvage route The latter involves the
enzymes S'-nucleotidase (5'NT), adenosine-deaminase (ADA), purme-nudeoside-phosphorylase
(PNP) and hypoxanthine-guanine-phosphonbosyltransferase (HGPRT) Disturbances of purine
metabolism have been associated with immune disorders and may play a role in RA
One hundred and three patients were studied At baseline, enzyme activities of HGPRT and ADA
were relatively low After 48 weeks of MTX therapy, the enzyme activities of ADA, PNP and
HGPRT were decreased These findings may be explained by direct or indirect effects of MTX,
possibly in relation with the effects of MTX on adenosine. No relation was found between
changes in these purine enzyme activities and the efficacy or toxicity of MTX treatment.
In the subgroup of patients discontinuing MTX treatment because of hepatotoxicity, 5'NT
showed a decrease In this subgroup, 5'NT activities at baseline were not low and after 6 weeks
had not changed yet It is uncertain whether the decrease in S'NT activity is causally related to the
occurence of hepatotoxicity. The decrease in 5'NT activity during MTX treatment might make
patients more prone to the hepatotoxic effects of MTX
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Discussion
The introduction of MTX in rheumatology practice has been a break-through It is an effective
DMARD that is also cheap and widely available MTX may also have an additional effect during
treatment with biologic agents directed against Tumor Necrosis Factor a, both as an effective
DMARD as well as an immune-suppressive drug used to prevent the formation of inhibiting antibodies against the biologic agents
This thesis tries to contribute to a better understanding of the mechanism of action of MTX and
the improvement of MTX treatment in RA. The simplified metabolic scheme we made shows the
interaction between the different metabolic pathways involved in the mechanism of action of
MTX It makes clear that MTX is more than a folate antagonist and invites the challenge of
exploring other metabolic pathways
In contrast to North America, folic or folinic acid supplementation as a strategy to diminish MTX
related toxicity was uncommon in Europe However, also American investigators confirmed the
need for clinical trials in order to answer important questions about the precise effect of folate
supplementation on both toxicity and efficacy of MTX treatment
The studies described in chapter 3,4 and 6 support the supplementation of folic acid during MTX
treatment of RA. First, we found a significantly decreased incidence of hepatotoxicity-related discontinuation of MTX when supplementing folic or folinic acid. In contrast to previous studies,
the incidence of other adverse events (stomatitis, nausea, indigestion, diarrhea, rash) was not
reduced. Advantages of our study were the inclusion of far more patients, the separate analysis of
all adverse events (in contrast to several studies using combined toxicity scores), the comparison
of both folic and folinic acid with placebo in one study, and the fact that randomization was stratified for each participating hospital. Also, support for the results of our study come from 2 other
large studies, comparing the efficacy and toxicity of leflunomide versus MTX and placebo
Elevation of transaminases was reported more frequently in the study conducted in Europe,
where folate supplementation was uncommon in contrast to the study conducted in North
America, where folate supplementation was mandatory. No differences were found with regard to
other adverse events between the MTX group in Europe and North America.
Second, folate supplementation leads to the reversal of MTX-induced hyperhomocysteinemia,
which is a risk factor for vascular disease With increasing duration of MTX-use per patient, we
must also be aware of possible unexpected adverse events in the long-term. Therefore, longstanding follow-up of large groups of patients is important
Third, no between-group differences were found in the efficacy of MTX measured by the decline
in Disease Activity Score (DAS) during treatment and the response according to either the
American College of Rheumatology (ACR) or the European League Against Rheumatism
(EULAR) response criteria. However, in the folate supplementation groups mean dosages of MTX
were higher than in the placebo group Another point is that in the subset of patients studied in
chapter 6 (homocysteine metabolism), in multivariate linear regression analysis folate supplementation was associated with a small but statistically significant decrease of MTX efficacy, measured by the change in DAS. Subsequently, we performed the same analysis in the total group of
411 patients included in the main trial described in chapter 3 No statistically significant association was found between folate supplementation and the change in DAS in this larger group of
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patients. In conclusion, we cannot completely rule out a small negative effect of folates on the efficacy of MTX, resulting in slightly higher weekly and cumulative dosages of MTX needed for the
same clinical effect. However, the benefit of folic acid supplementation clearly outweighs this
small, if any, disadvantage.
Fourth, folic acid has the advantage of lower costs The costs of folate supplementation compared
with total medical and non-medical costs are low Folic acid is cheaper than folinic acid. Although
total costs were comparable in the three treatment groups, the investment needed to save one
patient from discontinuing MTX treatment was lower in the folic acid (€ 45) than in the folinic
acid group (€ 183)
In conclusion, we advise the supplementation of folic acid in the treatment of MTX, in the regimen described in chapter 3 (folic acid 1 mg/day, dosage doubled when MTX > 15 mg/week). We
did not investigate the possible role of different intervals of administration of folic acid with
respect to the intake of MTX However, previous studies show that, in contrast to folinic acid,
both the dosage levels and intervals of administration of folic acid are not so critical No differences were found between studies using folic acid 1 mg/day, or 5-27.5 mg/week given 5 days per
week when MTX was not ingested. These results make it unlikely that at the higher mean MTX
dosages used in our study higher dosages of folic or folinic acid are needed to prevent other
adverse events A point of discussion is whether to start folic acid supplementation at the beginning of MTX treatment, or only when elevation of ALT occurs We advise to start folic acid right
at the start of MTX, since 1) the ocurrence of increasing transaminase levels leads to dosage
adjustments of MTX or temporarily discontinuation of MTX and thus impeded treatment and
anxiety of the patient, 2) our study does not show a significant decrease of efficacy of MTX due
to folic acid supplementation, so there is no need to withhold it from patients, and 3) folic acid
supplementation leads to the reversal of MTX-induced increment of homocysteine and therefore
reduces the risk of vascular disease associated with hyperhomocysteinemie
Another part of this thesis concerns the mechanism of action of MTX. MTX is a folate antagonist, probably exerting its efficacy and toxicity via different folate-dependent metabolic pathways.
Cronstein postulates a central role of adenosine in the antiinflammatory effect of MTX. Toxicity
might be determined by antagonism of folates and the homocysteine pathway, leading to impeded remethylation processes
Considering the results of our studies together some points need to be discussed-

Efficacy
Our studies show that hyperhomocysteinemia, induced by MTX treatment or by the presence of
the MTHFR gene mutation, is not related to the efficacy of MTX. In the total group of 411
patients no association was found between folate supplementation and efficacy Therefore we
conclude that the influence of MTX on homocysteine metabolism is not the most important
pathway in its efficacy
We found significant decreases in the purine enzyme activities of ADA, PNP and HGPRT during
MTX treatment. Theoretically, the decrease of ADA and PNP activities might lead to increment
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of adenosine, and consequently antiinflammatory effects However, no relation was shown
between these changes in purine enzyme activities and the efficacy or MTX treatment Future
investigations should be extended to the role of adenosine, despite the technical difficulties for its
determination If MTX exerts its action via adenosine, as proposed by Cronstein, this could lead
to a new class of drugs

Toxicity
We found an association between the presence of the homozygous or heterozygous mutation in
the MTHFR gene and an increased risk of discontinuation of MTX treatment mainly due to an
increased risk of elevated liver enzymes (chapter 5) This is probably due to impeded homocysteine metabolism However, in chapter 6 homozygous mutants had a higher plasma homocysteine
at baseline, but no relation was found between the change in homocysteine and the presence or
absence of the C677T mutation in the MTHFR gene Also no relation was found between MTXinduced hyperhomocysteinemia and toxicity Considered together toxicity might be related to
homocysteine metabolism, but not directly via hyperhomocysteinemia
Studying purine metabolism, we found a decrease of 5'NT activity in a subgroup of patients discontinuing MTX because of hepatotoxicity Possibly some patients have a genetic polymorphism
which renders them vulnerable to MTX-induced decrease of 5'NT enzyme activity and consequently MTX-related toxicity Further studies are needed to determine the exact role of purine
enzymes in MTX treatment
In conclusion, strategies to improve MTX therapy may be targeted at various aspects strategies
to decrease its toxicity, more knowledge about the role of different pathways with regard to efficacy and toxicity, which might lead to MTX-derived drugs with more specific action, the role of
adenosine, genetic factors, etc It is a challenge to explore the possibilities
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Samenvatting
Reumatoide arthritis (RA) is een chronische auto-immuunziekte met een prevalentie van 1-2%.
Ondanks uitvoerig onderzoek, is de etiologie van RA nog steeds onbekend. Naast met-steroidale
antiinflammatoire drugs (NSAlD's) en corticosteroiden, worden disease-modifying antirheumatic drugs (DMARD's) gebruikt. Sinds de jaren '80 wordt behandeling met DMARD's vroeg gestart
om zo het beloop van de ziekte te beïnvloeden. Ook het aantal beschikbare antirheumatica is toegenomen. De laatste ontwikkelingen zijn de zogenaamde biologische middelen.
Methotrexaat (MTX) is één van de meest effectieve DMARD's, zowel als monotherapie of in combinatie. In tegenstelling tot de biologische middelen, is MTX goedkoop en wijd verspreid beschikbaar. Daarom verwachten we dat ook in de toekomst MTX een sleutelrol zal blijven spelen.
Hoofdstuk 1 is een algemene inleiding over MTX, het werkingsmechanisme en strategieën om bijwerkingen te reduceren. Het doel en de inhoud van dit proefschrift worden beschreven. De belangrijkste vragen zijn of suppletie met foliumzuur of folinezuur het optreden van bijwerkingen vermindert, of er een vermindering van de effectiviteit van MTX optreedt en of er een verschil in kosten
is tussen behandeling met foliumzuur danwei folinezuur. Naast het folaatmetabolisme worden ook
het homocysteine en het purine metabolisme bestudeerd, welke waarschijnlijk ook betrokken zijn in
het werkingsmechanisme van MTX. Tenslotte wordt een subgroep van patiënten, gekarakteriseerd
door een genetische mutatie in het methylenetetrahydrofolate reductase (MTHFR) gen, bestudeerd
om na te gaan of deze patiënten gevoeliger zijn voor MTX-gerelateerde toxiciteit.
In hoofdstuk 2 wordt een overzicht gepresenteerd van de huidige kennis van het werkingsmechanisme van lage doses MTX in de behandeling van RA patiënten. MTX werkt als een folaatantagonist maar oefent zijn werking ook uit op andere gerelateerde metabole processen, zoals de
homocysteine-methionine-polyamine, purine en pyrimidine stofwisseling. Dit wordt geïllustreerd door een vereenvoudigd schema. Het werkingsmechanisme ten aanzien van effectiviteit en
toxiciteit zijn waarschijnlijk bepaald door verschillende metabole wegen. Recente data wijzen erop
dat het antiinflammatoire effect van MTX mogelijk gemedieerd wordt door adenosine. MTXgerelateerde toxiciteit is deels het gevolg van folaat-antagonisme, maar waarschijnlijk ook geassocieerd met werking op andere gerelateerde metabole routes, zoals het homocysteine en purine
metabolisme. Varianten in deze metabole routes veroorzaken mogelijk een predispositie voor bijwerkingen. Thans is de meest belovende strategie voor het tegengaan of de preventie van bijwerkingen, gelijktijdige behandeling met foliumzuur of folinezuur.
Hoofdstuk 3 betreft de resultaten van een gerandomiseerde, dubbel-blinde placebo-gecontroleerde,
studie gedurende 48 weken, die beoogt de effecten van comedicatie met foliumzuur en
folinezuur op de effectiviteit en toxiciteit van MTX therapie te bestuderen. In totaal 411 patiënten met actieve RA werden behandeld met MTX plus placebo, danwei MTX plus foliumzuur
(1 mg/dag) of MTX plus folinezuur (2,5 mg/week). De startdosis MTX was 7,5 mg/week. Zolang
er sprake was van een onvoldoende respons werd de MTX dosis verhoogd tot een maximum van
25 mg/week. De dosering van folium- en folinezuur werd verdubbeld indien de MTX dosis
> 15mg/week bedroeg.
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Staken van MTX ten gevolge van bijwerkingen trad op bij 38% van de patiënten in de placebogroep, 17% in de foliumzuurgroep (p<ü,001) en 12% in de folinezuurgroep (p<0,001) Deze verschillen waren het gevolg van een afname van stijging van alanine aminotransferase (ALAT) in de
folaat gesuppleerde groepen Er waren geen verschillen in frequentie, ernst en duur van andere
bijwerkingen, of van parameters van effectiviteit De gemiddelde MTX dosering aan het eind van
de studie was lager in de placebogroep (14,5 mg/week) dan in de folium- en folinezuurgroepen
(respectievelijk 18,0 mg/week, p<0,001 versus placebo en 16,4 mg/week, p=0,017 versus placebo)
De belangrijkste conclusie uit deze studie is dat folium- en folinezuur het optreden van leverfunctiestoormssen tijdens MTX therapie even effectief verminderen, resulterend in een significante afname van het aantal patiënten dat MTX moet staken Andere bijwerkingen, inclusief
gastrointestinale en mucosale bijwerkingen werden met beïnvloed In de folaat gesuppleerde
groepen werd een iets hogere dosis MTX voorgeschreven om dezelfde verbetering m ziekteactiviteit te bewerkstelligen
In hoofdstuk 4 worden de resultaten beschreven van de economische evaluatie van de trial
beschreven m hoofdstuk 3 De totale kosten (medisch en met-medisch) waren vergelijkbaar in de
3 behandelingsgroepen Er werd een incrementele kosten-effectiviteitsratio berekend voor de verschillen in kosten van de primaire behandeling (MTX en foliumzuur of folinezuur suppletie) in
vergelijking met de verschillen in drug survival Een investering van € 183 (folinezuur) of € 45
(foliumzuur) per patient per jaar was nodig om voor een patient te voorkomen dat MTX gestaakt
moest worden Er waren geen verschillen in Quality Adjusted Life Years (QALY's) tussen de 3
behandelingsgroepen, zodat het niet zinvol was hiervoor een kosten-effectiviteitsratio te bereke
nen De resultaten van deze economische evaluatie zijn van toepassing op de huidige klinische
praktijk in Nederland en ondersteunen het voorschrijven van foliumzuur als comedicatie tijdens
de behandeling van RA patiënten met MTX
De hoofdstukken 5,6 en 7 betreffen de resultaten van studies die werden uitgevoerd in een sub
groep van patiënten uit de studie beschreven in hoofdstuk 3
Hoofdstuk 5 presenteert de resultaten van een studie naar de relatie tussen de mutatie in het
MTHFR gen en de uitkomst van MTX behandeling
In 1995 werd een C677T polymorfisme van het MTHFR gen ontdekt, dat in de normale popuia
tie een prevalentie heeft van ongeveer 8% in de homozygote vorm en 40% in de heterozygote
vorm MTHFR is een van de regulerende enzymen in de remethylermg van homocysteine vanuit
methionine In RA patiënten kunnen zowel behandeling met MTX als ook het gemuteerde
MTHFR gen (indien aanwezig) leiden tot een gestoorde remethylermg van homocysteine en
resulteren in hyperhomocysteinemie Theoretisch kan inhibitie van methyleringsprocessen, die
belangrijk zijn voor de celfunctie, verantwoordelijk zijn voor bijwerkingen
Bij de 236 patiënten in de/e studie werd genotypering van het MTHFR gen verricht met behulp
van polymerase ketting reactie en restrictie analyse van DNA van witte bloedcellen In 48% van
de patiënten was de homo- (TT) of heterozygote (CT) transitie aanwezig De aanwezigheid van
de C677CT of C677TT genotypes was geassocieerd met een verhoogd risico op het staken van
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MTX behandeling ten gevolge van bijwerkingen (RR 2,01; 95% CI 1,09 tot 3,70). Er was geen verschil in effectiviteits parameters tussen patiënten met of zonder de mutatie.
De C677T mutatie is de eerste geïdentificeerde genetische risicofactor voor het optreden van
ALAT stijging tijdens behandeling van RA patiënten met MTX. We postuleren dat de incidentie
van klinisch belangrijke transaminase stijging gdurende MTX behandeling wordt gemedieerd
door het homocysteine metabolisme. Suppletie met folium- of folinezuur vermindert het risico
op staken van MTX ten gevolge van bijwerkingen zowel bij patiënten met als zonder de mutatie.
Hoofdstuk 6 beschrijft een studie naar de invloed van MTX behandeling (met of zonder folaat
suppletie) en de C677T mutatie in het MTHFR gen op folaat en homocysteine metabolisme bij
RA patiënten. Ook werd de relatie bestudeerd tussen homocysteine metabolisme en de effectiviteit en toxiciteit van behandeling met MTX.
Bij de 113 patiënten in deze studie werd homocysteine bepaald bij aanvang en na 6 en 48 weken
of bij staken van de studiemedicatie. Bloedafname vond plaats op een gestandaardiseerde tijd in
de ochtend, 16 uur na inname van MTX.
Zoals in voorgaande studies bij RA patiënten, waren de waarden van plasma homocysleine bij aanvang van de studie relatief hoog in alle groepen (15,4 μιηοΐ/ΐ; normaalwaarden 6 tot 15 μπιοΐ/ΐ).
Het belangrijkste resultaat van de studie was een stijging van het plasma homocysteine tijdens
behandeling met MTX, en de omkering ervan door suppletie met folium- of folinezuur. Er werd
geen relatie gevonden tussen homocysteine metabolisme en de effectiviteit en toxiciteit van MTX.
Op de lange duur is hyperhomocysteinemie geassocieerd met aanzienlijke toxiciteit, met name
cardio- en cerebrovasculaire ziekte. Daarom vormt het tegengaan van de tijdens MTX optreden
de hyperhomocysteinemie, naast de afname van staken van MTX wegens leverfunctie-stoornis
sen, een extra argument voor folaat suppletie tijdens behandeling met MTX.
Hoofdstuk 7 rapporteert een studie naar de activiteit van purine enzymen gedurende MTX behan
deling en de relatie met de effectiviteit en toxiciteit van MTX.
Purines zijn nodig voor de synthese van de nucleinezuren adenosine monophosphaat (AMP) en
guanosine monophosphaat (GMP), en uiteindelijk desoxyribonucleïnezuur en ribonucleinezuur.
Purine metabolisme bestaat uit een de novo synthese en een salvage route. De laatste omvat de enzymen 5'-nucleotidase (5'NT), adenosine-deaminase (ADA), purine-nucleoside-phosphorylase
(PNP) and hypoxanthine-guanine-phosphoribosyl-transferase (HGPRT). Stoornissen van het
purine metabolisme zijn geassocieerd met immuunaandoemngen en spelen mogelijk een rol in RA.
In totaal 103 patiënten werden geincludeerd. De enzymactiviteiten van HGPRT en ADA bij aanvang waren relatief laag. Na 48 weken MTX behandeling waren de enzymactiviteiten van ADA,
PNP en HGPRT gedaald. Dit kan het gevolg zijn van directe danwei indirecte effecten van MTX,
mogelijk in relatie met effecten van MTX op adenosine. Er werd geen relatie gevonden tussen veranderingen in deze purine enzym activiteiten en de effectiviteit en toxiciteit van MTX.
In de subgroep van patiënten die MTX moesten staken wegens leverfunctie-stoornissen, werd een
daling van de enzymactiviteit van 5'NT gezien, welke overigens bij aanvang en na 6 weken MTX
behandeling nog niet aanwezig was. Het is onzeker of er een oorzakelijk verband is tussen de
daling in 5'NT enzym activiteit en het optreden van leverfunctiestoormsssen. De daling van S'NT
enzym activiteit maakt patiënten mogelijk gevoeliger voor de hepatotoxische effecten van MTX.
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Discussie
De introductie van MTX in de reumatologische praktijk is een doorbraak geweest MTX is een
effectief DMARD en is bovendien goedkoop en wijd verspreid beschikbaar MTX heeft mogelijk
ook een additioneel effect in de behandeling met biologische middelen gericht tegen Tumor
Necrosis Factor α, zowel als een effectief DMARD als ook als een immunosuppressief middel dat
mogelijk de vorming van inhiberende antistoffen tegen de biologische middelen kan tegengaan
Dit proefschrift probeert een bijdrage te leveren aan het begrip van het werkingsmechanisme van
MTX en de verbetering van de behandeling met MTX bij RA Het vervaardigde vereenvoudigde
metabole schema toont de interactie tussen de verschillende metabole paden die betrokken zijn
bij het werkingsmechanisme van MTX Het illustreert dat MTX meer is dan een folaat antagonist
en nodigt uit om andere metabole wegen te onderzoeken
In tegenstelling tot Noord-Amenka, was suppletie met folium- of folinezuur als strategie om
MTX gerelateerde bijwerkingen te verminderen, in Europa met gebruikelijk Echter, vooraan
staande Amerikaanse onderzoekers benadrukten de noodzaak van een klinische studie ter beant
woording van belangrijke vragen als het precieze effect van folaat suppletie op zowel de toxiciteit
als effectiveit van MTX behandeling De studies beschreven in de hoofdstukken 3,4 en 6 onder
steunen de suppletie met foliumzuur tijdens MTX behandeling van RA Ten eerste werd in geval
van folium- of folinezuur suppletie een significante daling gevonden van het optreden van aan
leverfunctiestoormssen gerelateerd staken van MTX In tegenstelling tot voorgaande studies, werd
geen afname van andere bijwerkingen (stomatitis, misselijkheid, braken, diarrhée, huiduitslag)
waargenomen Voordelen van onze studie zijn het veel grotere aantal patiënten, de onafhankelijke
analyse van alle bijwerkingen (in tegenstelling tot de gecombineerde toxiciteitsscores bij een aantal andere studies), de vergelijking van zowel folium- en folinezuur met placebo binnen een studie, en de per deelnemend centrum gestratificeerde randomisatie Daarnaast worden onze resultaten ondersteund door de uitkomsten van 2 andere grote studies, die de effectiviteit en toxiciteit
van leflunomide versus MTX en placebo onderzochten Het optreden van transaminase stijging
was frequenter in de studie uitgevoerd in Europa, alwaar folaat suppletie ongebruikelijk was in
tegenstelling tot de studie in Noord-Amenka waar folaat suppletie verplicht was Er werden geen
verschillen gevonden met betrekking tot het optreden van andere bijwerkingen tussen de met
MTX behandelde groepen in Europa en Noord-Amenka
Ten tweede leidt folaat suppletie tot een daling van de onder invloed van MTX optredende hyperhomocysteinemie, hetgeen een risicofactor is voor vasculaire aandoeningen Met het toenemen
van de behandelmgsduur met MTX, moeten we ons bewust zijn van mogelijke onverwachte bijwerkingen op de lange termijn Daarom is langdurige follow-up van grote groepen patiënten van
groot belang
Ten derde werden geen verschillen gevonden tussen de 3 behandehngsgroepen in de effectiviteit
van MTX gemeten met behulp van de Disease Activity Score (DAS) en de respons categorieën volgens de American College of Rheumatology (ACR) of de European League Against Rheumatism
(EULAR) response criteria Echter, in de folaat gesupplementeerde groepen was de gemiddelde
MTX dosering hoger dan in de placebo groep Een ander punt is dat in de subgroep van patiënten bestudeerd in hoofdstuk 6 (homocysteine metabolisme), met behulp van multivariate lineaire regressie analyse een geringe, maar statistisch significante associatie werd gevonden tussen
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folaat suppletie en afname van effectiviteit van MTX, gemeten met de DAS Vervolgens hebben we
dezelfde analyse in de totale groep van 411 patiënten uit de studie beschreven in hoofdstuk 3 uitgevoerd, waarbij geen statistisch significante associatie tussen folaat suppletie en verandering in
DAS werd gevonden Concluderend kunnen we een geringe negatieve invloed van folaten op de
effectiviteit van MTX, resulterend in iets hogere wekelijkse en cumulatieve doseringen MTX met
geheel uitsluiten Echter, de voordelen van folaat suppletie wegen ruimschoots op tegen dit mogelijk aanwezige nadeel
Ten vierde heeft foliumzuur het voordeel van lagere kosten De kosten van folaat suppletie vergeleken met de totale medische en met-medische kosten zijn laag Foliumzuur is goedkoper dan
folinezuur Hoewel de totale kosten in de 3 groepen vergelijkbaar zijn, is de noodzakelijke investering voor foliumzuur € 45 en voor folinezuur € 183 per patient per jaar voor elke additionele
patient die de MTX behandeling met hoeft te staken
Concluderend adviseren we bij MTX behandeling van RA tevens foliumzuur te suppleren in de
dosering zoals beschreven in hoofdstuk 3 (foliumzuur 1 mg/dag, dosering verdubbelen indien
MTX > 15 mg/week) We hebben geen onderzoek gedaan naar de invloed van verschillende tijdsintervallen tussen de inname van foliumzuur en de inname van MTX Echter voorgaande studies
laten zien dat zowel doseringsmterval als doseringshoogte met zo kritisch zijn als bij folinezuur
Er werden geen verschillen gevonden tussen studies met 1 mg foliumzuur/dag, danwei 5-27,5
mg/week, ingenomen op de dagen dat geen MTX werd ingenomen Deze resultaten maken het
onwaarschijnlijk dat bij de gemiddeld hogere MTX dosering in onze studie ook hogere doseringen folium- of folinezuur nodig zijn om bijwerkingen te voorkomen Een discussiepunt is of
foliumzuur suppletie direct bij aanvang van de behandeling met MTX gestart moet worden danwel pas na het optreden van leverfunctiestoornissen Wij adviseren de foliumzuur tegelijkertijd
met MTX te starten, aangezien 1 ) het optreden van transaminase stijging leidt tot aanpassing van
de dosis en eventueel tijdelijk staken van MTX en daarmee tot een onderbreking van de behandeling en onrust bij de patient, en 2) onze studie geen significante afname van effectiviteit van
MTX als gevolg van foliumzuur suppletie toont, zodat er geen reden is foliumzuur aan patiënten
te onthouden, en 3) de tijdens MTX behandeling optredende hyperhomocysteinemie wordt
tegengegaan door foliumzuur suppletie en daarmee wordt het aan hyperhomocysteinemie geassocieerde risico op vasculaire aandoeningen gereduceerd
Een ander deel van dit proefschrift betreft het werkingsmechanisme van MTX MTX is een folaat
antagonist, waarbij effectiviteit en toxiciteit waarschijnlijk via verschillende metabole paden verlopen Cronstein postuleert een centrale rol voor adenosine in het antiinflammatoire effect van
MTX Toxiciteit wordt mogelijk bepaald door antagonisme van folaten en het homocysteine
metabolisme, leidend tot gestoorde remethylenngsprocessen
De resultaten van onze studies beschouwend, dienen enkele punten bediscussieerd te worden
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Effectiviteit
Onze studies tonen dat hyperhomocysteinemie, veroorzaakt door behandeling met MTX of door
de aanwezigheid van de mutatie in het MTHFR gen, niet gerelateerd is aan de effectiviteit van
MTX. In de totale groep van 411 patiënten werd geen relatie gevonden tussen folaat suppletie en
effectiviteit. We concluderen dat de invloed van MTX op het homocysteine metabolisme waarschijnlijk niet de belangrijkste route is met betrekking tot effectiviteit.
We vonden een significante afname van de activiteit van de purine enzymen ADA, PNP en
HGPRT gedurende MTX behandeling. Theoretisch zou de afname van activiteit van ADA en PNP
kunnen leiden tot toename van adenosine en daarmee antiinflammatoire effecten. Echter, er kon
geen relatie worden aangetoond tussen de veranderingen in purine enzym activiteiten en de effectiviteit van MTX behandeling. Toekomstig onderzoek zou uitgebreid moeten worden naar de rol
van adenosine, ondanks het feit dat adenosine technisch moeilijk te meten is. Indien MTX werkzaam is via adenosine, zoals voorgesteld door Cronstein, zou dit kunnen leiden tot een nieuwe
klasse van medicamenten.

Toxiciteit
We vonden een relatie tussen de aanwezigheid van de homozygote of heterozygote mutatie in het
MTHFR gen en een verhoogd risico op staken van MTX, voornamelijk als gevolg van stijging van
leverenzymen (hoofdstuk 5). Dit is waarschijnlijk het gevolg van een gestoord homocysteine
metabolisme. Homozygote mutanten hadden een hogere plasma homocysteine als uitgangswaarde, maar er werd geen relatie gevonden tussen de verandering in homocysteine en de aan- of
afwezigheid van de C677T mutatie in het MTHFR gen. Ook werd geen relatie gevonden tussen
door MTX veroorzaakte hyperhomocysteinemie en toxiciteit. Toxiciteit is mogelijk gerelateerd
aan homocysteine metabolisme, maar niet direct via hyperhomocysteinemie.
Bij bestudering van het purine metabolisme werd een daling van de enzymactiviteit van 5'NT
gevonden in een subgroep van patiënten die MTX moesten staken wegens leverfunctiestoornissen. Mogelijk hebben sommige patiënten een genetisch polymorphisme dat hen gevoelig maakt
voor door MTX veroorzaakte daling van 5'NT en vervolgens voor MTX-gerelateerde bijwerkingen. Toekomstige onderzoek is nodig om de precieze rol van purine enzymen in de behandeling
van MTX te bepalen.
Concluderend kan verbetering van behandeling met MTX zich richten op strategieën om toxiciteit te reduceren, toename van de kennis over de rol van verschillende metabole routes met
betrekking tot effectiviteit en toxiciteit, hetgeen zou kunnen leiden tot de ontwikkeling van MTX
afgeleide medicamenten met meer specifieke werking, de rol van adenosine, genetische factoren,
etc. Het is een uitdaging om de mogelijkheden te onderzoeken.
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Methotrexate Associated Toxicity in Rheumatoid Arthritis
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Stellingen

1

Door toevoeging van foliumzuur aan methotrexaat therapie bij patiënten met
reumatoide artritis hoeven significant minder patiënten de behandeling wegens
leverfunctiestoornissen te staken (dit proefschrift)

2.

Behandeling met methotrexaat leidt tot hyperhomocysteinemie, hetgeen door
suppletie met foliumzuur wordt voorkomen (dit proefschrift).

3

Methotrexaat beïnvloedt meerdere metabole routes, maar de exacte aangrijpingspunten voor effectiviteit en toxiciteit zijn niet bekend (dit proefschrift).

4.

De C677T mutatie in het MTHFR gen is de eerste genetische factor die is geassocieerd met transaminase stijging tijdens methotrexaat therapie bij patiënten met
reumatoide artritis (dit proefschrift).

5.

Behandeling van patiënten met reumatoide artritis met methotrexaat leidt tot
een significante daling van de activiteit van de purine enzymen ADA, PNP en
HCPRT (dit proefschrift).

6.

Gezondheid is geen recht maar een voorrecht

7

Alvorens meer mensen voor de gezondheidszorg te rekruteren, dient men eerst
de huidig opgeleiden voor de gezondheidszorg te behouden.

8.

De behoefte aan kinderopvang stopt niet bij vier jaar

9.

De dwang tot een hogere productiviteit contrasteert met de wens van menig
patient voor meer tijd per consult.

10 Een liefdevolle, inspirerende omgeving geeft veel energie
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