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Summary 

A randomized, placebo-controlled study was performed to evaluate the efficacy of the addition 
of methotrexate (MTX) to ursodeoxycholic acid (UDCA) for primary biliary cirrhosis (PBC). MTX 
can cause numerous adverse effects, including pulmonary complications. An analysis was therefore 
performed to evaluate whether MTX resulted in pulmonary toxicity when given in combination with 
UDCA for PBC. 265 patients were randomized. All were between the ages of 20 and 69 years old, and 
had mild to moderately advanced PBC disease at study entry. Lung function was measured by 
diffusion capacity of carbon monoxide (DLCO). DLCO measurements were available from 245 
patients at the time of randomization, time of censoring and at the minimum DLCO value. The mean 
DLCO values at baseline were 20.29 ml/min/mmHg (SD = 5.05) for the treatment group, and 19.74 
(SD = 5.02) for the placebo group. For the MTX group, the mean minimum DLCO measurement was 
16.96 ml/min/mmHg (SD = 4.37). For the placebo group, the mean minimum DLCO measurement was 
16.71 ml/min/mmHg (SD = 4.17). The primary measure of comparison was the difference in the mean 
minimum DLCO values between the treatment and placebo groups. This comparison was performed 
using the t-test assuming unequal variances. The difference in the mean minimum DLCO values 
between the treatment and placebo groups was -0.25 (P = 0.65, 95% CI -1.33, 0.83). Among the 
participants studied in this analysis, there was no statistically significant difference in lung toxicity, as 
measured by the mean minimum DLCO values, in patients treated with MTX as compared to those 
who received placebo. This analysis was limited by a lack of information about timing of DLCO 
measurements and drug exposure, which could potentially underestimate an effect of MTX on lung 
function. Further study of the safety of MTX for the treatment of PBC is indicated.  
 
Background 

Primary biliary cirrhosis (PBC) is a serious disease of the liver, in which the liver becomes 
unable to excrete bile into the gastrointestinal tract. Once signs and symptoms of liver disease develop 
in patients with PBC, death usually occurs within 5-10 years due to cirrhosis and liver failure. Though 
the exact cause of this disease is unknown, there is evidence that it is mediated by autoimmune 
destruction of the bile ducts. Treatment with UDCA results in improvement in a subset of patients. 

Methotrexate (MTX) gained the approval of the Food and Drug Administration for use as an 
oncology drug in 1953. Since that time, it has been used in the treatment of a variety of cancers. MTX 
has also proven to be effective in the treatment of several autoimmune diseases, including rheumatoid 
arthritis. MTX had been used in the treatment of PBC, but evidence from controlled trials were lacking 
until the study described here was performed. 

MTX acts by inhibiting the metabolism of folic acid, and has been associated with numerous 
adverse effects, including lung injury (1, 2). The most common type of lung injury appears to be a 
hypersensitivity pneumonitis, but other conditions such as pulmonary fibrosis have also been 
described. The mechanism by which MTX causes lung injury is not understood. Neither is the 
incidence of lung injury among patients receiving MTX well defined. This is due in part to the fact that 
patients with several of the conditions treated with MTX, such as rheumatoid arthritis, suffer 
pulmonary complications of their underlying disease. There are reports that MTX treatment of 
rheumatoid arthritis may produce an accelerated decline in lung function and that periodic monitoring 
of patients for lung damage is essential. However, other investigators have reported that MTX did not 
have an effect on lung function in patients with rheumatoid arthritis (3).   

DLCO is a standard measure of lung function and likely reflects properties of the alveolar-
capillary membrane. Thus, a decrease in DLCO may indicate interstitial disease, such as seen in 
pneumonitis or fibrosis, but may also reflect a decrease in the amount of red cells in the capillaries 
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available for gas exchange. For this analysis, DLCO was the only available indicator of lung function. 
Age, height, and albumin, which were also available in this dataset, have each been associated with 
DLCO in previous studies. 
 
Questions of interest 

From the client: Does treatment with the study drug [methotrexate (MTX)] impair lung 
function as measured by DLCO? 

Answered by us: Does treatment with MTX impair lung function between treatment groups as 
measured by the primary outcome: the difference in mean minimum DLCO measurements in the study 
subjects with primary biliary cirrhosis (PBC) randomized to evaluate the effect of MTX on progression 
of liver disease? What is the magnitude and precision of any difference detected? Is there evidence of 
impairment based on secondary outcomes: mean change in DLCO from baseline to minimum value; 
mean difference in DLCO from baseline to final value? 

Is there evidence that the treatment groups may not be similar with respect to potential 
confounders, including age, height, baseline lung function, albumin level, or time on drug? Are there 
potential errors in the data that could introduce imprecision into these analyses? How precise is the 
estimate of difference, and is the result generalizable to a larger population?   

The question asked by the client only addresses the primary outcome in a general way. We 
refined the primary question to more precisely define the measurements (primary and secondary 
outcome measures) that will be compared, and the population studied. Furthermore, we explicitly ask 
questions related to determining the validity of any difference that might be detected, namely whether 
there are errors or confounders. 
 
Source of the data 

These data come from a randomized, double-blinded, placebo-controlled trial of MTX or 
placebo, plus UDCA, for the treatment of PBC. Of 535 individuals screened, 265 patients met defined 
eligibility criteria and were randomized using a scheme to stratify by histologic stage of liver disease. 
Participants were between 20 and 69 years old, with documented PBC that was sufficiently advanced, 
but not so advanced as to have had severe complications of liver disease. Among the other 
requirements for randomization were that participants could not have a major illness other than PBC 
that could limit life span, and had to have adequate lung function as defined by a forced vital capacity 
and DLCO of >50% predicted. One individual was randomized (to the MTX group) who had a DLCO 
of 45%; the reason for granting this exception was not stated. MTX was dosed based on body surface 
area, and the length of time on drug or placebo is documented in this data set. There was dose 
reduction in patients with toxicity, including pulmonary symptoms, although this data was not 
available for this analysis. DLCO measurements were made at least annually, although the data 
analyzed here includes only the initial, final and minimum DLCO measurements. DLCO 
measurements are given as ml/min/mmHg only; percent of expected was not available. Other data 
analyzed here, including age, height, and albumin level, are considered to have been obtained at the 
time of randomization. 
 
Statistical Methods 

Initial methods were used for each measurement to describe the number of data points and any 
missing values, as well as to describe the distribution of data points by looking at the mean values, 
minimum and maximum values, what values were in the 25th, 50th and 75th percentiles of the data, and 
the variation of the data using the standard deviation from the mean. These descriptive techniques were 
primarily used to determine the presence of extreme outliers that may either be potential sources of 
error (e.g. if there were a negative value for age), or may disproportionately influence mean values. 
Descriptive statistics were also used to show the characteristics of patients in the treatment and control 
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groups with respect to variables considered to be relevant to DLCO values and development of lung 
toxicity. Comparisons between mean values of 2 measurements (e.g. the mean minimum DLCO of the 
treated versus placebo group) were performed using the t-test for unequal variance.  

The minimum DLCO value was chosen to be the primary summary measurement comparator 
as this was presumed to be the most sensitive measurement of potential lung toxicity. As MTX lung 
toxicity can be reversible, and some patients underwent dose reduction for toxicity, the final DLCO 
value may underestimate the extent of total toxicity. Similarly, the mean was chosen (for example, as 
opposed to the median) in order to increase the sensitivity of detecting toxicity in a minority of 
patients. A one-tailed test was used to test for a decrease in lung function measures (i.e. greater mean 
minimum DLCO value in the treatment group). Assumptions of equal variance were not made in order 
to increase the robustness of the analysis. A type 1 error (alpha) of 0.05 and 95% confidence intervals 
were used in accordance with convention. The null hypothesis was that there was improved lung 
function in the treatment group as compared to placebo, as measured by minimum DLCO 
measurements in the primary analysis. Using this analysis, the null hypothesis cannot be rejected (i.e. 
one cannot reject the possibility that improved lung function actually occurs among treated patients as 
compared to placebo) if the P value is > 0.025 for a one-sided test. Furthermore, we would be able to 
say that the observed result would be typical if the true difference were any value over the range of the 
confidence interval.  

Minimum DLCO measurements were analyzed with respect to potential confounders in order 
to evaluate the presence of an association between these variables and the response. Age, height, and 
albumin were identified as potential confounders based on previous reports of association between 
each of these and DLCO. Baseline DLCO and time on drug were also considered to be possible 
confounders. Potential confounding was evaluated with preliminary multivariate regression analysis in 
an attempt to adjust for each of the potential confounders. All analyses were performed using Stata 
software (Stata Corp., College Station, TX).  
 
Results  
 Out of 265 patients randomized for the study, 132 were randomized to receive MTX and the 
remaining 133 were randomized to receive placebo.  One patient assigned to the placebo group had no 
baseline DLCO measurement. Therefore, our description of the baseline characteristics of the 
treatment groups excludes the one placebo participant for whom there was no DLCO baseline 
measurement.  The majority of patients in the study were female (n=245), and gender was distributed 
evenly between treatment and placebo groups. Out of a total of 245 women, 122 (49.8%) received 
MTX; out of a total of 20 men in the study, 10 (50.0%) received MTX. Comparing mean values, 
minimum and maximum values, values in the 25th, 50th and 75th percentiles of the data, and the 
variation of the data using the standard deviation from the mean, MTX and placebo groups were 
similar to one another with respect to the distribution of height, weight, age, BMI (body mass index), 
BSA (body surface area), and level of albumin at randomization (see table 1).  There did not appear to 
be any values out of the expected range for any of the baseline characteristics to raise concern about 
errors in the data. The average amount of time on drug was also similar between MTX and placebo 
groups, 2176.89 days compared to 2121.85 days, respectively. 
 With respect to measures of DLCO, MTX and placebo groups were also similar to one another 
with regard to the distribution of DLCO values at baseline and at final follow-up, and with respect to 
minimum DLCO level recorded (see table 2). The mean difference in DLCO level between baseline 
and minimum value recorded was also similar by treatment group.  Similarly, the mean difference in 
DLCO level between baseline and final measurement was similar by treatment group.  Distributions of 
these variables by treatment group were also similar with respect to minimum and maximum values, 
values in the 25th, 50th and 75th percentiles of the data, and in the variation of the data using the 
standard deviation from the mean. 
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With respect to the analyses used to answer the primary questions of interest, results from t-
tests assuming unequal variances indicate the following (see table 3):  
 
DLCO minimum. DLCO minimum measurements were available for 245 patients (125 placebo and 
120 MTX). For the placebo group, the mean DLCO minimum measurement was 16.71 ml/min/mmHg. 
For the MTX group, the mean DLCO minimum measurement was 16.96 ml/min/mmHg. The mean 
difference in DLCO minimum values across treatment and placebo groups was -0.25 ml/min/mmHg, 
95% confidence interval between -1.33 ml/min/mmHg and 0.83 ml/min/mmHg. The one-sided p-value 
associated with the test of the null hypothesis that there was better lung function (i.e. higher mean 
minimum DLCO value) in the treatment group as compared to the placebo group, was equal to 0.68. 
Therefore, there is not sufficient evidence to reject the null hypothesis.  The difference in the mean 
minimum DLCO measurements we observed between treatment and placebo groups would not be 
unusual if the true difference in measurements between the groups was between -1.33 and 0.83.  
 
Total difference between DLCO at baseline and DLCO minimum. Within the placebo group, the mean 
difference between DLCO baseline and DLCO minimum was equal to 3.17 ml/min/mmHg. Within the 
MTX group, the mean difference between the DLCO measurements was 3.35 ml/min/mmHg. The 
mean difference between treatment groups with respect to the difference in DLCO at baseline and 
DLCO minimum was -0.18 ml/min/mmHg, 95% confidence interval between -1.08 ml/min/mmHg and 
0.73 ml/min/mmHg. The one-sided p-value associated with the test of the null hypothesis that there 
was improved lung function (as measured by the mean difference between DLCO baseline and DLCO 
minimum) in the treatment group as compared to placebo group was equal to 0.65. Therefore, there is 
not sufficient evidence to reject the null hypothesis.  The difference in the mean measurements of the 
difference between DLCO at baseline and DLCO minimum observed between treatment and placebo 
groups would not be unusual if the true difference between the groups was between -1.08 and 0.73. 
 
Total difference between DLCO at baseline and DLCO at final follow-up. Within the placebo group, 
the mean difference between DLCO baseline and DLCO at final follow-up was equal to 1.51 
ml/min/mmHg. Within the MTX group, the mean difference in these DLCO measures was 1.59 
ml/min/mmHg. The mean difference between treatment groups with respect to the difference in DLCO 
at baseline and DLCO at final follow-up was -0.08 ml/min/mmHg, 95% confidence interval between   
-1.12 ml/min/mmHg and 0.95 ml/min/mmHg. The one-sided p-value associated with the test of the 
null hypothesis that there was improved lung function (as measured by mean difference between 
DLCO baseline and final follow-up) in the treatment group compared to the placebo group was equal 
to 0.56. Therefore, there is insufficient evidence to reject the null hypothesis.  The difference in the 
mean measurements of the difference between DLCO measurements at baseline and final follow-up 
observed between treatment and placebo groups would not be unusual if the true difference in the 
mean difference of measurements between the groups was between -1.12 and 0.95.  
 
 Additional variables (age, height, baseline DLCO, baseline albumin, and time on drug) were 
examined as potential confounders of a treatment-DLCO minimum association. A preliminary multiple 
regression analysis was carried out to assess the relationship between DLCO minimum and treatment  
group, adjusting for age, height, DLCO at baseline, albumin at baseline, and amount of time on drug 
(results not presented).  After adjustment for these variables, the regression coefficient for treatment 
was 0.09, indicating that those treated with MTX had DLCO minimum measures 0.09 times that of the 
placebo group. However, the p-value associated with this coefficient was equal to 0.81, and the 95% 
CI surrounding this estimate was between -0.63 and 0.80. Therefore, the coefficient we observed 
would not be unusual if the true regression coefficient was anywhere between -0.63 and 0.80. 
Ultimately, treatment with MTX was not associated with lower minimum DLCO measurements (worse 
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lung function), even after adjusting for age, height, DLCO at baseline, albumin at baseline and amount 
of time on drug.  
 
 
Discussion 

From this analysis, we can conclude that among the participants studied there was no difference 
in lung toxicity, as measured by the mean minimum DLCO values, in patients treated with MTX as 
compared to those who received placebo. Neither of the other summary measures (change in DLCO 
from baseline to minimum or final values) that were evaluated showed a significant difference between 
treatment groups. It should be noted, however, that if one of these secondary measures had detected a 
difference, this would need to be corrected for multiple comparisons. None of the variables considered 
to be potential confounders appeared to affect the conclusion that no statistically significant difference 
existed between the treatment groups, as evaluated quantitatively using multivariate regression 
analysis. 

Although these results are suggestive of the fact that treatment of PBC patients similar to those 
eligible for this study may not result in appreciable lung toxicity, there are several limitations to these 
data and our analysis. One is that this study was not designed to test the safety of MTX, and so may 
have been underpowered to detect rare toxic effects. Based on the 95% confidence intervals, the results 
observed would be consistent with a mean minimum DLCO in the treatment group of as much as 0.83 
ml/min/mmHg less (or 1.33 ml/min/mmHg more) than the placebo group. In addition, there may have 
been lung toxicity due to MTX that did not affect DLCO, the only method used to assess lung function 
in this study. Thus, there is the possibility that relatively rare lung injury, or lung injury not detected by 
DLCO measurement, resulting from MTX might be detectable when larger numbers of individuals are 
studied. 

In addition, as mentioned in the methods section, although we can assess the time each patient 
was on MTX or placebo, we do not know the timing of DLCO measurements with respect to 
treatment, nor do we know which patients underwent MTX dose reductions (or if dose reductions 
occurred as a result of suspected lung toxicity). Any or all of these limitations may have contributed to 
an underestimation of MTX lung toxicity in these patients. If more information were available with 
respect to timing of DLCO measurements, MTX dosing and censoring, a more detailed analysis could 
be performed using Kaplan-Meier methods. For example, the time to event, defined as a decrease in 
DLCO <40% of expected, or discontinuation of drug, could be used to calculate a hazard ratio of full-
dose MTX. In order to detect a rare association between MTX exposure in PBC patients, a case control 
study might be attempted in which MTX exposure could be assessed among PBC patients with 
pneumonitis.  

In summary, among these patients with PBC, there was no evidence of lung toxicity due to 
MTX as measured by mean minimum DLCO values. More detailed data on these patients, or 
additional studies are needed to conclude definitively that use of MTX for treatment of PBC does not 
pose a risk of lung injury.   
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Table 1. Patient Characteristics, by Treatment Group  
 
 N Number 

missing 
Mean Standard 

deviation
Min 25th 

percentile
Median 75th 

percentile
Overall         

Height in cm 264 1 163.70 7.98 142.80 157.40 162.60 169.11

Weight in kg 264 1 71.73 15.38 42.70 61.00 68.77 81.70

Body surface area 264 1 1.80 0.21 1.35 1.65 1.77 1.93

Body mass index 264 1 26.70 5.08 17.10 22.80 26.06 29.65

Age 265 0 51.29 8.69 25.00 46.00 51.00 57.00

Albumin level 265 0 4.00 0.34 3.00 3.80 4.00 4.20

Placebo    

Height in cm 132 1 163.69 8.07 149.50 157.40 162.71 168.35

Weight in kg 132 1 73.35 16.17 46.00 62.70 70.25 84.35

Body surface area 132 1 1.82 0.22 1.40 1.68 1.78 1.98

Body mass index 132 1 27.32 5.41 17.10 23.84 26.81 30.06

Age 133 0 52.19 8.64 25.00 47.00 53.00 59.00

Albumin level 133 0 4.00 0.34 3.10 3.80 4.00 4.20

Treatment (MTX)    

Height in cm 132 0 163.71 7.92 142.80 157.50 162.15 170.29

Weight in kg 132 0 70.12 14.42 42.70 59.40 68.30 77.10

Body surface area 132 0 1.78 0.21 1.35 1.62 1.76 1.92

Body mass index 132 0 26.09 4.67 17.59 22.56 25.35 29.03

Age 132 0 50.38 8.67 31.00 44.50 50.00 56.00

Albumin level 132 0 4.00 0.35 3.00 3.80 3.95 4.20
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Table 2. DLCO Outcomes, by Treatment Group  
 
 N  Number 

missing 
Mean Standard 

deviation
Min 25th 

percentile
Median

perce
Overall    

DLCO at baseline 264 1 20.01 5.03 8.9 16.35 19.30 2

DLCO at last follow up 245 20 18.52 4.88 8.5 15.40 18.50 2

DLCO minimum 245 20 16.83 4.27 7.0 14.30 16.40 1

Difference between DLCO at 
baseline and DLCO minimum  

244 21 -3.26 3.58 -15.1 -5.80 -3.00 -

Difference between DLCO at 
baseline and DLCO at last 
follow-up 

244 21 -1.55 4.09 -15.3 -4.30 -1.30

Placebo    

DLCO at baseline 133 0 19.74 5.02 11.5 16.30 18.40 2

DLCO at last follow up 125 8 18.37 4.96 8.5 15.70 18.20 2

DLCO minimum 125 8 16.71 4.17 8.6 14.30 16.20 1

Difference between DLCO at 
baseline and DLCO minimum  

125 8 -3.17 3.36 -15.1 -5.60 -2.70 -

Difference between DLCO at 
baseline and DLCO at last 
follow-up 

125 8 -1.51 4.11 -15.3 -4.20 -1.60

Treatment (MTX)    

DLCO at baseline 131 1 20.29 5.05 8.9 16.40 20.00 2

DLCO at last follow up 120 12 18.70 4.81 8.6 15.35 18.80 2

DLCO minimum 120 12 16.96 4.37 7.0 14.50 17.15 1

Difference between DLCO at 
baseline and DLCO minimum  

119 13 -3.35 3.81 -14.6 -6.00 -3.10 -

Difference between DLCO at 
baseline and DLCO at last 
follow-up 

119 13 -1.59 4.09 -14.4 -4.50 -1.10
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Table 3. Comparing DLCO measurements between Treatment Groups  
 
 Difference between Tx & Placebo 
 Mean Standard Error 95% CI 

DLCO minimum -0.25 0.55 -1.33, 0.83 

DLCO Minimum – DLCO 
Baseline * 

-0.18 0.46 -1.08, 0.73 
 

DLCO Last follow up – DLCO 
Baseline * 

-0.08 0.53 -1.12, 0.95 

T test to compare treatment groups on the mean difference 
*Paired T test 
 
 


