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Summary: 
Methotrexate is a potential treatment for primary biliary cirrhosis; however, it has been 

previously associated with lung damage. This analysis addresses the question of whether 

methotrexate use as treatment for primary billiary cirrhosis is associated with negative outcomes 

in lung function. The change in diffusion capacity of the lung for carbon monoxide (DLCO) was 

used as the primary measure of lung outcome. Due to the dynamic dosing strategy used in this 

study, and the limited data available regarding dosing, both minimum and final DLCO values 

were analyzed in comparison to baseline values. The ratio of geometric means between 

baseline and minimum DLCO values in each treatment group was compared to consider the 

highest toxicity affected by methotrexate on the subject’s lungs. The ratio between the placebo 

group (mean 0.84 (95% CI: 0.81, 0.87)) and the treatment group (mean 0.83 (95% CI: 0.80, 

0.87)) using the two sample t-test ratio was estimated to be 1.00 (95% CI 0.96-1.06; 

p=0.83).The ratio of geometric means between baseline and final DLCO values in each 

treatment group was compared to consider long term effects of methotrexate. The ratio between 

the placebo group (mean 0.92 (95% CI: 0.88, 0.95)) and the treatment group (mean 0.92 95% 

CI: (0.88, 0.96)) using the two sample t-test was estimated to be 1.00 (95% CI 0.94-1.05; 

p=0.91).  We therefore conclude that we do not have evidence to support the claim that 

methotrexate as used to treat primary biliary cirrhosis is associated with negative lung function 

as measured by decreased DLCO. 

 
Background:  

Methotrexate (MTX) is an antineoplastic agent primarily metabolized by the kidney that 

is also widely used for treatment of rheumatoid diseases and psoriasis, and has been used 

experimentally for the treatment of various conditions associated with inflammation such as 

asthma (Cottin et al., 1996; Dawson et al., 2002; Niven & Argyros, 2003; Heydendayel et al., 

2003). The value of MTX therapy has not yet been established in the treatment of primary biliary 

cirrhosis, but is presently under investigation. A widely recognized and life-threatening 

complication of MTX therapy is interstitial pneumonitis which may progress to chronic 

pulmonary fibrosis. The incidence of MTX-induced pneumonitis has been reported to be as high 

as 11.6% (Hargreaves et al., 1992). Presently there is controversy regarding the relationship of 

both the dose and duration of MTX treatment and development of pneumonitis and further 

evaluation is needed.  

Pulmonary function tests (PFTs) may be useful as a monitoring tool to detect MTX-

induced pneumonitis prior to the development of clinical symptoms. During MTX-induced 
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pneumonitis, PFTs, such as the diffusion capacity of the lung for carbon monoxide (DLCO), may 

decline and are thus useful for monitoring patients during MTX therapy for toxicity. Prior studies 

have considered variation in DLCO to be meaningful if it exceeded ± 20% (Cottin et al., 1996). 

 

Questions of Interest: 
The main objective of the present study was to determine if treatment with MTX leads to 

impaired lung function as measured by change in DLCO among patients with primary biliary 

cirrhosis. Conclusions were based on answering the following questions: Does treatment with 

MTX induce, at any point, toxicity in the lungs, as measured by the minimum DLCO? Is impaired 

lung function a long term effect of treatment with MTX, as measured by the final DLCO? These 

questions answer the main objective, but are dependent on the definition of impaired lung 

function as decreased DLCO. In this case the main objective is best addressed by both of these 

analyses, which each measure a different aspect of negative lung outcomes. Significant results 

in either analysis would indicate an association between MTX treatment and impaired lung 

function of some type.  

 

Materials and Methods: 
Institutional Review Board approval was obtained for the present study at all 

participating institutions prior to recruitment. 

 

Sample 

 Patients aged 20-69 with primary biliary cirrhosis of only moderately advanced severity 

were included in the study. Patients were excluded if they had liver disease of another etiology, 

a history of alcohol abuse within two years prior to randomization, were treated with 

immunosuppressive agents, had a history of malignancy, were HIV positive, were pregnant or 

would not use birth control measures, or had another co-morbid health condition that would 

significantly shorten the life span. Five hundred thirty-five patients were screened for eligibility 

and 265 patients were randomized at 12 centers around the US between January 1994 and 

March 1998 to either ursodeoxycholic acid (UDCA) plus MTX or UDCA plus placebo. MTX 2.5-

20mg/week was administered orally.  The dosing strategy was dynamic, changing in response 

to negative effects experienced by the patient. Demographic data including sex, age, height, 

weight, time since diagnosis and liver function tests were collected at baseline.     
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Treatment allocation. 

Patients were randomized to either placebo or MTX groups, stratified by severity of liver 

disease to ensure two comparable groups. 

 

Diffusion capacity of Lung for Carbon Monoxide (DLCO):  

DLCO is an objective measure of lung function. It is defined as the lung's ability to take 

up an inhaled non-reactive test gas, such as carbon monoxide (CO), which binds to 

hemoglobin. It is obtained via single breath-holding methods using computerized equipment and 

standardized techniques (Crapo & Morris, 1981). Normal DLCO values are established and are 

based upon age, height and gender (Crapo & Morris, 1981). DLCO is known to be positively 

correlated with height and negatively correlated with age. DLCO measurements obtained were 

baseline, minimum annual DLCO while on study drug, and final DLCO measurement on drug.  

 

Data Characteristics 

  As can be noted from Table 2, subjects who had missing data for minimum and final 

DLCO were not notably different from those patients who did not have missing data, across 

most variables. However, 15% of patients who had missing minimum and final DLCO data died 

as compared to 5% of patients who had a measurement for minimum DLCO, indicating 

censoring as the reason in the majority of subjects. However, since treatment assignment 

appears to be proportional across groups with and without DLCO measurements, this 

discrepancy is not sufficient as to significantly affect conclusions. 

 Additional concerns stem from the tendency of DLCO to differ across numerous 

predictors, including height, weight, and age, which could influence results. Smoking status and 

presence/degree of ascites, both of which have been found to decrease DLCO were 

unmeasured, and are also potential confounders. In theory, randomization should minimize the 

confounding effects of these predictors, although for measured variables, that is subject to 

verification with descriptive statistics of comparable treatment groups. Time on MTX treatment 

also has potential confounding effects. If MTX treatment has time-varying effects, analyzing all 

data regardless of time on drug could give imprecise or incorrect results. This relationship is 

complicated by the dosing strategy data unavailable to us. 

  

Statistical Methods 

Measures of DLCO were log transformed before analysis in order to minimize the effects 

of outliers, which we found present throughout the data. Thus, the ratios of geometric means 
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are presented as outcome measurements. The ratios of minimum DLCO to baseline DLCO and 

of final DLCO to baseline DLCO were analyzed. Analysis of the minimum DLCO is the primary 

indicator of negative lung outcomes, as it measures the most toxic level reached during the 

study. Also scientifically important, but answering a slightly different question, is inference on 

the final DLCO. This measurement indicates the level of toxicity patients left the study with, and 

would account for long term effects of the treatment. This outcome would be particularly 

important if the treatment had a dynamic effect over time. Due to the dosing strategy adopted in 

this study, and the lack of data available regarding the specific dosing that occurred, both of 

these measurements are necessary to fully illuminate the main objective. Two-sample t-tests 

were performed to compare differences between the ratios of the treatment and placebo groups, 

giving point estimates for the differences between the groups, 95% confidence intervals for the 

difference, as well as p-values as a measure of the statistical significance of the differences 

detected. STATA 9.0 (Statacorp, College Station, TX) and SAS 9.0 (Cary, NC) were used for all 

statistical analyses. Statistical significance was set at p < 0.05 for all tests. 

 

Results 

Descriptive Statistics 

Demographic results are presented in Table 1. Subjects were primarily women 

(92.45%), which is to be expected given the differential sex-based prevalence rates of the 

disease. Overall, 6% of subjects died during the course of the study, 5% in the treatment group 

and 7% in the placebo group. DLCO measures had possible outliers that were 4/4.5 SD from 

the mean, motivating the decision to analyze log-transformed data. Most of the variables had no 

concerning distributive properties, with the exception of weight, with an outlier 5 SD from the 

mean. The main concern addressed with descriptive analyses was whether the treatment 

groups were comparably distributed. Randomization created two groups with similar 

distributions of most variables, including the potential confounders, accounting for their effects 

on results. Also addressed was the potential association between negative lung outcomes and 

time on MTX treatment. With a Pearson’s correlation coefficient of -0.154 for minimum DLCO 

and of -0.031 for final DLCO, there is no apparent association between the two, indicating this 

potential confounder does not have a significant effect. 

 

Inferential Statistics 

Figure 1 presents the distributions of ratio of geometric means stratified by treatment 

group (final/baseline - panel A, minimum/baseline - panel B). The ratio of geometric means 
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(final/baseline) for the placebo group was estimated as 0.92 (95% CI: 0.88, 0.95) and the MTX 

group as 0.92 (95% CI: 0.88, 0.96). The estimated ratio of the placebo to treatment group was 

estimated as 1.00 (95% CI: 0.94, 1.05; two-sided p = 0.91). The ratio of geometric means 

(minimum/baseline) within the placebo group was 0.84 (95% CI: 0.813, 0.867); and 0.83 (95% 

CI: 0.802, 0.869) in the MTX group. Using the two- sample t-test with unequal variances, the 

estimated ratio of placebo to treatment group ratios of geometric means was 1.01 (95% CI: 

0.956, 1.058; two-sided p = 0.83) indicating no significant difference between treatment groups 

in change in DLCO measurement from baseline to minimum. Thus, there is not evidence of an 

association between MTX treatment and decreased lung function. Table 3 presents these 

results. 

 

Discussion: 
In the present study, there is no evidence that methotrexate, as administered to patients 

for treatment of primary biliary cirrhosis, negatively affects lung function as measured by DLCO.  

Although the results from both the minimum and final DLCO measurements showed 

non-significant changes, these results could be explained by a number of other factors. It is 

possible that DLCO is not a sensitive enough clinical measurement of lung function in this 

patient population since it is based on single breath analysis and that another measure of 

pulmonary function may have increased sensitivity to detect toxicity. Also, it is possible that 

other unmeasured factors differed between the two groups such as the presence and or degree 

of ascites, which may vary greatly over the course of illness and which could affect DLCO. 

Future studies should consider including additional measures of lung function and measurement 

of ascites in their design. 

Additionally, this study had a dynamic dosing strategy, which could have had an effect 

on the results. If a patient had negative lung outcomes, their dose was reduced and slowly 

increased to non-toxic levels. Thus the data available for analysis may not have represented the 

true effects of MTX treatment. This analysis minimally considered an association between time 

on drug and DLCO. A potentially relevant follow-up study might consider this question more 

concretely. 

However, the analyses performed on the available data do not indicate that MTX leads 

to impaired lung function. Since there were no significant changes in DLCO between the two 

treatment groups, from baseline to both their minimum and final DLCO values, this study would 

recommend MTX treatment if efficacious for patients with primary billiary cirrhosis. 
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Table 1. Demographic results of the study sample by treatment group at randomization 

(N=265). 

Placebo (n=133) Methotrexate-Treated (n=132) Variable 

Missing Mean 
(SD) 

Median 
(25th/75th 

percentile) 

Min/Max Missing Mean 
(SD) 

Median 
(25th/75th 

percentile) 
 

Min/Max 

Male 0 0.075  0/1 0 0.076  0/1 
Age (yrs) 0 52.2 

(8.6) 
53 

(47/59) 
25/67 0 50.4 

(8.7) 
50 (44.5/56) 31/70 

Height (cm) 0 163.7 
(8.1) 

162.7 
(157.4/168.3) 

149.5/191.9 0 163.7 
(7.9) 

162 
(157.5/170.3) 

142.8/181.
6 

Weight (kg) 0 73.3 
(16.2) 

70.3 
(62.7/84.3) 

46/149.1 0 70.1 
(14.4) 

68.2  
(59.3/77.1) 

42.7/114.2 

Stage of 
Disease 

0 2.5 
(0.97) 

3 
(2/3) 

1/4 0 2.6 
(0.83) 

3 
(2/3) 

1/4 

Albumin 
(g/dL) 

0 4 
(0.34) 

4 
(3.8/42) 

3.1/4.9 0 4 
(3.5) 

3.95 
(3.8/5.9) 

3/5.9 

Bilirubin 
(mg/dL) 

0 0.72 
(0.39) 

0.7 
(0.5/0.9) 

0.1/2.3 0 0.66 
(0.44) 

0.6 
(0.4/0.8) 

0.1/2.8 

ALT (U/L) 1 50.2 
(41.6) 

38 
(26.5/61) 

9/314 1 242.8 
(145.7) 

208.5 
(148/304.5) 

50/930 

AlkPhos 
(U/L) 

0 244.9 
(187.4) 

200 
(120/277) 

63/1127 0 54.3 
(41.4) 

42 
(27/67) 

9/199 

Disease 
Duration (d) 

0 1339 
(1195) 

867 
(376/1979) 

185/5269 0 1280.3 
(1262.1) 

983 
(340.5/ 
1646.5) 

202/6552 

Baseline 
DLCO 
(mmol/min) 

0 19.74 
(5.02) 

18.40 
(16.30/22.20) 

11.50/41.00 1 20.29 
(5.05) 

20.00 
(16.40/ 
23.50) 

8.89/37.70 
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Table 2: Comparison of patients with and without missing minimum and final DLCO data. 

 

Present DLCO 
Data (mean 

(SD)) 
Missing DLCO 

Data (mean (SD)) 
N 245 20 

Treatment 0.50 0.60 
Male 0.07 0.1 

Age (years) 51.3 (8.7) 51.1 (8.5) 
Stage 2.51 (0.89) 2.85 (1.09) 

Height (cm) 163.77 (8.13) 162.75  (6.00) 
Weight (kg) 71.77 (15.72) 71.29 (10.69) 
ALT (U/L_ 52.20 (42.58) 52.45 (25.53) 
Baseline 

DLCO 
(mmol/min) 20.11 (5.04) 18.825 (4.94) 

 
 
 
 
 
 

Table 3. Change in DLCO measurement from baseline by treatment status. 
      

 TX status Missing Ratio of 
Geometric 
Mean (SD) 

95%  
Confidence 
Interval 

p-value* 

Change from baseline to 
minimum DLCO 
(mmol/min) 

Placebo  8 0.84 (0.18 ) 0.81, 0.87   

 MTX 13 0.83 (0.21) 0.80, 0.87  

  
Difference between treatment groups 

 1.00 (0.20) 0.95, 1.06 0.83 

Change from baseline to 
final DLCO (mmol/min)  

Placebo 8 0.92 (0.21) 0.88, 0.95  

 MTX 13 0.92 (0.23) 0.88, 0.96  

  
Difference between treatment groups 

 1.00 (0.21) 0.94, 1.05 0.91 

*2-sided test with unequal variance
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Figure 1. Density distributions of ratios of geometric means. Final DLCO to baseline 
(panel A) and minimum DLCO to baseline (panel B) stratified by treatment status. 

 

 
         A       B 
 


