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Abstract

Rheumatoid Arthritis is one of the most common autoimmune diseases, causing irreversible joint damage and dis-
ability. Methotrexate (MTX) is the gold standard drug for this. The low cost, easy availability and high efficacy makes

it the most important and commonly used DMARD in developing and low income countries. However, long term
use of MTX is also associated with intolerance including gastrointestinal effects such as nausea, vomiting, abdominal
pain and diarrhoea. In addition, anticipatory, associative and behavioural symptoms such as anxiety and irritability are
also observed. These adverse effects arise as a conditioned response and are often inadequately managed, leading to
discontinuation of treatment. Understanding and assessing the incidence of MTX intolerance across ethnicities and
geographical regions would lead to a better treatment compliance. In this review we present a compilation of the
available literature on Methotrexate intolerance in Rheumatoid Arthritis and strategies to mitigate this effect.
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Introduction

Rheumatoid Arthritis (RA) is one of the most common
autoimmune diseases. Approximately 1% of the popula-
tion is affected, causing irreversible cartilage and joint
damage leading to disability [1]. Women are three times
more likely to develop RA as compared to men, and a
strong association with sex hormones, particularly oes-
trogen has been demonstrated. Pregnancy itself has
been investigated as a risk factor in RA development [1].
Genetic factors also contribute to pathogenesis. It is a
chronic inflammatory disease with autoimmune patho-
genesis, characterised by joint involvement and multiple
systemic manifestations like cardiovascular, pulmonary,
psychological and skeletal disorders along with hyper-
plasia (“swelling”), autoantibody production (rheumatoid

*Correspondence:

Shivani Arora Mittal

shivanimittal@icloud.com

! Department of Research, Sir Ganga Ram Hospital, New Delhi, India

2 Department of Clinical Immunology & Rheumatology, Sir Ganga Ram
Hospital, New Delhi, India

B BMC

factor and anti—citrullinated protein antibody [ACPA]),
cartilage and bone destruction (“deformity”) [2].
Although many factors including genetic, environmental
and infectious agents are known to contribute to disease
pathogenesis, the exact pathological mechanism is yet
to be fully understood [3]. The most common clinical
presentation of the disease is multiple joint involvement,
usually bilateral and symmetrical, most commonly affect-
ing the metacarpophalangeal, metatarsophalangeal and
proximal interphalangeal joints. Morning joint stiffness
is another characteristic feature of the disease [4]. Left
untreated, extra articular manifestations such as rheu-
matic nodules or rheumatic vasculitis may develop [5].
Cardiovascular disease is a common sequelae of chronic
inflammation in these patients, and is the primary cause
of death in people afflicted by RA [6]. Early diagnosis and
maintenance of remission is thus paramount to prevent-
ing long term malignant joint damage leading to disabil-
ity and greatly reduced quality of life. Patients with RA
often have an elevated erythrocyte sedimentation rate
(ESR) or C-reactive protein (CRP) level, which may indi-
cate presence of inflammatory processes in the body [7].
Currently, the ACR/ EULAR 2010 criteria for diagnosis
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of RA use the rheumatoid factor (RF) and antibodies
against cyclic citrullinated proteins (anti-CCP), and these
remain the gold standard diagnostic biomarkers in clini-
cal practice [8]. Besides these, other diagnostic biomark-
ers that can help with the early diagnosis of RA have been
identified. These include anti-citrullinated peptide anti-
bodies (ACPA), antibodies against mutated citrullinated
vimentin (Anti-MCV), and antibodies against carbamyl-
ated proteins (Anti-Carp) [9].

Treatment of RA involves disease control, remission
of symptoms, and maintenance therapy. Modern thera-
peutic approaches can lead to effective disease control
greatly improving the quality of life. The first line and
most common treatment is disease modifying anti-rheu-
matic drugs (DM ARDs). These drugs alleviate symptoms
of RA, improve physical function, and also inhibit pro-
gression of joint damage. This class of drugs, unlike non
steroidal anti inflammatory drugs (NSAIDs), are effective
in managing not only the symptoms but also preventing
irreversible damage to the joints [10]. DMARDs are cat-
egorised as either synthetic (small chemical molecules
given orally) or biologics (proteins administered paren-
terally). Among the empirically developed DMARD:s,
methotrexate (MTX) is the gold standard drug for RA
treatment [11]. Other conventional synthetic DM ARDs
include sulfasalazine, leflunomide, and hydroxychloro-
quine. Common biologic DMARDs include TNF inhibi-
tors (such as infliximab, adalimumab, and golimumab)
or IL-6 inhibitors (such as tocilizumab) or JAK inhibitors
(such as baricitinib) [12]. When patients do not respond
to 2 or more conventional synthetic DMARDs, they are
unlikely to achieve the treatment target. In the presence
of poor prognostic markers, insufficient response to syn-
thetic DMARDs or intolerance, EULAR recommends
shifting to any biological DMARD.

Methotrexate: Mechanism of action and intolerance

The use of Methotrexate in treating RA was discovered
serendipitously. Considering that folic acid is essential for
cell proliferation via its role in DNA and RNA synthesis,
it was reasoned that starving rapidly dividing cells of folic
acid would inhibit their proliferation [13]. As a result,
MTX was synthesised as a folic acid antagonist to treat
childhood leukaemia with great success, as was proved in
the landmark trial reported in 1948 [14]. With this back-
ground, Gubener and colleagues in the early 1950s were
able to demonstrate a steroid like effect of MTX in sev-
eral in vitro studies on cell cultures of the components of
mesenchymal tissues, describing the action of the drug
as ‘steroid—sparing. Using a dose that was several log
orders lower than that used for treating leukaemia, they
showed its efficacy in the treatment of RA and psoriatic
arthritis. Low dose MTX is the standard of care today for
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RA treatment [15]. MTX is also useful for patients with
juvenile idiopathic arthritis [16]. Today, MTX is one of
the major chemotherapeutic choices for various types of
cancers such as lymphoma [17], carcinoma of the breast
[18], small cell carcinoma of the lung [19], carcinoma of
the ovary [20], and non-metastatic osteosarcoma [21]. It
is also safe and effective for patients with other inflam-
matory diseases such as psoriasis, systemic lupus ery-
thematosus, inflammatory bowel disease [22], vasculitis,
and many other connective tissue diseases. MTX has also
found to be effective in patients with organ transplanta-
tion because of its anti-inflammatory and immunomodu-
latory activity.

MTX inhibits dihydrofolate reductase enzyme, which
is essential for de novo purine and pyrimidine synthesis,
thereby inhibiting proliferation of rapidly dividing malig-
nant cells [23]. By inhibiting dihydrofolate reductase,
MTX also prevents the reduction of dihydrobiopterin
(BH2) to tetrahydrobiopterin (BH4), leading to nitric
oxide synthase uncoupling and increased sensitivity of
T cells to apoptosis [24, 25] Other postulated mecha-
nisms by which MTX suppresses inflammation include
enhanced adenosine release [26], inhibition of trans-
methylation reactions required for cellular functions,
diminished accumulation of polyamines [27]. Inhibi-
tion of trans-methylation reactions result in subsequent
reduction in polyamide production, leading to dimin-
ished production of ammonia and H,0, Reduced pro-
duction of such toxic metabolites leads to diminished
anti-inflammatory response and synovial damage. MTX
also leads to enhanced adenosine release by inhibit-
ing aminoimidazole-4- carboxamide ribonucleotide
(AICAR) transformylase (ATIC), leading to intracellular
accumulation of AICAR and increased adenosine release
[28]. MTX also inhibits adenosine deaminase, again lead-
ing to extracellular release of adenosine nucleotides.
Adenosine nucleotides are converted into adenosine by
the action of the cell surface enzymes such as ectonu-
cleoside triphosphate dephosphorylase 1 (CD39) and
ecto-5’-nucleotidase (CD73). Adenosine, thus produced,
is a potent stimulus for the adenosine receptors, all of
which has potent inhibitory effects on nearly all inflam-
matory cell types. Adenosine causes inhibition of adhe-
sion and recruitment of neutrophils [29]. It also inhibits
cytokine expression in macrophages. In addition, aden-
osine inhibits T cell receptor triggered activation and
FAS-FASL mediated cell death in T cells. In endothelial
cells, it causes increased barrier integrity and inhibits
oedema formation. Thus, MTX exerts anti-inflammatory
effects by directly and indirectly regulating the func-
tion of most cell types involved in inflammation includ-
ing neutrophils, monocytes, T cells, B cells, endothelial
cells and fibroblast like synoviocytes [30]. Figure 1 shows
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Fig. 1 Methotrexate: Cell—specific mechanism of action in Rheumatoid Arthritis. With respect to T cells, methotrexate causes the inhibition of the
dihydrofolate reductase (DHFR)-mediated reduction of dihydrobiopterin (BH2) to tetrahydrobiopterin (BH4). This results in nitric oxide synthase
(NOS) uncoupling and increased production of reactive oxygen species (ROS). The ROS activate JUN N-terminal kinase (JNK). In turn, the activated
INKinduces genes encoding proteins that regulate sensitivity to apoptosis and cell cycle progression. In the case of fibroblast—Ilike synoviocytes,
methotrexate causes inhibition of of 5-aminoimidazole-4-carboxamide ribonucleotide (AICAR) transformylase (ATIC). This causes increased release
of adenosine and activation of adenosine receptors, resulting in the inhibition of NF-kB with subsequent anti-inflammatory effects [30]

the schematic representation of mechanism of action of
methotrexate in rheumatoid arthritis.

MTX is the mainstay drug for RA management and
has played an important role in changing the approach as
well as outcome of the therapy [16]. Its use is indicated
as first-line therapy and occupies a prominent position
in many guidelines and recommendations for treatment
of rheumatic diseases [31-33]. Irrespective of the mode
of administration, oral or parenteral, MTX has a short
half-life of approximately 6 h, and is undetectable in the
serum after 18 h. The bioavailability of orally admin-
istered MTX is highly variable owing to limited gut
absorption. It is now known that polyglutamated MTX is
the active form of the drug and the maximally absorbed
dose is <25 mg [30]. 25-40% of RA patients report a sig-
nificant improvement with MTX therapy alone, making

it the most significant and commonly used DMARD.
Another advantage is that most of the adverse effects are
well documented, and can be prevented/managed with
supplementary prophylactic folate therapy. Due to low
cost, easy availability and high efficacy, MTX is the most
important and commonly used DMARD in developing
and low income countries.

Despite its high efficacy and low cost, MTX is far from
an ideal drug and is associated with adverse events that
could limit its use. Few studies indicate discontinua-
tion of therapy in less than 5% of patients due to intol-
erance [34]. High prevalence of MTX intolerance is also
observed in other diseases such as juvenile idiopathic
arthritis, psoriatic arthritis, inflammatory bowel dis-
ease and cancer chemotherapy [35]. The complaints and
side effects can present in many ways, most commonly,
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gastrointestinal effects such as nausea, vomiting, abdom-
inal pain and diarrhoea. Other symptoms include hair
loss, stomatitis and hepatotoxicity. Although folic acid
supplementation during MTX treatment may reduce
such effects, many patients discontinue treatment, some-
thing that negatively impacts disease control and quality
of life [36-38]. In addition, patients may develop antici-
patory symptoms, which occur prior to MTX intake, and
associative symptoms, when patients think about taking
the drug, as well as behavioural symptoms such as anxi-
ety and irritability. These adverse effects arise as a con-
ditioned response to previous symptoms experienced
by patients on MTX and are not often clinically evident;
therefore, they are often inadequately managed and can
severely impact the quality of life and adherence to MTX
therapy [39]. Fewer than 10 percent of patients experi-
encing MTX intolerance may show signs of improvement
with a lower dose.

Two mechanisms involved in MTX related intolerance
are known. The epithelial cells located in the oral cavity
and intestines are rapidly renewing cells and are sensi-
tive to MTX irrespective of folate deficiency. With time,
the gastrointestinal epithelium becomes more sensitive
due to increased accumulation of MTX causing nausea,
vomiting and bone marrow suppression leading to cyto-
penia [39, 40]. Another mechanism of intolerance would
be through binding to adenosine receptors in the central
nervous system [41, 42]. The third mechanism of MTX
intolerance is through stimulation of the chemorecep-
tor trigger zone (CTZ). The CTZ contains receptors that
detect emetic agents in the blood and relays that infor-
mation to the vomiting centre, which is responsible for
inducing the vomiting reflex. Hepatic and central nerv-
ous system (CNS) toxicity are more complex and include
elevation of liver enzymes, headaches and behavioural
changes [43, 44]. Serious adverse effects such as hepato-
toxicity and bone marrow suppression are infrequent and
usually transient if MTX is stopped [45]. Understanding
the pharmacology and anti-inflammatory mechanism of
actions of MTX will go a long way in increased efficacy
of RA treatment [30]. Further understanding into its side
effects, could lead to appropriate strategies to improve
drug tolerance.

Some studies have determined genetic polymorphisms,
use of corticosteroids, gender or psychosocial factors
to be associated with MTX intolerance [46]. Genetic
polymorphisms of GGH and ABCC2 are associated
with MTX intolerance in RA patients. GGH (Gamma-
Glutamyl Hydrolase) is a protein coding gene, which
catalyses the hydrolysis of folylpoly-gamma-glutamates
and antifolylpoly-gamma-glutamates by the removal of
gamma-linked polyglutamates and glutamate, to yield
folic acid and free glutamate. The ABCC2 gene provides
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instructions for producing a protein called multidrug
resistance protein 2 (MRP2), involved in the transport
of substances out of cells. The MRP2 clears certain drugs
from organs and tissues, playing a part in drug metabo-
lism. MTX intolerance was found significantly associated
with AA/AG genotype of the GGH-T401C polymor-
phism compared with presence of the GG genotype in a
cohort of RA patients. Also, higher MTX tolerance was
seen in carriers of TT/TC genotype of the ABCC2-C24T
polymorphism compared with CC carriers [46]. Another
study found FPGS rs10106 and BMI score to be associ-
ated with MTX intolerance. Significant correlation was
observed between MTX intolerance and lower BMI
score. This study proposed that a clinico-genetic model
including BMI and SNP FPGS rs10101 was found to have
a modest prediction ability for MTX intolerance, with
an accuracy of 66.3% [47]. A cross- sectional interview
based study conducted in Saudi Arabia among 117 adult
RA patients concluded that female gender was associated
with higher incidence of MTX intolerance. The Arabic
MISS (Methotrexate Intolerance Severity Score) was used
in this survey and statistical analyses were performed to
understand associations between MTX intolerant and
MTX tolerant patients. The study found that MTX intol-
erance was associated with the female gender (adjusted
odds ratio (AOR) 6.724; 95% CI 1.420, 31.843, P=0.016)
[48]. Thus, in addition to disease activity, the patient
characteristics may significantly affect MTX intolerance.
Renal excretion is the main MTX elimination route, and
since females exhibit a lower average glomerular filtra-
tion rate than males, this could result in higher intoler-
ance in them. This study also observed that the Disease
Activity Score (DAS 28) score, which correlates with dis-
ease severity, was also significantly associated with MTX
intolerance [48, 49]. Interestingly, another study analysed
psychosocial variables to predict MTX response in 1050
RA patients, revealed that patient anxiety is a strong pre-
dictor of MTX intolerance. Thus, mood of the patient,
along with conditions such as depression or anxiety could
be predisposing factors for MTX intolerance [50].

Prevalence of Methotrexate Intolerance

A quantitative questionnaire based scoring method to
determine Methotrexate Intolerance in patients has been
developed and termed as MISS (Methotrexate Intoler-
ance Severity Score) [35]. This self administered ques-
tionnaire (Fig. 2) was first designed and validated to
evaluate MTX intolerance in juvenile idiopathic arthritis
patients in a cross-sectional study that was performed
across four university medical centres in the Nether-
lands. Currently, this is the only validated questionnaire
available that evaluates MTX intolerance and accounts
for the most frequent side effects as well as anticipatory,
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Stomach Ache
Has a Stomach Ache after taking MTX

Has a Stomach Ache several hours to 1 day
before taking MTX

Has a Stomach Ache when thinking of MTX

Nausea

Is nauseous after taking MTX

Is nauseous several hours to 1 day before
taking MTX

Is nauseous when thinking of MTX
Vomiting

Vomits after taking MTX

Vomits hours to 1 day before taking MTX

Behavioural Complaints

Is restless when taking MTX

Cries when taking MTX
Is irritable when taking MTX
Refuses to take MTX
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Fig. 2 Methotrexate Intolerance Severity Score (MISS) questionnaire

associative and behavioural symptoms — which are very
important and often missed for identification of intoler-
ance. Using the MISS, MTX intolerance was considered
positive with a score of 6 points or greater [35]. The MISS
questionnaire has now been validated for use in multiple
languages including French, Arabic and Portuguese [51].
Various studies have assessed prevalence of MTX intol-
erance in rheumatoid arthritis. In the first study where
MISS score was validated in JIA patients, a significantly
high prevalence of MTX intolerance was observed [35].
Here, all patients had been receiving either oral or par-
enteral MTX for at least 3 months. Patients receiving
parenteral MTX received a higher median MTX dosage
(13.5 mg/ m2/ week) than those patients receiving oral
MTX dosage (9.6 mg/m2/ week). Very high prevalence of

MTX intolerance, 50.5%, was observed in this cohort of
297 JIA patients. Amongst these, percentages of intoler-
ant patients who had nausea and behavioural symptoms
were 91.3% and 88.7% respectively, whereas only 18.7%
of the MTX intolerant patients experienced anticipa-
tory vomiting. 56.1% of the 41 patients who were tak-
ing antiemetics were still intolerant to MTX. A slightly
higher MTX dosage was associated with a greater inci-
dence of intolerance, probably due to an increased drug
concentration in the blood, triggering the CTZ. Further-
more, 23% higher prevalence of MTX intolerance was
observed in patients receiving parenteral MTX as com-
pared to those on oral MTX. The findings of this study do
not indicate which clinical variables (i.e., MTX dose, age)
are associated with the development of MTX intolerance.
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It also does not indicate the percentage of patients which
discontinue MTX due to intolerance. The MISS ques-
tionnaire used here has been used as a tool to determine
MTX intolerance in all subsequent studies [35].

In a cross-sectional study, adult patients of rheumatoid
arthritis and psoriatic arthritis were studied for MTX
intolerance. 11% prevalence of MTX intolerance was
found here in a sample size of 291 patients. All patients
included had been receiving treatment for MTX for at
least 3 months and were on weekly folic acid supplemen-
tation. 42.3% of the patients still experienced at least one
gastrointestinal side effects. MTX intolerance prevalence
was again found higher in patients on parenteral (20.6%)
than oral MTX (6.2%). Besides MTX induced gastroin-
testinal symptoms, these patients also experienced antici-
patory and associative gastrointestinal and behavioural
symptoms before drug administration. Pre-treatment
nausea was the most prevalent, 8.6% had anticipatory
and 11.0% associative nausea. Behavioural symptoms,
overall, affected 16.5% of patients, with restlessness being
the most prominent symptom in 13.1% of patients. This
finding was significantly lower, compared to 88.7% of
behavioural symptoms seen in JIA patients in the previ-
ous study [52].

Another single institutional study conducted on 150
patients from Pakistan found much higher prevalence
of MTX intolerance, around 33.3%. All the patients
were taking oral MTX and folic acid supplementation.
The results revealed that 44% of the subjects had behav-
ioural symptoms, which were significantly higher than
other symptoms of intolerance. Only 11.33% of subjects
complained of vomiting. This study clearly shows that
the most recurring symptom was behavioural, which is
often clinically missed and could be a leading cause of
non-compliance. Also, the study observed that the use of
other DMARDs had no effect on MTX intolerance. How-
ever, the major limitation of this study was that of a small
sample size of 150 patients, predominantly females [38].

In a study conducted in Saudi Arabia on 185 patients,
39.5% of cases were observed to be MTX intolerant.
Patients with confirmed diagnosis of RA and actively
receiving MTX therapy for 3 months or more were
included. Using the Arabic version of MISS, 39.5% of
the patients were found to be MTX intolerant. Of these
patients, 75.3% and 24.7% were using the oral and subcu-
taneous forms of MTX, respectively. The most frequently
occurring complaints were behavioural (58.37%), fol-
lowed by nausea (37.84%). Vomiting was again the least
frequent complaint (8.64%). It is interesting to note that
this study showed a higher percentage of behavioural
intolerance as compared to gastrointestinal intolerance,
which is also consistent with the study from Pakistan. The
authors proposed that the major reason for behavioural
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intolerance could be due to chemotherapy label on the
product packaging of the medication dispensed at the
outpatient clinic. This study effectively compared the
prevalence of MTX intolerance observed between oral
(29.7%) and parenteral modes (9.7%) of drug administra-
tion. Again, small sample size and female predominant
population were the major limitations of this study [49].

A study from Brazil assessed MTX intolerance in
120 long-standing cases of RA, assessed possible asso-
ciations between certain predisposing factors and MTX
intolerance. These predicting factors of MTX intoler-
ance included age as continuous variable (p=0.089),
female sex (p=0.022), MTX dose above 17.5 mg/ week
(»p=0.126), use of non-steroidal anti-inflammatory drugs
(p=0.203), proton-pump inhibitors (p=0.164), use of
corticosteroids (p=0.054), and antiemetics (p=0.217).
These were deemed possibly associated with the pres-
ence of MTX intolerance, due to a p-value <0.25. Out of
these, use of corticosteroids was found significantly asso-
ciated with MTX intolerance (OR =2.73; 95% confidence
interval [CI], 1.06 to 7.06; p=0.038), and highlighted
that its use increased the risk of MTX intolerance. It also
suggested a trend for decreasing risk of intolerance with
increasing age [53]. No association of MTX intolerance
with other variables such as subcutaneous or oral formu-
lation, or folic acid dosing was found here. The frequency
of MTX intolerance among RA patients was found to be
21.6%. Again, a small sample size and single institutional
study were the major limitations. Further multi-centric
studies with a large sample size, are required to eluci-
date association between age and corticosteroid use with
MTX intolerance [53].

Another study reported in the Indian population dem-
onstrated 14% prevalence of MTX intolerance in a total
of 150 patients studied. Out of the 150 patients of RA on
MTX, 21 (14%) were found to have MISS > 6. Of the 21
patients showing MTX intolerance, 18 were on oral MTX
and 3 were on parental MTX.This study showed that
14.4% patients on oral MTX and 11.1% patients on par-
enteral MTX were intolerant [54]. Table 1 mentions the
important studies regarding prevalence of MTX intoler-
ance in RA patients.

Discussion

Data from various studies across ethnicities reveals
high frequency of MTX intolerance among RA patients.
The MISS questionnaire serves as an invaluable tool to
assess MTX intolerance in RA patients and is easy to
administer. Use of corticosteroid therapy and female
sex are found predisposing factors for increased risk of
MTX intolerance. Moreover, besides well-known MTX-
induced gastrointestinal symptoms upon MTX admin-
istration, RA patients also experienced anticipatory and



Nalwa et al. Translational Medicine Communications (2023) 8:10

Table 1 Studies on prevalence of MTX intolerance in RA patients
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Most Frequently Occurring
Complaints

Major Limitations

S.No Country Sample Size (Females/ Males) MTX
Intolerance
(Percentage)
1 Netherlands 291 patients (Female- 181,62.19%) 11%
[52]
2 Pakistan 150 patients (Female- 150, 33.3%
[38] 100%)
3 Saudi Arabia 185 patients 39.5%
[49] (Female- 158, 85.4%)
4 Brazil 120 patients (Female- 103, 21.6%
[53] 85.83%)
5 India 150 patients (Female- 120, 80%) 14%
[54]

Nausea (32.0%), Abdominal Pain
(11.3%) and Behavioural Symp-
toms (16.5%)

Behavioural Symptoms (44%), Female predominant small sample
Abdominal Pain (34.66%), Nausea  size
(34%) and Fatigue (31.1%)

Behavioural Complaints and
Refusal to take MTX (58.37%),
Nausea (37.84%)

Nausea (92.3%), Abdominal Pain
(46.1%) and Behavioural Symp-
toms (96.1%)

Nausea (31.7%), Abdominal Pain
(14.6%), Nausea as an Anticipatory
Symptom (12.2%) and Vomiting
(12.2%)

Percentage of patients which
discontinue MTX due to intolerance
not indicated

Female predominant small sample
size, mostly receiving oral MTX

Small sample size and single institu-
tional study

« Inclusion criteria not been clearly
stated
- Small sample size

associative gastrointestinal and behavioural symptoms
before MTX administration, which develop as a classical
conditioning response to physical symptoms after taking
MTX.

Studies on JIA patients demonstrated that EMDR (eye
movement desensitisation and reprocessing) and phar-
macological conditioning may help relieve MTX intol-
erance. EMDR enables the processing of dysfunctional
and traumatic memories using an intensive recall com-
bination with bilateral stimulation usually evoked by
eye movement to dissolve the memories by reprocessing
them. As a result, affective distress is relieved, reformu-
lating negative beliefs and reducing physiological arousal.
In a study which assumed that MTX intolerance is based
on dysfunctional or incomplete information process-
ing evoked by strong negative feelings or adverse antici-
pation of side effects, significant benefit was observed.
Eighteen patients with MTX intolerance (median MISS
16.5) were included. Post treatment, intolerance symp-
toms were significantly reduced (median MISS 1). Thus,
MTX intolerance in children with JIA can be effectively
reduced using EMDR protocol, with lasting effect over
a period of 4 months [55]. Another study demonstrated
pharmacological conditioning for JIA as a potential solu-
tion to reduce MTX intolerance [56]. Pharmacological
conditioning occurs when administration of an active
pharmacological component (unconditioned stimulus) is
repeatedly paired with the occurrence of another stimu-
lus (conditioned stimulus). In pharmacological condi-
tioning designs, learned positive associations from drug
therapies (conditioning effects) are integrated in regular
treatment regimens to maximize treatment outcomes.
Based on previous experimental and clinical findings of

pharmacological conditioning with immune responses,
this particular study found that the JIA patient group is
particularly suited to benefit from a pharmacological
conditioning design, in order to reduce MTX intolerance.

Identifying incidence of MTX intolerance could help
in early steps to mitigate the effects and lead to better
drug compliance. Other timely interventions like change
of drug route, folic acid supplementation, antiemetics
and behavioural therapy can prevent MTX intolerance
and improve compliance, providing a smooth path for an
otherwise effective DMARD for RA. In addition, use of
caffeine, eye movement desensitisation and reprocess-
ing (EMDR) and pharmacological conditioning may be
additional methods to reduce the prevalence of MTX
intolerance. MTX is known to activate adenosine recep-
tors in CNS, which may cause behavioural and anticipa-
tory intolerance. Hence, caffeine being an antagonist of
adenosine receptors, may cause alleviation of symptoms
by working through this mechanism. In one study, adding
Caffeine to the diet completely relieved MTX intolerance
symptoms in 55% of patients. Additionally, another 13%
of patients had partial relief, enough for them to continue
MTX treatment [57].

Additionally, it is likely that other unexplored factors
like age, diet, ethnicity, lifestyle, psychological factors like
stress and anxiety can affect intolerance. Further studies
are required to address these. In developing countries,
such as India, most RA patients have access to oral MTX
drug therapy only. Regular evaluation of MTX intol-
erance should be included in daily clinical practice by
means of the MISS questionnaire. Early identification of
MTX intolerance may impact treatment, so that changes
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in medications may occur at the right time, promoting
patient compliance and, consequently, disease control.

Conclusion

This review article comprehensively discusses the sam-
ple size, percentage of MTX intolerance reported, fre-
quently occurring complaints, and the major limitations
of each study. A very high frequency of MTX Intolerance
was found across the studies, ranging from 11% to 50.5%.
In particular, a high occurrence of behavioural symp-
toms were reported, the frequency ranging from 16.5%
to 88.7%. In addition, use of corticosteroid therapy and
female sex are found predisposing factors for increased
risk of MTX intolerance.

Clinical studies on JIA patients demonstrated that
EMDR (eye movement desensitisation and reprocess-
ing) and pharmacological conditioning may help relieve
MTX intolerance. Another study found that adding caf-
feine to the diet completely relieved MTX intolerance
symptoms in 55% of patients. Additionally, it is likely
that other unexplored factors like age, diet, ethnicity,
lifestyle, psychological factors like stress and anxiety can
affect intolerance. Further studies are required to address
these. Regular evaluation of MTX intolerance should be
included in daily clinical practice by means of the MISS
questionnaire for early identification of MTX intolerance,
so that changes in medications may occur at the right
time, promoting patient compliance and, consequently,
disease control.
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