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Effect of Liver Fibrosis on Long-Term Mortality
in HIV/Hepatitis C Virus-Coinfected Individuals

Who Are Evaluated to Receive Interferon Therapies
in the Highly Active Antiretroviral Therapy Era
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Abstract

The factors associated with overall mortality and liver decompensation in HIV and hepatitis C virus (HCV)-
coinfected patients who are evaluated to receive HCV antiviral therapy with a known liver histological fibrosis
stage were evaluated in a prospective cohort study. A total of 387 consecutive HIV/HCV-coinfected patients
attending an outpatient clinical unit between January 1997 and December 2007 who fulfilled criteria to be treated
with interferon and to whom liver biopsy was performed were included and followed every 6 months from time
of liver biopsy to death or to December 2008. The follow-up period was 6.2 years (IQR: 3.5–9.2). The median age
at time of liver biopsy was 38 years. This included 73% men; 28% had advanced liver fibrosis (F3–F4) and a CD4
cell count of 556 cells/mm3, 72% had HIV RNA < 400 copies/ml and a mean CD4 nadir of 207 cell/mm3, 21%
had a previous diagnosis of AIDS, and 92% were on antiretroviral therapy. During follow-up 48% underwent
HCV antiviral therapy, with a sustained virological response in 33%. The overall mortality rate and the incidence
of liver decompensation or liver-related death were 1.17 and 0.72 per 100 patients-year, respectively. End stage
liver disease (9/28 patients) and non-AIDS-related cancer (6/28) were the main causes of death. F3–F4 (HR: 3.74,
95% CI: 1.69–8.26, p = 0.001) and previous AIDS diagnosis (HR: 3.04, 95% CI: 1.36–6.81) were the factors inde-
pendently associated with death. Mortality rates in patients who received and who did not receive HCV
antiviral therapy were 0.44 and 2.04 per 100 patients-year, respectively ( p = 0.003). In addition to the low
mortality rate observed, HIV/HCV-coinfected patients with poor predictors of survival are candidates for
intensive clinical management.

Introduction

T
he prolonged survival of HIV and hepatitis C virus
(HCV)-coinfected patients mainly due to the worldwide

distribution of highly active antiretroviral therapy (HAART)
has led to the emergence of a new clinical challenge.1 The
increased prevalence of HIV/HCV coinfection in the HAART
era in certain geographic areas has led to the existence of a
high proportion of patients with a controlled HIV replication
but with long-standing chronic HCV infection, which makes

this population susceptible to developing liver complications
such as cirrhosis and hepatocellular carcinoma and liver-
related death.2–4

Studies aimed at evaluating the predictors of survival in
HIV/HCV-coinfected patients published so far have shown
end-stage liver disease to be the main cause of mortality in
these patients3 and have also shown the benefit of HAART5,6

and of the achievement of sustained virological response to
HCV7–9 therapy. However, the effect of fibrosis stage on
mortality, which is the main prognostic factor of survival in
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HCV-infected patients,10 has been poorly evaluated in this
group of patients.

There is currently a profile of an HIV/HCV-coinfected
patient who regularly attends the HIV outpatient clinic of
certain hospitals not specialized in drug addition treatment,
characterized by having stable HIV infection, being on
HAART, and not having a large number of comorbidities that
accelerate progression of liver disease, in which the natural
history of coinfection is largely unknown.

The main objective of this study is to analyze the mortality
in this subgroup of patients with a known liver histological
fibrosis stage. Secondary objectives include the evaluation of
immunological and virological outcomes.

Materials and Methods

Study design

This is a prospective study to describe mortality, immu-
nological and virological outcomes of HIV and HCV-
coinfected patients with known stage of liver fibrosis from
time of liver biopsy to death or December 2008.

Patients and follow-up

Consecutive HIV/HCV-coinfected patients naive for HCV
antiviral therapy attending an outpatient HIV Clinical Unit in
a tertiary teaching hospital who underwent liver biopsy as a
step in the decision-making process to receive HCV antiviral
therapy between January 1997 and December 2007 were in-
cluded in the study. Thus, the date required to enter in the
cohort was the date when liver biopsy was performed. Only
patients who fulfilled the criteria to be treatedwith interferon-
based therapies according to most international consensus
during this period were evaluated for liver biopsy perfor-
mance. The main criteria to receive interferon-based therapies
were a positive HCV RNA in plasma, stable HIV infection,
and CD4 higher than 100 cells/ml regardless of HIV viral
load. Patients also had to be without active opportunistic in-
fections and without comorbid conditions that contraindicate
treatment with interferon and ribavirin. Hemoglobin levels
above 12 g/dl in men or above 11 g/dl in women, neutrophil
countmore than 1500 cells/ll, and platelet count above 70,000
cells/ll were also required. Moreover, patients with active
illicit drug consumption or alcohol intake more than 40 g/day
and cirrhotic patients with a Child–Pugh score more than 6
were excluded.

At time of liver biopsy, demographic data and data related
to HIV and HCV infection were collected from each patient.
After liver biopsywas performed, patients were prospectively
followed every 6 months until death or until December 2008.

Liver biopsy

Liver biopsy was echo-guided and performed by an expert
radiologist. Biopsies were always evaluated by the same pa-
thologist and necroinflammatory activity and fibrosis stage
and steatosis were evaluated according to the Scheuer11 and
Brunt12 index, respectively.

Statistical analysis

Endpoints. We selected any-cause mortality and liver
decompensation as the primary and secondary clinical end-

points, respectively. Death was classified as liver related if it
was a consequence of portal hypertensive gastrointestinal
bleeding, hepatic encephalopathy, spontaneous bacterial
peritonitis, or hepatocellular carcinoma. Patients who died
from end stage liver disease or had a liver decompensation
during follow-up were considered to have reached the sec-
ondary clinical endpoint. Life status was obtained from clin-
ical history and from the regional death registry. Causes of
death were established based on the information recorded
from the clinical charts and ICD-10.

To assess immunological outcome, time to a CD4 cell count
below 200 cells/mm3 was considered as the immunological
endpoint, so only patients with a CD4 cell count above 200
cells/mm3 at the time of liver biopsy were considered. Due to
the known effect of interferon therapy on the absolute CD4
cell count,13 a CD4 cell count < 200 cells/mm3 more than
6 months after stopping peginterferon-based therapies was
required for the patients who underwent HCV antiviral
therapy to considered as having reached the immunological
endpoint. To analyze the virological outcome, we assessed
time to virological failure defined by an HIV RNA concen-
tration > 400 copies/ml in those patients with an HIV RNA
concentration below 400 copies/ml at the time of liver biopsy.
Patients were censored on December 31, 2008.

Statistics. Overall mortality rates and liver decom-
pensation rates were expressed in 100 person-years. Cox
proportional-hazards regression analysis was used to assess
baseline risk factors for the different endpoints: age (£ 38
or > 38 years), sex, liver fibrosis stage (F0–F2 vs. F3–F4), ne-
croinflammatory activity ( < 4 or ‡ 4), steatosis (Brunt score 0
vs. 1–3), CD4 cell count ( £ 500 or > 500 cells/mm3), CD4 cell
count nadir (£ 200 or > 200 cells/mm3), HIV RNA (£ 400 or
> 400 copies/ml), antiretroviral therapy (yes or no), protease
inhibitor (PI), nonnucleoside reverse transcriptase inhibitor
(NNRTI), number of previous antiretroviral treatment regi-
mens ( £ 7 or > 7), and calendar period when the liver biopsy
was performed (1997–2002 and 2003–2007).

Advanced liver fibrosis was defined as liver fibrosis
stage ‡ F3. Coinfection with hepatitis B virus was not in-
cluded in the analysis as data on HBV DNA at time of liver
biopsy were not available. Multivariate Cox regressions
were adjusted by gender, age, and CD4 at time of liver
biopsy. Given the fact that HCV antiviral therapy during
follow-up was not a baseline factor, this variable was not
included in the COX analysis, but the relative risk for death
in patients who had received and not received HCV anti-
viral therapy in our cohort was calculated. Sustained viro-
logical response (SVR) was defined by the presence of HCV
RNA below 50 IU/ml 6 months after stopping peginterferon-
based therapy.

Factors associated with the different endpoints in the uni-
variate analysis ( p < 0.10) were selected for a multivariate Cox
proportional-hazards regression model. Kaplan–Meier sur-
vival was performed to compare time to reach the clinical
endpoint. Continuous variables are presented as median –
standard deviation and/or median (interquartile range, IQR)
when appropriate. Categorical variables are presented as
percentages. Student’s t test for continuous variables was
used when normal distribution was proven and the Mann-
Whitney U test otherwise. The Chi-square or Fisher’s test was
used to compare categorical variables.
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Statistical analysis was performed using SPSS version 12
(SPSS Inc., Chicago, IL) and EPI INFO version 6.04 (Centers
for Disease Control and Prevention, USA andWHO, Geneva,
Switzerland). We considered p values lower than 0.05 as sta-
tistically significant.

Results

Follow-up time

Three hundred and eighty-seven HIV/HCV-coinfected
patients who underwent a liver biopsy between 1997 and 2007
were included in this study and prospectively followed until
death or the end of follow-up (31 December 2008).

Baseline characteristics

The study population was predominantly male, including
former intravenous drug users with well-controlled HIV
replication and good immunological status at time of liver
biopsy (Table 1). There was a significant difference in CD4 cell
count nadir between patients with previous AIDS diagnosis
(21%) [median 97 (IQR: 23–205)] and patients without [me-
dian 211 (IQR: 133–312)] ( p < 0.0001). Time between nadir and
liver biopsy data was 21.5 (IQR: 15.7–59.5) months. Time be-
tween previous AIDS diagnosis and liver biopsy was 6.0
( – 4.0) years. Twelve patients (4%) were HBV and HCV co-
infected. Data on baseline HBV DNA quantification were not
available for these patients.

Most of the patients were on antiretroviral therapy, of
whom 315 were on HAART (88%); the remaining were on
antiretroviral combinations including two or more nucleoside
analogs. Among patients on PIs only 40% were on lopinavir,
atazanavir, or darunavir, while the remaining were on in-
dinavir, nelfinavir, saquinavir, ritonavir, and amprenavir.
Among patients on nonnucleoside analogs, 64% were on ne-
virapine and 36% on efavirenz. The proportion of patients on
ddI and/or d4T was 53%.

Liver biopsy

The size of liver biopsy sample was 1.7 (– 0.8) cm [median
number of portal tracts 8 (IQR: 6–10)]. The proportion of pa-
tients with F0–F2 and F3–F4 was 72 and 28%, respectively
(Table 1). There were no statistical differences in the number
of liver biopsies by calendar year ( p= 0.55). The proportion of
patients with advanced liver fibrosis did not differ between
calendar year either ( p = 0.153). Younger patients and patients
with > 500 cells/mm3 had less advanced liver fibrosis stages
(F3–F4 in patients £ 38 and > 38 years old was 24% and 35%,
respectively, p= 0.013; F3–F4 in patients with £ 500 and > 500
cells/mm3 was 34 and 25%, respectively, p = 0.05). There were
no significant differences in liver fibrosis stage and necroin-
flammatory activity between HBsAg+ and HBsAg- patients.

No differences in the prevalence of F3–F4 were found be-
tween patients taking PI, NNRTI-based regimens, nucleoside
analog combinations, and without antiretroviral therapy at
time of liver biopsy. In addition, we have found no differences
in the prevalence of F3–F4 between patients with and without
ddI and/or d4T.

Liver steatosis was similar in patients with F3–F4 and
F0–F2 (66% vs. 34% in F3–F4 and F0–F2, respectively). No
histological features of nonalcoholic steatohepatitis or liver
storage diseases were found.

HCV antiviral therapy during follow-up

During follow-up, nearly half of the patients received in-
terferon (IFN)-based therapies for the treatment of chronic
HCV infection. Time between liver biopsy and the initiation
of HCV antiviral therapy was 10 (IQR: 2–24) months. Forty-
five percent (N = 120) of patients with F0–F2 and 59% (N = 64)
of patients with F3–F4 received HCV antiviral therapy
( p = 0.012). Moreover, patients who were treated were sig-
nificantly older [39 (IQR: 35–42) vs. 37 (IQR: 34–41) years,
p= 0.011] than patients who did not receive IFN. No other
significant differences were found between IFN-treated and
nontreated patients. Sustained virological response (SVR)
was observed in 33% of the patients (53% and 27% in HCV
genotype 3c/d and 1a/b, respectively, p= 0.01) and was
higher in older patients (24% and 41% in £ 38 years and > 38
years, respectively). There were no differences in SVR
according to liver fibrosis (34 vs. 31% in F0–F2 and F3–F4,
respectively).

Mortality rate and causes of death

The follow-up time was 6.2 (IQR: 3.5–9.2) years. Twenty-
eight patients died during follow-up (0.7%). The mortality
rate during follow-up was of 1.17 per 100 patient-years (95%
CI: 0.81–1.70). The most frequent cause of death was end-
stage liver disease (nine patients), followed by non-AIDS-
related cancer (three lung, one rectum, one cervical cancer,
and one Hodgkin lymphoma), AIDS (three non-Hodgkin
lymphoma and two toxoplasmosis), cardiovascular disease
(two acute myocardial infarction and one nontraumatic ce-
rebral hemorrhage), non-AIDS-related infection (two gram-
negative septicemia), heroin overdose (one), homicide (one),
and suicide (one). In addition to the nine patients who died
from cirrhosis, 17 more showed hepatic decompensation
(eight patients with F0–F2 and nine patients with F3–F4). The
incidence rate of liver decompensation or death due to liver
decompensation was 0.72 per 100 patient-years (95%CI: 0.42–
1.16). Ascites was the first manifestation of liver decompen-
sation in 10 patients, upper gastrointestinal bleeding due to
portal hypertension in four, hepatocellular carcinoma in two,
and hepatic encephalopathy in one.

Risk factors for death from any cause

Univariate analysis showed that liver fibrosis stage, CD4
cell count nadir, and previous AIDS diagnosis were factors
associated with death from any cause but multivariate anal-
ysis demonstrated that only liver fibrosis stage and AIDS di-
agnosis before liver biopsy were the independent factors of
survival (Table 2). Figure 1 shows the cumulative survival
according to liver fibrosis and previous AIDS diagnosis.

Patients who received HCV antiviral therapy had a lower
relative risk of death from any cause than patients who had
never received HCV antiviral therapy.

Table 3 shows the overall mortality rates and relative risk of
death according to the independent factors of overall mor-
tality and in those patients who had and had not received
HCV antiviral therapy during follow-up.

There were no significant differences in the causes of death
between patients with F0–F2 and F3–F4, with or without
previous AIDS diagnosis, or those who had or had not re-
ceived HCV antiviral therapy (Table 4).
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Table 1. Characteristics of the Cohort According to Survival State at the End of Follow-up

Total (n = 387) Dead (n = 28) Alive (n = 359)
Baseline characteristics n (%) n (%) n (%) p-value

Sex
Men 282 (73) 19 (68) 263 (73) 0.51
Women 105 (27) 9 (32) 96 (27)

Age at liver biopsy, median [IQR] 38 [35–42] 38 [33.5–41.7] 38 [35–42]
£ 38 years 172 (44) 16 (57) 156 (52) 0.69
> 38 years 185 (56) 12 (43) 173 (48)

Risk factors for HIV acquisition
IVDU 292 (84) 21 (78) 271 (85) 0.40
Other 54 (16) 6 (22) 48 (15)

Year of liver biopsy performance
1997–2002 215 (56) 22 (79) 193 (54) 0.01
2003–2007 172 (44) 6 (21) 166 (46)

Liver fibrosis stage (n = 378)a

F0–F2 268 (71) 11 (42) 257 (73) 0.003
F3–F4 110 (29) 15 (58) 95 (27)

Necroinflammatory activity (n= 378)
£ 4 275 (73) 17 (65) 258 (73) 0.37
> 4 103 (27) 9 (35) 94 (27)

Steatosis (n = 384)
No 313 (82) 24 (86) 289 (80) 0.80
Yes 71 (18) 4 (14) 67 (18)

HBsAg (n= 306)
Negative 294 (96) 18 (100.0) 276 (96) 1
Positive 12 (4) 0 (0.0) 12 (4)

CD4 cell count (n = 386), mean (– SD) 553 ( – 263) 512 (– 271) 556 (– 263) 0.39
£ 500 cells/mm3 197 (51) 13 (46) 184 (51) 0.69
> 500 cells/mm3 190 (49) 15 (54) 174 (49)

CD4 nadir (n = 364), mean (– SD) 207 ( – 137) 209 (– 138) 178 (– 131) 0.25
£ 200 cells/mm3 191 (49) 19 (68) 172 (48) 0.05
> 200 cells/mm3 196 (51) 9 (32) 187 (52)

HIV viral load (n = 362)
£ 400 copies/ml 262 (72) 18 (70) 244 (73) 0.82
> 400 copies/ml 100 (28) 8 (30) 92 (27)

Previous AIDS diagnosis (n= 387)
No 297 (79) 13 (52) 284 (80) 0.006
Yes 81 (21) 12 (48) 69 (20)

HCV antiviral therapy
No 200 (52) 24 (86) 176 (49) < 0.001
Yes 187 (48) 4 (14) 183 (51)

HCV genotype (n = 339)
1a/b 179 (53) 13 (57) 166 (53) 0.83
No 1a/b 160 (47) 10 (43) 150 (47)

HCV RNA viral load (n= 339)
£ 600,000 copies/ml 142 (43) 3 (100) 139 (42) 0.08
> 600,000 copies/ml 197 (57) 0 (0) 197 (58)

SVR (n = 181)
No 122 (67) 4 (100) 118 (67) 0.35
Yes 59 (33) 0 (0.0) 59 (33)

ART (n= 387)
HAART including PIs (1) 211 (54) 16 (57) 195 (54) 0.49
HAART including NNRTIs 104 (27) 5 (18) 99 (27)
Combined NRTI 42 (11) 5 (18) 37 (10)
No ART 30 (8) 2 (7) 28 (8)

Number of previous ART schemes
< 7 280 (72) 20 (72) 260 (72) 0.87
‡ 7 107 (28) 8 (28) 99 (28)

aLiver biopsy sample was insufficient for staging in nine patients of whom two died during follow-up.
IQR, interquartile range; IDU, intravenous drug users; SVR, sustained virological response; ART, antiretroviral therapy; HAART, highly

active antiretroviral therapy; PI, protease inhibitor; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse
transcriptase inhibitor; IVDU, intraverous drug use.
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Immunological and virological outcomes

Immunological outcome was evaluated only in patients
with CD4 cell count at time of liver biopsy above 200 cells/
mm3 (N = 374). Eighty-four patients (22.5%) had a CD4 cell

count < 200 cells during follow-up. No independent risk
factors for achievement of the immunological endpoint
were found. Virological outcome was evaluated only in
patients with HIV RNA at time of liver biopsy < 400 copies/
ml (N = 262). One hundred and ten patients (42%) had an

Table 2. Univariant and Multivariant Analysis of the Predictors of Mortality

COX univariate analysis COX multivariate analysis

Baseline characteristics HR 95% CI p-value HR 95% CI p-value

Sex 0.36 0.31–1.5 0.369 0.70 0.31–1.58 0.398
Men (1)
Women

Age at liver biopsy 1.17 0.54–2.51 0.68 1.19 0.52–2.68 0.674
£ 38 years (1)
> 38 years

Year of the liver biopsy performance 1.45 0.55–3.83 0.44
1997–2002
2003–2007

Fibrosis stage (N = 378)a 3.57 1.63–7.78 0.003 3.74 1.69–8.26 0.001
F0–F2 (1)
F3–F4

Necroinflammatory activity (N = 378) 1.49 0.66–3.337 0.330
£ 4(1)
> 4

Steatosis (N = 384) 1.57 0.54–4.53 0.373
No (1)
Yes

CD4 cell count (N = 386) 0.86 0.41–1.84 0.819 0.60 0.27–1.36 0.674
£ 500 cells/mm3

> 500 cells/mm3 (1)

CD4 nadir (N = 364) 2.32 1.04–514 0.038
£ 200 cells/mm3

> 200 cells/mm3 (1)

HIV viral load (N = 362) 1.01 0.13–2.33 0.979
£ 400 copies/ml
> 400 copies/ml (1)

Risk factors for HIV 1.58 0.63–3.93 0.320
IDUs
Other (1)

Previous AIDS daignosis (N = 387) 3.36 1.65–7.97 0.001 3.04 1.36–6.81 0.007
No (1)
Yes

HVC genotype (n= 339) 0.77 0.31–1.77 0.864
1a/b (1)
No 1a/b

HCV viral load (N = 181) 0.013 0.145.5 0.360
£ 600,000 copies/ml
> 600,000 copies/ml (1)

ART (n = 387)
HAART including PIs (1)
HAART including NNRTI 1.28 0.29–5.61 0.73
Combined NRTI 0.95 0.18–4.93 0.95
No ART 1.86 0.36–9.60 0.45

Number of previous ART schemes 1.35 0.59–3.08 0.470
< 7 (1)
‡ 7

aLiver biopsy sample was insufficient for staging in nine patients of whom two died during follow-up.
IDU, intravenous drug users; SVR, sustained virological response; ART, antiretroviral therapy; HAART, highly active antiretroviral

therapy; PI, protease inhibitor; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor.

LIVER FIBROSIS AND MORTALITY 1239



HIV RNA above 400 copies/ml during follow-up. The Cox
multivariate analysis showed that age £ 38 years (HR: 2.29,
95% CI: 1.19–4.41, p= 0.013) and PI treatment at time of liver
biopsy (HR: 3.27, 95% CI: 1.50–7.16, p= 0.013) were the only
independent risk factors for virological failure. These results
were confirmed when the analysis included only patients
who had been treated with the same antiretroviral family
from time of liver biopsy performance to the end of follow-
up [N= 168 (45%); PI: N= 108 (64%); NNRTI N= 60 (36%)].

Discussion

We conducted a study to evaluate the incidence of mor-
tality and the main causes of death in a cohort of HIV and
HCV-coinfected patients selected to be treated with interferon
and with known liver fibrosis stage, who were prospectively
followed for 6.2 years. Our most important results are the low
mortality rate observed and also the demonstration that end-
stage liver disease and non-AIDS-related diseases are the

FIG. 1. KM of overall mortal-
ity according to liver fibrosis (A)

and previous AIDS diagnosis
(B).
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most frequent causes of death in this cohort. Patients with
advanced liver fibrosis and those with previous AIDS diag-
nosis were at higher risk of death from any cause. On the other
hand, patients not receiving HCV antiviral therapy were also
at higher risk of death in our cohort.

Mortality in individuals with HCV chronic infection has
been described extensively in the past decade.14–18 Some co-
hort studies conducted in chronic HCV infection have shown
a mortality rate of 0.8 to 1.5 per 100 patient-years in mono-
infected patients followed between 5 and 14 years and 1.4 to
2.5 per 100 patient-years in HIV and HCV-coinfected patients
followed between 5 and 6 years.14–16 In one of these studies,
the proportion of related deaths in HCV-monoinfected pa-
tients was 6%, while this figure was 15% in the HIV/HCV-
coinfected population after a median follow-up period of
nearly 8 and 6 years, respectively.14 In the absence of case-
control studies comparing the mortality between HCV-
monoinfected and HIV/HCV-coinfected individuals, the
above mentioned results suggest a higher incidence rate of
mortality in HIV/HCV-coinfected than HIV/HCV-mono-
infected patients.

Our results are consistent with those found in other
studies19 but more similar to those observed in the HCV-
monoinfected populations than in HIV/HCV coinfection.
Several reasons can explain the hypothetical lower mortality

rate and also the low liver decompensation rate in our cohort,
but the most important is probably the criteria used to select
our study population. In our study, patients with comorbid-
ities, including active alcohol or drug abuse, were not con-
sidered as candidates to receive interferon therapy and hence
did not undergo liver biopsy, which was the main criterion to
enter the cohort. The exclusion of the patients with additional
predictors of poor mortality outcomes due to the presence of
concomitant diseases, advancedHIV infection, low adherence
to antiretroviral medications, indirectly measured by the
poor HIV replication suppression, or faster liver fibrosis
progression due to active drug abuse prevents generalizing
our results to the entire HIV/HCV-coinfected population.
However, given the low incidence of HIV/HCV coinfection in
individuals newly diagnosed with HIV infection in certain
geographic areas, mainly in southern Europe due to the de-
crease in intravenous drug addiction as the major risk factor
for acquisition of HIV infection20 and the increased survival of
patients with HIV/HCV coinfection diagnosed in the early
1990s due toHAART,1–3 themajority ofHIV/HCV-coinfected
patients who regularly attend outpatient clinical units of
certain hospitals have characteristics similar to those of our
study population, so our data are perfectly applicable to an
important subgroup of patients with HIV/HCV coinfection.
Other features of our study mainly related to the character-
istics of the patient population such as the high CD4 cell
count, the evaluation of liver fibrosis, necroinflammatory ac-
tivity and steatosis according to the most commonly used
histological scores, and also high antiretroviral treatment ex-
posure contribute to explaining the differences between other
studies and ours.

Despite the low mortality in this cohort, it is important to
stress that the main cause of death was complications of end-
stage liver disease (ESLD) followed by non-AIDS-defining
cancers. ESLD has been shown to be the main cause of death
in unselected cohorts of HIV/HCV-coinfected patients, as
also occurs in our study.3,4,19 On the other hand, the fact that
six of our patients died from non-AIDS-related cancers is also
consistent with the steady increase in the cumulative inci-
dence of non-AIDS-defining cancers over time since HAART
has been widely available.21–27

The fact that in our study liver fibrosis stage was an
independent factor for death from any cause is noteworthy
for various reasons. On the one hand, our findings add to
current evidence recommending that antiretroviral therapy
be started early in coinfected patients28 to prevent progression

Table 3. Overall Mortality Rates According to Liver Fibrosis, AIDS Previous Diagnosis,

and Hepatitis C Virus Antiviral Therapy

Incidence rate
of mortality per
100 patients-year 95% CI RR (95% CI) p-value

Overall mortality 1.17 0.81–1.70
F0–F2 (N = 11/268; 4%)a 0.65 0.33–1.17 3.68 (1.63–8.31) 0.0014
F3–F4 (N = 15/160; 14%) 2.33 1.30–3.84
Non-AIDS diagnosis (N = 13/297; 5%) 0.84 0.48–1.36 3.79 (1.66–8.69) 0.0085
AIDS diagnosis (N = 12/81; 15%) 2.57 1.33–4.49
HCV antiviral therapy (N = 4/187; 2%) 0.44 0.12–1.13 4.63 (1.60–13.35) 0.003
No HCV antiviral therapy (N = 24/200, 12%) 2.04 1.31–3.04

aLiver biopsy sample was insufficient for staging in nine patients of whom two died during follow-up.

Table 4. Causes of Death According

to Liver Fibrosis, AIDS Previous Diagnosis,

and Hepatitis C Virus Antiviral Therapy

ESLD,
n (%)

Non-AIDS,
n (%)

AIDS,
n (%) p-value

All deaths (N = 28) 9 (35) 14 (50) 5 (15)

Liver fibrosisa

F0–F2 2 (18) 7 (64) 2 (18) 0.31
F3–F4 7 (47) 6 (40) 2 (13)

AIDS previous diagnosis
No 6 (38) 7 (44) 3 (19) 0.72
Yes 3 (25) 7 (58) 2 (16)

HCV antiviral therapy
Yes 1 (25) 3 (75) — 0.47
No 8 (33) 11 (46) 5 (21)

aLiver biopsy sample was insufficient for staging in nine patients
of whom two died during follow-up.

ESLD, end stage liver disease.
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to advanced forms of immunosuppression, which could
irreversibly accelerate progression of liver fibrosis in some
patients, though it is important to stress that this strategy
makes no sense without control of other viral coinfections
and promotion of abstinence from alcohol and other drugs
that by themselves further increase liver damage. On the
other, we should point out the need to include regular as-
sessment of liver fibrosis by biopsy or other noninvasive
methods such as elastography in the clinical management of
HIV/HCV-coinfected patients to improve early detection of
liver complications and add information that can help to de-
cide the best time to start HCV treatment.29

The finding in our study that prior AIDS diagnosis before
liver biopsy performance was an independent factor for death
does not appear to indicate only the association of severe
immunosuppression with death from end-stage liver disease
or the occurrence of new AIDS diseases, since only 25% and
17% of patients with a prior AIDS diagnosis die from liver
complications or AIDS, respectively. Our study also shows
that patients in our cohort who receivedHCV treatment had a
lowermortality over the follow-up, thoughwewere unable to
demonstrate an association between the achievement of sus-
tained virological response and lower mortality, as has been
shown in other studies,7 probably due to the low number of
patients who received HCV treatment. We also cannot rule
out that this lower mortality was related more to a selection
bias of patients who finally are treated who receive or do not
receive interferon treatment.

Various studies of characteristics similar to ours have also
shown that liver fibrosis does not affect virological or im-
munological response of HIV/HCV-coinfected patients. In
our study, patients who were receiving PIs at the time of liver
biopsy or who were treated with this drug family during the
follow-up had a greater risk of virological failure than those
who received nonnucleoside analogs. Probably the fact that
more than 60% of the patients who were receiving PIs were
receiving first-generation PIs associated with high rates of
adverse effects that required them to discontinue treatment
could have influenced these results.

In summary, our study indicates that clinical management
of this subgroup of patients should be focused on preventing
advanced grades of immunosuppression and control of other
factors that accelerate progression of fibrosis and on screening
of complications of end-stage liver disease and non-AIDS-
related cancers. Specifically HIV/HCV-coinfected patients
with advanced liver fibrosis and with previous AIDS diag-
nosis are candidates for more intensive clinical management.
Despite the limitations of our study but taking into account
the benefit of HCV antiviral therapy in our cohort, this
treatment should be offered at least to patients with poor
predictors of survival.
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Objectives
The aim of the study was to assess the progression of liver fibrosis in HIV/hepatitis C virus
(HCV)-coinfected patients with no or mild-to-moderate fibrosis (stages F0−F2).

Methods
Liver fibrosis was reassessed by transient elastometry (TE) between January 2009 and November
2011 in HIV/HCV-coinfected patients with stage F0−F2 fibrosis in a liver biopsy performed
between January 1997 and December 2007. Patients with liver stiffness at the end of follow-up
< 7.1 kPa were defined as nonprogressors, and those with values ≥ 9.5 kPa or who died from
liver disease were defined as progressors. Cirrhosis was defined as a cut-off of 14.6 kPa. The
follow-up period was the time between liver biopsy and TE. Cox regression models adjusted for
age, gender and liver fibrosis stage at baseline were applied.

Results
The median follow-up time was 7.8 years [interquartile range (IQR) 5.5–10 years]. The study
population comprised 162 patients [115 (71%) nonprogressors and 47 (29%) progressors; 19
patients (11.7%) had cirrhosis]. The median time from the diagnosis of HCV infection to the end
of follow-up was 20 years (IQR 16.3–23.1 years). Three progressors died from liver disease
(1.8%). The variables associated with a lower risk of progression were age ≤ 38 years (hazard
ratio (HR) 0.32; 95% confidence interval (CI) 0.16–0.62; P = 0.001], having received interferon
(HR 2.18; 95% CI 1.14–4.15; P = 0.017), being hepatitis B virus surface antigen (HBsAg) negative
(HR 0.20; 95% CI 0.04–0.92; P = 0.039), and baseline F0−F1 (HR 0.43; 95% CI 0.28–0.86;
P = 0.017).

Conclusions
A high proportion of patients with stage F0−F2 fibrosis progress to advanced liver fibrosis.
Advanced liver fibrosis must be included in the list of diseases associated with aging. Our results
support the recommendation to offer HCV antiviral therapy to HIV/HCV-coinfected patients at
early stages of liver fibrosis.
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Introduction

Assessment of liver fibrosis in patients infected with hepa-
titis C virus (HCV) plays an important role in clinical
practice. A key predictor of the success of treatment
[1–4] and survival [5–7], liver fibrosis stage is now one of the
main criteria used when selecting candidates for treatment
with new direct-acting antiviral agents (DAAs) against HCV,
as it enables us to identify patients who are at greater risk of
the complications of chronic HCV infection (and who should
thus receive DAAs immediately) than those who can wait for
newer, more efficacious strategies with a better safety profile
and higher genetic barrier [1–4,7,8].

Data on the progression of liver fibrosis in patients
coinfected with HCV and HIV taking effective antiretroviral
therapy (ART) are scarce for a number of reasons, including
the wide variability of the natural history of HIV/HCV
coinfection, the long period between infection and emergence
of liver-related complications, and the morbidity and mortal-
ity associated with liver biopsy [9]. In any case, the faster
progression of liver fibrosis in coinfected patients than in
HCV-monoinfected patients found in most relevant studies
[10,11] could justify the administration of DAAs during earlier
stages of fibrosis, even though the efficacy and safety of
boceprevir and telaprevir, the two currently available DAAs,
have not been widely studied in this population [12,13].

As a consequence of its excellent diagnostic accuracy
and nonexistent morbidity and mortality [14], transient
elastometry (TE) has recently replaced liver biopsy for the
assessment liver fibrosis in clinical practice. TE measures
liver stiffness and could prove to be an excellent tool for
evaluating progression of fibrosis in patients with a known
fibrosis stage.

The objective of this study was to assess progression
to advanced liver fibrosis and cirrhosis in HIV/HCV-
coinfected patients with no fibrosis or mild-to-moderate
fibrosis at baseline.

Patients and methods

Design and patient selection

We performed a single-centre (tertiary care), ambispective
cohort study of the natural history of HIV/HCV-coinfected
out-patients with a liver fibrosis histological stage of
F0−F2 [15]. The study was performed according to the
stipulations of the Declaration of Helsinki, and all patients
gave their written informed consent for their medical infor-
mation to be used for purposes of scientific research. The
local ethics committee approved the study.

Between January 1997 and December 2008, we performed
a prospective cohort study in the Outpatient HIV Clinic of

University Hospital Germans Trias i Pujol (Badalona, Bar-
celona, Spain). The inclusion period ended in December
2007, and clinical and laboratory follow-up ended in
December 2008 [16]. From January 2009 to November 2011,
liver fibrosis stage was reassessed using TE as part of the
algorithm for the management of these patients in routine
clinical practice. Data were then recorded prospectively
between January 1997 and December 2008 using a purpose-
designed case report form. Between January 2009 and
November 2011, data were collected retrospectively from a
prospectively compiled database (electronic medical files).

The inclusion criteria for the present study were as
follows: HIV/HCV coinfection, no previous HCV therapy,
stage F0−F2 [15] fibrosis confirmed by a liver biopsy per-
formed between January 1997 and December 2007 and TE
performed between January 2010 and November 2011 with
a success rate > or equal to 60% and a liver stiffness value
of either <7.1 or > or equal to 9.5 kPa at the end of follow-up,
or death from a liver-related disease (Fig. 1). The criteria for
liver biopsy have been reported elsewhere [16]. Briefly, liver
biopsy was performed in this cohort before patients initiated
anti-HCV therapy with interferon; therefore, patients with
self-reported active drug use, excess alcohol consumption,
or a Child−Pugh score > 6 did not undergo liver biopsy,
as these factors were considered key contraindications for
anti-HCV therapy. Alcohol and drug abuse were assessed by
personal interviews in accordance with the protocol for
routine clinical practice for the evaluation of the patients as
candidates to receive HCV antiviral therapy.

We recorded date of birth, sex, date of diagnosis of HIV
and HCV infection, nadir CD4 count, route of HCV acqui-
sition, histological stage (F0−F2), CD4 cell count, plasma
HIV viral load, biochemical parameters (values preceding
liver biopsy), ART at liver biopsy, time on ART, mortality
rate, interferon treatment, sustained virological response
(SVR), changes in ART schedule, and TE results.

Evaluation of liver fibrosis

Liver fibrosis was evaluated at baseline using ultrasound-
guided liver biopsy, which was performed by an expert
radiologist. The liver biopsies were assessed by the same
pathologist, who was blinded to the identity of the patients.
Liver fibrosis stage and grade of necroinflammatory activ-
ity were evaluated using the Scheuer score [15]. Liver
steatosis was evaluated using the Brunt score [17]. The
Scheuer index was used because it was the preferred
scoring system for grading necroinflammatory activity and
staging fibrosis in our centre during the period in which
liver biopsies were performed.

Liver fibrosis at the end of follow-up was measured
using FibroScan® (Echosens, Paris, France) according to
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the manufacturer’s recommendations [18]. Patients were
excluded if the success rate (the ratio of the number of
successful measurements to the total number of acquisi-
tions) was < 60% [18].

Interferon treatment

Both the physician and the patient agreed on the decision
to administer interferon during follow-up according to
current international guidelines [19]. Patients who were
eventually treated received interferon three times weekly
or peginterferon alpha 2a or alpha 2b with ribavirin 800–
1200 mg/day.

Statistical analysis

The primary outcome of this study was the proportion of
patients who progressed to advanced liver fibrosis at the
end of follow-up. Patients with a liver stiffness value
≥ 9.5 kPa or who died of liver disease were considered
progressors (≥ F3), while patients with a liver stiffness
value < 7.1 kPa were considered nonprogressors. We also
evaluated the proportion of patients who progressed to
cirrhosis at the end of follow-up using a cut-off of 14.6 kPa
[14]. The follow-up period was defined as the time between

liver biopsy and reassessment of liver fibrosis using TE.
SVR was defined as the presence of HCV RNA below the
limit of detection 24 weeks after the end of interferon
treatment [19]. For patients lost to follow-up, status (dead/
alive) was obtained from the clinical history and from the
regional death registry. Causes of death were established
based on the information recorded from the clinical
charts and ICD-10 (International Statistical Classification
of Diseases and Related Health Problems, 10th revision).
Hypertriglyceridaemia and hypercholesterolaemia were
defined as the presence of two consecutive determinations
(≥ 1.7 and ≥ 5 mmol/L, respectively) separated by 3 months
from the liver biopsy. Diabetes was defined as a baseline
blood sugar level ≥ 6.1 mmol/L [20].

No formal sample size was calculated. The final sample
comprised all patients fulfilling the inclusion criteria. Cat-
egorical baseline variables were expressed as number (per-
centage) of patients; continuous variables were expressed
as median [interquartile range (IQR)]. Necroinflammatory
activity was calculated using the sum of portal activity and
lobular activity [15], which was converted to a dichoto-
mous variable depending on whether the result was < 3 or
≥ 3 (median value). Steatosis was evaluated depending on
its absence (grade 0) or presence (grade ≥ 1) [17].

Patients with liver biopsy between January 1997 and December 2007
n = 387

F0−F2
n = 268 (69%)

F3−F4
n = 110 (28%)

Elastometry not 
available

n = 65 (17%)

Death before
January  2010

n = 12 (3%)

Alive but lost 
to follow-up 
before January
2010

n = 53 (14%)

Elastometry available between January 2010 and 
November 2011

n = 203 (52%)

Elastometry 
9.5 kPa

n = 44 (11%)

Non-liver-
related death

n = 9 (2%)

Liver-related 
death

n = 3 (1%)

Success rate 
60%

n = 192 (50%)

Success rate 
<60%

n = 11 (2%)

Elastometry 
7.2-9.4 kPa

n = 33 (8%)

Elastometry 
7.1 kPa

n = 115 (30%)

Progressors (n = 47) Nonprogressors (n = 115)

Insufficient for 
histological 
diagnosis n = 9 
(2%)

Fig. 1 Flow chart of the steps from the screened population to the study population.
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Cox regression models were used to establish the risk
factors for progression to advanced liver fibrosis. The
covariates used for the multivariate analysis were those that
were found to be statistically significant in the univariate
analysis (P < 0.1). Multivariate analysis was adjusted for
age, gender, and baseline stage of liver fibrosis. Stepwise
forward selection was used to identify predictors by estab-
lishing α = 0.05 and α = 0.1 as the inclusion and exclusion
criteria, respectively. Mann−Whitney and χ

2 tests were
used to compare the baseline characteristics of patients
excluded because of a < 60% successful TE determination, or
those in whom TE was not determined because of loss to
follow-up, with the baseline characteristics of the study
patients.

The statistical analysis was performed using SPSS version
15.0 (SPSS Inc., Chicago, IL).

Results

Study population

The final study population comprised 162 of the 387
patients (42%) who underwent liver biopsy between
January 1997 and December 2007. Patients were followed
for a median of 7.8 (IQR 5.5–10) years. Fig. 1 shows the
progress of patients from the initially screened population
to the final study population. No statistically significant
differences were found between the study population and
patients excluded from the analysis because TE was < 60%
successful or patients who did not undergo TE because of
loss to follow-up.

Baseline patient characteristics

Table 1 shows the main characteristics of the study popu-
lation. Most of the patients were men, with a median age
of 38 years. HIV/HCV coinfection was acquired through
injecting drug use in most cases. HCV infection was
diagnosed at the same time as HIV infection in all cases.
The median time between diagnosis of HCV infection
and the liver biopsy was 11.6 years (IQR 7.8–15.4 years);
the median time with HCV infection from diagnosis until
the end of follow-up was 20 years (IQR 16.31–23.12 years).
Most patients were receiving protease inhibitors or
nonnucleoside reverse transcriptase inhibitors at the time
of the liver biopsy. Seventy patients (43%) had triglyceride
values ≥ 1.7 mmol/L, whereas 51 (31%) had total choles-
terol values ≥ 5 mmol/L. Fig. 2 shows the significant
univariate association between cholesterol and triglyceride
values and other baseline variables. Baseline hyper-
triglyceridaemia was independently associated with male
gender only [odds ratio (OR) 3.21; 95% confidence interval

(CI) 1.37–7.05; P = 0.007], whereas high total cholesterol
concentration was associated with older age (OR 4.16; 95%
CI 1.73–8.92; P = 0.001) and a CD4 count > 350 cells/μL at
the time of the liver biopsy (OR 3.41; 95% CI 1.06–10.5;
P = 0.033). Only two patients had diabetes.

Almost half of the patients (46%) had stage 0 fibrosis
and moderate necroinflammatory activity (median 3; IQR
2–4), whereas only 17% had some degree of steatosis (mild,
10%; moderate, 5%; and severe, 2%). The most common
HCV genotype was 1a/b.

Table 1 Baseline characteristics of study patients

Variable
Study population
(n = 162)

Age (years) [median (IQR)] 38 (35–42)
Men 118 (73)
HIV infection and HCV infection
Time between diagnosis of HIV/HCV infection

and liver biopsy (years) [median (IQR)]
11.6 (7.8–15.4)

Time between diagnosis of HIV/HCV infection
and end of follow-up (years) [median (IQR)]

19.6 (16.3–23.1)

Category of HIV transmission (n = 147)
Injecting drug use 123 (76)
Other 24 (24)

Previous AIDS diagnosis 29 (18)
Nadir CD4 count (cells/μL) [median (IQR)] 212 (121–296)
CD4 count at liver biopsy (cells/μL) [median (IQR)] 515 (379–741)
HIV RNA < 200 copies/ml at liver biopsy (n = 154) 104 (68)
Antiretroviral therapy at liver biopsy 149 (92)
Protease inhibitor-based regimen (n = 149) 85 (57)
NNRTI-based regimen (n = 149) 57 (38)
HCV RNA (log10 IU/mL) [median (IQR)] 5.7 (5.3–5.9)
HCV genotype (n = 156)

HCV genotypes 1 and 4 126 (81)
HCV genotype 3 30 (19)

HCV antiviral therapy 87 (54)
Sustained virological response (n = 86) 34 (40)
Other laboratory parameters
HBV infection (HBsAg+) 4 (2)
Alkaline phosphatase (U/L) [median (IQR)] 69 (56–89)
Total bilirubin (mmol/L) [median (IQR)] 9.9 (7.1–13.5)
Alanine aminotransferase (U/L) [median (IQR)] 64 (45–96)
Aspartate aminotransferase (U/L) [median (IQR)] 48 (33–63)
Gamma-glutamyl transferase (U/L) [median (IQR)] 74 (38–142)
Total cholesterol (mmol/L) [median (IQR)] 4.4 (3.8–5.1)
Total cholesterol ≥ 5 mmol/L 51 (31)
Triglycerides (mmol/L) [median (IQR)] 1.5 (1.0–2.2)
Triglycerides ≥ 1.7 mmol/L 70 (43)
Glucose (mmol/L) [median (IQR)] 4.9 (4.6–5.3)
Liver disease evaluation
Liver fibrosis stage

F0 74 (46)
F1 45 (28)
F2 43 (26)

Necroinflammatory activity (≥ 3) 78 (48)
Steatosis (≥ 1) 27 (17)

Data are expressed as n (%) unless otherwise indicated.
HBsAg, hepatitis B virus surface antigen; HBV, hepatitis B virus; HCV,
hepatitis C virus; IQR, interquartile range; NNRTI, nonnucleoside reverse
transcriptase inhibitor.
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Treatment of chronic HCV infection with interferon

During follow-up, 87 patients (54%) received treatment for
HCV infection. The median time from biopsy to treatment
with interferon was 0.78 years (IQR 0.34–1.93 years). The
median time between the end of treatment with interferon
and measurement of liver elasticity was 6.12 years (IQR
4.01–8.29 years). The only baseline factor associated with
receiving treatment for HCV infection was fibrosis stage
(72% of F2 vs. 47% of F0−F1 patients; P = 0.007).

An SVR was recorded in 34 patients (39%). The only
factor associated with the SVR was HCV genotype (67% for
genotype 3 and 33% for genotypes 1 and 4; P = 0.023).

Progression of fibrosis

Nonprogressors accounted for 115 of the 162 patients (71%)
and progressors for 47 (29%). Baseline liver stiffness ≥ 9.5 kPa
was the criterion applied to classify 44 patients as progressors;
of these, 15 had liver fibrosis stage F0 (32%), 16 F1 (34%) and

0 20 40 60 80 100

Male patients

Percentage of patients

Female patients

PIs*

NNRTIs*

Cholesterol ≥5mmol/L

Cholesterol <5
mmol/L

% with triglycerides >1.7 mmol/L % with triglycerides <1.7 mmol/L

P=0.064

P=0.20

P=0.034

0 20 40 60 80 100

≥20 years from HCV Dx

Percentage of patients

<20 years from HCV Dx

≥38 years at time of liver biopsy

<38 years at time of liver biopsy

CD4 count ≥350 cells/mL at time

of liver biosy

CD4 count <350 cells/mL at time

of liver biopsy

HIV RNA >200 IU/mL

HIV RNA <200 IU/mL

Triglycerides >1.7 mmol/L

Triglycerides <1.7 mmol/L

% with cholesterol >5 mmol/L % with cholestrol <5 mmol/L

P=0.062

P=0.042

P=0.034

P<0.0001

P=0.017

Fig. 2 Univariate association between baseline characteristics and hypertriglyceridaemia/hypercholesterolaemia. HCV, hepatitis C virus; NNRTI,
nonnucleoside reverse transcriptase inhibitor; PI, protease inhibitor. *Only patients on antiretroviral therapy including PIs (n = 85) or NNRTIs (n = 57)
at the time of liver biopsy.
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16 F2 (34%) (P = 0.076). The remaining three patients were
classified as progressors, because they had died of liver-related
causes (F1, one patient; F2, two patients; cumulative incidence
of 1.8%). One of these patients died before TE was available at
our centre, and the remaining two presented ascitic decom-
pensation when FibroScan® was installed at our centre; there-
fore, liver elasticity could not be determined. Five patients
who achieved an SVR were considered progressors. According
to TE, 19 patients developed cirrhosis (40.4% of those with a
liver stiffness value of ≥ 9.5 kPa and 11.7% of the total study
population).

No significant differences in IQR or success rate were
detected between progressors and nonprogressors (Table 2).

Univariate regression analysis revealed a lower risk of
progression among patients aged ≤ 38 years, women, patients
with a CD4 count nadir ≥ 200 cells/mL, patients with a CD4
count ≥ 350 cells/mL at time of liver biopsy, patients not
receiving an NNRTI, patients who were hepatitis B virus
surface antigen (HBsAg) negative at liver biopsy, and those
who received HCV antiviral therapy during follow-up. Multi-
variate regression analysis adjusted for age, sex and baseline
liver fibrosis stage (F0−F1 vs. F2) showed age ≤ 38 years, no
or mild liver fibrosis (F0−F1), being HBsAg negative at liver
biopsy, and having received anti-HCV therapy during
follow-up to be the only independent factors associated with
a lower risk of progression of liver fibrosis (Table 3).

Discussion

Coinfection of an HIV-infected patient with HCV is a
common finding that has considerable clinical and epide-
miological relevance. HIV/HCV coinfection carries a
greater risk of death than HIV infection alone as a result of
increased liver-related mortality – but not AIDS-related
mortality – in coinfected patients [21]. Fibrosis stage is one
of the strongest predictors of overall and liver-related mor-
tality in HIV/HCV-coinfected patients, regardless of the
degree of immunosuppression, suppression of HIV replica-
tion, age, and exposure to effective ART [16,22]. As is the

case in the HCV-monoinfected population [7], the mortality
rate of HIV/HCV-coinfected patients increases from stage
F2 onwards [22]. In particular, the incidence of end-stage
liver disease complications and overall mortality in
patients with this stage of fibrosis are approximately
double those of patients with no or minimal fibrosis, much
lower than in patients with cirrhosis, and, surprisingly,
similar to those of stage F3 patients [22]. Few data have
been reported on the natural history of HCV infection in
coinfected patients with earlier stages of fibrosis, as most
studies on the survival of patients with a known fibrosis
stage – directly or indirectly – include mainly patients
with cirrhosis [23–25] and short follow-up periods. In this
context, we observed that almost 30% of the 162 HIV/HCV-
coinfected patients with baseline fibrosis stage F0−F2
progressed to advanced liver fibrosis, of whom 1.8% died
from complications of cirrhosis after almost 8 years of
follow-up. Our results differ from those of studies in HCV-
monoinfected patients based on serial liver biopsies, which
suggest that patients with mild hepatitis and limited fibro-
sis progress slowly or not at all over a 10- to 20-year period
[5–7]. The relevance of our results is reinforced by the fact
that we observed such a high rate of progression in patients
with most of the classic predictors of a good prognosis in
terms of survival and progression of fibrosis, namely, sup-
pression of HIV replication, favourable immune status,
exposure to ART, and absence of active consumption of
drugs and alcohol [26–28]. Moreover, these predictors were
present despite the long course of HCV infection.

With respect to coinfection, our results also differed from
those of two studies performed to evaluate the progression
of fibrosis using paired liver biopsies, which both showed
accelerated progression of initial fibrosis in 20% of
coinfected patients at 3 years of follow-up [29,30]. Differ-
ences in the proportions of heavy drinkers [29] and patients
with mild-to-moderate steatosis [30], and the inclusion of
a subset of patients with advanced immunosuppression at
the time of the first liver biopsy [30], could explain the
differences in the results between these two studies and
ours. The SLAM-C study (Sustained Long-term Antiviral
Maintenance with Pegylated Interferon in HCV/HIV
Coinfected Patients Study) [31], however, was unable to
show progression of liver fibrosis in coinfected patients
that was as rapid as in the two studies mentioned above; in
this sense, the results are more similar to ours.

We detected a lower risk of progression to end-stage
liver disease in younger patients, patients with no or mild
liver fibrosis, patients not coinfected with hepatitis B virus,
and patients who received interferon-based therapy.

Age has been associated with accelerated progression of
fibrosis [22,26–28,32], and there is strong epidemiological
evidence of the significant increase in the prevalence of

Table 2 Characteristics of transient elastometry in nonprogressors
and progressors

Nonprogressors
(n = 115)

Progressors
(n = 44)* P-value

Liver stiffness (kPa)
[median (IQR)]

5.4 (4.8–6.1) 13.8 (10.6–18.1) < 0.0001

Success rate (%) [median (IQR)] 100 (91–100) 100 (91–100) 0.79
Patients with IQR ≤ 30% of

their median LS value [% (n)]
90.4% (104) 81.8% (36) 0.17

IQR, interquartile range; LS, liver stiffness.
*Three of 47 patients were classified as progressors because they had died
from end-stage liver disease and transient elastometry was not available.
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Table 3 Univariate and multivariate Cox regression analyses of the baseline characteristics for nonprogressors (NP) and progressors (P)

NP (n = 115)
% (n)

P (n = 47)
% (n)

Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value

Age
> 38 years 64 (55) 36 (31) 1 0.21–0.71 0.02 1 0.16–0.64 0.001
≤ 38 years 79 (60) 21 (16) 0.39 0.32

Sex
Men 65 (77) 35 (41) 1 0.20–1.12 0.09 1 0.14–1.12 0.081
Women 86 (38) 14 (6) 0.47 0.39

HIV infection and HCV infection
Time between diagnosis of HIV/HCV and end of follow-up

> 20 years 65 (53) 35 (28) 1 0.38–1.25 0.22
≤ 20 years 76 (62) 24 (19) 0.69

Category of HIV transmission Injecting drug user 70 (86) 30 (37) 1 0.60–2.47 0.57
Other 74 (29) 26 (10) 1.22
Previous AIDS diagnosis

Yes 69 (29) 31 (9) 1 0.44–1.90 0.81
No 71 (95) 29 (38) 0.91

Nadir CD4 count
< 200 cells/μL 61 (42) 39 (27) 1 0.24–0.79 0.006
≥ 200 cells/μL 79 (73) 21 (20) 0.44

CD4 count at liver biopsy
< 350 cells/μL 52 (17) 48 (16) 1 0.24–0.8 0.007
≥ 350 cells/μL 76 (98) 24 (31) 0.43

HIV RNA at liver biopsy
≤ 200 copies/mL 68 (71) 32 (33) 1 0.84–3.21 0.14
> 200 copies/mL 74 (37) 26 (13) 1.65

Antiretroviral therapy at liver biopsy
Yes 70 (104) 30 (45) 1 0.46–8.13 0.36
No 85 (11) 15 (2) 1.94

PI treatment at liver biopsy
Yes 69 (59) 31 (26) 1 0.60–1.93 0.78
No 73 (56) 27 (21) 1.1

NNRTI treatment at liver biopsy
Yes 63 (36) 37 (21) 1 0.3–0.91 0.02
No 75 (79) 25 (26) 0.51

HCV genotype
1 and 4 69 (87) 31 (39) 1 0.22–1.25 0.15
2 and 3 80 (24) 20 (6) 0.53

HCV RNA (log10 IU/mL) [median (IQR)] 5.7 (5.3–5.8) 5.7 (4.8–5.9) 0.79 0.40–1.55 0.50
HCV antiviral therapy

Yes 74 (64) 26 (23) 1 0.96–3.05 0.067 1 1.14–4.15 0.017
No 68 (51) 32 (24) 1.71 2.18

Sustained virological response
Yes 85 (29) 15 (5) 1 0.55–4.13 0.42
No 68 (36) 32 (17) 1.50

Other laboratory parameters
HBV infection

Yes 50 (2) 50 (2) 1 0.06–1.1 0.063 1 0.04–0.92 0.039
No 70 (96) 30 (1) 0.25 0.20

Alkaline phosphatase
≥ 130 IU/mL 63 (5) 37 (3) 1 0.19–2.04 0.43
< 130 IU/mL 71 (110) 29 (44) 0.62

Aspartate aminotransferase
≥ 40 IU/ mL 65 (64) 35 (35) 1 0.33–1.26 0.21
< 40 IU/mL 81 (50) 19 (12) 0.65

Alanine aminotransferase
≥ 40 IU/mL 69 (89) 31 (40) 1 0.42–2.13 0.98
< 40 IU/mL 78 (25) 22 (7) 0.95

Bilirubin
≥ 19 μmol/mL 64 (9) 36 (5) 1 0.54–3.50 0.48
< 19 μmol/mL 71 (104) 29 (42) 1.38

GGT
≥ 50 IU/mL 21 (10) 78 (37) 1 0.25–1.04 0.067
< 50 IU/mL 40 (46) 60 (69) 0.51
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cirrhosis and related complications over time as a result of
the impact of aging and prolonged infection on fibrosis.
One recent study conducted in a cohort of veterans diag-
nosed with HCV infection showed a 2-fold and 19-fold
increase in the prevalence of cirrhosis and hepatocellular
carcinoma, respectively, over the past 10 years [32]. More-
over, the authors found that the increasing burden of
cirrhosis and its complications was significantly greater
than predicted by previous mathematical models [33], sug-
gesting the presence of unmeasured factors contributing
to clinical progression that could initiate or perpetuate
activation of stellate cells, the main cells involved in
fibrogenesis. In our study, this hypothesis is reinforced by
the observation of progression in five patients with initial
stages who achieved an SVR.

Our finding that faster progression indicated more severe
liver fibrosis is consistent with those of other studies showing
the importance of fibrosis as a predictor of clinical outcomes
[5–7,16,22]. It is also important to highlight that we were
unable to demonstrate the deleterious effect of immunosup-
pression or the presence of steatosis on the progression of
fibrosis. Our results are determined by the characteristics of the
study population we selected, who presented with the early
stages of fibrosis as a result of a minimal impact on inflam-
mation and fibrosis of several decades of HCV infection and
other virus- and host-associated factors that lead to liver
injury. It must be taken into account that the way in which we
evaluated alcohol consumption may have led us to underes-
timate its effect on liver fibrosis.

In line with Pineda et al. [34], we observed the benefit of
interferon-based therapy, although we were unable to show
a benefit of the HCV clearance induced by antiviral therapy
with respect to progression of mild-to-moderate fibrosis.
However, given the evidence of the unquestionable positive
impact of curing HCV reported elsewhere [22,35], we
suggest that the low number of patients who are eventually
treated and the low rate of SVR also make it difficult to
interpret this finding. Again, we cannot rule out the pos-
sibility that the benefit we observed in treated patients
is associated more with unmeasured characteristics of
the candidates selected to receive anti-HCV therapy than
with exposure to interferon. Current data on the safety
and efficacy of telaprevir and boceprevir in HIV/HCV-
coinfected individuals are limited to the results of phase II
clinical trials [12,13]. Therefore, the lack of solid scientific
evidence prevents us from making recommendations on
administration in this population. However, some consen-
sus documents already recommend use of both drugs in
HIV/HCV-coinfected patients because of the rapid course
of fibrosis, the low possibility of cure with pegylated
interferon, the greater possibility of transmission of HCV
infection by uncommon routes, and the low probability
of adverse effects different from those affecting HCV-
monoinfected patients [36]. The benefit of anti-HCV treat-
ment we observed supports the recommendation to offer
triple therapy including interferon plus ribavirin plus
telaprevir or boceprevir to HIV/HCV-coinfected patients at
early stages of fibrosis.

Table 3 (Contd.)

NP (n = 115)
% (n)

P (n = 47)
% (n)

Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value

Total cholesterol
≥ 5 mmol/L 67 (34) 33 (17) 1 0.42–1.40 0.39
< 5 mmol/L 73 (81) 27 (30) 0.76

Glucose
≥ 6.9 mmol/L 1 (1) 4 (2) 1 0.15–2.53 0.49
< 6.9 mmol/L 72 (114) 28 (45) 0.61

Triglycerides
≥ 1.7 mmol/L 63 (44) 37 (26) 1 0.37–1.20 0.18
< 1.7 mmol/L 78 (69) 22 (20) 0.67

Liver disease evaluation
Liver fibrosis stage

F2 64 (56) 36 (32) 1 0.21–0.76 0.005 1 0.28–0.86 0.017
F0−F1 80 (59) 20 (15) 0.40 0.43

Necroinflammatory activity
≥ 3 67 (73) 32 (35) 1 0.31–1.2 0.15
< 3 78 (42) 22 (12) 0.61

Steatosis
≥ 1 59 (16) 41 (11) 1 0.36–1.37 0.23
< 1 73 (99) 27 (36) 0.69

CI, confidence interval; GGT, gamma-glutamyl transferase; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, hazard ratio; IQR, interquartile range; NNRTI,
nonnucleoside reverse transcriptase inhibitor; PI, protease inhibitor.
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One limitation of our study is that we employed a single
determination of liver stiffness using TE instead of a paired
liver biopsy to follow up liver fibrosis. This approach could
have led us to misclassify some cases at the end of follow-
up. Nevertheless, given the high diagnostic accuracy of TE
for the diagnosis of advanced liver fibrosis and cirrhosis,
we believe that this probability is low, although not zero.

In summary, our study confirms rapid progression
of liver fibrosis in patients with long-term HIV/HCV
coinfection and early stages of liver fibrosis. Furthermore,
the finding of more accelerated progression in older
patients indicates that advanced liver fibrosis and cirrhosis
should be included in the list of medical conditions asso-
ciated with aging in this population. Finally, anti-HCV
therapy could modify the natural history of chronic HCV
infection in this population.
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