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Guidelines for Blood Test Monitoring of Methotrexate
Toxicity in Juvenile Idiopathic Arthritis
OLIVA ORTIZ-ALVAREZ, KIMBERLY MORISHITA, GLENDA AVERY, JAYNE GREEN, ROSS E. PETTY, 
LORI B. TUCKER, PETER N. MALLESON, and DAVID A. CABRAL

ABSTRACT. Objective. To assess the utility of the American College of Rheumatology guidelines for monitoring
methotrexate (MTX)-related toxicity in a cohort of children with juvenile idiopathic arthritis (JIA).
Methods. Eighty-nine patients with JIA treated with MTX were monitored prospectively: aspartate
aminotransferase (AST), alanine aminotransferase (ALT), complete blood count (CBC), and differ-
ential blood count were measured prior to starting MTX, and then monthly. Significantly abnormal
blood tests (SABT) were prospectively defined as (1) significantly elevated liver enzymes (SELE)
greater than twice the upper limit of normal; (2) granulocyte count < 1.5 × 109/l; (3) lymphocyte
count < 0.9 × 109/l; or (4) hemoglobin decreased by > 2 g/l from previous level. Clinical interven-
tions, current and cumulative MTX dose, duration of treatment, comorbidity, and concurrent med-
ications at the time of the first SABT identification were recorded. Independent t tests and chi-
squared tests were used for comparisons, and the probability of developing a SABT was calculated
by Kaplan-Meier survival analysis.
Results. Forty percent of patients had a SABT: 26% had hematological abnormalities and 14% had
SELE. Ninety-five percent of patients with SABT had symptoms consistent with a viral infection
when the SABT was drawn and MTX dose was withheld until results had normalized on repeat test-
ing. SABT persisting beyond one month occurred in only 2 patients, and their abnormalities resolved
by 6 months with no specific identified cause; they resumed MTX at a later time without recurrence
of SABT. There were no differences between patients with and without SABT with respect to cur-
rent or cumulative MTX dose, duration of treatment, and concurrent medications at the time of the
SABT. The probability of developing a SABT was estimated to be 11% at 3 months, compared to
10% probability of having an abnormal blood test by chance alone.
Conclusion. Routine blood tests every 4 to 8 weeks in children with JIA are unnecessarily frequent.
(J Rheumatol 2004;31:2501–6)
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Methotrexate (MTX) is an effective treatment for juvenile
idiopathic arthritis (JIA)1,2 and is the most commonly used
second-line medication3,4. Its potential toxicity includes
bone marrow suppression, hepatic toxicity, and pulmonary
fibrosis. With the premise that early detection of MTX tox-
icity and cessation of this medication could potentially
reverse or minimize liver damage, the American College of
Rheumatology (ACR) guidelines for monitoring adults for
MTX toxicity recommend that aspartate aminotransferase
(AST), alanine aminotransferase (ALT), albumin, complete

blood count (CBC), and differential blood count should be
measured at baseline and at intervals of 4–8 weeks5.

Although these guidelines have been widely adopted for
use in children with JIA, they have not been validated6-8.
Children have fewer coexisting diseases or environmental
exposures (such as alcohol ingestion) than adults and the risks
of liver damage and bone marrow suppression are low7-9. In
reported series of children with JIA receiving longterm MTX
treatment, neither cirrhosis nor severe liver fibrosis has been
found6,8-12. In addition, there are no reports of clinically sig-
nificant bone marrow suppression in children taking MTX for
treatment of JIA. Frequent venipunctures are a burden for
many children and their families, and laboratory tests are a
cost to the healthcare system; therefore guidelines for moni-
toring MTX should reflect the specific risk of toxicity for
children. We assessed the utility of the ACR guidelines for
monitoring MTX-related toxicity during longterm followup
in a cohort of children with JIA who were prospectively mon-
itored with monthly blood tests.

MATERIALS AND METHODS
In 1999 at British Columbia’s Children’s Hospital we initiated a protocol
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based on ACR guidelines to prospectively monitor and respond to MTX-
related laboratory abnormalities in children with arthritis treated with
MTX. Patients were directed to have blood tests to measure AST, ALT,
CBC, and differential counts prior to starting MTX treatment, and month-
ly thereafter. All patients were instructed to take 1 mg of folic acid daily.
The results of the blood tests were screened by 2 pediatric clinical nurses
(GA, JG) and recorded. The nurses were provided with guidelines for iden-
tifying and responding to a significantly abnormal blood test (SABT).
SABT were defined as: (1) significantly elevated liver enzyme levels
(SELE): greater than twice the upper limit of normal (ULN) for the testing
laboratory; and/or (2) significantly decreased blood counts (SDBC): gran-
ulocyte count < 1.5 × 109/l, and /or lymphocyte count < 0.9 × 109/l, and/or
hemoglobin level that has decreased by > 2 g/l from the previous value.
Serum albumin determinations were not made since they may be reduced
as a consequence of inflammation.

Assessments by the nurses were aimed at identifying comorbid condi-
tions that might contribute to any laboratory abnormalities. In consultation
with pediatric rheumatologists, they determined whether MTX treatment
should be withheld and/or whether patients should have an earlier repeat
blood test.

Included in the analysis for this study were all patients in the database
who fulfilled International League of Associations for Rheumatology crite-
ria for JIA13, who were on treatment or started treatment with MTX
between 1999 and 2003, and who had at least one blood test after com-
mencement of MTX treatment. Patients already taking MTX when the
database was initiated were excluded from the study if the record for the
period on MTX therapy prior to initiation of the database was incomplete.
Demographic data, height and weight, diagnosis, age at diagnosis, age at
onset of MTX treatment, MTX minimum and maximum dose (mg/m2 body
surface area, BSA), and concomitant medication were documented from
chart review. The number of SABT and abnormal liver enzyme test results
were also noted. At the time of the first SABT, information about clinical
interventions, MTX dose, duration of treatment, cumulative dose, comor-
bidity, and concurrent medications was also recorded. For patients who
never had SABT, time-of-study census was used as the comparator for
estimation of duration of MTX treatment and cumulative dose of MTX.

Descriptive statistics were used to summarize patient characteristics.
Associations between each risk factor [MTX dose, duration of treatment,
cumulative MTX dose, calculated body mass index (BMI), comorbidity,
and nonsteroidal antiinflammatory drug use (NSAID)] were analyzed by
chi-squared calculations. Independent t tests were used when appropriate to
compare patients with and without SABT. The probability of developing a
SABT was calculated by Kaplan-Meier survival analysis.

RESULTS
One hundred two patients were identified from our database.
Three patients who did not have JIA were excluded, and 10
patients were excluded because of incomplete data preced-
ing database initiation, or because of relocation to a remote
location where their blood tests were monitored by another
physician. Characteristics, including diagnostic subsets, of
the remaining 89 patients available for analysis are shown in
Table 1: 29 were male (33%), the mean (± standard devia-
tion) age of disease onset of disease was 7.7 (± 4.4) years,
mean age at start of MTX treatment was 9.4 (± 4.4) years,
and patients were followed for a mean of 34 (± 25) months
from MTX initiation. The mean maximum weekly MTX
dose was 14.5 mg/m2 BSA (± 3.8, range 7–25 mg/m2).
Mean BMI was 17.2 (± 9.3); only 3 patients were above
95th percentile for BMI for age. The mean interval between
laboratory evaluations was 4 weeks (± 2, range 1–13). Fifty

percent of our patients had tests done at least every 4 weeks;
in only 10% were tests performed less often than every 8
weeks.

Abnormal laboratory tests. Of the 89 patients undergoing
2013 sets of tests, 46 had a total of 192 abnormal liver
enzyme test results (Figure 1); most were mild and did not
reach the levels defined a priori as a SABT. Of the 13
patients with SELE, 3 had elevated AST only, 3 a raised
ALT only, and in 7 patients both AST and ALT levels were
raised. Two patients had persisting elevations of both AST
and ALT greater than 200 IU/l for longer than 3 months;
they were referred to the pediatric gastroenterologist, but the
enzymopathy resolved by 6 months; no liver biopsies were
performed and no specific cause was determined. It seemed
unlikely that the toxicity in these 2 patients was exclusively
MTX-related as both patients resumed MTX therapy and
have not had a recurrence of elevation of liver enzymes.

Mild hematological abnormalities were frequent.
However, 24 patients had a significantly decreased blood
count: 3 had significant falls in hemoglobin, 11 had neu-
tropenia, and 10 had lymphopenia. No abnormality persist-
ed more than one month.

Seventeen patients had a SABT on more than one occa-
sion; 2 of these patients with JIA and Down syndrome had
lymphopenia on more than 5 occasions. Seven patients had
abnormal liver enzyme tests on more than 30% of the occa-
sions of testing within any given one-year observation peri-
od and in 5 the abnormality was significant (i.e., SELE) on
at least one occasion; for 2 patients referred to gastroen-
terologists (described above) the SELE persisted on repeat
tests for more than 30% of the tests in a one-year period. Of
the 7 patients with recurrent elevations of liver enzymes 4
were concomitantly taking NSAID, and discontinuing
NSAID appeared to decrease the frequency of recurrence in
this small number of patients. Liver biopsy was not per-
formed on any patient with recurrent abnormalities.

Actions taken in response to identified SABT. When a SABT
was identified, patients were instructed to stop taking MTX
and have the blood test repeated within one to 2 weeks of the
last abnormal test. When the next test result was normal the
patients were instructed to restart MTX at the previous dose.
In 2 patients, MTX was withheld for 6 months. No other
patient had MTX withheld for longer than a month (Table 2).

Factors potentially associated with SABT. Clinical symp-
toms consistent with viral infection were identified at the
time of the SABT in 95% of patients. At the time of their
first SABT, patients did not differ from those who never had
an SABT with respect to duration of MTX treatment, MTX
dose, MTX cumulative dose, BMI, or age at institution of
treatment (independent t test). The frequency of concurrent
use of NSAID or sulfasalazine and the frequency of disease
subtypes were not different between groups (chi-squared;
Table 3). Only 3 of the patients were obese, none was known

2502 The Journal of Rheumatology 2004; 31:12
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Table 1. Characteristics of the patients with JIA monitored for MTX-related toxicity, subcategorized for those
who had (+) or never had (–) a significant abnormal blood test (SABT).

Characteristics Total Group SABT+, n = 37 SABT–, n = 52

Sex
Male 29 11 18
Female 60 26 34

Age, yrs
At diagnosis (mean ± SD) 7.7 ± 4.4 7.4 ± 4.5 7.9 ± 4.4
Starting MTX (mean ± SD) 9.4 ± 4.4 9.1 ± 4.1 9.6 ± 4.7

Disease type
Systemic arthritis 6 1 5
Oligoarthritis (persistent) 12 5 7
Oligoarthritis (extended) 14 6 8
Polyarthritis RF– 27 11 16
Polyarthritis RF+ 9 5 4
Psoriatic arthritis 7 4 3
Enthesitis related arthritis 12 5 7
Unclassified arthritis 2 0 2

RF: rheumatoid factor.

Figure 1. Distribution of normal and abnormal blood tests among patients with JIA. SABT: significantly abnor-
mal blood test; SELE: significantly elevated liver enzyme level(s); SDBC: significantly decreased blood count.

Table 2. Frequency of types of SABT, clinical intervention, and clinical assessment of comorbidity at the time
of first SABT among patients with JIA monitored for MTX-related toxicity.

Type of Abnormality Patients with Clinical Interventions Comorbidity
Abnormalities, n (n patients) (n patients)

CBC 24 Repeat test until normal 2 Down syndrome
Low hemoglobin 2 (24) (recurrent neutropenia

and/or lymphopenia)
Neutropenia 11 None stopped MTX longer

than 2 wks
Lymphopenia 10

Liver enzyme tests 13 Repeat test until normal Acute viral syndrome (11)
High AST 3 (13) None identified (2)
High ALT 3 MTX stopped
High AST and ALT 7 Less than 1 month, 11 patients;

≥ 1 month, 2 patients*

* Patients were able to restart MTX without elevation of liver enzymes thereafter. SABT: significant abnormal
blood test; CBC: complete blood cell count.
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to drink alcohol, and all were instructed to take daily folic
acid.

The probability of developing a SABT, estimated to be
11% at 3 months (Kaplan-Meier survival analysis; Table 4),
was slightly above the 10% probability of having an abnor-
mal blood test by chance alone. When considering even
minor liver enzyme abnormalities, patients with SELE had
significantly more abnormalities (mean 3, range 1–15) com-
pared to patients without SELE (mean 1, range 0–17; p =
0.03, independent t test).

DISCUSSION
As calculated from an ACR members’ survey, the cumula-
tive incidence of liver cirrhosis in MTX-treated adult
patients with rheumatoid arthritis (RA) is 1/1000 and the
probability of patients developing serious liver disease dur-
ing MTX treatment doubles with every 16 months of thera-
py14. The incidence of liver cirrhosis in children with arthri-
tis taking MTX is not known. Only a few cases of mild

fibrosis have been observed, and no cases of cirrhosis have
been reported in children11,12,15. One explanation of the
apparent low frequency of cirrhosis compared to adults is
that children can metabolize MTX more rapidly than adults
and are thereby able to tolerate higher doses than adults.
Also, other risk factors (obesity, alcohol consumption, dia-
betes, and lack of folate supplementation) associated with
increased risk of toxicity in adults16 may be less relevant to
children7,9,15.

Liver enzyme elevations are neither sensitive nor specif-
ic predictors of persistent liver damage; however, they are
the best minimally invasive tests currently available. It has
been calculated that the likelihood of finding an increase in
AST or ALT in RA patients taking MTX is 13–15 times
greater than in patients taking placebo. The probability of
missing a random elevation of AST is 90% at 30 days and
17% at 45 days5. These calculations provided the basis for
the ACR recommendation of blood tests at intervals of 4–6
weeks for patients taking regular MTX for treatment of
arthritis. In our study of children with JIA taking MTX, the
probability of a patient having an abnormal test was esti-
mated to be 11% at 3 months, similar to the probability of
having an abnormal result by chance considering the num-
ber of tests ordered. If 4 different tests such as AST, ALT,
alkaline phosphatase, and albumin are performed simultane-
ously, by chance alone, the likelihood of finding one abnor-
mality approaches 10%5.

Our findings show that for children with JIA treated with
MTX, laboratory abnormalities occur in over half of the
patients. Mild elevation of liver enzymes (< 2 ULN)
occurred in 52% of the patients (9.5% of all liver enzyme
measurements); in all cases these abnormalities were tran-

2504 The Journal of Rheumatology 2004; 31:12

Table 3. Potential risk factors for developing a SABT among patients with JIA monitored for MTX toxicity cat-
egorized according to those who had (+) or never had (–) a SABT. Results are expressed as means ± standard
deviations unless otherwise noted.

Characteristics SABT+, n = 37 SABT–, n = 52

Median age at diagnosis, yrs 7.6 (7.4 ± 4.5) 7.9 (7.9 ± 4.4)
Median age on starting MTX, yrs 9.5 (9.1± 4.1) 10.2 (9.6 ± 4.7)
MTX dose, mg/wk/BSA

Min mean ± SD 6.3 ± 1.96 7.5 ± 2.9
Max mean ± SD 14.5 ± 3.8 13.3 ± 4.2

Cumulative MTX dose, mg/m2 BSA
Mean ± SD 458 ± 588 682.6 ± 616

(At first SABT) (At study census)
Duration of treatment, mo

Mean ± SD (range) 16 ± 18.3 (0.5–67.7) 25.4 ± 23.5 (7.8–120.9)
(At first SABT) (At study census)

Mean monthly blood test ± SD 28 ± 16 18 ± 14
Concurrent medications (%)

NSAID 84 87
SSZ 8 5
None 8 6

SABT: significantly abnormal blood test; BSA: body surface area; NSAID: nonsteroidal antiinflammatory
drugs; SSZ: sulfasalazine.

Table 4. Probability (Kaplan-Meier analysis) of having a SABT over time
in a cohort of patients with JIA monitored for MTX toxicity.

Months Probability, %

1 7
2 8
3 11
4 15
5 16
6 17
> 6–12 20
> 12–24 32
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sient and did not require discontinuation of MTX. Such tran-
sient minor elevations of liver enzymes have been reported
previously in children with JRA taking MTX9 and in chil-
dren with JRA in the era preceding MTX use, when serum
enzyme elevations were found to be sporadic and not to cor-
relate with NSAID use (ASA), sex, age, disease duration,
disease subtype, or disease activity17.

Although a significant proportion (14.6%) of patients in
this study had SELE, the MTX dose was stopped for less
than one month in all but 2 patients. In almost every patient
the MTX was reintroduced without recurrence of laboratory
abnormalities. Whether this temporary discontinuation of
MTX played any role in the resolution of these enzymes
abnormalities is uncertain. As the frequency of abnormali-
ties was barely more than that expected by chance alone, it
may have been just as likely that their normalization simply
represented the regression-to-the-mean phenomenon18. The
14.6% frequency of SELE is quite low compared to the fre-
quency of 42% reported by Lahdenne, et al in a study of 34
patients with JIA followed for a minimum of 2.4 years, and
in whom SELE were defined as a level > 2.5 ULN11. Their
study population differs from ours in several ways: none of
their patients was routinely taking folic acid, several of their
patients were concurrently taking intramuscular auroth-
iomalate or azathioprine, and in 10 (30%) of their patients
the MTX dose was > 20 mg/m2/wk, whereas the majority of
our patients received < 17.5 mg/m2/wk. Further, the cumu-
lative dose of MTX (> 1300 mg) in the 10 patients taking
high dose MTX was more than twice the mean dose of
patients in our study at the time of their first SABT.
However, in the long term for many of our patients the
cumulative dose of MTX was similarly high (Table 3).

We were unable to find any correlation between SABT
and the length of MTX treatment, MTX dose, MTX cumula-
tive dose, BMI, concurrent medications, age at onset of treat-
ment, or diagnostic subsets. It should be noted that only 3
patients were obese and none were known to drink alcohol.

In studies of risk factors associated with MTX-induced
hepatotoxicity in children, Hashkes, et al noted that serial
enzyme abnormalities more than 40% of the time in any
given year were the only factors significantly associated
with the development of hepatic fibrosis8,15. None of their
patients had severe fibrosis and therefore the sensitivity of
enzyme abnormalities to predict this outcome could not be
calculated. In our cohort no patient had 40% or more serial
monthly abnormal liver function tests and no liver biopsies
were performed.

Hematological abnormalities in our patients were mild,
transient, and associated with intercurrent viral infection or
other comorbidity. There are case reports of 70 adults with
RA who developed pancytopenia while taking low dose
MTX19. Based on prospective studies, it was estimated that
pancytopenia occurs in 1.4% of such adult patients; how-
ever, the patients described also had renal dysfunction, were

taking other drugs, or were of an advanced age. We have
found no reports of pancytopenia in children with arthritis
being treated with MTX.

NSAID and MTX used concurrently can alter each
other’s drug kinetics20 and patients taking both medications
may be more likely to develop a liver enzyme abnormality.
In our study there was no association between NSAID use
and development of the first SELE; however, in our clinical
practice, for patients with recurrent SELE who are taking
both MTX and an NSAID, discontinuation of the NSAID
appears to decrease the duration and frequency of the abnor-
malities. Anecdotally, minor liver enzyme abnormalities
may be more likely when laboratory testing is within the
first 48 h following the weekly dose of MTX; although we
did not collect any evidence to support this, we now suggest
that blood testing should be performed 1–4 days prior to
MTX administration.

Our study shows that although abnormal laboratory tests
occur frequently in children with JIA taking MTX, these
abnormalities are usually minor and resolve spontaneously.
More severe abnormalities usually settle rapidly, and the
role of briefly interrupting MTX therapy in resolving the
abnormality is unclear. Our data fail to demonstrate any con-
vincing evidence that routine laboratory testing at 4 weeks is
necessary. For children with JIA with no comorbid illness or
condition who are taking regular folic acid and in whom the
weekly MTX dose does not exceed 17.5 mg/m2, a 2 to 3-
month blood testing interval to monitor for MTX toxicity
should be considered. In our own clinical practice, on the
basis of these results, following baseline testing we are now
monitoring for MTX toxicity routinely on a 3-month basis
after the patient or family shows adherence to a 2-month
schedule for 3 tests. Monthly testing is performed in the
presence of existing high risk comorbid conditions (e.g.,
diabetes, obesity, or potential for alcohol abuse in an ado-
lescent) or an intercurrent acute illness, when there is con-
current use of other potentially hepatotoxic disease modify-
ing antirheumatic drugs, or when the weekly MTX dose
exceeds 17.5 mg/m2.
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