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Summary:   
Primary biliary cirrhosis (PBC) is a chronic disease characterized by portal inflammation 
and the destruction of small bile ducts, primarily affecting middle-aged women.  PBC 
can lead to liver failure, but none of the current treatments available have any effect on 
improving symptoms.  To address the effectiveness of methotrexate treatment for PBC, 
we conducted a randomized, double-blind, placebo-controlled trial using survival and 
progression-free survival as primary endpoints. Patients, stratified by Ludwig stage, 
were randomized to placebo (133 patients) or methotrexate (131 patients).  To 
determine whether treatment with methotrexate leads to impaired lung function, one of 
the most common adverse side-effects of methotrexate, we used the diffusing capacity 
of the lung for carbon monoxide (DLCO) measurements available for our participants.  
DLCO was measured at baseline and at least annually, but only the baseline, final and 
minimum values were available for this analysis.  We tested for differences between the 
methotrexate and placebo groups using the mean decrease in DLCO from baseline to 
the minimum value as well as the mean decrease to the final DLCO value.  In the 
methotrexate group, the average decrease to a minimum DLCO was 3.35 ml/min/mm 
Hg (95% CI = 2.65 – 4.03 ml/min/mm Hg), while in the placebo group, the average 
decrease was 3.17 ml/min/mm Hg (95% CI = 2.58 – 3.77 ml/min/mm Hg).  Based on our 
analysis, we could not reject the null hypothesis that the groups do not differ with 
respect to the maximal changes in DLCO (two-sided p = 0.71).  With 95% confidence, 
we conclude that true value for the mean difference between groups for change in 
DLCO falls between –0.734 to 1.082 ml/min/mm Hg based on the t-test.  In conclusion, 
methotrexate is unlikely to cause a significant decrease in pulmonary gas exchange at 
the doses used to treat PBC in this study. 
 
Background:  
Primary biliary cirrhosis (PBC) is a chronic and progressive cholestatic disease of 
unknown etiology, characterized by portal inflammation and the immune-mediated 
destruction of small bile ducts within the portal area [1, 2].  The disease leads to 
decreased bile secretion and the retention of toxic substances within the liver, 
contributing to the development of cirrhosis and eventual liver failure.  PBC is 
considered to be an autoimmune disease and is associated with the presence of well-
characterized anti-mitochondrial antibodies.  It predominantly affects middle-aged 
women from 35-60 years, with the peak of incidence occurring after 50 years of age. 
 
Without a clear etiology for PBC, effective treatment strategies have remained elusive.  
The only drug currently FDA-approved for use is the bile acid ursodeoxycholic acid.  
This drug is associated with improvement in the immunological disturbances caused by 
PBC, but it has little effect on symptoms [3].  Methotrexate is an analogue of folic acid 
that inhibits cellular proliferation and also has anti-inflammatory and immunomodulating 
properties [4] and has been proposed as a potential therapeutic option. Historically, 
methotrexate has been used for the treatment of cancers and rheumatic diseases, such 
as rheumatoid arthritis, which are also believed to have an autoimmune component [5].  
However, methotrexate has not been studied in large scale trials of PBC to date. To 
address the effectiveness of methotrexate treatment for PBC, we conducted a 
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randomized, double-blind, placebo-controlled trial using survival and progression-free 
survival as primary endpoints. 
 
Despite its potential benefits, methotrexate can cause a variety of side-effects, including 
pulmonary toxicity. Methotrexate toxicity may manifest as hypersensitivity pneumonitis,  
bronchiolitis obliterans, or interstitial lung disease that decreases pulmonary gas 
exchange across the alveolar-capillary interface [6, 7]. The decrease in gas exchange is 
generally measured using the diffusing capacity of the lung for carbon monoxide 
(DLCO) [8]. Interestingly, pulmonary toxicity does not appear to be a dose dependent 
phenomenon, but an idiotypic reaction. To determine whether pulmonary toxicity 
occurred in this trial, we performed serial DLCO measurements in the participants. The 
primary aim of this analysis is to determine whether methotrexate treatment affected 
lung function as measured by DLCO.   
 
Questions of Interest:  
Our question of interest is whether treatment with methotrexate leads to impaired lung 
function as measured by DLCO.  Our null hypothesis for the analysis, is that DLCO 
measurements in the placebo and methotrexate groups are similar.  We used mean 
changes in DLCO as our primary outcome measure and determined whether the mean 
change in DLCO differed between the placebo and methotrexate groups.  We also 
evaluated whether the mean DLCO measurements after randomization differed 
between the two groups.  These evaluations provided a satisfactory answer to the 
question of interest. 
 
Source of the Data:  
The DLCO data derives from a multicenter randomized trial of methotrexate treatment 
for PBC.  Only patients with DLCO and FEV > 50% expected for age were included in 
the study.  Patients, stratified by Ludwig stage, were randomized to placebo (133 
patients) or methotrexate (132 patients).  DLCO was measured at baseline and at least 
annually, but only the baseline, final and minimum values were available for this 
analysis.  The final DLCO values were measured when the patient stopped taking the 
study treatment (placebo or methotrexate). At baseline, a variety of patient 
characteristics were measured to determine whether the groups were comparable 
(Table 1).  Patients were followed for 46 to 3625 days.  Out of the 133 patients in the 
placebo group, 8 had baseline DLCO measurements only and were missing minimal 
and final DLCO measurements.  Out of the 132 patients in methotrexate group, 1 
patient had no DLCO measurements and 12 patients had only baseline measurements 
only.  Using a Chi squared analysis, the proportion of missing measurements did not 
differ between the treatment groups (p=0.33).  Using Kaplan-Meier analysis, we could 
not reject the null hypothesis of no difference between the groups at 8 years(p=0.09).  
Similarly, disease progression did not differ between the two groups (p=0.21). 
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Statistical Methods: 
Descriptive Statistics: When informative, univariate descriptive statistics, including 
mean, median, 95% confidence intervals, and data ranges, were calculated for all of the 
data included in the analysis. More detailed descriptive statistics were generated for the 
variables relevant to the problem as outlined in Tables 1 and 2. To assess for qualitative 
relationships between pairs of variables (bivariate analyses), we used visual 
assessment of correlation and scatter plots with LOWESS (locally weighted scatterplot 
smoother) curves. The LOWESS curve reveals the general trend of the relationship 
between the two variables. Quantitative correlation coefficients were calculated to 
characterize the strength of the relationship. These methods were used to reveal any 
linear and/or non-linear relationships between variables, and to identify potential 
confounders and effect modifiers – any variables that may distort the relationship 
between the predictors and the outcomes in question.  
 
Missing data accounted for less than 10% of all DLCO measurements. Comparisons 
between subjects with missing and non-missing DLCO measurements did not reveal 
significant differences in death rate, time to progression or time to death. Based on 
these analyses, we determined that it was appropriate to exclude subjects with missing 
data from our analysis.  
 
Extreme outliers were not evident in this dataset, and the DLCO measurement 
distributions were slightly skewed to the right. For the purposes of subsequent analyses, 
we decided that that normality of the distributions was a fair assumption. To ensure that 
non-normal DLCO distributions were not affecting our results; however, we checked our 
results using the bootstrapping methods described below to generate tests of 
significance based on the actual distribution of DLCO data. 
 
Hypothesis Testing: We performed the two-sided robust (not assuming equal variances) 
t-test to evaluate for significant differences in the mean DLCO measurements between 
the placebo and methotrexate groups. The null hypothesis throughout our analysis was 
that the treatment groups did not differ with respect to DLCO measurements.  Since the 
baseline DLCO measurements were correlated with the minimum and final DLCO 
measurements, we also tested for differences between drug and placebo groups using 
the mean change between the minimum and baseline and between the final and 
baseline DLCO, thereby gaining precision. Tests were considered significant at the 5% 
level.  
 
Since the distributions were slightly skewed to the right, we also estimated the median 
difference in DLCO between treatment groups using bootstrapping. Bootstrapping is a 
method of estimating any statistic and its associated standard errors based on the 
actual distribution of the data. The main assumption is that the data is representative of 
the population. Given the samples sizes > 130 subjects, the study data should be 
reasonably representative of the population.  The results of this analysis were expected 
to confirm the hypothesis tests using the t-test based on the means, indirectly verifying 
our assumption of normality. 
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In this manner, we estimated the median and the standard errors associated with the 
median of the minimum DLCO measurements (and the final DLCO measurements). 
Similarly, we used bootstrapping to estimate the median and the standard errors 
associated with the differences between minimum and baseline DLCO, as well as the 
final and baseline DLCO. We then used a hypothesis test based on the standard normal 
to determine possible significant differences. Again, the significance level was 5%. 
 
All of the analyses above were performed using Intercooled Stata 9 statistical software 
(StatCorp, College Station, TX). 
 
Results: 
At randomization, the placebo and methotrexate groups were similar with respect to 
age, sex, weight, height, duration of disease, Ludwig pathologic stage, baseline 
laboratory values and baseline DLCO measurement (Tables 1 and 2). The distributions 
of the DLCO measurements (baseline, minimum and final) were roughly normally 
distributed without extreme outliers as discussed in the Methods section and outlined in 
Table 2.  This allowed us to use the arithmetic means for our primary comparisons 
rather than using medians, geometric means or log transformations.  Hypothesis tests 
were intentionally not performed on the between-group baseline variables [8]. 
 
 
Based on the t-test, the mean final DLCO was significantly lower than the mean 
baseline DLCO in both groups (p<0.001; Table 2 and Figure 1).  Similarly, the mean 
minimum DLCO was lower than the mean baseline and final DLCO values (p<0.001).  
The three DLCO measurements (baseline, minimum, and final) were highly correlated, 
with a pairwise correlation coefficient of r > 0.65 for each variable. To gain precision, the 
change between DLCO at baseline and during the trial were calculated and used for 
subsequent comparisons.  To maximize the sensitivity for detecting differences in DLCO 
between the groups, we calculated the maximal DLCO change during the study period 
by subtracting the baseline DLCO from minimum DLCO. The absence of a difference 
between the placebo and methotrexate groups for this change in DLCO would be the 
strongest evidence to support our null hypothesis of no effect of methotrexate on DLCO. 
 
Table 3 describes differences between the placebo and methotrexate groups with 
respect to minimum, final and changes in mean DLCO.  In the methotrexate group, the 
average decrease to the minimum DLCO was 3.35 ml/min/mmHg (95% CI = 2.65 - 4.03 
ml/min/mmHg), while in the placebo group the average decrease was 3.17 
ml/min/mmHg (95% CI = 2.58 – 3.77 ml/min/mmHg).  Based on this analysis, we cannot 
reject the null hypothesis that the groups do not differ with respect to the maximal 
changes in DLCO (two-sided t test p = 0.71).  With 95% confidence, we conclude that 
the true value for the mean difference between groups for change in DLCO falls 
between -0.734 to 1.082 ml/min/mmHg based on the t test.  We reached the same 
conclusion when using bootstrap methods on the median differences to minimize the 
effects of non-normal distributions (p = 0.17).  
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Further exploratory analyses revealed no significant differences between the groups for 
the average DLCO values (baseline, minimum and final) or the decrease in DLCO 
between baseline and final values.  The DLCO measurements and differences were not 
correlated with age, duration of disease or time on study drug, so confounding by these 
variables despite randomization is not likely to have obscured a difference between the 
groups.  Height was correlated with the DLCO measurements, but height did not differ 
between the treatment groups, so height is also unlikely to have confounded any 
association between DLCO and treatment.  Finally, we did not find significant 
differences between the groups with respect to medians or geometric means for the 
DLCO values or differences. 
 
Discussion:  
From analysis of this randomized, controlled pharmacologic trial of methotreaxate in 
patients with PBC, there appears to be no significant difference in DLCO with the use of 
methotrexate as compared to placebo. It should be noted that this is only relevant for 
the dose given in this study and for patients with PBC and not other hepatic diseases. 
Further, whether DLCO alone is the best measure of methotrexate toxicity is not clear 
although pathophysiologically additional data, such as the degree of hypoxemia and 
alveolar-arterial oxygen difference, may provide better lung functional measures. The 
data analysis indicates that DLCO decreased in the setting of PBC over the study 
period, but the decrease was not different between treatment and placebo. Further data, 
including quality of life assessment, functional status, arterial blood gas, formal 
pulmonary functional studies, total lung volumes, and pulmonary imaging, may be 
informative.  
 
Limitations of the current analysis include 1) the analysis was performed on a truncated 
dataset from the larger database, and 2) no formal multivariate analysis was completed. 
The current dataset gives only 3 data points for DLCO (baseline, minimum value 
anytime during follow up, and measurement at discontinuation of treatment or the study). 
In order to better assess DLCO alterations over the study duration, sequential DLCO, 
time to the minimum DLCO and whether methotrexate therapy was altered due to the 
DLCO value (as noted in research design) would be beneficial additions to the drug 
safety analysis. Given that methotrexate treatment may have changed based on DLCO, 
we were unable to determine whether DLCO was a contributor to death; this would be 
an important clinical endpoint. 
 
Although a formal multivariate analysis was not performed, we are reasonably assured 
that there are no significant single variable confounders in the dataset based on our 
bivariate analyses. However, multiple variables added into a statistical model may 
discover certain subsets of patients at risk. Further, addition of certain cutoff values for 
hepatic disease, such as poor hepatic synthetic function as measured by an arbitrary 
value of albumin and/or PT, may identify additional at risk populations. We chose not to 
complete these analyses as these have not been prospectively validated. The model of 
end stage liver disease (MELD) or Child-Pugh scores cannot be calculated with the data 
provided. These may be considered for future analyses.
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Table 1. Characteristics of the placebo and methotrexate treatment groups 
 Placebo Treatment 
Characteristic N Mean 

or % 
SD N Mean 

or % 
SD 

Age (years) 133 52.2 8.63 132 50.4 8.67 
% Male 133 7.5% - 132 7.6% - 
Weight (kg) 132 73.3 16.2 132 70.1 14.4 
Height (cm) 132 163.7 8.1 132 163.7 7.9 
Disease duration (days) 133 1339 1195 132 1280 1262 
Stage      
    I 24 18% - 13 10% - 
    II 40 30% - 47 36% - 
    III 47 35% - 56 42% - 
    IV 22 17% - 16 12% - 
% splenomegaly 133 10.5% - 131 8.4% - 
Bilirubin (mg/dl) 133 0.72 0.39 132 0.66 0.44 
Albumin (g/dl) 133 4.0 0.34 132 4.0 0.35 
Alkaline phosphatase (U/l) 133 245 187 132 243 146 
ALT (U/l) 132 50 42 131 54 41 
Prothrombin time (sec) 133 11.4 1.1 128 11.2 1.1 
Cholesterol (mg/dl) 130 236 59 130 239 58 
Platelets (1000 cells/mm3) 133 235 83 132 244 89 
SD = standard deviation 
 
Table 2. Descriptive statistics and 95% confidence intervals for DLCO measurements at 
baseline, minimum and end of study 

Treatment N Mean S.D. Median 
Interquartile 

Range 
 

Range 95% CI 
Baseline        
   Placebo 133 19.7 5.02 18.4 5.9 11.5 - 41 18.8, 20.6 
   Mtx 131 20.3 5.05 20.0 7.1 8.9 - 37.3 19.4, 21.1 
Final        
   Placebo 125 18.4 4.96 18.2 5.1 8.5 - 39.4 17.5, 19.2 
   Mtx 120 18.7 4.81 18.8 6.0 8.6 - 35.8 17.8, 19.5 
Minimum        
   Placebo 125 16.7 4.17 16.2 4.3 8.6 - 32.7 16.0, 17.4 
   Mtx 120 17.0 4.37 17.2 4.7 7.0 - 34.6 16.1, 17.7 
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Table 3. Hypothesis testing for differences in mean DLCO between placebo and 
methotrexate groups using the Student’s t-test.   
 

  DLCO measurement Mean difference 
between groups 

95% CI p value 

A. i. Minimum -0.25 -1.33, 0.83 0.65 
 ii. Final -0.33 -1.56, 0.90 0.60 
B. i. Minimum - Baseline 0.17 -0.73, 1.08 0.71 
 ii. Final - Baseline 0.08 -0.95, 1.11 0.88 
A. Differences between the groups for (i) mean minimum DLCO and (ii) DLCO at the end of the 
study were compared to the null hypothesis value of 0. 
B. Differences between the groups for (i) mean change between baseline and minimum DLCO 
and (ii) mean change between baseline and final DLCO were compared to the null hypothesis 
value of 0. 
CI = confidence interval 
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Figure 1A: Mean Baseline and 
Minimum DLCO Values with 95% CI
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Figure 1B: Mean Baseline and Final 
DLCO Values with 95% CI
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