
O
A

A
M

A

*
S
E

B
s
b
a
t
(
f
t
a
H
t
m
p
o
b
D
o
i
t
r
1
d
t
w
t
0
9
a
s
S
m

K
s

A
l

CLINICAL GASTROENTEROLOGY AND HEPATOLOGY 2010;8:280–288
RIGINAL ARTICLES—LIVER, PANCREAS,
ND BILIARY TRACT

Sustained Viral Response Is Associated With Reduced Liver-Related
orbidity and Mortality in Patients With Hepatitis C Virus

MIT G. SINGAL,* MICHAEL L. VOLK,* DONALD JENSEN,‡ ADRIAN M. DI BISCEGLIE,§ and PHILIP S. SCHOENFELD*,�

Division of Gastroenterology, University of Michigan Medical Center, Ann Arbor, Michigan; ‡Division of Gastroenterology-Hepatology Section, University of Chicago
§ �
chool of Medicine, Chicago, Illinois; Division of Gastroenterology and Hepatology, St Louis University School of Medicine, St Louis, Missouri; and VA Center of

xcellence in Health Services Research, Ann Arbor, Michigan

d
e
a
m
b
s
c
i
p

i
w
d
e
l
t
v

n
n
w
r
n
n
v
p
s
n
m
r
n
s
s
o
a

a
s

See related article, Kim S–J et al, on page 1035
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ACKGROUND & AIMS: The incidences of decompen-
ated cirrhosis (defined by ascites, hepatic encephalopathy, or
leeding esophageal varices), hepatocellular carcinoma (HCC),
nd liver-related mortality among patients infected with hepa-
itis C virus (HCV) who achieve a sustained viral response
SVR), compared with patients who fail treatment (treatment
ailure), are unclear. We performed a meta-analysis to quantify
he incidences of these outcomes. METHODS: This meta-
nalysis included observational cohort studies that followed
CV treatment failure patients; data were collected regarding

he incidence of decompensated cirrhosis, HCC, or liver-related
ortality and stratified by SVR status. Two investigators inde-

endently extracted data on patient populations, study meth-
ds, and results by using standardized forms. The agreement
etween investigators in data extraction was greater than 95%.
ata analysis was performed separately for studies that enrolled

nly HCV patients with advanced fibrosis. RESULTS: We
dentified 26 appropriate studies for meta-analysis. Among
reatment failure patients with advanced fibrosis, rates of liver-
elated mortality (2.73%/year; 95% confidence interval [CI],
.38 – 4.080), HCC (3.22%/year, 95% CI, 2.02– 4.42), and hepatic
ecompensation (2.92%/year; 95% CI, 1.61– 4.22) were substan-
ial. Patients with SVR are significantly less likely than patients
ho experienced treatment failure to develop liver-related mor-

ality (relative risk [RR], 0.23; 95% CI, 0.10 – 0.52), HCC (RR,
.21; 95% CI, 0.16 – 0.27), or hepatic decompensation (RR, 0.16;
5% CI, 0.04 – 0.59). CONCLUSIONS: HCV patients with
dvanced fibrosis who do not undergo an SVR have sub-
tantial liver-related morbidity and mortality. Achieving
VR is associated with substantially lower liver-related
orbidity and mortality.

eywords: Hepatitis C; Treatment; Sustained Virologic Re-
ponse; Mortality.

pproximately 3% of the world’s population is infected with
hepatitis C virus (HCV),1 including approximately 3.2 mil-
ion people in the United States.2 HCV is a leading cause of
ecompensated cirrhosis, hepatocellular carcinoma (HCC), liv-
r-related mortality, and liver transplantation in the US Man-
gement of these disorders costs the US health care system
ore than a billion dollars per year.3 The long incubation time

etween HCV infection and development of advanced fibrosis
uggests that liver-related morbidity and mortality rates will
ontinue to increase despite the declining incidence of new HCV
nfections.2 In the US, HCV-related mortality is projected to
eak in 2030 at approximately 13,000 deaths/year.4

However, many HCV-related deaths are preventable if HCV-
nfected patients are treated successfully. Among HCV patients
ith SVR, rates of liver-related mortality, HCC, and hepatic
ecompensation are very low, and life expectancy might be
quivalent to the age-matched and sex-matched general popu-
ation.5 Unfortunately, more than 50% of HCV patients are
reatment failures with pegylated interferon and ribavirin anti-
iral therapy.6

The natural history of these “treatment failure” patients has
ot been studied extensively, although patients and physicians
eed to understand the natural history of these patients as they
eigh the potential benefits of antiviral retreatment versus the

isks of delaying therapy while awaiting new treatments. The
atural history of liver-related morbidity and mortality might
eed to be assessed separately in HCV treatment failure patients
ersus HCV patients who have never been treated. HCV-infected
atients with treatment failure might be more likely to have
ignificant fibrosis compared with HCV patients who have
ever been treated because physicians are more likely to recom-
end antiviral therapy for HCV patients who are at the greatest

isk for developing liver-related morbidity and mortality in the
ear future.7 Alternatively, other patients with significant fibro-
is might remain untreated, given comorbid conditions or is-
ues with noncompliance. Although not well studied to date,
ne cannot assume that the natural histories of these 2 groups
re the same.

Abbreviations used in this paper: CI, confidence interval; HCC, hep-
tocellular carcinoma; HCV, hepatitis C virus; RR, relative risk; SVR,
ustained viral response.

© 2010 by the AGA Institute
1542-3565/10/$36.00
doi:10.1016/j.cgh.2009.11.018
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No previous systematic review has quantitatively assessed the
atural history of HCV-infected patients with treatment failure
r the reduction in decompensated cirrhosis, HCC, and liver-
elated mortality for HCV-infected patients who achieve sus-
ained viral response (SVR) versus HCV-infected patients with
reatment failure. The primary objective of our meta-analysis is
o quantify annual rates of decompensated cirrhosis, HCC, and
iver-related mortality among HCV treatment failure patients.

e also quantify the risk reduction in decompensated cirrhosis,
CC, and liver-related mortality for HCV-infected patients with

VR versus HCV treatment failure patients.

Methods
Literature Search
A computer-assisted search with the Ovid interface to

edline was conducted to identify potentially relevant pub-
ished articles. A search of the Medline database from 1966 to
008 was performed by using the exploded (exp) medical sub-

ect heading (MeSH) terms (exp Hepatitis C) AND (exp Treat-
ent Failure OR exp Retreatment OR exp Recurrence OR exp
rug Resistance OR keywords refractory, relapse, retreatment,
onrespond, non-respond, fail, unsuccess). The results of all
earches were limited to human studies published in the En-
lish language. Manual searches of reference lists from poten-
ially relevant articles were also performed to identify any ad-
itional studies that might have been missed by using the
omputer-assisted strategy.

Study Selection Criteria
Two investigators (M.V., A.S.) independently reviewed

he titles and abstracts of all citations identified by the litera-
ure search. Potentially relevant studies were retrieved, and the
election criteria were applied. The inclusion criteria were (1)
ohort studies of treatment failure HCV patients who were
reated with interferon/pegylated interferon � ribavirin; (2)
eporting of liver-related morbidity or mortality end points
tratified by SVR status; and (3) published in the English lan-
uage in full manuscript form. Treatment success was defined
s HCV-infected patients who achieve an SVR, undetectable
irus in the serum 6 months after the end of therapy. Treatment
ailure was defined as HCV patients who do not achieve SVR.

orbidity end points were defined as HCC or decompensated
irrhosis (defined by ascites, hepatic encephalopathy, or bleed-
ng esophageal varices). Liver-related mortality was defined as
eath as a result of complications of decompensated cirrhosis,
CC, and/or liver transplantation, even if patients survived the
rocedure. The following types of studies were excluded: (1)
ross-sectional studies with short-term follow-up (�1 year); (2)
tudies reporting only surrogate end points such as stage of
brosis on liver biopsy or AST/ALT levels; (3) studies with
nclear follow-up time; (4) studies that enrolled patients with
vidence of decompensated cirrhosis at inception of the cohort;
5) studies in which the primary end point was response to
herapy; (6) studies of patients with human immunodeficiency
irus coinfection, on dialysis, or post-transplant; (7) duplicative
tudies reporting on the same cohort of patients; and (8) stud-
es in which patients received maintenance treatment or studies
n which patients were initially treated with agents other than
nterferon alfa/pegylated interferon � ribavirin (eg, interferon

eta or glycyrrhizin). Maintenance therapy was defined as any t
ontinuous interferon-based treatment beyond a standard
ourse (ie, 48 weeks for genotype 1 patients) with the intent of
uppressing hepatic inflammation and fibrosis.8 Studies that
nly enrolled patients with advanced fibrosis or cirrhosis were

ncluded, although these studies were analyzed separately from
tudies enrolling HCV-infected patients with treatment failure
ith all stages of fibrosis.

Data Extraction
The eligible articles were reviewed in a duplicate, inde-

endent manner by 2 investigators (M.V., A.S.). Data extraction
n standardized forms was also performed in a duplicate, in-
ependent manner by the 2 investigators.9 Data were collected
n annual rates of liver-related mortality, HCC, and decompen-
ated cirrhosis among patients failing to achieve SVR and pa-
ients who achieved SVR. Data were also collected on the design
f each study (retrospective vs prospective), the number of
atients in each group, demographic characteristics of the pa-
ient population, median stage of fibrosis at cohort inception,
roportion of patients with advanced fibrosis (Metavir stages
2–F4 or Ishak stages 3– 6) at cohort inception, and the dura-
ion of follow-up.

Statistical Analysis
Pooled rates of liver-related mortality, HCC, and de-

ompensated cirrhosis in HCV treatment failure patients were
alculated by using random-effects meta-analysis according to
he method of DerSimonian and Laird.10 Separate pooled rates
re provided for HCV treatment failure patients from studies
hat only enrolled patients with advanced fibrosis or cirrhosis
Metavir stages F3-F4 or Ishak stages 3-6) at cohort inception.
lso, the relative risk (RR) of each end point is compared
etween HCV treatment failure patients versus patients who
chieved SVR. Finally, the RR of each end point is also com-
ared between patients who became virus-negative during treat-
ent (relapsers) versus those remaining persistently virus-pos-

tive (nonresponders) to determine whether natural history
iffers between these groups of HCV treatment failure patients.

Heterogeneity was assessed by using the I2 index or the
ariation in effect size attributable to heterogeneity. Meta-re-
ression was then used to assess the following prespecified
easons for heterogeneity: differences between studies in fol-
ow-up time, mean age of the cohort, and median stage of
brosis at cohort inception. Visual inspection of funnel plots,
s well as statistical testing according to the methods of Begg
nd Egger, were used to assess for publication bias. These
nalyses were limited to studies including all stages of fibrosis
o prevent heterogeneity from obscuring evidence of publica-
ion bias. The impact of publication bias on the pooled rates
as then estimated by the trim and fill method.

Results
Results of Literature Search
The computer-assisted search yielded more than 2276

otentially relevant articles (Supplementary Figure 1). After
nitial review of titles and abstracts, 215 studies were potentially
ppropriate, and abstracts were reviewed in detail. One hundred
our studies were potentially appropriate and underwent full

anuscript review along with 3 additional studies identified

hrough recursive literature searches. After application of the
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nclusion and exclusion criteria, 26 studies were included in
ur review, and descriptive characteristics can be found in
able 1.5,11–35

Among studies reporting liver-related mortality rates, no
vidence of publication bias was present on the basis of Begg’s
P � .45) and Egger’s (P � .27) tests. Furthermore, neither
rimming the outliers nor filling in the missing studies changed
he estimate of pooled mortality rate by more than 0.1%. How-
ver, visual inspection of the funnel plot suggests that publica-
ion bias could be present. Among the studies reporting HCC
ates, little evidence of publication bias was seen on visual
nspection of the funnel plot by Begg’s (P � .2) or Egger’s tests
P � .06). Among the studies reporting rates of hepatic decom-
ensation, no evidence of publication bias was present on the
asis of Begg’s (P � .5) or Egger’s tests (P � .2). However, visual

nspection of the funnel plot suggested possible publication
ias, and trimming the outliers and filling in the missing
tudies changed the estimate of pooled hepatic decompensa-
ion rate from 0.56% to 0.1%, indicating that the pooled esti-

ate is likely to be substantially affected by publication bias.

able 1. Descriptive Characteristics of Each Study

Study
ID

First
author(reference),

location Design Number SVR/n

tudies that included all stages of fibrosis
1 Arase,11 Japan Retrospective, single-center 140/360
2 Coverdale,12

Australia
Retrospective, single-center 50/293

3 Giannini,13 Italy Retrospective, single-center 15/21
4 Hayashi,14 Japan Retrospective, single-center 135/278
5 Ikeda,15 Japan Retrospective, multi-center 461/730
6 Kasahara,16 Japan Retrospective, multi-center 738/193
7 Kashiwagi,17 Japan Retrospective, single-center 66/194
8 Kim,18 Japan Retrospective, single-center 31/87
9 Lau,19 United

States
Prospective, single-center 5/5

10 Miyajima,20 Japan Retrospective, single-center 63/150
11 Mizui,21 Japan Retrospective, single-center 61/136
12 Moriyama,22 Japan Retrospective, single-center 89/180
13 Pradat,23 Europe Prospective, multi-center 87/221
14 Shindo,24 Japan Retrospective, single-center 67/183
15 Suzuki,25 Japan Retrospective, single-center 225/530
16 Yabuuchi,26 Japan Retrospective, single-center 126/293
17 Yoneyama,27 Japan Retrospective, single-center 53/68
18 Yoshida,28 Japan Retrospective, multi-center 836/1556 (227
19 Yoshida,5 Japan Retrospective, multi-center 817/161
20 Yu,29 Taiwan Retrospective, multi-center 715/342

tudies that included only advanced fibrosis (F3-F4 or Ishak 4-6)
21 Braks,30 France Retrospective, multi-center 37/76
22 Bruno,31 Italy Retrospective, multi-center 124/759
23 Mallet,32 France Prospective, single-center 39/57
24 Nishiguchi,33 Japan Prospective, single-center 7/38
25 Tanaka,34 Japan Retrospective, single-center 8/47
26 Veldt,35 Canada

and Europe
Retrospective, multi-center 142/337

Numerator is median fibrosis in cohort. Denominator is maximum fib
Significant fibrosis � F2-F4 or Ishak 3-6.
Included only patients age �60.
Excluded 41 patients failing to complete treatment.
Excluded 215 lost to follow-up. Unclear classification of 29 patients
Numbers in parentheses reflect subset of patients with F3-F4 fibrosi
Same cohort as study 18; reports rates of hepatic decompensation
Unclear number excluded for failing to complete treatment.
n meta-regression, differences between studies in follow-up s
ime, mean age of the cohort, and median stage of fibrosis at
ohort inception were not associated with liver-related morbid-
ty and mortality results.

Liver-Related Mortality
The primary outcomes reported by each study are

hown in Table 2. Among studies that enrolled patients with
ny stage of hepatic fibrosis, the pooled liver-related mortality
ate among HCV treatment failures was 0.81%/year (95% con-
dence interval [CI], 0.55–1.07) (Figure 1A), but the pooled

iver-related mortality rate among HCV treatment failures was
ubstantially higher at 2.73%/year (95% CI, 1.38 – 4.08) (Figure
B) among studies that only enrolled patients with advanced
brosis or cirrhosis. Both analyses demonstrated moderate sta-
istical heterogeneity between studies (P � .001 for any stage,
� .001 for advanced fibrosis). Chronic hepatitis C patients with
VR are much less likely to suffer liver-related mortality com-
ared with chronic hepatitis C patients with treatment failure
ho do not achieve SVR in studies with HCV patients with all

tages of fibrosis (RR, 0.23; 95% CI, 0.10 – 0.52) (Figure 1C) or

Mean
follow-up

(y)
Mean
age (y)

Median fibrosis
score, overalla

% SVR with
significant
fibrosisb

% no SVR with
significant
fibrosisb

7.7 64c 2/4 46 54
8.7 37 2/4 Not reported Not reported

3 45 1/4 Not reported Not reported
6.4 50 1/4 40
5.1 50 1/4 33
5.8 54 2/4 64 75
5.8 57 Not reported Not reported Not reported
2.4 51 1/4 23 26

11 48 Not reported Not reported Not reported

2.5 47 1/3 65
9.2 45 Not reported Not reported Not reported
6.1 49 2/4 Not reported Not reported
6 47 3/6 Not reported Not reported
8 50 2/4 Not reported Not reported
5.8 52 Not reported 18 25
5.0 52 Not reported 29 39
4.4 49 2/4 Not reported Not reported

)f 5.4 51 2/4 67 72
6.4 51 2/4 66 72
5.2 47 Not reported Not reported Not reported

7.7 54 4/4 100 100
8 55 6/6 100 100
9.8 45 4/4 100 100
4.4 55 4/4 100 100
3.5 51 Not reported Not reported Not reported
2.8 48 6/6 100 100

score possible.

re-treated with SVR.
o SVR

d

0

e
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tudies that only enrolled patients with advanced fibrosis (RR,
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.19; 95% CI, 0.10 – 0.37) (Figure 1D). Neither analysis demon-
trated statistical heterogeneity (P � .09 for any stage, I2 � 0%,
� .75 for advanced fibrosis).

Hepatocellular Carcinoma
Among studies that enrolled patients with any stage of

epatic fibrosis, the pooled HCC rate among HCV treatment
ailures was 1.84%/year (95% CI, 1.36 –2.32) (Figure 2A), but the
ooled HCC rate among HCV treatment failures was numeri-
ally higher at 3.22%/year (95% CI, 2.02– 4.42) (Figure 2B)
mong studies that only enrolled patients with advanced fibro-
is. Again, both analyses demonstrated moderate statistical het-
rogeneity between individual studies (P � .001 for any stage,
� .001 for advanced fibrosis). Also, chronic hepatitis C pa-

ients with SVR are much less likely to suffer HCC compared
ith chronic hepatitis C patients who do not achieve SVR
mong studies that enrolled patients with any stage of hepatic
brosis (RR, 0.21; 95% CI, 0.16 – 0.27) (Figure 2C) and among
tudies that only enrolled patients with advanced fibrosis or
irrhosis (RR, 0.32; 95% CI, 0.23– 0.44) (Figure 2D). Again,
either of these analyses demonstrated statistical heterogeneity

P � .93 for any stage, P � .61 for advanced fibrosis).

Hepatic Decompensation
Among studies that enrolled patients with any stage of

able 2. Outcomes Reported by Each Study

Study
ID First author(reference)

SVR

Death rate/y HCC rate/y decomp

tudies that included patients with all stages of fibrosis
1 Arase11 0.2%
2 Coverdale12 0.2% 0.2%
3 Giannini13 0% 0%
4 Hayashi14 0.2%
5 Ikeda15 0.2%
6 Kasahara16 0.02%
7 Kashiwagi17 0.3%
8 Kim18 1.3%
9 Lau19 0% 0%

10 Miyajima20 0%
11 Mizui21 0.2%
12 Moriyama22 0.7%
13 Pradat23 0%
14 Shindo24 0.4%
15 Suzuki25 0.3%
16 Yabuuchi26 0.3%
17 Yoneyama27 0.4%
18 Yoshida28a 0.2% 0.6% (1.3%)
19 Yoshida5

20 Yu29 0.3% 0.3%

tudies that included only patients with advanced fibrosis (F3-F4 or I
21 Braks30 0% 0.4%
22 Bruno31 0.2% 0.7%
23 Mallet32 0.8% 0.8%
24 Nishiguchi33 0%
25 Tanaka34 0%
26 Veldt35 0.3% 0.8%

Numbers in parentheses reflect subgroup of patients with advanced
epatic fibrosis, the pooled hepatic decompensation rate o
mong HCV treatment failures was 0.54%/year (95% CI, 0.11–
.97) (Figure 3A), but the pooled hepatic decompensation rate
mong HCV treatment failures was substantially higher at
.92%/year (95% CI, 1.61– 4.22) (Figure 3B) in studies that only
nrolled patients with advanced fibrosis or cirrhosis. Both of
hese analyses demonstrated moderate statistical heterogeneity
P � .001 for any stage, P � .001 for advanced fibrosis). Chronic
epatitis C patients with SVR are much less likely to suffer
epatic decompensation compared with chronic hepatitis C
atients who do not achieve SVR in studies that enrolled pa-
ients with any stage of hepatic fibrosis (RR, 0.16; 95% CI,
.04 – 0.59) (Figure 3C) and studies that only enrolled patients
ith advanced fibrosis or cirrhosis failures (RR, 0.13; 95% CI,
.06-0.27) (Figure 3D). No statistical heterogeneity was identi-
ed between studies (P � .69 for any stage, P � .27 for advanced
brosis).

Natural History of Relapsers Versus
Nonresponders
Four of the studies12,18,22,23 reported outcomes accord-

ng to whether the patients initially became virus-negative (re-
apsers) versus remaining persistently viremic (nonresponders).
he study by Coverdale et al12 was the only one to report
ortality outcomes with liver-related mortality occurring in

elapsers at a rate of 0.7%/year and in nonresponders at a rate

No SVR

tic
tion rate/y Death rate/y HCC rate/y

Hepatic
decompensation rate/y

1.2% 0.2%
1.3% 0.9%
1.6% 3.2%

1.1%
0.6%

0.6%
1.4%
3.8%

1.9% 1.9% 1.9%
3.2%
0.6%
1.6%
1.3% 2.3%
2.5%
2.7%
2.9%
3.0%

0.8% 2.5% (4.8%)
% 0.1%

0.3% 2.2%

4-6)
2.9% 4.1% 1.9%
1.4% 2% 1.8%
3.4% 2.5% 4.1%

1.2%
6.0%

3.6% 3.4% 4.4%

sis (F3-F4).
Hepa
ensa

0%

0%

0%

0.02

shak
1.1%
0%
0.3%

0%
f 1.8%/year (P � .4). The study by Pradat et al23 was the only
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ne to report rates of hepatic decompensation that occurred at
.7%/year in relapsers versus 2.9%/year in nonresponders (P �

5). All 4 studies reported rates of HCC, and nonresponders
ere more likely to develop HCC compared with relapsers (RR,
.30; 95% CI, 1.26 – 4.19) (Figure 4). There was no evidence of
tatistical heterogeneity (P � .49).

Discussion
Physicians and HCV-infected patients should under-

tand the likelihood of developing decompensated cirrhosis,
CC, and liver-related mortality after failing therapy to make

ppropriate decisions about whether to undergo retreatment.
rognostic data should be stratified on the basis of severity of
epatic fibrosis. Stratifying natural history data by stage of
epatic fibrosis is important because more advanced fibrosis is
ssociated with higher rates of liver-related morbidity and mor-
ality.36 Results should also be reported separately for patients
ho achieve SVR because achieving SVR is associated with a

arge decrease in liver-related morbidity and mortality. Our data
emonstrate that rates of liver-related mortality (2.73%/year;

igure 1. Liver-related mortality rates. (A) Annual liver-related mortality r
iver-related mortality rate in treatment failures for HCV patients with
chieving SVR versus treatment failures among HCV patients with all s
ersus treatment failures among HCV patients with advanced fibrosis o
5% CI, 1.38 – 4.08), HCC (3.22%/year, 95% CI, 2.02– 4.42), and c
epatic decompensation (2.92%/year; 95% CI, 1.61– 4.22) are
ubstantial among HCV treatment failures with advanced fibro-
is, but the risk of these outcomes is reduced by 70%– 80% for
atients who achieve SVR.

The prevalence of HCV-infected patients with advanced fi-
rosis in the US is likely to rise precipitously in the near future,
roducing a corresponding increase in liver-related morbidity
nd mortality. The incubation time between HCV infection and
dvanced fibrosis is probably 20 –30� years. Minimal fibrosis
evelops during the first 10 years of infection, but the rate of
brosis development accelerates with each subsequent decade.37

fter 30 years of infection, up to 30% of HCV-infected patients
ill have developed bridging fibrosis and liver-related morbidity
nd mortality.38 In the US, the prevalence of HCV infection in
0- to 59-year-old individuals will be approximately 4% by 2012,
nd the majority of these patients will have been infected with
CV for 20 –30� years.2

On the basis of our meta-analyses, SVR is associated with a
ignificant risk reduction in liver-related mortality, HCC, and
epatic decompensation in patients with advanced fibrosis or

treatment failures for HCV patients with all stages of fibrosis. (B) Annual
nced fibrosis or cirrhosis. (C) RR of liver-related mortality in patients
s of fibrosis. (D) RR of liver-related mortality in patients achieving SVR
hosis.
ate in
adva
tage
irrhosis. This might occur because SVR stops progression of



fi
a
w
l
a
c
�
r
d
c
(
s
p
t
o

u

t
t
t
m
f
c
y
t
s

s
s
(
fi
u
e

F
w
( ng H

March 2010 NATURAL HISTORY OF HCV TREATMENT FAILURES 285
brosis or because it leads to regression of fibrosis. Mallet et al32

ssessed 96 HCV-infected patients with cirrhosis (Metavir F4)
ho were treated with interferon-based regimens and had at

east 1 post-treatment liver biopsy. Thirty-nine of these patients
chieved SVR, and 44% (17/39) of these patients demonstrated
irrhosis regression, defined as a decrease in Metavir score of
2. Although none of the patients with SVR and cirrhosis

egression suffered from liver-related morbidity or mortality
uring follow-up, 18% (4/22) of patients with SVR without
irrhosis regression suffered liver-related morbidity or mortality
3 cases of HCC and 1 variceal bleed). Therefore, future pro-
pective observational studies might consider performance of
ost-treatment liver biopsy to enhance our understanding of
he importance of regression of fibrosis on the natural history
f these patients.

Future prospective studies should also report their results by

igure 2. HCC rates. (A) HCC rate in treatment failures for HCV patients
ith advanced fibrosis or cirrhosis. (C) RR of HCC in patients achieving S

D) RR of HCC in patients achieving SVR versus treatment failures amo
sing Kaplan–Meier plots to enhance our understanding of a
hese issues. Most studies in this meta-analysis did not report
heir results by using these plots, although limited data suggest
hat rates of decompensated cirrhosis, HCC, and liver-related

ortality decreased virtually to zero for the first 5 years of
ollow-up after achieving SVR.30 –32,34,35 Notably, rates of de-
ompensated cirrhosis remained essentially zero during 5–10
ears of follow-up of cirrhotic patients with SVR, although
he number of patients available for follow-up was quite
mall.30,31,35

Our meta-analysis also demonstrated that relapsers were
ignificantly less likely to develop HCC compared with nonre-
ponders (patients who never cleared viremia during treatment)
RR, 2.30; 95% CI, 1.26 – 4.19) (Figure 4). The reason for this
nding is unclear. Inadequate data are provided in the individ-
al studies to determine whether there were important differ-
nces in fibrosis stage between relapsers and nonresponders. We

all stages of fibrosis. (B) HCC rate in treatment failures for HCV patients
ersus treatment failures among HCV patients with all stages of fibrosis.
CV patients with advanced fibrosis or cirrhosis.
with
VR v
lso speculate on other reasons for this finding. Host-virus
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nteractions resulting in relapse after treatment might be such
hat they also allow fewer clinical complications of chronic
CV infection. This finding could represent a state of more

nterferon “inducible” innate immunity or less induced sup-
ressor genes (eg, USP-18). To clarify this finding, future pro-
pective observational studies and randomized controlled trials

igure 3. Hepatic decompensation rates. (A) Hepatic decompensatio
epatic decompensation rate in treatment failures for HCV patients with
chieving SVR versus treatment failures among HCV patients with all sta
ersus treatment failures among HCV patients with advanced fibrosis o

igure 4. RR of HCC between patients with primary nonresponse to

Fntiviral therapy versus relapsers.
hould stratify their end point analyses between relapsers and
onresponders and seek to determine whether differences in

iver-related morbidity and mortality are associated with differ-
nces in progression of fibrosis.

This meta-analysis is limited by several factors. First, studies
n this meta-analysis did not consistently stratify outcomes by
everity of hepatic fibrosis when HCV-infected patients failed
reatment. Specifically, we do not have adequate data about the
atural history of HCV treatment failures who only had mild-
oderate fibrosis (Ishak score 1–2 or Metavir F1/F2) at initia-

ion of HCV treatment. Second, most studies in this meta-
nalysis did not attempt to estimate duration of HCV infection
mong their study population. This reinforced our decision to
se failure of HCV therapy as the defining characteristic for the

nception cohort of included studies. Third, many of these
tudies were conducted in Asia and examined Asian popula-
ions,5,11,15–18,20 –22,24 –29,33,34,39 and it is unclear whether these
esults are generalizable to populations in the US and Europe.
ourth, many investigators published multiple reports about
ear-identical cohorts of patients. Therefore, we carefully as-
essed studies for overlapping cohorts of patients and only used
he single, most recently published report in this meta-analysis.

e in treatment failures for HCV patients with all stages of fibrosis. (B)
nced fibrosis or cirrhosis. (C) RR of hepatic decompensation in patients
f fibrosis. (D) RR of hepatic decompensation in patients achieving SVR

hosis.
n rat
adva
ges o
inally, studies did not consistently provide data about the
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nitial treatment regimen among HCV-infected patients with
reatment failure. It is conceivable that HCV-infected patients
ho failed after interferon monotherapy might be clinically
ifferent from HCV treatment failures after combination ther-
py (eg, lower HCV RNA levels).

Our meta-analysis is also limited because our estimates
bout the annual rates of decompensated cirrhosis, HCC, and
iver-related mortality demonstrated heterogeneity in individual
tudy results. Study populations might have been substantially
ifferent for various reasons, including differences in prevalence
f confounding factors (eg, alcohol consumption) or differ-
nces in duration of HCV infection. To account for this heter-
geneity, we used random-effects meta-analysis, which results

n wider confidence intervals around our point estimates of
ooled outcomes. Nevertheless, many of the studies in our
eta-analysis were relatively small and used a retrospective

tudy design, which might lead to imprecise estimates of liver-
elated morbidity and mortality. Notably, the HALT-C trial

ight overcome some of these deficiencies. This trial8 was a
arge prospective trial with clear criteria for the diagnosis of

CC, but we did not include it in our meta-analysis because
atients received maintenance therapy. In this trial, mainte-
ance therapy did not significantly impact outcomes, and a
ombined cohort of treated and untreated cirrhotic patients
roduced an annual HCC rate of 1.1%, which is lower than the
nnual rate estimated in our meta-analysis.

In conclusion, our meta-analysis suggests that HCV-infected
reatment failure patients with advanced fibrosis suffer decom-
ensated cirrhosis, HCC, and/or liver-related mortality at an
nnual rate of approximately 2%–3%. Among studies of patients
ith varying levels of fibrosis, the annual rates vary from 0.56%–
.39%. Patients who achieve SVR are substantially less likely to
uffer from liver-related mortality, HCC, or hepatic decompen-
ation (RR, 0.16 – 0.23). These data will facilitate decision-mak-
ng by HCV-infected treatment failure patients and physicians
hen considering whether to re-treat with currently available

herapies or to delay treatment until newer therapies are avail-
ble.

Supplementary Material
Note: To access the supplementary material accompa-

ying this article, visit the online version of Clinical Gastroenter-
logy and Hepatology at www.cghjournal.org and at doi:10.1016/
.cgh.2009.11.018.
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