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Abstract The aim of this study was to investigate treatment
response and hepatic safety of anti-tumor necrosis factor-α
therapy among patients with concomitant rheumatoid arthritis
(RA) and hepatitis C virus (HCV) infection. We reviewed the
charts of 101 consecutive RA patients who were eligible for
anti-TNF-α therapy in the Chiayi Branch of Chang Gung
Memorial Hospital. Group A patients were sero-positive for
anti-HCV antibodies and had HCV RNA but were negative
for hepatitis B surface antigen (HBsAg). Group B (the control
group) patients were sero-negative for both anti-HCVantibod-
ies and HBsAg. Response to anti-TNF-α treatment was
assessed by calculating disease activity score at 28 joints
(DAS28) at baseline and 5, 8, and 11 months after the start
of TNF-α antagonist therapy. Percentage change in DAS28
from baseline to month 5 was 21.36±8.01 % in group A and
26.98±10.43 % in group B (p=0.011). However, there was no
obvious difference in treatment response between groups at
other time points. Anti-TNF-α therapy was discontinued
within 1 year of starting treatment in two subjects in group
A and 4 in group B. Response to anti-TNF-α was better in

group B than in group A at 5 months, but there was no sub-
stantial difference in response at the 1-year evaluation.
Although the study sample was small, our results suggest that
the safety of anti-TNF-α therapy is similar in RA patients with
and without concomitant HCV infection.
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Introduction

Rheumatoid arthritis (RA) is a chronic systemic inflammatory
disorder of unknown etiology that primarily involves the
joints and requires long-term treatment [1]. Affected joints
exhibit hyperplasia of inflamed synovium infiltrated with im-
mune cells, which release cytokines such as tumor necrosis
factor-α (TNF-α) [2]. In the past, the first-line treatment for
RAwas disease-modifying anti-rheumatic drugs (DMARDs),
which were given as early as possible in the disease process to
suppress disease activity [3]. Since the late 1990s, the success
of biologic therapy has changed RA treatment. TNF-α antag-
onists are biologic immunomodulators used to treat a number
of inflammatory conditions, including RA, spondyloarthritis,
psoriatic arthritis, and inflammatory bowel disease [4]. The
development of anti-TNF-α therapy has improved outcomes
for many patients. However, several adverse effects of anti-
TNF-α therapy have been identified, including infection, ma-
lignancies, lupus-like syndrome, and demyelinating
neuropathy.

The American College of Rheumatology recommends that
TNF-α inhibitors should not be given to RA patients with
acute or chronic hepatitis B or C infection (treated or untreat-
ed) with significant liver injury, defined as chronic Child-
Pugh class B or C disease [5]. The effects of TNF-α inhibition
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on viral infection might vary with the specific type of viral
infection. Inhibition of TNF-α appears to delay clearance of
hepatitis B, and this effect is controlled by cytokine and cel-
lular mechanisms [6]. However, with the availability of TNF
inhibitors, the safety and efficacy of blocking TNF in patients
with chronic viral infections must be carefully evaluated.
Although some RA patients with concomitant RA and hepa-
titis C virus (HCV) infection are undertreated due to concerns
regarding possible worsening of HCV viremia and deteriora-
tion of liver function, most studies show that TNF-α antago-
nists are safe when given to such patients. Indeed, serum and
hepatic TNF-α levels are increased in patients with HCV, and
inhibition of TNF might thus be beneficial in HCV [7].

In addition to challenges related to HCV infection, the ef-
ficacy of TNF-α antagonists for treating RA in individuals
with HCVis a concern. Although phase II and III clinical trials
showed that TNF-α antagonists resulted in adequate response
among patients with RA, these trials always excluded individ-
uals with HCV infection [8–12]. There are only limited data
on the safety and efficacy of TNF-α antagonist therapy for
patients with concomitant RA and HCV infection. Anti-
TNF-α treatment for concurrent rheumatoid arthritis and hep-
atitis C virus infection was investigated in small population
studies [13]. However, previous studies lacked control groups.
In the present study, we compared treatment response and
recorded causes of early withdrawal from TNF-α antagonist
therapy during a 1-year treatment period in RA patients with
and without concomitant HCV infection.

Materials and methods

Study design

In this retrospective case series study, we investigated the
clinical effects of TNF-α antagonist therapy for RA patients
with and without concomitant HCV infection by reviewing
the medical records of 101 patients with RAwho were regu-
larly followed up in the Rheumatology Department of the
Chiayi Branch of Chang Gung Memorial Hospital from
January 2003 through October 2011. Eligible patients were
older than 18 years and had RA diagnosed according to the
revised 1987 American College of Rheumatology (ACR)
criteria [14]. Only patients with active RAwho were suitable
candidates for anti-TNF-α therapy were included. Active RA
was defined as a disease activity score at 28 joints (DAS28)
greater than 5.1 after at least 6 months of treatment with at
least 2 DMARDs at maximum dose. In addition, at least 1 of
the DMARDs had to be methotrexate (MTX) at a maximum
dose of 15 mg/week, otherwise, side effects of MTX devel-
oped. The study protocol was approved by the Chang Gung
Memorial Hospital Research Ethics Committee.

Patient selection

HCV and hepatitis B infection were detected by anti-HCV
antibody and hepatitis B surface antigen (HBsAg) testing,
respectively. HCV infection was confirmed when HCV
RNAwas detected. Patients with coexisting RA and hepatitis
B infection were excluded, as were those who had a positive
anti-HCVantibody test result but no HCV RNA. Patients with
acute hepatitis were also excluded. No patient with concomi-
tant RA and HCV infection received antiviral therapy during
anti-TNF-α therapy. Detection of HBsAg, anti-HCVantibody,
and HCV RNA was done by enzyme immunoassay (Roche
Molecular), COBAS AmpliPrep/COBAS TaqMan assay
(Roche Molecular), and real-time polymerase chain reaction
(PCR; Abbott Diagnostics), respectively. The upper limit of
normal (ULN) of liver function was 36 IU/ml for alanine
aminotransferase (ALT) and 34 IU/ml for aspartate transami-
nase (AST). Liver injury was defined as an elevation in AST
or ALT level greater than three times the ULN [15, 16]. The
reference range for rheumatoid factor (RF) was 0 to 20 IU/ml.
Patients who were positive for anti-HCV antibodies and had
HCVRNAwere classified as the RA-HCV group, while those
who were sero-negative for both anti-HCV antibodies and
HBsAg were classified as the control group.

Outcome measures

To achieve and maintain disease remission, patients received
etanercept (25 mg twice a week) or adalimumab (40 mg every
2 weeks). Patients who switched TNF-α antagonists were also
included. Clinical assessment of patients included DAS28,
erythrocyte sedimentation rate (ESR), hemogram, renal func-
tion, and serum transaminase levels. The baseline characteris-
tics assessed included age, sex, disease duration, age at RA
onset, and age at first use of TNF-α antagonist. Outcome
measures were evaluated at months 5, 8, and 11.
Concomitant immunosuppressive treatment was MTX,
sulfasalazine (SSZ), hydroxychloroquine (HCQ), leflunomide
(LEF), cyclosporin A (CsA), and azathioprine (AZA). Use of
non-steroidal anti-inflammatory drugs (NSAIDs) and steroids
was also analyzed.

Statistical analysis

Patients who received at least one injection of etanercept or
adalimumab during any period (the intention-to-treat [ITT]
population) were included in the response analyses. The anal-
yses were performed on the ITT population, which included
data from all patients who discontinued treatment for any rea-
son. Differences between the two groups were analyzed with
the Mann–WhitneyU test or χ2 test, as appropriate. The mean
and standard deviation (SD) are presented for continuous var-
iables. Frequency and percentage are given for categorical
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variables. A repeated-measures design was used; DAS28 was
evaluated at baseline, 5, 8, and 11 months throughout the
duration of TNF-α antagonist therapy. SPSS version 18.0
was used for all statistical analyses.

Results

Patient enrollment and disposition

In this retrospective study, 138 patients with active RA treated
with TNF inhibitors were regularly followed up in the
Rheumatology Department of the Chiayi Branch of Chang
Gung Memorial Hospital from January 2003 through
October 2011 (Fig. 1). Among these patients, 17 were exclud-
ed due to missing data on hepatitis B or C status, and nine
were excluded because of HBsAg positivity. Thirty patients
were positive for anti-HCVantibody, and 20 of the 27 patients
who underwent HCV RNA testing were positive. In addition,
81 patients with RAwere negative for HBsAg and anti-HCV
antibodies. Ultimately, we analyzed data from 20 patients with
concomitant RA and HCV (group A) and 81 with RA only
(group B).

Baseline characteristics

The baseline characteristics of the 101 patients with RA (20 in
group A and 81 in group B) are shown in Table 1. Mean age at
RA onset significantly differed: 58.3±9.4 years in group Avs
52.1±13 years in group B (p=0.029). Mean age at the start of
anti-TNF-α therapy also significantly differed (p=0.025).
However, the interval between RA onset and use of TNF-α
antagonist was similar between groups. The frequency of RF
positivity and RF titer was higher in group A, although not
significantly so. Before the use of a TNF-α antagonist,

DAS28 was lower in group B than in group A: 5.90±0.51
and 6.31±0.74, respectively (p=0.018). ALT level was higher
in group A than in group B, but the frequency of liver injury
before anti-TNF-α therapy was similar between groups. MTX
was the most frequently used (85.2 %) DMARD in group B
and, as expected, was more frequently used than in
group A. In addition, CsA was more frequently given
to patients in group A than to those in group B (p=
0.043). Regarding anti-TNF therapy, 18 (85.7 %) pa-
tients in group A were given etanercept, and two were
given adalimumab. In group B, 59 (73.8 %) patients
were given etanercept, and 22 were given adalimumab
(data not shown in Table 1).

Changes in mean clinical indicators

At baseline, ALT level was 31.2±22.8 in group A and 22.5±
22.3 IU/ml in group B (p=0.035). During 1 year of anti-
TNF-α therapy, 3 of the 101 patients developed liver injury:
1 (1.23 %) patient in group B and 2 (10 %) patients in group A
(p=0.099 by Fisher’s exact test). Liver function later normal-
ized in all three patients. After MTXwas temporarily stopped,
serum liver transaminase improved in the single patient in
group B. One patient in group A was closely monitored, and
anti-TNF-α therapy was paused for 1 month for the other
patient.

DAS28 values were 6.31±0.74 at baseline, 4.97±0.78 at 5,
3.92±0.78 at 8, and 3.54±1.0 at 11 months in group A; 5.90±
0.51 at baseline, 4.31±0.75 at 5, 3.54±0.77 at 8, and 3.49±
1.07 at 11 months in group B (Fig. 2). DAS28 was lower in
group B than in group A at baseline (p=0.018), month 5
(p=0.002), and month 8 (p=0.029), but was similar at month
11. Changes in DAS28 from baseline were 1.35±0.49 at 5,
2.4±0.75 at 8, and 2.77±1.16 at 11 months in group A; 1.58±
0.62 at 5, 2.36±0.8 at 8, and 2.43±1.2 at 11 months in group

Fig. 1 Patient enrollment and
disposition. In group B (RA
only), 1 patient, who had been
referred from another hospital,
had missing data at baseline
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B. Changes in DAS28 significantly differed between groups
only at month 5 (p=0.037). In addition, percentage changes in
DAS28 from baseline were 21.36±8.01 % at 5, 37.81±
11.49 % at 8, and 43.42±18.12 % at 11 months in group A;
26.98±10.43 % at 5, 39.92±10.99 % at 8, and 40.61±
19.68 % at 11 months in group B. The difference between
groups was significant at month 5 (p=0.011) but not at month
8 (p=0.114) or 11 (p=0.597). ESR did not significantly differ

between groups at baseline (43.2±21.8 mm/h in group A vs
49.9±19.6 mm/h in group B), month 5 (28.2±18.7 mm/h vs
37.5±27.0 mm/h), month 8 (27.7±20.9 mm/h vs 35.6±
27.3 mm/h), or month 11 (27.3±22.9 mm/h vs 33.8±
23.1 mm/h) of TNF-α antagonist therapy. Using a repeated-
measures design and analysis of covariates in Table 1, includ-
ing age at RA onset and age at start of TNF-α antagonist
therapy and presence of HCV infection, presence of HCV

Table 1 Baseline characteristics of the 101 patients with RA

Group A (n=20) Group B (n=81) p value

Mean age at RA onset, years±SD 58.3±9.4 52.1±13 0.029

Mean age at start of TNF-I, years±SD 63.2±8.6 57.7±10.6 0.025

Mean duration of RA before TNF-I, years±SD 5.6±3.8 5.6±5.3 0.541

Sex (M/F) 3/17 14/67 0.870

Smoker 2 6 0.701

IgM RF titer (IU/ml), median (IQR, 25th–75th) (6 with missing data) 593.825 (29.175–623) 410.3 (42.2–452.5) 0.620

RF positive (%) 18/20 (90) 60/80 (75) 0.148

ANA (%) 13/16 (81.3) 53/57 (93.0) 0.159

DAS28 6.31±0.74 5.90±0.51 0.018

ESR (mm/h) 49.2±19.6 43.2±21.8 0.191

WBC (/cmm) 7870±2054 7532±2062 0.358

Hb (g/dl) 12.1±1.6 12.2±1.6 0.745

PLT×1000 (/mm2) 285.8±84.5 292.5±84.9 0.989

Cr (mg/dl) 1.0±0.2 0.9±0.3 0.128

ALT (IU/ml) 31.2±22.8 22.5±22.3 0.035

No. of patients with ALT or AST >3×ULN (%) 3 (15) 3 (3.7) 0.056

Number of patients receiving background therapy

Background DMARDs (%)

MTX 13 (65) 69 (85.2) 0.039

HCQ 17 (85) 67 (82.7) 0.807

SSZ 12 (60) 38 (46.9) 0.295

LEF 5 (25) 31 (38.3) 0.267

CsA 5 (25) 7 (8.6) 0.043

AZA 2 (10) 7 (8.6) 0.849

Background DMARD dose (mean±SD)

MTX (mg/week) 8.38±6.75 11.67±5.33 0.027

HCQ (mg/day) 330±149.03 313.58±157.91 0.663

SSZ (mg/day) 975±895.53 740.74±822.01 0.287

LEF (mg/day) 3±5.71 6.17±8.6 0.180

CsA (mg/day) 28.75±56.94 9.26±33.64 0.041

AZA (mg/day) 7.5±18.32 5.25±18.84 0.411

NSAID (%) 18 (90) 69 (85.2) 0.577

Steroid (%) 19 (95) 77 (95.1) 0.991

Steroid dose (mg/day) 7.13±4.6 5.46±2.27 0.021

Differences between median values were analyzed using the Mann–Whitney U test; differences between proportions were analyzed using the χ2 test

Group A RAwith HCV infection, Group B RAwithout HCV infection, TNF-I tumor necrosis factor inhibitor, RF rheumatoid factor, IQR interquartile
range (25th, 75th percentile), ANA antinuclear antibody,DAS28 disease activity score (28 joints), ESR erythrocyte sedimentation rate,WBCwhite blood
count,Hb hemoglobin,PLT platelet, ALTalanine amino transferase, ASTaspartate transaminase,ULN upper limit of normal,DMARD disease-modifying
anti-rheumatic drug,MTXmethotrexate,HCQ hydroxychloroquine, SSZ sulfasalazine, LEF leflunomide, CsA cyclosporin A, AZA azathioprine, NSAID
non-steroidal anti-inflammatory drug
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infection was significantly associated with the time course of
DAS28 in the two groups.

Six patients withdrew from anti-TNF-α therapy, and num-
ber of withdrawals did not significantly differ between groups.
Three of the six patients discontinued anti-TNF-α therapy due
to intolerance (two had an allergic reaction and one developed
colon cancer), one was a non-responder, one was lost to fol-
low-up, and one patient with disease remission was denied
coverage for anti-TNF-α therapy by the National Health
Insurance (NHI) system in Taiwan. Eighteen (90 %) of 20
patients in group A and 77 (95.1 %) of 81 patients in group
B were observed for 1 year of TNF-α antagonist therapy
(Fig. 2). The drug survival rate was similar between groups.

Discussion

In this study, we investigated 101 patients with documented
RA who were submitted to a 12-month anti-TNF-α therapy
course and the results showed that there was no obvious dif-
ference in treatment response in RA patients with and without
concomitant HCV infection. Moreover, the number of with-
drawals did not significantly differ between RA patients with
and without concomitant HCV infection. The results match
the medical literature data. Previous studies showed that

anti-TNF-α therapy had adequate safety of RA patients con-
comitant HCV infection, particularly with regard to viremia
and hepatotoxicity, and did not result in serious adverse events
[17–24]. However, only a few of these studies reported overall
response rates and none reported response pattern [18, 19]. In
addition, none of these studies included a control group to
evaluate treatment effectiveness (Table 2). This is the first
controlled study to compare effectiveness and hepatic safety
among patients with RA only and concomitant RA and hepa-
titis C. After 1 year of treatment, clinical response to anti-
TNF-α therapy was similar between these two patient groups.
During anti-TNF-α therapy, DAS28 and percentage change in
DAS28 from baseline were better at month 5 in group B as
compared with group A. However, after 1 year of follow-up,
DAS28 and percentage change in DAS28 were both similar
between groups. This is a new finding regarding response to
anti-TNF-α therapy among patients with RA and concomitant
HCV infection.

Recent case reports and case series studies found that
TNF-α antagonists were safe when used to treat RA in indi-
viduals with coexisting HCV infection [17–25]. In our study,
three patients had serum liver transaminase levels greater than
three times the ULN during the 1-year treatment period. In
such cases, we discontinued MTX among patients receiving
it. If abnormal liver function persisted, we withheld TNF-α

Fig. 2 Changes in mean clinical indices in groups A and B. a DAS28, b
percentage change in DAS28 from baseline, c ESR, d number of patients
at each visit. Analysis of covariance (ANCOVA) models was used for
statistical comparisons between groups at all time points. DAS28 values

are based on the intention-to-treat population of patients receiving anti-
TNF-α therapy with data available at a visit of interest. DAS28 disease
activity score based (28 joints), ESR erythrocyte sedimentation rate.
*p<0.05; **p<0.01

Clin Rheumatol (2015) 34:1039–1046 1043



antagonist therapy. Liver function normalized in all three pa-
tients; however, HCV viral load was not examined. These
findings suggest that it is necessary to closely monitor liver
function while patients with RA and HCV receive TNF-α
antagonists. Prior reports found that TNF-α antagonists were
safe for patients with HCV infection and that elevation of liver
enzymes associated with anti-TNF-α therapy was uncommon
among patients with RA [26]. Despite these cases of hepato-
toxicity, the drug adherence rate at month 11 was similar in
groups A and B (95.1 vs 90 %, respectively) and slightly
higher than in prior studies [27, 28].

Up to 80 % of patients with hepatitis C infection will prog-
ress to chronic infection [29]. Among our patients, 30 were
positive for anti-HCV antibodies. Among these patients, 27
underwent testing for HCV RNA and 20 (74.1 %) had detect-
able HCV RNA. In addition, age at RA onset and age at start
of TNF-α antagonist were higher in the RA-HCV group than
in the control group. Ferri et al. reported that mean age at RA
onset in 29 patients with concomitant HCV infection was
48.6 years (they excluded two patients with juvenile rheuma-
toid arthritis) [19]. In our study, mean age was 58.3±9.4 years.
In Taiwan, catastrophic certification for RA is provided by the
NHI after a patient receives a physician-confirmed diagnosis
of RA. Because HCV infection and RA may have similar
clinical features, application for RA catastrophic certification
may be influenced by the presence of concomitant RA and
HCV [30]. The difference in mean age between the present
and past studies may be due to physician delays in applying

for catastrophic certification for patients in the RA-HCV
group. In contrast, guidance for reimbursement of anti-
TNF-α therapy is more restrictive in Taiwan than in other
countries. The criterion for a patient with RA to receive anti-
TNF-α therapy is a DAS28 greater than 5.1 after at least
6 months of treatment with at least two DMARDs at maxi-
mum dose. In addition, at least 1 of the DMARDs must be
MTX at a maximum dose of 15 mg/week. Data on disease
severity and patient age may have been influenced by this
reimbursement criterion.

The prevalence of serologic markers of autoimmunity was
reported to be high in individuals with chronic HCV infection
[31]. Of particular interest was the fact that RFwas noted in up
to 76 % of men and women. In our study, RF positivity was
noted in 90 % of group A patients and 75 % of group B
patients. RF prevalence in group B was similar to that noted
in prior clinical trials of anti-TNF-α therapy for RA patients
[9, 12]. However, the higher rate of RF in group A might be
due to HCV itself. HCV infection can present with rheumatic
manifestations indistinguishable from RA and may be another
reason for the higher rate of RF [30].

Several DMARDs are contraindicated for patients with liv-
er transaminase levels two times the ULN and those with
chronic HCV infection [5]. In clinical practice, MTX is the
first choice for RA therapy, and we chose to use MTX or LEF
in patients with RA with coexisting HCV infection, while
closely monitoring liver function. Episodes of abnormal ele-
vation of liver enzymes were more frequent in group A than in

Table 2 Anti-TNF-α agents administered to patients with rheumatoid arthritis (RA) with and without concomitant hepatitis C virus (HCV) infection

Author Year No. of patients
(RAwith HCV
infection)

No. of controls
(RA alone)

Regimen Median duration
of anti-TNF
therapy, months

Outcome

Peterson et al. [22] 2003 24 None Etanercept
Infliximab

9 No difference in liver-related tests;
decrease in viral load in 16 patients

Parke et al.[21] 2004 5 None Etanercept
Infliximab

41 No evidence of persistent elevation of transaminases

Roux et al.[23] 2006 3 None Etanercept
Adalimumab

21 No changes in transaminases or viral load

Vauloup et al.[24] 2006 6 None Etanercept
Infliximab

3.5 Viremia unchanged

Cansu et al.[17] 2008 3 None Etanercept 22 No significant rise in liver transaminases

Ferri et al.[19] 2008 31 None Etanercept
Infliximab
Adalimumab

3 No significant variations in transaminases or viral
load; DAS28<2.6 in 15/31 (48 %) patients

Cavazzana et al.[18] 2008 4 None Etanercept 14 No significant increase in viral load; significant
reduction of DAS28

Li et al.[20] 2009 8 None Etanercept
Infliximab
Adalimumab

20±16 Transient transaminitis; no significant increase
in viral load

Present study 2012 20 81 Etanercept
Adalimumab

11 Elevated transaminase in 3 patients
in both groups; similar effectiveness
in both groups

All previous studies of anti-TNF therapy in more than two patients with RA and coexisting HCV infection are included here
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group B before anti-TNF-α treatment. Elevation of liver
transaminases may have been related to drug hepatotox-
icity in combination with the effects of chronic HCV
infection [32, 33].

This study provides useful information on the clinical ef-
fectiveness of anti-TNF-α therapy for patients with rheuma-
toid arthritis with and without concomitant HCV infection.
Nevertheless, some limitations of the study should be men-
tioned. First, because this is a retrospective study, some unrec-
ognized biases might have been introduced. Second, we did
not monitor HCVRNA titers in all patients with elevated liver
enzymes during TNF-α antagonist therapy, so we cannot de-
termine whether abnormal liver function was related to HCV
exacerbation, drug toxicity, or other reasons. Third, for
safety reasons, rheumatologist prescribed TNF inhibitor
to patients in relatively stable condition among RA pa-
tients with concomitant HCV infection, especially re-
garding hepatic status. RA patients with more severe
HCV may not be involved in this study. This is also
our limitation of this retrospective study even though
we enrolled all RA patients treated with TNF inhibitor.
Fourth, the main differences of these two groups were
mean age at RA onset, mean age at start of TNF-I, and
disease activity (DAS28). These differences were our
limitation because of a small number of HCV infection
in RA patients. Finally, some patients may have chosen
to taper the dose of DMARDs in accordance with dis-
ease activity. If so, the actual dose would not be
reflected in the chart review. Because of the limitation
of small sample size and not routine test HCV viral
load, the safety of anti-TNF agents finding may not be
generalizable to other RA patients with concomitant
HCV infection. Future well-designed studies should in-
vestigate whether anti-TNF-α therapy, under the same
DMARD-based regimen, is equally effective for patients
with RA with and without concomitant HCV infection.

In general conclusion, the outcomes of anti-TNF-α
therapy were similar in RA patients with and without
concomitant HCV infection during a 1-year treatment
period. Clinical response was better in group B than
in group A at month 5. Elevation of liver transaminases
may occur in patients receiving anti-TNF-α therapy, al-
though we observed no conclusive evidence of HCV
reactivation or drug-induced hepatotoxicity, especially
among patients with RA and hepatitis C. The risk of
anti-TNF-α therapy appears to be low for RA patients
with concomitant HCV infection. This finding is appli-
cable to RA patients with concomitant HCV infection
who tolerate methotrexate treatment well.
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