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Methotrexate is not associated
‘with increased liver cirrhosis in
“a population-based cohort of
e rheumatoid arthritis patients with
e chronic hepatitis C

Kuo-Tung Tang'?, Yi-Hsing Chen'3, Ching-Heng Lin* & Der-Yuan Chen'35¢

A few studies have shown that methotrexate (MTX) use exacerbates liver fibrosis and even leads to

. liver cirrhosis in rheumatoid arthritis (RA) patients, although the risk is low compared to psoriatics. We

. therefore conducted a population-based cohort study to investigate the impact of long-term MTX use
on the risk of chronic hepatitis C (CHC)-related cirrhosis among RA patients. We analyzed data from the
National Health Insurance Research Database in Taiwan and identified 450 incident cases of RA among

: CHC patients (255 MTX users and 195 MTX non-users) from January 1, 1998 to December 31, 2007.

. After a median follow-up of more than 5 years since the diagnosis of CHC, a total of 55 (12%) patients

. developed liver cirrhosis. We did not find an increased risk of liver cirrhosis among CHC patients with
long-term MTX use for RA. Furthermore, there was no occurrence of liver cirrhosis among the 43 MTX

: users with a cumulative dose =3 grams after 108 months of treatment. In conclusion, our data showed

. thatlong-term MTX use is not associated with an increased risk for liver cirrhosis among RA patients

. with CHC. However, these results should be interpreted with caution due to potential bias in the cohort.

. Methotrexate (MTX) is commonly used for the treatment of autoimmune diseases such as rheumatoid arthritis
© (RA) and psoriasis'. There is controversy regarding the risk for liver cirrhosis in long-term MTX users. In general,
* the risk of MTX-related liver cirrhosis in RA patients seems to be lower than that in patients with psoriasis®. A
. prior meta-analysis concluded that 2.7% of RA patients would develop severe fibrosis or cirrhosis after 55 months
© of MTX treatment?. The results of our recent population-based study showed that long-term MTX use is not sig-
nificantly associated with an increased risk for liver cirrhosis among RA patients with chronic hepatitis B (CHB)*.
Chronic hepatitis C (CHC) is one of the main etiological factors of liver cirrhosis®. In Taiwan, hepatitis C is
endemic®. The impact of long-term MTX use on the risk of CHC-related cirrhosis among RA patients has not
. been investigated. Based on our previous findings*, we hypothesized that long-term MTX use does not increase
: the risk for liver cirrhosis among RA patients with CHC. We therefore conducted a retrospective cohort study
. based on the National Health Insurance Research Database (NHIRD) in Taiwan.

Methods

Patients. This retrospective cohort was based on the NHIRD”#, which contains comprehensive health-
care claims data from more than 99% of the entire population of Taiwan (24 million people). In the database,
diseases are coded with the International Classifications of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) codes. The diagnosis of RA (ICD-9-CM code 714.0) was made based on the 1987 ACR criteria’
using the Catastrophic Illness Patient Database (CIPD), a registry incorporating RA patients certified by two
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More than 99% of the entire (24
million) Taiwanese population in the
NHIRD
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»3. liver cirrhosis diagnosed at the same time as or before
the diagnosis of CHC (n=88.83),

4. having received CHC treatment before the diagnosis of
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\ 4 2. liver cirrhosis before the diagnosis of RA (n=0)

450 CHC patients with incident RA
between 1998 and 2007

Y 4

MTX non-users MTX users
(n=195) (n=255)

Figure 1. The flow chart of identification of RA patients with CHC. CHC, chronic hepatitis C; MTX,
methotrexate; NHIRD, the National Health Insurance Research Database; RA, rheumatoid arthritis.

rheumatologists. The need for informed consent from individuals was waived as the NHIRD contains only
de-identified data.

Figure 1 illustrates the study flowchart. We identified 63,030 adult patients who were diagnosed with CHC
(ICD-CM codes 070.54, 070.70 or V02.62) in Taiwan from January 1, 1998 to December 31, 2007. Liver cirrhosis
was defined as ICD-9-CM code 571.5. Exclusion criteria included dual infections of CHC and CHB (ICD-9-CM
codes 070.2, 070.3 or V02.61), co-existent alcoholic liver disease (ICD-9-CM codes 571.0, 571.1 or 571.3), alco-
holic cirrhosis (ICD-9-CM code 571.2) or biliary cirrhosis (ICD-9-CM code 571.6), pre-existing liver cirrhosis
at the time of or before the diagnosis of CHC, and CHC treatment (ribavirin, peginterferon alfa-2b or peginter-
feron alfa-2a) before the diagnosis of liver cirrhosis. We then identified 505 incident RA cases among these CHC
patients. Patients with liver cirrhosis before the diagnosis of RA or with biologics use (etanercept, adalimumab,
golimumab, abatacept, tocilizumab, or rituximab) before the diagnosis of liver cirrhosis were also excluded. In
total, 450 CHC patients with incident RA (consisting of 255 MTX users and 195 MTX non-users) were identified
for analysis. This study was conducted in accordance with the Declaration of Helsinki and was approved by the
Institutional Review Board of Taichung Veterans General Hospital (IRB TCVGH No.: CE15124B).

Clinical parameters. Risk factors for liver cirrhosis, such as non-alcoholic fatty liver disease (NAFLD, ICD-
9-CM code 571.8), diabetes mellitus (ICD-9-CM code 250), and dyslipidemia (ICD-9-CM code 272), as well as
comorbidities were documented for each patient. Diagnosis of decompensated liver cirrhosis was made based
on the inclusion in the CIPD. To be registered in the CIPD, at least one of the following criteria needs to be ful-
filled for patients with liver cirrhosis: (1) intractable ascites, (2) variceal bleeding, or (3) hepatic coma or liver
decompensation.

Statistics. Statistical analysis was conducted using SAS software version 9.3 (SAS Institute, Cary, NC, USA.).
All quantitative data are presented as means plus the standard deviation unless specified otherwise. For numerical
variables, comparisons were made using the Student’s t test. For categorical variables, comparisons were made
using the Chi-squared test. Hazard ratios of developing liver cirrhosis since the diagnosis of CHC between sub-
groups of RA patients were calculated using the Cox proportional hazards model after adjustment for age, gender,
and comorbidities. The Kaplan-Meier survival analysis and the log rank test were used to compare the probability
of liver cirrhosis-free survival since the diagnosis of CHC between MTX non-users and MTX users. A p value less
than 0.001 in a two-sided test was considered statistically significant.
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Age at diagnosis of CHC (years) 57.7+12.7 61.0+13.3
Gender
Female 205 (80%) 151 (77%)
Male 50 (20%) 44 (23%)
Comorbidity
NAFLD 7 (3%) 0(0%)
Diabetes mellitus 46 (18%) 33 (17%)
Dyslipidemia 41 (16%) 37 (19%)
Hypertension 82 (32%) 86 (44%)
Concomitant medications
Leflunomide 35 (14%) 5(3%)*
Azathioprine 11 (4%) 3 (2%)
Sulfasalazine 152 (60%) 68 (35%)*
Corticosteroids 205 (80%) 92 (47%)*
MTX
Cumulative dose <1.5grams 163 (64%) NA
Cumulative dose 1.5-3.0 grams 49 (19%) NA
Cumulative dose 23.0 grams 43 (17%) NA
Liver cirrhosis 19 (8%) 36 (19%)*
Decompensated liver cirrhosis 1(0%) 3 (2%)

Median follow-up period after the

diagnosis of CHC (years) 6.5 52"

Table 1. Baseline characteristics of rheumatoid arthritis patients with CHC. "p < 0.001, versus MTX users.
CHC: chronic hepatitis C; MTX: methotrexate; NA: not avalaible; NAFLD: non-alcoholic fatty liver disease.

Age at diagnosis of CHC (years) 1.05 (1.03-1.08)**
Gender
Female 1.00
Male 1.13 (0.59-2.17)
MTX nonusers 1.00
MTX users 0.33 (0.19-0.59)**
Comorbidity
Diabetes mellitus 2.71 (1.44-5.11)*
Dyslipidemia 0.75(0.35-1.59)
Hypertension 0.54 (0.30-0.97)*

Table 2. Multivariate analysis for liver cirrhosis among CHC patients with rheumatoid arthritis. *p < 0.05;
**p <0.001. CHC: chronic hepatitis C; CI: confidence interval; MTX: methotrexate; NAFLD: non-alcoholic
fatty liver disease.

Results

Baseline characteristics of RA patients with CHC. Table 1 illustrates the baseline characteristics of
RA patients with CHC. Leflunomide, sulfasalazine, and corticosteroids were prescribed more often in MTX
users than in MTX non-users, indicating more severe disease activity of RA in MTX users compared with MTX
non-users. In our 255 MTX users, the average cumulative MTX dosage was 1.6 &= 1.6 grams during a mean dura-
tion of 44 months. We categorized these MTX users into 3 groups based on the cumulative dose. The average
durations of treatment were 18, 62, and 108 months; and the mean weekly doses were 8.3, 9.3, and 10.7 mg, within
these groups of MTX users (MTX cumulative dose <1.5 grams, 1.5-3.0 grams, and 23.0 grams). After a median
follow-up of more than 5 years since diagnosis of CHC, a total of 55 (12%) patients developed liver cirrhosis: 19
(7.5%) of 255 MTX users and 36 (18.5%) of 195 MTX non-users. Among the 19 MTX users who developed liver
cirrhosis, 17 patients had a cumulative dose of <1.5 grams and 2 patients had a cumulative dose of 1.5 grams
and <3.0grams. One (0.4%) of 255 MTX users and 3 (1.5%) of 195 MTX non-users developed decompensated
liver cirrhosis. Notably, there was no occurrence of liver cirrhosis among 43 MTX users with a cumulative dose
of 23 grams.

Multivariate analysis of risk factors for liver cirrhosis among RA patients with CHC.  Table 2
illustrates the risk factors for liver cirrhosis in RA patients with CHC in the Cox proportional hazards model.
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All patients 11.2 35.8 0.40 (0.21-0.74)*
Age at the diagnosis of CHC (years)
18-44 0.0 6.3 NA
45-64 8.7 322 0.34(0.13-0.91)*
265 24.6 56.7 0.50 (0.22-1.12)
Gender
Female 10.8 33.8 0.44 (0.21-0.89)*
Male 133 45.2 0.38 (0.10-1.55)
Comorbidity
Diabetes mellitus 21.3 95.2 0.32(0.09-1.15)
Dyslipidemia 11.3 40.3 0.57 (0.11-3.07)
Hypertension 13.4 29.2 0.66 (0.22-1.98)
Concomitant medications
Sulfasalazine 8.3 25.4 0.38 (0.15-0.99)*
Corticosteroids 8.7 32.8 0.27 (0.12-0.61)*

Table 3. Subgroup analysis for new-onset liver cirrhosis in rheumatoid arthritis patients with CHC.

'p < 0.05. CHC: chronic hepatitis C; CI: confidence interval; MTX: methotrexate; NA: not available. *Adjusted
for age, gender, diabetes mellitus, dyslipidemia, hypertension and medications such as sulfasalazine and
corticosteroids.

Being older at diagnosis of CHC was a risk factor for liver cirrhosis. The concomitant use of MTX was associated
with a decreased hazard of liver cirrhosis (hazard ratio: 0.33, 95% CI: 0.19-0.59), especially for MTX users with
a cumulative dose of 21.5 grams (hazard ratio: 0.09, 95% CI: 0.02-0.37, Appendix 1), when compared with MTX
non-users.

Subgroup analysis of the incidence rates of liver cirrhosis among RA patients with CHC.  Table 3
shows the subgroup analysis of the incidence rates of liver cirrhosis among RA patients with CHC. Among all
patients, there was a trend toward a lower incidence rate of liver cirrhosis among MTX users compared with
MTX non-users (11.2 versus 35.8 events per 1000 person-years, p=0.004). We observed a trend toward a lower
incidence rate of liver cirrhosis among MTX users when compared to MTX non-users among female patients,
patients aged 45-64 years, and patients with concomitant use of sulfasalazine or corticosteroids.

The probability of liver cirrhosis-free survival among RA patients with CHC. Figure 2 illus-
trates the Kaplan-Meier survival analysis of liver cirrhosis-free survival with respect to MTX use among RA
patients with CHC. The probability of liver cirrhosis-free survival was positively correlated with MTX use in a
dose-dependent manner: the highest probability was in MTX users with a cumulative dose of 21.5 grams, and the
lowest probability was in MTX non-users (p < 0.001, log-rank test).

Discussion

This population-based cohort study investigated the impact of long-term MTX use on the risk of liver cirrhosis
among RA patients with CHC. There was no significant increase of liver cirrhosis in RA patients with CHC
who received long-term MTX treatment, which was in line with our previous results in RA patients with CHB*.
However, no firm conclusion can be made due to potential bias in the cohort.

Among RA patients with CHC in Taiwan, 255 (57%) of 455 patients (excluding those patients who had
received biologics) had received MTX to treat RA, a prevalence comparable to that among RA patients with
CHB®*. Therefore, MTX was still used by over half of the RA patients with chronic viral hepatitis in an endemic
area, reflecting its fundamental role in RA treatment'. In terms of comorbidities, the prevalence of NAFLD in our
RA patients was lower than rates reported in earlier studies that described liver biopsy findings in RA patients!!!2,
probably due to suboptimal monitoring of RA patients for comorbidities'.

After a median follow-up of more than 5 years since the diagnosis of CHC, 55 (12%) of 450 RA patients with
CHC developed liver cirrhosis. This incidence of liver cirrhosis was higher than among RA patients with CHB
(6.5%, p < 0.001)*. With respect to the risk for liver cirrhosis, there are no studies directly comparing CHB and
CHC patients, and indirect comparisons remain inconclusive due to wide variations in the risk for liver cirrhosis
among patients with chronic viral hepatitis'*!>. In addition, our RA patients with CHC were slightly older than
patients with CHB*, which increased the risk of liver cirrhosis!>!¢. Further studies are needed to elucidate this
issue.

Previous studies have demonstrated that the risk for liver cirrhosis after long-term MTX therapy is low among
RA patients®. Our recent study also demonstrated that long-term MTX use is not associated with an increased risk
for liver cirrhosis even among RA patients with a comorbidity that contributes to liver cirrhosis, such as CHB* In
the present study, a significantly lower proportion of MTX users developed liver cirrhosis than MTX non-users
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Figure 2. Probability of liver cirrhosis-free survival among MTX users with different cumulative doses and
MTX non-users (p < 0.001, log-rank test). MTX, methotrexate.

(8% vs. 19%, p < 0.001), although MTX users were followed for a longer period than non-users (6.5vs. 5.2 years,
p < 0.001). In the Cox proportional hazards model, being older at CHC diagnosis, as reported in a previous
study'®, was identified as a significant risk factor for developing liver cirrhosis among RA patients with CHC,
whereas MTX use was inversely associated with the development of liver cirrhosis among RA patients with CHC.
Moreover, we found a significant increase in liver cirrhosis-free survival among MTX users in a dose-dependent
manner when compared to MTX non-users, although higher proportions of concomitant use of hepatotoxic
drugs such as sulfasalazine and leflunomide’, and corticosteroids, which are associated with increased hepatitis
C RNA titers!’, were found in MTX users. In addition, there was no occurrence of liver cirrhosis among 43 MTX
users with a cumulative dose of 23 grams after 108 months of treatment, a finding similar to that observed among
RA patients with CHB*. Taken together, these findings indicate that long-term MTX use was not associated with
an increased risk, but was even associated with a decreased risk of liver cirrhosis among RA patients with CHC.

However, it is not reasonable to infer that MTX use is protective against liver cirrhosis due to the well-known
hepatoxicity of MTX'8. Rather, some other characteristics alleviate the risk for liver cirrhosis among RA patients
with CHC who used MTX. One of the possible explanations might be obesity. In a study enrolling 24 patients
on long-term MTX therapy for psoriasis, serial liver biopsies revealed that non-alcoholic steatohepatitis (NASH)
is an important cause of liver injury in such patients, and a high cumulative dose of MTX alone can lead to
a NASH-like liver injury pattern'. This observation was corroborated by a recent analysis of individuals who
received or had been listed for liver transplantation in the US, which shows that the risk factor profile of end-stage
MTX-related liver disease is similar to that of NASH?. In our recent study of RA patients with CHB*, we specu-
lated that compared to MTX users, MTX non-users had less severe disease activity of RA, which was associated
with higher body mass index?"?%. This was correlated with the development of NAFLD?, which contributed to
the development of liver cirrhosis in MTX non-users among RA patients with CHB?. This postulate might also
explain, at least in part, the results of the present study. However, one may argue that there was no difference in
the prevalence of diagnosed NAFLD between MTX users and non-users in the present study. Nonetheless, the
prevalence of NAFLD might have been underestimated due to the reason described above.

Our study has some limitations. First, as mentioned in our previous study*, a cohort study based on a claims
database is potentially biased despite efforts to adjust for confounding variables. Nevertheless, an analysis using
a real-world population-based database can still provide important insights. Second, a longer follow-up with a
higher cumulative MTX dose may be needed to observe the contribution of MTX to the risk of HCV-related liver
cirrhosis. Third, the medication effect might have been underestimated due to nonadherence. Fourth, anthro-
pometric measurements are not available in the NHIRD, and, therefore, we could not evaluate the impact of
obesity. Finally, daily alcohol consumption, a risk factor for HCV-related liver cirrhosis, is not documented in the
NHIRD. However, we excluded patients with co-existent alcoholic liver disease and/or alcoholic cirrhosis in the
cohort, and such bias is minimized.

In conclusion, our data showed that long-term MTX use is not associated with an increased risk for liver
cirrhosis among RA patients with a comorbidity that contributes to liver cirrhosis, such as CHC. This finding is
compatible with our previous observation in RA patients with CHB. However, the results should be interpreted
with caution due to potential bias in the cohort.
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