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ABSTRACT

Background: Concerns about methotrexate-induced liver damage in patients with psoriasis and rheu-
matoid arthritis have led to the recommendation of serial liver biopsies to monitor the progression of liver injury.
However, liver biopsies may be associated with life-threatening complications.  There is a need for accurate
noninvasive methods in assessing the degree of liver damage.  The present study assessed the performance of
transient elastography (Fibroscan®) for the prediction of liver fibrosis in patients with psoriasis or rheumatoid
arthritis on methotrexate treatment, in comparison with liver biochemistries and the aspartate aminotransferase
(AST) to platelets ratio index (APRI).

Methods: We prospectively enrolled outpatients who received cumulative doses of methotrexate more
than 1500 mg and gave their written informed consent for liver biopsy examination between November 2007 and
November 2008.  For each patient, biochemical and hematologic determination, and liver stiffness measurement
using Fibroscan followed by liver biopsy were performed on the same day.  All liver biopsy specimens were
analyzed independently by one experienced pathologist with blinded.

Results: Seventeen patients with psoriasis and one patient with rheumatoid arthritis were recruited.
Patients had a mean age (± SEM) of 46.3 ± 2.8 years, 67% were female, and their mean body mass index was 22.9
± 0.8 kg/m2.  The mean serum alanine aminotransferase (ALT), the mean AST/ALT ratio, and the APRI score were
23 ± 2 units/L, 1.10 ± 0.06, and 0.23 ± 0.03, respectively.  The mean value of Fibroscan was 6.2 ± 0.5 kPa.
According to the Roenigk classification, 6 biopsy specimens were classified as grade II, 7 as grade IIIa, 4 as grade
IIIb, and 1 as grade IV.  The areas under the receiver operating characteristic curve of Fibroscan, ALT, AST/ALT
ratio, and APRI values for Roenigk grade ≥ IIIa were 0.97, 0.76, 0.71, and 0.61, and for Roenigk grade ≥ IIIb were
0.88, 0.52, 0.62, and 0.60, respectively.  The optimal cutoff value of Fibroscan for the prediction of significant
fibrosis (grade IIIa) was 5.2 kPa, which yielded a sensitivity of 83%, specificity of 100%, positive predictive value
(PPV) of 100%, and negative predictive value (NPV) of 75%.  Similarly, the optimal cutoff value of Fibroscan for
the prediction of advanced fibrosis (grade IIIb) was 7.6 kPa, which provided a sensitivity of 80%, specificity of
92%, PPV of 80%, and NPV of 92%.

Conclusion: Fibroscan is a rapid, noninvasive, and reproducible method for assessing methotrexate-
induced liver damage, with better performance than liver biochemistries or APRI.  Fibroscan help avoid the need
for liver biopsy in most patients with dermatologic or rheumatic diseases on methotrexate therapy.
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INTRODUCTION

Methotrexate (MTX) was initially used as a cy-

totoxic chemotherapy for leukemia and other malig-

nancies, and is a commonly prescribed systemic drug

for the treatment of severe psoriasis.  There is substan-

tial evidence to suggest that MTX acts by inhibiting

DNA synthesis, while possessing also potent anti-in-

flammatory effect on T-cell mediated immune re-

sponses by inhibiting proliferation or inducing

apoptosis in activated T-cell as well as blocking ab-

normal rapid epidermal cell proliferation(1-3).  Subse-

quently, it has become a valuable second-line agent in

the treatment of rheumatoid arthritis (RA)(3).  MTX

has also been shown to be effective in the treatment,

acting as a disease-modifying anti-rheumatic drug

(DMARD)(3).  Low-dose treatment with MTX is also

an effective therapy for psoriasis and RA.

The most common side effects of MTX are gas-

trointestinal in nature, such as anorexia, nausea, sto-

matitis and diarrhea.  More serious adverse effects in-

clude hepatotoxicity, bone marrow suppression, pul-

monary hypersensitivity, opportunistic infections, ana-

phylactoid reactions, and possible neoplasms(1-3).  A

meta-analysis involving 15 studies on psoriasis and on

rheumatoid arthritis revealed that the cumulative dose

of methotrexate for each gram taken correlated with a

7% chance of progression of liver histology(7).  Con-

cerns about methotrexate-induced liver damage in such

patients have led to the recommendation of serial liver

biopsies to monitor the progression of liver injury, as

Pretreatment

Laboratory tests

Obtain routine liver function tests, complete blood count,

urinalysis, serum BUN and creatinine, creatinine clearance

Liver biopsy

Recommended in patients with risk factors for liver disease

(ie, past or current alcohol intake of ≥ 1-2 drinks per day,

abnormal liver function tests, history of liver disease, his-

tory of intravenous drug use, family history of inheritable

liver disease, diabetes, obesity, history of significant expo-

sure to known hepatotoxic drugs).

Pretreatment

Laboratory tests

Obtain routines liver function tests, hepatitis B and C serol-

ogy, complete blood count, serum BUN and serum creati-

nine.

Liver biopsy

Recommended in patients with prior excessive alcohol con-

sumption, persistently abnormal baseline AST values, or

chronic hepatitis B or hepatitis C infection.

During therapy

Laboratory tests

Obtain liver function tests at 2 months interval (1 week af-

ter last MTX dose).  If significant and persistent abnormali-

ties are seen, withhold MTX for 1-2 weeks and repeat tests.

If significant abnormalities persist 2-3 months, consider liver

biopsy.

Liver biopsy

Recommended in patients with normal histology, physical

examination and liver function tests, and no risk factors for

liver disease.  Liver biopsy is recommended after a cumula-

tive MTX dose of approximately 1,500 mg.  If biopsy is

normal, repeat at subsequent 1,000-1,500 mg cumulative

dose intervals.

During therapy

Laboratory tests

Monitor serum AST, ALT and albumin at 1-2 month inter-

vals.  If persistent elevations are seen, change non-steroidal

anti-inflammatory drugs, or reduce MTX dosage, or discon-

tinue temporarily.  If enzyme elevations persist despite these

measures and other etiologies for the elevations have been

excluded, consider liver biopsy.

Liver biopsy

Liver biopsy is recommended if 5/9 AST determinations

within a given 12-month period (6/12 if tests are performed

monthly) are above the upper limit of normal, or if there is a

decline in serum albumin to less than normal levels in the

setting of well-controlled RA.

Table 1.

Recommendations for monitoring MTX-induced hepatotoxicity in psoriasis patients.(5,6)

Recommendations for monitoring hepatotoxicity in RA patients during MTX therapy.(4)
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tive doses of ≥ 1,500 mg.  The cumulative dose of MTX

was based on the established guidelines for monitor-

ing hepatotoxicity in psoriasis.  All enrolled patients

gave their written informed consent.

Clinical data and complete medical history with

past and current medications were recorded including:

age, gender, body mass index (BMI), liver function tests

in the past 12 months, co-morbid diseases, treatment

with other medications, and other risk factors of liver

disease.  All patients had been treated with MTX for a

long period of time before enrollment, and the treat-

ment duration and cumulative doses of MTX were re-

corded.  The laboratory data included serum albumin,

AST, ALT, alkaline phosphatase (AP), cholesterol and

complete blood count (CBC).

Exclusion criteria were (1) current alcoholic

drinking > 40 gm/day, (2) other causes of liver dis-

ease, such as viral hepatitis, autoimmune liver disease,

metabolic liver disease, drug-induced liver injury, and

skeletal muscle or cardiac diseases.

All patients (41 psoriasis, 20 rheumatoid arthritis

and 1 seronegative spondylo-arthropathy SNSA pa-

tient) gave informed consent and underwent blood test-

ing, APRI score evaluation, and Fibroscan test.

Fibroscan was obtained on the right lobe of liver, via

an intercostal space, with the patient lying in dorsal

decubitus and the right arm in maximal abduction be-

hind the head.  The tip of the transducer probe was

covered with coupling gel and placed on the skin, be-

tween the ribs overlying the right hepatic lobe.  When

the target area was located, the operator pressed the

probe button to start measurements at the depths of 25

mm and 65 mm.  Ten validated measurements were

taken on each case.  The results were expressed in

kilopascals (kPa).  The median value was considered

representative of the elastic modulus of the liver.  The

examination took at least 5 minutes.  Only procedures

with 10 validated measurements and a success rate of

at least 60% were considered reliable.  Fibroscan as-

sessment was performed by an experienced medical

technician who was strictly blinded to the clinical data.

Oral MTX was given on a weekly basis at doses

ranging from 5 to 50 mg.  starting at either the intended

maintenance dose, or at lower doses with gradual in-

creases over a few weeks toward the intended mainte-

nance dose.  Some patients also received oral folate

supplementation.  Cumulative MTX dose and duration

of treatment were determined on the same day as

Fibroscan examination.  Laboratory data from blood

evident in an established guideline to monitor MTX-

induced liver injury in the treatment of psoriasis and

RA (Table 1).  However, guidelines for monitoring pa-

tients for MTX-induced hepatotoxicity during treat-

ment differ considerably between the two diseases.

Liver biopsy may be associated with potential life-

threatening complications, sampling errors, and intra-

and inter-observer variability(8).  Non-invasive moni-

toring may be very helpful to detect and monitor these

patients.  Currently, the only accepted markers are AST/

ALT and other liver function tests.

Therefore, there is a pressing need for alterna-

tive, non-invasive and reliable methods to monitor

MTX-induced liver injury in psoriasis patients.  Non-

invasive tools like blood tests and Fibroscan are being

used in patients with chronic liver diseases.  This study

evaluates two non-invasive methods for detection of

significant liver fibrosis in MTX-treated psoriasis

patients.

The first test is the aspartate aminotransferase to

platelet ratio index (APRI), that has been employed as

a predictor of the presence or absence of significant

fibrosis on liver biopsy of patients with chronic

hepatitis C (HCV) patients(11,12).  The second test is

Fibroscan, measures liver elasticity by means of one-

dimensional transient elastography.  Fibroscan is es-

sentially an ultrasound transducer that generates vibra-

tions, and the velocity of the waves passing through

the liver is tracked by pulse-echo ultrasound and is

correlated to tissue stiffness.  This latter innovation

appears promising for the assessment of fibrosis and

cirrhotic changes.  In patients with hepatitis C, a good

correlation has been shown between significant fibro-

sis and elastography outcome(12-15).

The aim of the present study is to compare the

diagnostic performance of non-invasive tests for the

prediction of liver fibrosis in patients with psoriasis or

rheumatoid arthritis, who have consumed methotrex-

ate at the cumulative dosage of greater than 1,500 mg.

We also wanted to determine the correlations between

of cumulative doses of MTX and liver biochemistries,

liver histology, and Fibroscan results.

PATIENTS AND METHODS

From November 2007 to November 2008, we per-

formed a single institution prospective study in pso-

riasis and RA patients.  Eligible patients were at least

18 years old and had been receiving MTX at cumula-
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samples were obtained at the same laboratory and on

the same day as Fibroscan examination.  The APRI

score was calculated from the equation:

AST of the sample × 100
APRI score  =

AST of upper normal limit × platelets count (103/mL).

Liver biopsy was performed after obtaining an

informed consent, using a G16 Jamshidi Menghini soft

tissue core biopsy needle.  The biopsy specimen was

placed in 10% neutral buffered formalin solution, pro-

cessed and embedded in paraffin blocks.  Five-micron-

thick sections were microtomed and stained with he-

matoxylin-eosin and modified trichrome.  The slides

were reviewed and graded according to Roenigk’s cri-

teria for MTX-induced hepatotoxicity by an experi-

enced pathologist who was blinded to MTX doses and

results of non-invasive methods.  (Table 2)

Results are expressed as mean ± SEM.  Compari-

sons of quantitative data were made using the student

t-test, or the non-parametric Mann-Whitney rank-sum

test for data not exhibiting a normal distribution.  Quali-

tative data were analyzed using Spearman rank corre-

lation, and their probabilities (p) evaluated the asso-

ciation between liver stiffness and clinical or biochemi-

cal data.  Comparison of diagnostic accuracy between

non-invasive test and other parameters was determined

by area under the receiver operative characteristic curve

(AUROC) at optimal cut-off point.  All statistical test-

ing was done at the conventional 2-tailed α level of

0.05.

RESULTS

Demographic and clinical data

Demographical and clinical characteristics of 62

patients and their underlying diseases are summarized

in Table 3.  Most patients were female (69%).  The

mean age was 47.5 ± 1.6 years, the mean BMI was

22.8 ± 0.6 kg/m2, the mean cumulative dose of meth-

otrexate was 2,685 ± 158 mg, the mean treatment du-

ration was 71 ± 5 months, the mean APRI score was

0.25 ± 0.02 and the mean Fibroscan of all patient was

5.76 ± 0.28 kPa, respectively.  The mean serum ala-

nine aminotransferase (ALT), the mean AST/ALT ra-

tio, and the mean APRI score were 23 ± 2 units/L, 1.10

± 0.06, and 0.23 ± 0.03, respectively.  There were 41

psoriasis patients (26 females, mean age 47.1 ± 2.1

years, mean BMI 23.0 ± 0.7 kg/m2, mean cumulative

dose 2,569 ± 202 mg, mean duration of treatment 64 ±

6 months), and 21 RA patients (17 females, mean age

48.3 ± 2.7 years, mean BMI 22.4 ± 1.1 kg/m2, mean

cumulative dose 2,911 ± 251 mg, mean duration of

treatment 83 ± 9 months).  There were no differences

between psoriasis and RA patients with regard to de-

mographic, clinical and laboratory data.

Correlation between Fibroscan and others pa-

rameters

Correlation between Fibroscan and other predic-

tive parameters of MTX induced liver damage are

shown in Table 4.  Serum AST, ALT and APRI were

correlated to liver stiffness measurement (r = 0.32, 0.32

and 0.30; p = 0.01, 0.01 and 0.04, respectively).  Only

liver histology showed excellent relationship to

Fibroscan results. (r = 0.74; p = 0.0004)

Comparative performance of liver biopsy and

non-invasive tests

Liver biopsy was obtained in 18 patients (psoria-

sis 17, RA 1 patient).  The median length of biopsy

was 23 mm (range 13-38 mm) and the median number

of portal tracts was 14 (range 6-27).  Based on the

Roenigk classification, grades II, IIIa, IIIb and IV were

present in 6, 7, 4 and 1 specimen respectively.

Table 2. Roenigk’s criteria for MTX induced hepatotoxicity.

Roenigk’s grade Fatty change Necroinflammation Fibrosis

Grade I none or mild with or without none

mild portal inflammation

Grade II moderate or severe moderate or severe none

portal inflammation

Grade IIIa with or without with or without mild  (fibrosis extend to acini)

Grade IIIb with or without with or without moderate or severe

Grade IV with or without with or without cirrhosis
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Table 3. Demographic and laboratory characteristics of 62 patients.

All patient Psoriasis Rheumatoid arthritis
Characteristics p-value

(n = 62) (n = 41) (n = 21)

Age (year) 47.5 ± 1.6 47.1 ± 2.1 48.3 ± 2.7 0.8

Sex; female (%) 45 (69%) 26 (63%) 17 (81%) 0.3

BMI (kg/m2) 22.8 ± 0.6 23.0 ± 0.7 22.4 ± 1.1 0.5

AST (IU/L) 24 ± 1 24 ± 1 23 ± 2 0.4

ALT (IU/L) 22 ± 2 23 ± 2 21 ± 3 0.1

AST/ALT ratio 1.24 ± 0.06 1.18 ± 0.06 1.35 ± 0.09 0.2

ALP (IU/mL) 75 ± 3 73 ± 3 79 ± 5 0.4

Albumin (g/dL) 4.08 ± 0.05 4.07 ± 0.07 4.11 ± 0.05 0.8

Platelets (× 103/mL) 322 ± 18 322 ± 26 322 ± 23 0.8

APRI score 0.25 ± 0.02 0.25 ± 0.02 0.26 ± 0.04 0.8

Methotrexate

Cumulative dose (mg) 2,685 ± 158 2,569 ± 202 2,911 ± 251 0.07

Duration (months) 71 ± 5 64 ± 6 83 ± 9 0.08

Liver stiffness (kPa) 5.76 ± 0.28 5.86 ± 0.35 5.55 ± 0.46 0.5

Table 4. Correlations between liver stiffness and other pre-

dictive parameters.

Parameters r p-value

Age 0.78 0.6

BMI 0.12 0.4

AST 0.32 0.01

ALT 0.32 0.01

AST/ALT ratio 0.12 0.3

ALP 0.45 0.8

Albumin 0.17 0.2

Globulin 0.07 0.6

APRI score 0.30 0.04

Cumulative dose of MTX 0.17 0.2

Duration of MTX used 0.14 0.3

Liver histology: Roenigk grade 0.74 0.0004

Comparison was made between patients who un-

derwent liver biopsy (n = 18) and did not perform liver

biopsy (n = 44).  In the biopsy group, the mean age

was 46 ± 2.8 years, the mean BMI was 22.9 ± 0.8 kg/

m2, the mean cumulative dose was 2,669 ± 364 mg,

the mean duration of treatment was 68 ± 8 months and

mean Fibroscan was 6.2 ± 0.5 kPa.  In the non-biopsy

group, the mean age was 48 ± 2.0 years, the mean BMI

was 22.8 ± 0.8 kg/m2, the mean cumulative dose was

2,691 ± 169 mg, the mean duration of treatment was

72 ± 6 months and the mean Fibroscan was 5.58 ± 0.34

kPa.  Relevant data are displayed in Table 5, no statis-

tical significance between the two groups are detected.

According to psoriasis treatment guidelines,

Roenigk classification grade IIIa was recommended

for liver biopsy within 6 month, and discontinuation

of MTX was recommend for Roenigk classification

grade IIIb.  The diagnostic role of Fibroscan and other

serums for detection of MTX induced liver damage is

shown in Table 6 and Table 7.  Fibroscan was associ-

ated with the highest AUROC, as compared to liver

histology in both Roenigk Grade IIIa and at least grade

IIIb groups.

At a cut-off point of 5.2 kPa, Roenigk grade IIIa

carried a 100% positive predictive value and 95% nega-

tive predictive value.  Only 1 case (12.5%) was

misclassified.  At a cut-off point of 7.6 kPa, Fibroscan

predicted the presence of Roenigk grade IIIb with 80%

sensitivity and 92% specificity.  Comparisons with

other parameters are shown in Table 6 and Table 7.

DISCUSSION

MTX is a recommended treatment for steroid

sparing and maintenance.  However, its use is limited

by toxicity.  The correlation between cumulative MTX

dose and hepatotoxicity, however, has not been ob-

served by all investigators.  In these groups of patients

with RA and psoriasis, little to no relationship was

found among the cumulative MTX dose, liver func-

tion tests, APRI score and Fibroscan results.  Liver

biopsy remains the gold standard for the detection
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Table 5. Comparison between the liver biopsy and the non-biopsy group.

Biopsy group Non-biopsy
Characteristics p-value

(n = 18) (n = 44)

Age (year) 46 ± 2.8 48 ± 2.0 0.8

Sex; female (%) 12 (67%) 31 (71%) 0.8

BMI (kg/m2) 22.9 ± 0.8 22.8 ± 0.8 0.7

AST (IU/L) 23 ± 2 24 ± 1 0.9

ALT (IU/L) 23 ± 2 22 ± 2 0.4

AST/ALT ratio 1.09 ± 0.06 1.29 ± 0.07 0.2

ALP (IU/mL) 74 ± 5 75 ± 3 0.9

Albumin (g/dL) 4.06 ± 0.1 4.09 ± 0.04 0.7

Platelets (× 103/L) 339 ± 32 315 ± 23 0.4

APRI score 0.23 ± 0.03 0.26 ± 0.02 0.5

Methotrexate

Cumulative dose (mg) 2,669 ± 364 2,691 ± 169 0.9

Duration (months) 68 ± 8 72 ± 6 0.9

Liver stiffness (kPa) 6.2 ± 0.5 5.58 ± 0.34 0.2

Table 6. Comparative performance of non-invasive tests for detecting Roenigk Grade IIIa.

Sensitivity Specificity PPV NPV
Cut-off value AUROC

(95% CI) (95% CI) (95% CI) (95% CI)

Fibroscan ≥5.2 kPa 0.97 83% (55-95) 100% (61-100) 100% (72-100) 75% (41-93)

AST ≥25 U/L 0.69 58% (32-81) 100% (61-100) 100% (65-100) 55% (28-79)

ALT ≥17 U/L 0.76 83% (55-95) 67% (30-90) 83% (55-95) 67% (30-90)

AST/ALT ≥1.0 0.61 58% (32-81) 20% (4-62) 64% (35-85) 17% (3-56)

APRI ≥0.26 0.61 42% (19-68) 83% (44-97) 83% (45-97) 42% (19-68)

Albumin ≥3.5 g/dL 0.60 17% (5-45) 83% (44-97) 67% (21-94) 33% (15-58)

Table 7. Comparative performance of non-invasive tests for detecting Roenigk Grade ≥IIIb.

Sensitivity Specificity PPV NPV
Cut-off value AUROC

(95% CI) (95% CI) (95% CI) (95% CI)

Fibroscan ≥7.6 kPa 0.88 80% (38-96) 92% (67-99) 80% (38-96) 92% (67-99)

AST ≥30 U/L 0.59 40% (12-77) 92% (67-99) 67% (21-94) 80% (55-93)

ALT ≥14 U/L 0.52 40% (12-77) 77% (50-92) 40% (12-77) 77% (50-92)

AST/ALT ≥1.0 0.61 80% (38-96) 42% (19-68) 36% (15-65) 83% (44-97)

APRI ≥0.37 0.60 20% (4-62) 92% (67-99) 50% (10-91) 75% (51-90)

Abumin ≥3.5 g/dL 0.52 20% (4-62) 85% (58-96) 33% (6-79) 73% (48-89)

of patients who may have MTX-related hepatotoxic-

ity.(1-3,5-7)  Normal liver function tests have been ob-

served in most patients.  In both psoriasis patients and

RA patients, cumulative doses and liver function tests

are unreliable predictors of MTX-related hepatic in-

jury.  Liver biopsy can detect significant hepatic in-

jury, and the prevalence of abnormal histological find-

ings is greater after cumulative doses exceeding 1,500

mg.(6,7)  The prevalence of hepatotoxicity with MTX

therapy is low,(7,9) although slight elevations of

aminotransferases have been noted in significant fi-

brosis (Roenigk grade IIIb) in both RA patients and
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psoriasis patients.

The optimal cutoff value of Fibroscan for the pre-

diction of significant fibrosis (grade IIIa) was 5.2 kPa,

which provided a sensitivity of 83%, specificity of

100%, positive predictive value (PPV) of 100%, and

negative predictive value (NPV) of 75%.  Similarly,

the optimal cutoff value of Fibroscan for the predic-

tion of advanced fibrosis (grade IIIb) was 7.6 kPa,

which provided a sensitivity of 80%, specificity of 92%,

PPV of 80%, and NPV of 92%.The results of the

present prospective study comparing non-invasive pa-

rameters to liver biopsy indicate that Fibroscan is the

most accurate method for detection of MTX induced

liver damage in patients on MTX therapy.

We also noted that 80% of patients with Fibroscan

<5.2 kPa had Roenigk grade II on liver biopsy.  All of

patients with Fibroscan 5.2-7.5 kPa had liver biopsy

showing Roenigk grade IIIa.  Interestingly, all patients

with liver biopsy showing Roenigk grade IIIa and

higher had Fibroscan of ≥7.6 kPa (data not shown).

These results suggest that Fibroscan can predict the

degree of fibrosis in patients on MTX.  Therefore, liver

biopsy may be reserved only for patients with inter-

mediate values of Fibroscan between 5.2-7.5 kPa.

The main limitation in our study is related to the

small sample size, which may limit the precision of

the estimated effects.  Also sampling error may occur

with the liver biopy taking in some of our cases with

small biopsy specimens.  However, the average biopsy

length in our study compares favorably with those in

other studies(10).  Our overall results suggest that

Fibroscan appears useful in detecting and / or good in

excluding significant MTX-induced liver damage

(Roenigk grade ≥IIIb).

In conclusion, significant liver fibrosis is rare in

psoriasis and RA patients treated with high doses of

MTX, and is not accurately reflected by cumulative

dose of MTX, duration of MTX treatment, liver func-

tion tests and APRI score.  The Fibroscan® is a more

accurate, more rapid, noninvasive, and reproducible

method for assessing liver fibrosis compared to APRI,

liver function tests and MTX cumulative dose.

Fibroscan is useful as a fibrosis screening test in se-

lected patient population.  Fibroscan helps to avoid liver

biopsy in most patients with dermatologic or rheumatic

diseases on MTX therapy.

REFERENCES

1. Roenigk HH Jr, Auerbach R, Maibach HI, et al.  Methotrex-

ate in psoriasis: Revised guidelines.  J Am Acad Dermatol

1988;19:145-56.

2. Said S, Jeffes EW, Weinstein GD.  Methotrexate.  Clin

Dermatol 1997;15:781-97.

3. Furst DE, Kremer JM.  Methotrexate in rheumatoid

arthritis.Arthritis Rheum 1988;31:305-14.

4. Kremer JM, Alarcon GS, Lightfoot RW Jr, et al.  Methotrex-

ate for rheumatoid arthritis.  Suggested guidelines for moni-

toring liver toxicity.  American College of Rheumatology.

Arthritis Rheum 1994;37:316-28.

5. Pimonpun G, Porntip H, Rutsanee A, et al.  Clinical practice

guideline for psoriasis.  Thai J Dermatol 2001;17(2):57-65.

6. Henry H, Robert A, Mark L, et al.  Methotrexate in psoriasis:

consensus conference.  J Am Acad Dermatol 1998;38:475-

85.

7. Whithing-O’Keefe QE, Fye KH, Sack KD.  Methotrexate and

histologic hepatic abnormalities: a meta-analysis.  Am J Med

1991;90:711-6.

8. Thampanitchawong P, Piratvisuth T.  Liver Biopsy: compli-

cations and risk factors.  World J Gastroenterol 1999;5:301-4.

9. Maartje A, Berends M, Snoek J.  Biochemical and biophysi-

cal assessment of MTX-induced liver fibrosis in psoriasis pa-

tients: Fibrotest predicts the presence and Fibroscan® predicts

the absence of significant liver fibrosis.  Liver Int 2007;27:639-

45.

10. Campbell MS, Reddy KR.  Review article: the evolving role

of liver biopsy.  Aliment Pharmacol Ther 2004;20:249-59.

11. Snyder N, Gajula L, Xiao SY.  APRI: An easy and validated

predictor of hepatic fibrosis in chronic hepatitis C.  J Clin

Gastroenterol 2006;40:535-42.

12. Castera L, Vergniol J, Foucher J, et al.  Prospective compari-

son of transient elastography, Fibro test, APRI, and liver bi-

opsy for the assessment of fibrosis in chronic hepatitis C.

Gastroenterology 2005;128:343-50.

13. Kettaneh A, Marcellin P, Donvin C, et al.  Features associated

with success rate and performance of fibroscan measurement

for diagnosis of cirrhosis in HCV patients : A prospective study

of 935 patients.  J Hepatol 2007;46:628-34.

14. Laharie D, Zerbip F, Ledinghen DE, et al.  Diagnosis of liver

fibrosis by transient elastography (Fibroscan) and noninvasive

methods in Crohn’s disease patients treated with methotrex-

ate.  Aliment Pharmacol Ther 2006;23;1621-8.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


