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Methotrexate as Therapy for Primary Biliary Cirrhosis: A Randomized Placebo 
Controlled Study 
 
Summary 
Primary biliary cirrhosis (PBC) is an autoimmune disease of the liver which can be fatal. Symptoms 
consist of jaundice and pruritis followed by progressive liver failure in some patients. There is no known 
curative therapy at this point in time other than liver transplantation. Methotrexate is a potent 
immunosuppressive that is used to treat several autoimmune diseases. A randomized, double blind, 
placebo controlled trial was conducted with methotrexate to determine if there was an improvement in 
overall survival or progression free survival (PFS).  Data was collected on demographic indicators (age, 
sex, weight, height), specific disease indicators/precision variables (duration of disease, serum alanine 
aminotransferase (ALT), serum alkaline phosphatase, history of splenomegaly, thrombocytopenia, stage 
of disease, bilirubin level, prothrombin time, albumin and serum cholesterol), treatment specifics (indicator 
of treatment group and number of days of treatment) and the primary outcome indicators (time until 
progress or last follow-up, time until death or last follow-up and death).  There were no significant 
differences in the distribution of the demographic data or the precision variables among the placebo and 
methotrexate groups. The overall and PFS were not significantly different between the placebo and 
methotrexate groups as assessed by Cox regression analysis at 5 years (survival -0.01/-0.06,0.04, 
P=0.73) (PFS -0.04/-0.12,0.04, p=0.37) and 9 years (survival -0.03/-0.10,0.05, P=0.50) (PFS -0.08/-
0.18,0.04, P=0.21). This analysis did not demonstrate any survival benefit with the use of methotrexate in 
PBC. Patient specific symptoms such as pruritis, fatigue and edema were not analyzed. Therefore, while 
methotrexate may have specific effects to relieve symptomatology, no survival or PFS benefit could be 
demonstrated. 
 
Background 
PBC is an inflammatory disease of the liver characterized by progressive liver failure.  Scar tissue forms 
within hepatic bile ducts which lead to collapse of the ducts.  Therefore, bilirubin is not excreted from the 
hepatocytes into the bile ducts.  The build up of bilirubin within hepatocytes leads to destruction of the 
hepatocytes over time and further intrahepatic scarring which leads to fibrosis.  PBC is initially 
characterized by a cholestatic pattern of liver function abnormalities with hyperbilirubinemia, jaundice, 
pruritis, and hepatomegaly.1 Symptoms consist of jaundice, splenomegaly, ascites, bruising, bleeding and 
pruritis; with disease leading to hepatorenal syndrome and eventually hepatic encephalopathy followed by 
death.  Staging of the disease is based upon histologic findings found on biopsy of the liver. Stage I is 
characterized by inflammation with fibrosis confined to the portal area; stage II includes fibrosis in the 
periportal area; stage III has bridging fibrosis; and stage IV is end-stage cirrhosis.2 Predictive models for 
survival have been developed in PBC and depend upon age at diagnosis, bilirubin, albumin, prothrombin 
time, presence of edema and use of diuretic therapy.3 PBC is more prevalent in women with 95% cases 
present in women with onset usually between ages 35 and 60.  Anti-mitochondrial antibodies are 95% 
sensitive and 98% specific for the diagnosis of PBC and should be performed when PBC is suspected.4 
There is also an association with antinuclear antibodies which are found in 70% of patients with confirmed 
PBC.5 The association with a serologic antibody marker and the higher prevalence in women argue for an 
autoimmune etiology of PBC. There is no known cure for primary biliary cirrhosis other than liver 
transplantation, and 18-30% of patients recur after 5-10 years.6 Although ursodeoxycholic acid has been 
shown to be an effective treatment for the disease, the benefit appears to be limited to those patients with 
early stage disease.7 More effective therapies are clearly needed for PBC. 

Methotrexate is an antimetabolite that is a known immunosuppressant.  It depletes cells of 
reduced folates and subsequently leads to the inhibition of purine synthesis by irreversibly binding to 
dihydrofolate reductase. Encouraging results with methotrexate have been reported with a similar 
disease, primary sclerosing cholangitis.  Furthermore, methotrexate is an effective therapy for other 
autoimmune diseases, such as rheumatoid arthritis.8 The major toxicities of methotrexate include liver 
damage9, pulmonary fibrosis and myelosuppression. The beneficial effects seen in other autoimmune 
disorders and its ability to suppress the immune system lead to the question of whether methotrexate 
would be beneficial in PBC.  Our study aims to help resolve conflicting reports about the effect of 
methotrexate on PBC by using a larger study group size (n=265) than any of the previously reported 
studies. 
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Question of Interest 
Does methotrexate improve overall or progression free survival in a randomly chosen population of 
patients with PBC in comparison to placebo? Our null hypothesis is that treatment with methotrexate can 
statistically significantly improve the overall or progression free survival in a randomly chosen population 
of patients with PBC in comparison to placebo. In order to find potential confounders and effect 
modification variables, we divided the patients based on early stages (stage 1 and 2) and advanced stage 
(stage 3 and 4).  We tried to find if the stage was a confounder or effect modifier for the effect of 
methotrexate on overall or progression free survival. We also used other statistical tests to compare the 
distributions of some patient characteristics at randomization between treatment groups.  

We used probabilities of survival of overall survival and PFS as primary outcome variables and 
compared their difference between treatment group and by stage of diseases at different years.  We also 
used the proportional hazard ratio regression model to compare the difference of risk of death or PFS 
between the methotrexate and placebo group.   
 
Source of the Data 
A randomized placebo controlled trial was conducted to assess whether methotrexate would prolong 
survival or improve progression free survival in patients with PBC.  Data were collected on 265 patients 
with PBC at various stages at time of enrollment.  Demographic data included age at randomization, 
gender, weight, and height.  Data at time of enrollment was collected on the following precision variables: 
duration of disease, serum alkaline phosphatase level, serum ALT, presence of splenomegaly, platelet 
count, pathologic stage of disease, serum bilirubin, prothrombin time, serum albumin, and serum 
cholesterol.  Data was also collected on the number of days each patient took either placebo or 
methotrexate.  Primary outcome data included time until disease progression, death or last follow-up.  
  
Statistical Methods 
All statistical analyses were performed using Intercooled Stata 9.1 for Windows (StataCorp LP). A 
confidence of 95% was used for constructing confidence intervals and assessing the significance of P 
values in all analyses.  

For patients in the placebo group and methotrexate group, descriptive statistics were used to 
describe and compare the patient characteristics at randomization in the two groups. Patient 
characteristics compared between the placebo and methotrexate group include demographics (age, sex, 
weight, height), history of disease (duration of disease since the time of diagnosis), hepatocellular 
damage (serum level of alkaline phosphatase, serum level of ALT), liver inflammation and cirrhosis 
(splenomegaly, platelet count, pathologic stage of disease), and lack of liver function (bilirubin level, 
prothrombin time, albumin level). Similar levels of the patient and disease characteristic were observed 
between the two treatment groups. 

Missing measurements of the patient and disease characteristics at randomization were 
examined. Weight and height were missing in only 1 of the 133 patients in the placebo group. ALT was 
missing in 1 of the 133 patients in the placebo group and 1 of the 132 patients in the methotrexate group. 
Prothrombin time measurements were available for all patients in the placebo group but not for 4 patients 
in the methotrexate group. Three of the 133 patients in the placebo group and 2 out of the 132 patients in 
the methotrexate group were missing serum cholesterol data. The proportions of the missing 
measurements are similar between the placebo and methotrexate group. These missing measurements 
were excluded in making summary measures for the patient and disease characteristics at randomization. 

The four outcome variables for survival or PFS (time until progression of disease or last follow-up, 
indicator of the observation of progression, time until death or last follow-up and indicator of death) are 
right censored data. Kaplan-Meier estimates were used to analyze whether methotrexate had an effect on 
survival or PFS relative to placebo group. Descriptive statistics were used to compare the probabilities of 
survival or progression free survival at 5 and 9 years post-treatment, respectively. If methotrexate has no 
effect on the survival or progression free survival, the difference of the survival or progression survival 
probabilities at the fixed times is expected to be zero. P values and 95% confidence intervals were 
obtained to assess the statistical significance of the observed difference in survival or progression 
survival probabilities between the methotrexate and placebo group. A P-value < 0.05 will indicate that the 
observed difference in survival or PFS probabilities is unusual if the true difference is zero. Proportional 
hazard ratio regression was also employed to assess whether the risk of death or clinical progression (as 
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measured by hazard ratio) differs between the methotrexate and placebo group. A hazard ratio > 1 
indicates a higher risk of death or clinical progression in the methotrexate group relative to the placebo 
group. P values and 95% confidence intervals were obtained to assess the statistical significance of the 
deviation of observed hazard ratio from 1. A P value < 0.05 in the proportional hazard ratio regression 
indicates that the observed hazard ratio is atypical if the true hazard ratio of the methotrexate group 
relative to the placebo group is 1.  
 

Results 

Characteristics Placebo Methotrexate
No. of patients 133 132
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Table 1. Patient and Disease Characteristics The descriptive statistics are 
summarized in Table 1. There were a 
total of 133 patients who received 
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Age, mean(range), yr 52(25-67) 50(31-70)
Gender, Male/Female 10/123 10/122

Weight, mean, lb 73.4 70.1
Height, mean, inch 163.39 163.71

Disease duration, median(range), yrs 2.38(.51-14.4) 2.69(.55-18)
age, no. of patients (%)

stage-1 24(18) 13(10)
stage-2 40(30) 47(36)
stage-3 47(35) 56(42)
stage-4 22(17) 16(12)

Splenomegaly, no of patiens (%)
Absent 119(89) 120(91)
Present 14(11) 11(8)

Unknown 0(0) 1(1)
Bilirubin, mean, mg/dl 0.72 0.66
Albumin, mean, g/dl 4 4

Alkaline phosphatate, mean, U/l 244.92 242.85
ALT, mean, U/l 50.17 54.29

Prothrombin time, mean, sec 11.37 11.24
Serum cholestral, mean, mg/dl 235.77 239.18

Platelets, mean, 1000 cells/cu mm 234.71 243.53
uration of Therapy, median(range), yrs 6.2(0.1-8.8) 6.7(0.1-8.97)

t
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methotrexate. The placebo and 
treatment groups in had equivalent 
values with regards to age, gender, 
weight, or height. Data on ethnicity was 
not collected. Precision variables 
included disease duration, stage and 
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prevalence of the other predictors of 
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phosphatase, ALT, prothrombin time, 
serum cholesterol and platelets were 
assessed.  There were no significant 
differences in the distribution of these 
measures of liver function as assessed 
by differences in the mean using a 2-
sided T-test and correcting for unequal 
variances. The equality of distributions 
as assessed by the mean or 

e variable which are precision variables and potential confounders indicate that 
median in 

randomization was 
equate between the two groups. 
tients assigned to the placebo group took the study drug for a median of 6.2 years (0.11-8.8 yrs, range) 
d the patients assigned to the methotrexate group took the study drug for a median of 6.7 years (0.13

97, range).  There was no significant difference in the median time nor in the mean time tha
-

t patients 

3

0.95 (0.84-0.98) 0.92 (0.79-0.97) 0.91(0.80-0.96) 0.79 (0.60-0.89)

Methotrexate
Placebo

All stages
5 Years 9 Years 5 Years 9 Years

Methotrexate 0.96 (0.90-0.98) 0.91 (0.83-0.95) 0.85 (0.78-0.90) 0.71 (0.61-0.79)

Placebo 0.97 (0.91-0.99) 0.93 (0.87-0.97) 0.89 (0.82-0.93) 0.79 (0.70-0.85)

Early stages

Methotrexate
Placebo

Advanced stag

Probability of survival (95%CI) Probability of PFS (95%CI)
Table 2. Descriptive statistics of Survival and PFS 

ok the study drug as assessed by bootstrap methods and by 2-sided T-test, respectively.  
Table 2 summarizes the overall survival and PFS by treatment group and by stage of disease at 
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0.97(0.87-0.99) 0.90 (0.77-0.96) 0.80 (0.69-0.88) 0.65 (0.52-0.75)

0.93 (0.83-0.97) 0.89 (0.77-0.95) 0.82 (0.70-0.89) 0.66 (0.52-0.77)
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urvival -0.05 - -0.06 (-0.15, 0.03) 0.19 4.31 (0.48, 38.58) 0.19
PFS -0.06 (-0.14, 0.03) 0.21 -0.14 (-0.30, 0.01) 0.07 2.11 (0.72, 6.19) 0.17

urvival 0.03 (-0.04, 0.11) 0.45 0.01 (-0.11, 0.13) 0.91 0.71 (0.22, 2.29) 0.57
PFS -0.01 (-0.14, 0.12) 0.85 -0.01 (-0.18, 0.16) 0.90 0.99 ( 0.55, 1.80) 0.98

ced stages

Mtx-Plc (95% CI) P value Mtx-Plc (95% CI) P value Mtx/Plc (95% CI) P value

Survival -0.01 (-0.06, 0.04) 0.73 -0.03 (-0.10, 0.05) 0.50 1.23 (0.46, 3.30) 0.68
PFS -0.04 (-0.12, 0.04) 0.37 -0.08 (-0.19, 0.04) 0.21 1.26 (0.75, 2.11) 0.38

S

S

Early stages

Advan

Table 3. Effect of Methotrexate on Survival and PFS
5 Year Survival 9 Year Survival Hazard Ratio 

All stages

 Mtx=Methotrexate 
Plc=Placebo
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Fig 1: Overall survival, PFS, and PFS by stage in patients randomized to placebo or methotrexate.

There were no significant differences as assessed by cox regression analysis in survival or PFS between 
the placebo and methotrexate group. We also analyzed PFS by stage and treatment group to assess an
potential effect modification stage may have.  As illustrated in figure 1C, stage did impact PFS as 
assessed by cox regression analysis, but there was no evidence of stage impacting PFS in the 

methotrexate or placebo groups. Therefore, there was no evidence that stage of disease had any effect 
modification on res

y 

Table 3 summarizes the difference between 5 and 9 year overall and PFS among the 
methotrexate and placebo groups as well as by disease stage with early disease classified as stage 1 
and 2 and late as 3 and 4.  The 95% CI of these differences are included in the table as well. The 
difference in 9 year survival was 3% greater in the placebo group in comparison to the methotrexate 
group, and the 95% CI of this difference crosses zero (p=0.5). Similarly, the difference in PFS at 9 years 
was 8% in favor of the placebo group, and the 95% CI crosses zero (p=0.21). We are not able to show 
any significant difference in 5 or 9 year survival or PFS between the methotrexate and placebo group 
regardless of stage and therefore we cannot reject our null hypothesis discussed above. We also 
analyzed results by 
sex to see if there 
was any evidence 
that sex modified the 
effect of 
methotrexate and no 
significant effect 
on survival or PFS 
was observed. 
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Discussion 
Based on our 
survival analysis, 
treatment with 
methotrexate did not 
improve either survival or PFS of patients with PBC when compared to patients taking placebo.  The 
ineffectiveness of methotrexate as a method of treatment was irrespective of both disease stage at the 
start of treatment and the sex of the subject.  These findings are in agreement with an earlier study of 60 
patients that also found methotrexate to be ineffective at treating PBC10, though contradictory to a number 
of pilot studies looking at methotrexate as a treatment for PBC.11-14   
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The data provided from the study was sufficient to do an analysis of the effects of methotrexate 
treatment for the study group as a whole, but did not allow for analysis of patient specific effects of 
treatment.  Previous studies have reported that treatment of PBC with methotrexate was patient specific, 
with cases of better and worse progression of disease after treatment reported.10, 12  With more patient 
specific data it would be possible to determine if there is a subset of PBC patients who respond to 
treatment with methotrexate.  In particular, data regarding ethnicity was not available. Also, data 
regarding the use of diuretic therapy and the presence of edema were not present.  Both of these factors 
have been shown to be important predictors of both short term and long term survival.3  These factors 
could have confounded the findings here if for some reason there was an unequal distribution among the 
placebo and methotrexate group. However, this was a randomized study and randomization was 
adequate for all other demographic and precision variables measured with the exception of sex.  Males 
made up only a small part of the study group (20 of 265 patients), likely due to the low prevalence of PBC 
among males, making it difficult to reach any conclusions about the effect of methotrexate treatment on 
PBC in males. 

Methotrexate treatment has also been reported to cause statistically significant decreases in the 
levels of a number of the biological measures of disease, including serum alkaline phosphatase, serum 
bilirubin, serum alanine aminotransferase, and serum cholesterol levels11.  As a future direction of study, 
better understanding the effects of methotrexate on these biological measures should allow for a better 
assessment of whether the drug might work well as part of a multi-drug treatment for PBC. 

Another shortcoming in the data for this study is the lack of reporting on the incidence of disease 
symptoms. It has previously been reported in a number of small-scale studies that methotrexate treatment 
may help to alleviate the two primary symptoms of disease (itching and fatigue).11-14 It is therefore of 
interest, in the context of this study, whether there was a reported difference in symptoms between the 
placebo and treatment groups.  While the results of this study suggest that methotrexate does not 
improve overall survival or PFS, it may improve the quality of life for those suffering for PBC if treatment 
reduces the symptoms of disease.   
 Due to the ineffectiveness of methotrexate in improving PFS further study of its usefulness as a 
single drug treatment for PBC is unwarranted, unless more in depth monitoring is used to try and identify 
sub-group specific outcomes.  If a better understanding of its effects on the biological measures of PBC is 
obtained, then studies looking at methotrexate as part of a multi-drug treatment maybe warranted. 
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