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Summary 
The purpose of this analysis is to examine for evidence of pulmonary toxicity among 
patients taking methotrexate for treatment of primary biliary cirrhosis.   The primary 
study was a randomized, double-blinded, placebo controlled trial testing whether 
methotrexate might prolong the overall or progression free survival of patients with 
primary biliary cirrhosis.  Data was collected during the study period regarding lung 
function, as measured by DLCO.  Two hundred sixty five patients were enrolled in the 
study.  Of these, there was baseline and follow-up data of lung function available for 119 
patients randomized to receive methotrexate, and 125 patients who received placebo.  
There were no major differences in the age, sex, weight, height, severity or duration of 
disease between these two groups.  Decline in lung function was defined as a decrease in 
DLCO over the time of the study enrollment.  The mean change in DLCO was defined as 
measurement at the time the patient discontinued the study drug or placebo minus the 
measurement at baseline.  In the placebo group, there was a 1.51 ml/min/mmHg decrease 
in DLCO over the time of the study (95% confidence interval [-.78, 2.24]).  The mean 
decrease in DLCO in the methotrexate group was a 1.59 ml/min/mmHg over the time of 
the study (95% CI [-.85, 2.33]).  There was no statistically significant difference found in 
the mean change of the two groups (p = 0.5620).  In this study of methotrexate for 
treatment of primary biliary cirrhosis, there was no worsened decline in lung function, as 
measured by DLCO, in the patients who received methotrexate as compared to placebo. 
 
Background 
Primary biliary cirrhosis is a disease in which the scarring of intrahepatic bile ducts 
impairs the secretion of bile into the intestinal tract.  As a result, bilirubin levels increase 
in the tissues and there is an onset of jaundice.  The condition can progress so that the 
liver becomes damaged and lessens its ability to detoxify chemicals, produce proteins, 
and metabolize fats and glucose.  It has been suggested that the onset of disease is due to 
some autoimmune component in which the patient’s own immune system damages his or 
her liver, although the disease does affect more women than men.  The disease is often 
diagnosed when the patient is between the ages of 35 to 60 years old and death usually 
occurs 5 to 10 years after the first diagnosis. 
 
Methotrexate, a drug used in the treatment of cancers and diseases such as rheumatoid 
arthritis and psoriasis, is being looked at as a potential treatment to be administered to 
patients with primary biliary cirrhosis. Patients with primary biliary cirrhosis may have 
impaired liver function, which can lead to a decreased ability to metabolize drugs.  
Therefore increased toxicities resulting from treatment with this hepatically-metabolized 
drug are of concern and need to be monitored in patients receiving it.  Due to its’ use as a 
treatment of other diseases, there is some data on toxic effects of the drug at high doses, 
including impairment of lung function.  This is commonly measured as a patient’s 
diffusing capacity of the lung for carbon monoxide, or DLCO.  It is a measurement of the 
ability of gases to diffuse into the patient’s blood from inhaled air in their lungs.  Low 
values of DLCO suggest some degree of impaired lung function.  Since the aim of 
administering methotrexate to patients with primary biliary cirrhosis is to improve the 
survival of patients, impaired lung function is a toxic effect that is to be avoided since it 
alone can affect the survival of a patient that is sufficiently ill. 
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Question of Interest 
The questions of interest for this study are 1.) whether treatment with methotrexate in 
conjunction with UDCA imparts improved survival or progression-free survival relative 
to treatment with UDCA alone (placebo) and 2.) whether treatment of primary biliary 
cirrhosis with the study drug methotrexate leads to impaired lung function as measured 
by DLCO compared to the placebo control group.  Only the latter question will be 
addressed in this paper.  There is a potential discrepancy between the two questions in 
that if the methotrexate does impair lung function to the point where the patient’s health 
is put in danger, it may in fact cause a decrease in patient survival, regardless of the 
progress of the disease. 
 
Source of Data 
A total of 265 patients with primary biliary cirrhosis and exhibiting the auto-immune 
pattern of the disease were used as subjects for a randomized, double blinded, placebo 
controlled clinical trial in order to determine if the drug methotrexate affected the 
survival.  These patients were randomized to receive either methotrexate or placebo in 
conjunction with UDCA, and data were obtained on the patients’ general history (age, 
sex, weight, height), markers for liver disease or malfunction (including bilirubin and 
albumin levels in the blood, cholesterol and amino alanine transferase (ALT) serum 
levels, and the stage of disease), as well as information on the patient outcome during the 
period of observation (the amount of time until death or progression of disease was 
observed).  However, for this study, the focus will be on measures of DLCO:  the 
baseline DLCO or the value at randomization, the DLCO at the time the patient 
discontinued the drug or placebo (final DLCO), and the minimum DLCO value measured 
while the patient was taking the drug or placebo. 
 
There were 8 patients in the placebo group and 12 patients in the treatment group that had 
values for the baseline DLCO but were lacking values for the minimum and final DLCO.  
One patient in the treatment group was missing a value for baseline DLCO.  Since we 
were unable to look at the change in DLCO during the duration of the study for these 
individuals, they provided no information on the effect methotrexate may have on lung 
function and they were removed from the analyses.  Factors such as age, underlying lung 
disease, smoking, anemia and poor effort with the test can affect DLCO measurements.  
However, with the use of randomization, these factors should be equally distributed 
between the treatment and placebo groups, thereby minimizing confounding effects. 
 
Statistical Methods 
The statistical package Stata version 9.1 was used to analyze the data to address the 
question of impaired lung function.  For those patients having all three DLCO 
measurements available, these values were analyzed using the t-test.  Under the 
assumption that each of the DLCO variables (baseline, final, and minimum) in each 
treatment group approximates a bell-shaped curve (is distributed normally), the t-statistic 
is the standardized difference between the means in each treatment group.  In Stata, the t-
test gives the probability that there is no real difference in the mean DLCO value between 
the treatment groups.  For each of the treatment groups the t-test also gives the mean of 
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the DLCO variable and an interval around the mean; we can be 95% certain that the true 
mean of the DLCO variable in the patient population lies in this interval.  The width of 
this interval reflects the degree of spread of the data.  The t-test was performed on each of 
the three DLCO variables by treatment group.  In addition the t-test was performed on the 
difference between final and baseline measurements, and the difference between final and 
minimum measurements by treatment group.  In each case the assumption of normality of 
each variable is reasonable by inspection of a scatterplot.  Analysis on the geometric 
means and the medians was not performed, as each of these measures is insensitive to 
outliers, which are of prime concern.  Low outliers may represent patients who either 
have lower lung function at baseline or are especially sensitive to the toxic effects of the 
drug.  High outliers may represent patients with very good lung function at baseline or 
are especially insensitive to the toxic effects of the drug. 
 
In this analysis, observations of patients missing any DLCO measurements have been 
dropped: of 265 patients, one had a missing baseline DLCO measurement and 20 had 
missing final and minimum DLCO measurements.  These missing data can be regarded 
as non-informative, since there was no considerable difference in patient demographics 
and lab values on those patients missing DLCO values and those having DLCO values 
 
Results: 
Baseline characteristics of both treatment groups after the exclusion of the patients who 
lacked any pertinent DLCO measurements are summarized in Table 1.  The placebo arm 
consisted of 125 patients and the methotrexate arm consisted of 119 patients.  The two 
treatment arms have comparable characteristics.  The placebo group had 92.8% women 
and the methotrexate group had 92.5% women.  The mean body mass index (BMI) for 
the placebo group was 27.2 kg/m2 and 26.2 kg/m2 for the methotrexate group. Moreover, 
the duration of treatment in both groups is comparable, and hence comparisons of the 
minimum DLCO measurements across the two treatment groups, as well as examination 
of the difference between minimum and baseline DLCO measurements, are both 
reasonable and justifiable. Both the placebo group and methotrexate group had a median 
stage of disease of 3, and death was observed in similar percentages between both 
treatment groups, observations consistent with a correct randomization process. 
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Table 1.  Descriptive statistics for patient characteristics by treatment group 
Placebo Arm N    

 
Mean Sd Min p25 P50 P75 Max

Age (years) 125  52.28   8.63    25       47 53 59 67 
Sex – proportion male 125 0.072   - - - - - - 
Weight (kg) 124 73.15   16.17  46 61.95    70.05    84.35     149.1 
Height (cm) 124 163.82   8.21    149.5  157.25 162.70 168.65 191.9 
BMI (kg/m2) 124 27.19     5.48 17.10 23.33   26.76    29.70  53.39 
Duration of disease 
(years) 

125 3.64   3.22 0.5 1.02 2.37 5.37 14.42 

Duration of treatment  
(years) 

125 6.13 2.00  1.25 5.33 6.33 7.86   8.79 

Proportion of clinical 
progression 

125 0.168 - - - - - - 

Proportion of death 125  0.04 - - - - - - 
         
Methotrexate Arm N    

 
Mean Sd min p25 P50 P75 Max

Age (years) 119 50.23 8.73 31 44 50 56 70 
Sex – proportion male 119 0.075 - - - - - - 
Weight (kg) 119 70.41 14.42 42.7 59.4 68.3 77.1 114.2 
Height (cm) 119 163.81 8.03 142.8 157.2 162.56 170.5 181.6 
BMI (kg/m2) 119 26.16 4.78 17.6 22.54 25.31 29.22 43.21 
Duration of disease 
(years) 

119 3.6 3.57 0.55 0.92 2.7 4.5 17.94 

Duration of treatment  
(years)              

119 6.45 1.99 0.93 5.47 7.08 8.00 8.96 

Proportion of clinical  
progression 

119 0.22 - - - - - - 

Proportion of death 119  0.067 - - - - - - 
 
There were 264 patients with a baseline DLCO measurement and 244 patients with a 
DLCO measurement at the end of the study.  Table 2 and Figure 1 presents the DLCO 
measurements at baseline, at the end of the study and the minimum measurement while 
under treatment. 
 
Table 2.  Descriptive statistics for outcomes by treatment group 

DLCO 
(ml/min/mmHg) 

            Obs Mean Std. 
Dev 

Min P25 P50 P75 Max 

Placebo 125 19.87   5.02 11.5 16.6 18.6 22.3 41 Baseline  
Methotrexate 119 20.35   5.06 8.9 16.4 20.1 23.7 37.7 
Placebo 125 16.70   4.17 8.6 14.3 16.2 18.6 32.7 Minimum  
Methorexate 119 17.01   4.35 7 14.6 17.2 19.2 34.6 
Placebo 125   18.36   4.96 8.5 15.7 18.2 20.8 39.4 Final 
Methotrexate 119   

 
18.76 4.77 8.6 15.4 18.8 21.4 35.8 
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Figure 1.  Box plots of DLCO data obtained during course of treatment (0=placebo, 
1=treatment). 
 
The analysis of the change in the DLCO measurements was restricted to the 125 patients 
in the placebo group and the 119 in the methotrexate group with DLCO measurements 
available at the beginning and the end of the study.  At the time of randomization, the 
average DLCO measurement in the placebo group was 19.87 ml/min/mmHg (SD 5.02 
ml/min/mmHg). At the final DLCO measurement, the average DLCO was 18.36 
ml/min/mmHg (SD 4.96 ml/min/mmHg).  In the methotrexate group, the average DLCO 
measurement at baseline was 20.35 ml/min/mmHg (SD 5.06 ml/min/mmHg) and at the 
end of the study duration the average DLCO was 18.76 ml/min/mmHg (SD 4.77 
ml/min/mmHg).   There were no statistically significant differences between the two 
groups’ DLCO at baseline, minimum and final (Table 3). 
 
Since the DLCO values in each treatment group are highly correlated, a higher precision 
can be attained in the analysis by examining the difference between the final and baseline 
DLCO values than by examining the final value alone.  However, the minimum DLCO 
value for each patient is highly dependent on the number of measurements made on this 
patient, while the baseline and final measurements are not, so this comparison may not be 
valid as the number of measurements made is not known.  In the present case this 
comparison may be valid, as the difference in the time from diagnosis with PBC to 
randomization between the two treatment groups is not statistically significant (p = 
0.9161, 95% confidence interval for difference in years [-.8138, .9058]).  Hence, analysis 
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of the difference between minimum and baseline DLCO values across the two groups is 
reasonable. 
 
Table 3 summarizes the differences between final and baseline DLCO measurements, and 
the differences between minimum and baseline measurements, across treatment groups.  
The placebo group averaged a decrease of 1.52 ml/min/mmHg (SD 0.36 ml/min/mmHg) 
over the placebo treatment period. The methotrexate group averaged a decrease of 1.59 
ml/ min/mmHg (SD 0.37 ml/min/mmHg) over the treatment period. 
 
The difference between the change in DLCO measurement from baseline to final in the 
two treatment arms was not statistically significantly different from 0 (lower one-sided P 
=0.5620). A 95% confidence interval suggests that the observed results would not be 
unusual if the true average change over the treatment period in a population treated with 
placebo were anywhere between a decrease of 0.95 ml/min/mmHg and an increase of 
1.11 ml/min/mmHg as compared to the treatment group. 
 
A similar comparison between the measurements of both groups at their minimum DLCO 
measurement under treatment and at baseline shows that the difference is also not 
significant (lower one-sided P =0.6471). A 95% confidence interval suggests that the 
observed results would not be unusual if the true average change over the treatment 
period in a population treated with placebo were anywhere between a decrease of 0.73 
ml/min/mmHg and an increase of 0.1.08 ml/min/mmHg as compared to the treatment 
group. 

 
Table 3.  Inferential statistics by treatment group 
DLCO  
(ml/min/mmHg) 

Treatment Mean Std. 
Err 

Std. 
Dev 

[95% Conf. 
Interval] 

P value 
(one sided) 

Baseline Placebo 19.87 0.45 5.02 [18.98, 20.76] 
 Methotrexate 20.35 0.46 5.06 [19.43, 21.27] 

P=0.3723 

Minimum Placebo 16.70 0.37 4.17 [15.96, 17.44] 
 Methotrexate 17.01 0.40 4.35 [16.22, 17.80] 

P=0.6482 

Final Placebo 18.36 0.44 4.96 [17.48, 19.24] 
 Methotrexate 18.76 0.44 4.77 [17.89, 19.62] 

P=0.5996 

Placebo -1.51    0.37  4.11   [-2.24, -0.78] (Final-Baseline) 
Methotrexate -1.59 0.37 4.09 [-2.33, -0.85] 

 

 Difference 0.082 0.52  [-0.95 1.11] P=0.5620 
Placebo -3.17 0.30 3.36 [-3.77, -2.58] (Minimum - 

Baseline) Methotrexate  -3.35 0.23 3.81 [-4.04, -2.65] 
 

 Difference 0.17 0.46  [-0.73, 1.08] P =0.6471 
 
Discussion: 
The primary goal of this randomized, double-blinded, placebo-controlled trial for the 
treatment of primary biliary cirrhosis was to compare progression of disease and survival 
during treatment with UDCA in conjunction with either methotrexate or placebo.  
However, with concern for potential pulmonary toxicity associated with use of 
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methotrexate (1), a secondary function of the study was to assess for evidence of lung 
toxicity in the treatment groups.  While both treatment groups had a decline in their lung 
function over the period of the study, this analysis did not show any significant 
differences in the manifestation of lung toxicity between the two treatment groups.  Lung 
toxicity was assessed by measurement of DLCO, the diffusing capacity of carbon 
monoxide from the inhaled air to the pulmonary circulation. 
 
Previous studies of methotrexate to treat cancers and other inflammatory diseases have 
shown evidence of pulmonary toxicity (2,3).  However, those studies tended to use doses 
of methotrexate higher than the doses used in this study.  Our current study did not allow 
us to assess a dose-response in the degree of lung toxicity, but it is possible that there is 
increased risk of lung toxicity as the dose of methotrexate increases.   
 
Additionally, it should be considered that the single measure of DLCO may not fully 
capture all cases of pulmonary toxicity associated with methotrexate.  While it is a 
reasonable measure for the loss of alveolar-capillary interface for diffusion of gas, there 
may be other manifestations of lung disease that were not examined.  If desired, future 
studies could also consider spirometry to assess for obstructive or restrictive defects in 
lung function, as well as symptomatic shortness of breath scores and clinical symptoms 
as rated by the patient. 
 
There are other potential limitations to this current study.  While this was a relatively 
large trial of the use of methotrexate for patients with PBC, it is possible that with a 
larger sample size we would be able to detect smaller differences between the two 
groups.  Additionally, not all study participants were followed for the entire duration of 
the study; there was censoring.  Perhaps if followed for a longer period of time, there 
would be more manifestations of lung toxicity, which could lead to differences between 
the two groups.  Finally, while there were no large differences in the demographics of the 
two treatment groups, it should be noted that males were quite underrepresented in this 
study. 
 
In conclusion, this current study does not give any evidence of an increased risk of lung 
toxicity with use of methotrexate at the goal dose of 13-15mg/kg/day in patients with 
primary biliary cirrhosis as compared to similar patients who are taking placebo. 
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