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HEPATITIS C VIRUS (HCV)
coinfection occurs fre-
quently in persons infected
with the human immunode-

ficiency virus (HIV) because of shared
routes of acquisition.1,2 In the setting
of effective HIV antiretroviral therapy
(ART), the presence of HCV infection
has been associated with an increased
risk of death compared with those with
HIV monoinfection. For example, in the
North American AIDS Cohort Collabo-
ration on Research and Design, HCV
coinfected persons had an 85% greater
risk of death.3 Furthermore, in other co-
hort studies, HCV-related liver dis-
ease has emerged as a leading cause of
morbidity and mortality in coinfected
persons due, in part, to more rapid pro-
gression of liver disease with concur-
rent HIV infection; however, whether
the risk of clinical outcomes differs by
the liver fibrosis stage is unknown.4-8

Little is known about the effect of an-
tiviral treatment for both HIV and HCV
on clinical outcomes. Although some
studies have suggested that ART for HIV

may slow HCV disease progression, this
effect has not been consistent across all
studies and most have been retrospec-
tive in nature.9,10 Similarly, HCV treat-
ment guidelines recommend that it be
administered to coinfected persons with
the greatest risk of liver disease pro-
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Context Human immunodeficiency virus (HIV) accelerates hepatitis C virus (HCV)
disease progression; however, the effect of liver disease stage and antiviral therapy on
the risk of clinical outcomes is incompletely understood.

Objective To determine the incidence of end-stage liver disease (ESLD), hepatocel-
lular carcinoma (HCC), or death according to baseline hepatic fibrosis and antiviral treat-
ment for HIV/HCV coinfected individuals.

Design, Setting, and Participants Prospective cohort of 638 coinfected adults
(80% black, 66% men) receiving care at the Johns Hopkins HIV clinic and receiving a
liver biopsy and who were prospectively monitored for clinical events between July
1993 and August 2011 (median follow-up, 5.82 years; interquartile range, 3.42-8.85
years). Histological specimens were scored for hepatic fibrosis stage according to the
METAVIR scoring system.

Main Outcome Measure Incidence of composite outcome of ESLD, HCC, or death.

Results Patients experienced a graded increased risk in incidence of clinical out-
comes based on baseline hepatic fibrosis stage (classification range, F0-F4): F0, 23.63
(95% CI, 16.80-33.24); F1, 36.33 (95% CI, 28.03-47.10); F2, 53.40 (95% CI, 33.65-
84.76); F3, 56.14 (95% CI, 31.09-101.38); and F4, 79.43 (95% CI, 55.86-112.95)
per 1000 person-years (P� .001). In multivariable negative binomial regression, fi-
brosis stages F2 through F4 and antiretroviral therapy were independently associated
with composite ESLD, HCC, or all-cause mortality after adjustment for demographic
characteristics, injection drug use, and CD4 cell count. Compared with F0, the inci-
dence rate ratio (RR) for F2 was 2.31 (95% CI, 1.23-4.34; P=.009); F3, 3.18 (95%
CI, 1.47-6.88; P=.003); and F4, 3.57 (95% CI, 2.06-6.19; P� .001). Human immu-
nodeficiency virus treatment was associated with fewer clinical events (incidence RR,
0.27; 95% CI, 0.19-0.38; P� .001). For the 226 patients who underwent HCV treat-
ment, the incidence of clinical events did not significantly differ between treatment
nonresponders and untreated patients (incidence RR, 1.27; 95% CI, 0.86-1.86; P=.23).
In contrast, no events were observed in the 51 patients with sustained virologic re-
sponse (n= 36) and relapse (n= 15), including 19 with significant fibrosis.

Conclusion In this cohort of patients with HIV/HCV coinfection, hepatic fibrosis stage
was independently associated with a composite outcome of ESLD, HCC, or death.
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gression as determined by histological
liver disease staging.11,12 Nevertheless,
based on data suggesting rapid progres-
sion of HCV disease in patients in-
fected with HIV, there is uncertainty
about the relationship of histological
disease stage and subsequent clinical
events; furthermore, the effect of treat-
ment for HCV, HIV, or both on the risk
of these outcomes is incompletely de-
fined.13

Accordingly, the objective of this
study was to determine the incidence
rates of end-stage liver disease (ESLD),
hepatocellular carcinoma (HCC), or
death (all-cause and liver-related mor-
tality) among carefully characterized
HIV/HCV coinfected adults according
to their baseline histological disease
stage and their exposure to effective
treatment for HIV and HCV infec-
tions.

METHODS
Study Population

The study population consisted of 638
adults coinfected with HIV/HCV who
received medical care at the Johns Hop-
kins University HIV and HIV/HCV
Coinfection Clinics and who had a liver
biopsy between July 1993 and August
2011. Liver biopsy is the standard of
care in the clinic and was routinely of-
fered to patients with chronic HCV and
no evidence of ESLD. The patients in
this biopsy cohort were representative
of the overall clinic population with re-
spect to age, race, injection drug use,
and alcohol use.

Patients were prospectively fol-
lowed up before and after liver biopsy
with clinical and laboratory evalua-
tions at approximately 3-month inter-
vals in accordance with the protocol for
routine medical care. Data on patient
demographics, health-related behav-
iors (eg, drug and alcohol use), clini-
cal diagnosis, prescribed medications,
and laboratory tests were abstracted
from medical records from the time of
enrollment. Alcohol abuse (past or ac-
tive) was defined by clinician diagno-
sis. Information on self-reported race
is routinely collected by the institu-
tion at the time of registration. Data on

the treatment of HIV and HCV infec-
tions were captured, including types of
medications, duration of exposure, and
treatment outcomes. Antiretroviral
therapy was defined as regimens that
included multiple agents with at least
1 HIV-1 protease inhibitor, nonnucleo-
side reverse transcriptase inhibitor, or
integrase inhibitor. Treatment for HCV
infection included interferon alfa or pe-
gylated interferon with ribavirin. Labo-
ratory assessments, conducted by li-
censed clinical laboratories, included
complete blood cell count, serum chem-
istry panel, aspartate aminotransfer-
ase and alanine aminotransferase lev-
els, CD4 cell count, HCV serology, HCV
genotype, and plasma HIV-1 RNA and
HCV RNA levels (the latter assessed by
reverse-transcriptase polymerase chain
reaction).

Liver Histology

Transcutaneous liver biopsy was per-
formed using an 18-gauge needle. Liver
tissue was fixed in 10% formalin, and
paraffin-embedded sections were
stained with hematoxylin and eosin and
trichrome. Specimens deemed to be ad-
equate based on specimen size and
number of portal tracts were evalu-
ated by a single pathologist (M.S.T.).
The median length of biopsy speci-
mens was 12.0 mm (interquartile range
[IQR], 10.0-14.0 mm); 66% of 638
specimens included 10 or more portal
tracts. Biopsies were scored for activ-
ity grade and fibrosis stage according
to the METAVIR system, which clas-
sifies fibrosis according to a 5-point
scale: F0, no fibrosis; F1, portal fibro-
sis without septa; F2, portal fibrosis
with few septa; F3, numerous septa
without cirrhosis; F4, cirrhosis.14,15

Clinical Outcomes

Liver-related and other clinical events
were ascertained from medical rec-
ords by trained clinicians using stan-
dardized forms to capture the date and
characteristics of the event. End-stage
liver disease was defined as evidence of
hepatic decompensation (eg, variceal
hemorrhage, hepatic encephalopathy,
and ascites). The HCC diagnosis was

based on radiologic characterization, se-
rum �-fetoprotein level, pathological
evaluation, or both. Death informa-
tion was obtained using a combina-
tion of medical records and the Na-
tional Death Index (NDI). All deaths
were reviewed by a 3-physician mem-
ber liver outcomes committee; mem-
bers were blinded to the patient’s liver
disease stage and treatment status.
Cause of death was classified as defi-
nitely liver related, probably liver re-
lated, possibly liver related, probably
not liver related, or unknown. Deaths
ascertained from NDI data included pri-
mary and underlying causes; deaths for
which liver disease was mentioned as
either a primary or underlying cause
were considered to be liver related.

Statistical Methods

Descriptive statistics were used to char-
acterize the population. Two main com-
posite outcomes were analyzed: (1) Any
clinical outcome defined as ESLD, HCC,
or death (all-cause); and (2) liver-
related clinical outcomes defined as
ESLD, HCC, or liver-related death (clas-
sified as liver related by the NDI or defi-
nitely or probably liver related by the
liver outcomes committee). Survival
analysis was conducted to ascertain the
association between baseline fibrosis
stage and antiviral therapy with the 2
outcomes. The time origin of the analy-
sis was the date of the liver biopsy. In-
dividuals were censored if they had the
outcome of interest, 1 year after their
last clinic visit or August 1, 2011,
whichever came first. If an individual
experienced multiple events (eg, HCC
and death), the date of the first event
was used in the analysis. Kaplan-
Meier survival curves were con-
structed and compared across covari-
ates of interest using the log-rank test.

Incidence rates per 1000 person-
years for each composite outcome were
calculated by fibrosis stage and other
covariates of interest. To estimate the
crude and independent associations be-
tween fibrosis stage and antiviral
therapy and the 2 outcomes of inter-
est, we used univariate and multivari-
able negative binomial regression to es-
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timate incidence rate ratios (RRs).
Negative binomial regression was used
instead of Poisson regression because
of overdispersion of the variance rela-
tive to the mean. The primary analy-
sis, which was designated a priori, was
to compare the incidence of any clini-
cal outcome and of any liver-related
outcome among individuals with stages
F1, F2, F3, and F4 to a reference group
of F0. A test for trend was calculated
by including fibrosis stage in the nega-
tive binomial regression model as an or-
dinal variable. The P value from this or-
dinal variable was considered as a test
for trend. Multivariate models in-
cluded both time-fixed (ie, race, sex, age
at biopsy, history of injection drug use)
and time-varying (ie, CD4 cell count,
percentage of HIV-1 RNA measures
�400 copies/mL, current exposure to
ART) covariates. Variables were in-
cluded in multivariable models if they
were significantly associated with the
outcome of interest at the level P� .10
or if they were deemed a priori to be
biologically important (eg, age, sex, and
race). Due to collinearity, HIV-1 RNA
suppression and current ART expo-
sure were not included in the same mul-
tivariable model; current ART was re-
tained in the final model over viral
suppression because it demonstrated a
stronger statistical association with the
outcomes. In the final multivariable
model, covariates with P� .05 were
considered statistically significant.

Because this was a clinical cohort,
time-varying covariates were updated
for the regression models every time an
individual had a visit to the clinic and
a CD4 cell count was available. The 29
individuals with missing CD4 cell
count, HIV-1 RNA measures, or both
at the time of biopsy entered the analy-
sis and accumulated person-time from
the date of the first available CD4 cell
count rather than the date of the first
biopsy (median, 2.78 years after bi-
opsy). Additionally, 25% of 12 300 vis-
its with a CD4 cell count available were
missing corresponding HIV-1 RNA
measurements. For visits in which
HIV-1 RNA measures were missing, the
value from the previous visit was car-

ried forward. The data set including all
time-fixed and time-varying covari-
ates was used for all crude and multi-
variable models.

Hepatitis C virus treatment out-
comes were defined as nonresponse, re-
lapse, or sustained virologic response
(SVR) according to standard defini-
tions.11,12 Individuals could have mul-
tiple courses of treatment and could con-
tribute to multiple groups depending on
the outcome of each individual course
of treatment. The effect of treatment was
evaluated using a time-varying covari-
ate and was characterized by compar-
ing incidence rates according to treat-
ment and outcome (no HCV treatment,
virologicnonresponse, relapse, andSVR).
Hepatitis C virus treatment was not in-
cluded in multivariable models because
no outcomes were observed in patients
with SVR and relapse. For this analysis,
fibrosis stages F0 and F1 were com-
bined as were F2, F3, and F4 due to small
cell sizes after stratification by biopsy
stage, HCV treatment, and HCV treat-
ment outcome. The groupings of F0 and
F1, and F2, F3, and F4 were designated
a priori based on biological plausibility.

Three sensitivity analyses were per-
formed. The first considered the defi-
nition of liver-related death; 2 differ-
ent scenarios were considered: (1) only
liver-related deaths confirmed by NDI
were considered as liver-related deaths;
and (2) excluding NDI liver-related
deaths classified by the liver outcomes
committee as possible or probably not
related (eTable 1 available at http://www
.jama.com). The results were not sig-
nificantly different. The second sensi-
tivity analysis considered the missing
HIV-1 RNA measures in 2 ways: (1)
multiple imputation of missing data;
and (2) listwise deletion, which in-
cluded only visits at which both CD4
cell count and HIV-1 RNA measure-
ments were available; this involved
9209 visits (from 12 300) and 632 in-
dividuals (6 did not have any concur-
rent CD4 cell count and HIV-1 RNA
measurements during follow-up; eTable
2). The results were not significantly
different. The final sensitivity analysis
used Cox proportional hazards mod-

els, including both time-fixed and time-
varying covariates, to repeat all prior
analyses (eTable 3). The assumption of
proportionality was tested graphically
by comparing the cumulative hazard
function across different exposure cat-
egories for all variables included in the
model. The assumption was met for all
variables. The results were also un-
changed. All statistical analyses were
performed using Stata version 9 (Stata-
Corp LP) and SAS for Windows ver-
sion 9.2 (SAS Institute Inc).

All procedures and protocols for this
study were reviewed and approved by
the Johns Hopkins Institutional Re-
view Board. Written informed con-
sent was obtained from all patients.

RESULTS
Study Population

Demographic and clinical characteris-
tics of the study population at the time
of initial fibrosis staging are shown in
TABLE 1. The median age was 45.6
years (IQR, 40.8-49.6 years). Of the
638 patients, 80% were black; 66%,
men; 76%, past or active injection
drug users; and 47%, alcohol abusers.
At the time of initial biopsy, most
patients (69%) were taking ART. The
median cumulative exposure to ART
prior to biopsy was 1.66 years (IQR,
0-4.21 years). The median CD4 cell
count was 381 cells/µL (IQR, 238-550
cells/µL); 18% of individuals had a
CD4 cell count of less than 200 cells/
µL. The HIV-RNA level was undetect-
able (�400 copies/mL) in 56% of
patients and greater than 10 000
copies/mL in 27%. The baseline
median aspartate aminotransferase
and alanine aminotransferase levels
were 50 U/L (IQR, 35-79 U/L) and 48
U/L (IQR, 31-82 U/L). On initial stag-
ing , 467 pat ients (73%) had a
METAVIR fibrosis stage consistent
with no fibrosis (F0, n=208) or mini-
mal portal fibrosis (F1, n=259). Sixty
patients with portal fibrosis with few
septa were staged at F3 and 41
patients with portal fibrosis with many
septa were staged at F3. The remain-
ing 70 patients with cirrhosis were
staged at F4.
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Incidence Rates of ESLD, HCC,
and Death
The median follow-up time after bi-
opsy was 5.82 years (IQR, 3.42-8.85
years). Overall, 150 clinical events
(HCC, 5 cases; ESLD, 14 cases; all-
cause death, 131) were observed dur-
ing 3888.3 person-years (incidence rate
per 1000 person-years, 38.58; 95% CI,
32.87-45.27). The incidence rates
among patients with METAVIR stage
F0 was 23.63 (95% CI, 16.80-33.24)
and for stage F1 was 36.33 (95% CI,
28.03-47.10) per 1000 person-years
(TABLE 2). The incidence rates for pa-
tients with fibrosis stages F0 and F1
were not significantly different (P=.07).
Compared with patients with stage F0,
those with F2 or greater had signifi-
cantly higher incidence rates of clini-
cal events; for F2, the incidence rates
were 53.40 (95% CI, 33.65-84.76); F3,
56.14 (95% CI, 31.09-101.38); and F4,
79.43 (95% CI, 55.86-112.95) per 1000
person-years (P for trend �.001).
FIGURE 1A shows the Kaplan-Meier
curves for developing ESLD, HCC, or
death (all-cause) after stratification by
baseline fibrosis stage (log-rank test,
P� .001).

Of the 150 events, 51 were desig-
nated as liver-related. The relation-
ship between baseline fibrosis stage
and the composite outcome of ESLD,
HCC, or liver-related death was simi-
lar to that observed for all-cause
mortality (Figure 1B; log-rank test,
P� .001; P for trend �.001). Patients
with cirrhosis had the highest inci-
dence rate of liver events (RR, 43.56;
95% CI, 27.08-70.07) per 1000
person-years, whereas the lowest
incidence rate was observed in pa-
tients with no fibrosis (RR, 2.86; 95%
CI, 1.08-7.63) and with minimal
fibrosis (RR, 10.20; 95% CI, 6.25-
16.65) per 1000 person-years. No
patient underwent a liver transplant.

After adjustment for confounders by
multivariable negative binomial regres-
sion, liver fibrosis greater than
METAVIR stage F1 remained indepen-
dently associated with ESLD, HCC, or
all-cause mortality as well as liver-
related mortality (TABLE 3). The

adjusted incidence RRs for cirrhosis
(stage F4) were 3.57 (95% CI, 2.06-
6.19) for all cause events and 16.82
(95% CI, 5.13-55.16) for liver-related
events.CurrentARTexposurewas inde-
pendently associated with a decreased
incidence of both all-cause events (ad-
justed incidence RR, 0.27; 95% CI, 0.19-
0.38) and liver-related (adjusted inci-
dence RR, 0.34; 95% CI, 0.18-0.66)
events. In an alternative model that did
not include ART exposure, HIV-1 RNA
suppression was also independently
associated with fewer all-cause events
(0%-25% of HIV RNA measures �400
copies/mL compared with �75%:
adjusted incidence RR, 2.38; 95% CI,
1.53-3.71) and liver-specific out-

comes (adjusted incidence RR, 2.27;
95% CI, 1.08-4.80). Other character-
istics independently associated with an
increased risk of ESLD, HCC, or all-
cause death included older age (�50
years), a history of injection drug use,
and CD4 cell count lower than 200/
µL. The adjusted incidence RRs for
those older than 50 years was 1.71 (95%
CI, 1.13-2.60) and for those with a his-
tory of injection drug use was 2.41 (95%
CI, 1.41-4.12). Compared with a CD4
cell count of less than 200/µL, the
adjusted incidence RRs for CD4 cell
count from 200/µL to 350/µL was 0.27
(95% CI, 0.16-0.44) and for a CD4 cell
count higher than 350/µL, 0.21 (95%
CI, 0.14-0.31). Only older age (�50

Table 1. Characteristics of the Study Population at Baseline Liver Biopsy of Patients
Coinfected With Human Immunodeficiency Virus and Hepatitis C Virus

Characteristics
No. (%) of Patients

(n = 638)a

Age, median (IQR), y 45.6 (40.8-49.6)

Men 424 (66)

Black 512 (80)

History of alcohol abuse 300 (47)

History of injection drug use, n = 637 483 (76)

BMI, median (IQR), n = 461 25.3 (22.6-29.0)

Combination antiretroviral therapy 440 (69)

CD4 cell count/µL, n = 615
�200 111 (18)

200-349 152 (25)

350-499 148 (24)

�500 202 (33)

HIV RNA, copies/mL, n = 601
�400 338 (56)

400-10 000 102 (17)

�10 000 161 (27)

ALT, median (IQR), U/L, n = 624 48 (31-82)

AST, median (IQR), n = 621 50 (35-79)

METAVIR hepatic fibrosis stageb

F0 208 (33)

F1 259 (40)

F2 60 (9)

F3 41 (6)

F4 70 (11)

HCV genotype, n = 586
1a 404 (69)

1b 127 (22)

Other 55 (9)

HCV viral load, median (IQR), n = 626 766 000 (500 000-2330 000)
Abbreviations: ALT, alanine aminotransferase level; AST, aspartate aminotransferase level; BMI, body mass index, cal-

culated as weight in kilograms divided by height in meters squared; HCV, hepatitis C virus; HIV human immunode-
ficiency virus; IQR, interquartile range.

aUnless otherwise specified in the Table.
bMETAVIR hepatic fibrosis stages: F0, no fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with few septa;

F3, numerous septa without cirrhosis; F4, cirrhosis.
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years) was independently associated
with an increased risk of ESLD, HCC,
or liver-related death (adjusted inci-
dence RR, 2.05; 95% CI, 1.02-4.10).

HCV Treatment and Incidence
of ESLD, HCC, and Death

Of the 638 enrolled patients, 226 (35%)
underwent HCV treatment (TABLE 4).
Treatment rates were lower among
those with no or minimal fibrosis (F0
or F1; 28.7%, 134 of 467) than among
those with advanced fibrosis (�F2;
53.8%, 92 of 171; P� .001); however,
the observed SVR rates were similar in
both patient groups (17.1%, 21 of 123
with F0 or F1 and 16.9%, 15 of 89 with
�F2; P=.45) . Similarity in rates of SVR
or relapse in patient groups is shown
in eTable 4 (available at http://www
.jama.com). As shown in Table 4, strati-
fied by severity of fibrosis, there were
no significant differences in the inci-
dence rates of ESLD, HCC, or all-
cause mortality between HCV treat-
ment nonresponders (defined as lack
of HCV RNA suppression below the
limit of detection during therapy) and
untreated patients. For the 226 pa-
tients who underwent HCV treat-
ment, the incidence of clinical events
did not significantly differ between

treatment nonresponders and un-
treated patients (incidence RR, 1.27;
95% CI, 0.86-1.86; P= .23). In con-
trast, no clinical events were observed
in the 36 patients who experienced SVR
or in the 15 patients who had HCV vi-
rologic response followed by virologic
relapse while receiving HCV treat-
ment, including 19 patients with sig-
nificant fibrosis. FIGURE 2 shows the
Kaplan-Meier curves for developing
ESLD, HCC, or all-cause mortality
after stratification by receipt of HCV
treatment and, among those treated,
virologic response pattern observed
(log-rank test, P=.005).

COMMENT
In the era of effective ART, patients
coinfected with HIV/HCV are at in-
creased risk of morbidity and mortal-
ity compared with patients with HIV in-
fection alone.3 The underlying basis for
this observation has been incom-
pletely understood. In this context, we
observed a graded risk in the increase
in association between baseline liver fi-
brosis stage and incidence of clinical
events in 638 coinfected adults who
were followed up prospectively. The dif-
ference in incidence rates for patients
with cirrhosis and no fibrosis was

greater than 50 events per 1000 person-
years. Importantly, we found that HIV
treatment with ART, higher CD4 cell
count, and effective HCV treatment
were associated with significantly lower
risk of clinical outcomes including
those related to liver disease in some
cases. As such, our findings have po-
tential implications with respect to liver
disease staging and initiation of anti-
viral therapy for coinfected persons.

Although patients coinfected with
HIV/HCV are at greater risk for death
than those with HIV alone, the contri-
butions of HCV-related liver disease and
other factors closely associated with
HCV infection, namely injection drug
use, have been difficult to delineate, of-
ten because of incomplete assessment
of liver disease stage.1,3,16 Our data dem-
onstrating that hepatic fibrosis stage is
independently associated with liver-
related events or death suggest that the
degree of liver disease itself contrib-
utes to the excess morbidity and mor-
tality observed in coinfected patients.
Furthermore, these findings are con-
sistent with the current clinical prac-
tice of using fibrosis staging of pa-
tients coinfected with HIV/HCV for
prognostication and guiding HCV treat-
ment decisions.11,12,17 Although screen-
ing for infection with HCV antibody
testing is frequently performed in pa-
tients infected with HIV, fibrosis stag-
ing with liver biopsy has been limited
in many clinical care settings due to the
lack of availability, the risk of compli-
cations (including pain, bleeding, and
death), and the relatively high cost of
the procedure.1,18 Alternatives for fi-
brosis staging such as noninvasive se-
rum markers, liver stiffness measure-
ment by elastography, or both warrant
further investigation in this patient
population.19-25 However, the prospec-
tive utility of these methodologies to
monitor HCV disease has not been es-
tablished.

Based largely on expert opinion,
guidelines for the management of HCV
for patients infected with HIV recom-
mend HCV disease staging with liver
biopsy and the provision of HCV treat-
ment to patients found to be at the

Table 2. Incidence Rates by METAVIR Stage

METAVIR Fibrosis Stagea
No. of

Events Person-Yearsb
Incidence Rate per 1000
Person-Years (95% CI)c

All outcomes: ESLD, HCC,
or death

F0 33 1396.3 23.63 (16.80-33.24)

F1 57 1568.8 36.33 (28.03-47.10)

F2 18 337.1 53.40 (33.65-84.76)

F3 11 195.9 56.14 (31.09-101.38)

F4 31 390.3 79.43 (55.86-112.95)

Total 150 3888.3 38.58 (32.87-45.27)

Liver-related outcomes: ESLD,
HCC, or liver-related death

F0 4 1396.3 2.86 (1.08-7.63)

F1 16 1568.8 10.20 (6.25-16.65)

F2 9 337.1 26.70 (13.89-51.32)

F3 5 195.9 25.52 (10.62-61.31)

F4 17 390.3 43.56 (27.08-70.07)

Total 51 3888.3 13.12 (9.97-17.26)
Abbreviations: ESLD, end-stage liver disease; HCC, hepatocellular carcinoma.
aMETAVIR fibrosis stages: F0, no fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with few septa; F3, numerous

septa without cirrhosis; F4, cirrhosis.
bPerson-years were calculated from the time of biopsy to the time of event or last follow-up.
cTests for trend were significant for all-cause outcomes (P� .001) and liver-related outcomes (P� .001).
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greatest risk of clinical outcomes.11,12,17

Our finding that patients with no fi-
brosis had a relatively low incidence of
liver-related events over approxi-
mately 6 years provides support for the
expert recommendation for the defer-
ral in such persons of current HCV
therapies, which are associated with
adverse effects, potential drug-drug in-
teractions with ART, and reduced re-
sponse rates in the coinfected popula-
tion. On the other hand, our data
demonstrating increased risk of liver-
related events in patients with more ad-
vanced hepatic fibrosis suggest that
avoiding HCV treatment may be asso-
ciated with greater medical risk. Al-
though our findings are informative,
prospective confirmation of this ob-
served graded risk relationship of fi-
brosis and incident clinical events is
needed in other clinical settings.

Interest ingly , in our cohort ,
patients who underwent HCV treat-
ment and achieved transient (viral
response followed by relapse) or sus-
tained (SVR) suppression of HCV
RNA did not experience any serious
clinical outcomes during the observa-
tion period, including 19 patients
with bridging fibrosis or cirrhosis.
Although this observation might
reflect selection bias in the types of

treated and untreated patients, the
incidence of clinical outcomes for
untreated patients in our cohort was
similar to that for treated patients
with HCV virologic non-response.
Furthermore, our findings are consis-
tent with the observation in the Hepa-
titis C Antiviral Long-term Treatment
Against Cirrhosis (HALT-C) study
that ESLD, HCC, and death were less
common in HCV monoinfected
patients who achieved SVR or had
relapse following HCV treatment.26

The relationship of effective HCV
treatment and clinical outcomes in our
cohort is encouraging; however, the
overall effect of interferon alfa– and
ribavirin-based HCV treatment on clini-
cal outcomes was limited due to rela-
tively low therapy uptake and infre-
quent viral response. For example,
despite the presence of an on-site, dedi-
cated HIV/HCV coinfection clinic, HCV
treatment was administered to only
about half of the patients with signifi-
cant fibrosis established by liver bi-
opsy. Although the reasons for the lack
of HCV treatment were not measured
in this study, low uptake of treatment
has been previously associated in this
population with comorbid condi-
tions, uncontrolled HIV disease, and ac-
tive substance abuse.27,28

Although efforts are needed to
increase treatment uptake, the second
limitation of HCV treatment with inter-
feron alfa plus ribavirin in our cohort
was low efficacy; more than 80% of 212
treated patients did not achieve HCV
RNA suppression. The low SVR rates
observed may reflect a largely African
American, HCV genotype 1−infected
patient population in our clinic; how-
ever, the SVR rate achieved was simi-
lar to that observed in clinical trials,
including themulticenter,NorthAmeri-
can study of pegylated interferon plus
ribavirin, the PARADIGM study.29 This
consistency across clinical trial and
practice settings suggests that low SVR
rates observed in HIV-infected patients
may reflect intrinsic limitations of the
treatment regimen. Hepatitis C virus
N3/4A protease inhibitors used in com-
bination with pegylated interferon plus
ribavirin may offer higher SVR rates;
however, the safety, tolerability, and
efficacy have not been established in
patients coinfected with HIV/HCV and
such regimens have the potential for
significant drug-drug interactions with
ART.30,31 Thus, our data underscore the
need for accelerated research to test
novel combinations of direct-acting
antivirals for HCV in coinfected
patients.32

Figure 1. Cumulative Survival Free of End-Stage Liver Disease, Hepatocellular Carcinoma, or Death From Baseline
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We also observed that effective
treatment of HIV infection was inde-
pendently associated with a decreased
risk of liver-related outcomes. After
adjusting for potential confounders,
coinfected patients receiving ART
were approximately 66% less likely to
experience ESLD, HCC, or liver-
related death. Until recently, the deci-
sion to initiate ART has been based
largely on the level of immunosup-
pression (ie, CD4 cell counts) or the
development of AIDS-defining ill-
nesses and the potential effect of ear-
lier initiation of ART on HCV-related

liver disease has been less clear.
Largely based on retrospective and
cross-sectional studies demonstrating
the decreased likelihood of liver dis-
ease in coinfected patients taking
ART, some expert guidelines recom-
mend the initiation of ART in HIV/
HCV coinfected patients independent
of CD4 cell count.12 Although our
prospective data are not sufficient to
answer the question of early initiation
of ART (CD4 cell count �500 cells/
µL), the observation that ART was
independently associated with a lower
risk of liver-related outcomes pro-

vides supportive evidence for the pro-
vision of ART to all coinfected
patients who are willing and able to
commit to therapy, as recently recom-
mended by the Department of Health
and Human Services Panel on Antiret-
roviral Guidelines for Adults and
Adolescents.33 However, an important
exception to this recommendation
may be coinfected patients with high
CD4 cell counts who are considering
HCV treatment because the potential
for drug interactions between medica-
tions used to treat both infections
may be complex.33 As such, some cli-

Table 3. Crude and Adjusted Incidence Rate Ratiosa

No. of
Eventsb

Person-
Yearsb

ESLD, HCC, or All-Cause Mortality,
Incidence RR (95% CI)

No. of
Eventsb

Person-
Yearsb

ESLD, HCC, or Liver-Related
Mortality, Incidence RR (95% CI)

Crude Adjustedc Crude Adjustedc

METAVIR fibrosis staged

F0 33 1363 1 [Reference] 1 [Reference] 4 1363 1 [Reference] 1 [Reference]

F1 57 1511 1.53 (0.97-2.41) 1.59 (0.99-2.55) 16 1511 3.86 (1.21-12.24) 3.53 (1.08-11.48)

F2 18 330 2.25 (1.22-4.16) 2.31 (1.23-4.34) 9 330 9.60 (2.72-33.90) 9.34 (2.60-33.58)

F3 11 194 2.50 (1.21-5.19) 3.18 (1.47-6.88) 5 194 10.03 (2.46-40.84) 11.15 (2.63-47.35)

F4 31 388 3.19 (1.88-5.40) 3.57 (2.06-6.19) 17 388 16.02 (5.01-51.25) 16.82 (5.13-55.16)

Race
Black 124 3098 1 [Reference] 1 [Reference] 39 3098 1 [Reference] 1 [Reference]

White 26 687 1.01 (0.64-1.58) 1.01 (0.62-1.65) 12 687 1.51 (0.74-3.06) 1.38 (0.62-3.06)

Sex
Men 100 2531 1 [Reference] 1 [Reference] 34 2531 1 [Reference] 1 [Reference]

Women 50 1254 0.99 (0.69-1.43) 0.86 (0.59-1.27) 17 1254 1.00 (0.53-1.87) 0.75 (0.38-1.46)

Age, y
�50 112 3064 1 [Reference] 1 [Reference] 35 3064 1 [Reference] 1 [Reference]

�50 38 721 1.46 (0.98-2.17) 1.71 (1.13-2.60) 16 721 1.95 (1.02-3.75) 2.05 (1.02-4.10)

Injection drug use
No 18 956 1 [Reference] 1 [Reference] 10 956 1 [Reference] 1 [Reference]

Yes 131 2829 2.54 (1.52-4.24) 2.41 (1.41-4.12) 40 2829 1.46 (0.69-3.07) 1.66 (0.76-3.63)

CD4 cell count/µLe

�200 67 594 1 [Reference] 1 [Reference] 14 594 1 [Reference] 1 [Reference]

200-350 28 824 0.29 (0.18-0.46) 0.27 (0.16-0.44) 11 824 0.57 (0.24-1.35) 0.54 (0.22-1.31)

�350 55 2364 0.22 (0.15-0.32) 0.21 (0.14-0.31) 26 2364 0.53 (0.26-1.08) 0.52 (0.25-1.09)

HIV-1 RNA measures
�400 copies/mL, %e,f

�75 45 1891 1 [Reference] 20 1891 1 [Reference]

26-75 43 981 1.87 (1.20-2.90) 12 981 1.16 (0.54-2.48)

0-25 62 908 3.00 (1.98-4.54) 19 908 2.13 (1.07-4.25)

ART exposuree

No 74 929 1 [Reference] 1 [Reference] 22 929 1 [Reference] 1 [Reference]

Yes 76 2856 0.27 (0.19-0.39) 0.27 (0.19-0.38) 29 2856 0.36 (0.19-0.66) 0.34 (0.18-0.66)
Abbreviations: ART, antiretroviral therapy; ESLD, end-stage liver disease; HCC, hepatocellular carcinoma; RR, rate ratio.
a Incidence RRs were estimated using negative binomial regression.
bEvents, person-years, and incidence rate ratios were calculated from the data set including time-varying covariates. Twenty-nine persons who had missing CD4 cell count, HIV-1 RNA

measurements, or both at the time of biopsy entered the analysis and accumulated person-time from the date of the first available CD4 cell count rather than the date of the first biopsy
(median, 2.78 years after biopsy).

cAdjusted for age, sex, race, injection drug use, time-varying CD4 cell count, and current ART exposure.
dMETAVIR fibrosis stages: F0, no fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with few septa; F3, numerous septa without cirrhosis; F4, cirrhosis.
eTime-varying measures.
fBecause of collinearity, HIV RNA suppression and receipt of ART were not included in the same multivariable model; current ART was retained in the final model over viral suppression

because it demonstrated a stronger statistical association with the outcomes.
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nicians and patients may choose to
delay the initiation of ART until HCV
treatment has been completed.33

This study had several limitations.
First, the decisions to initiate or with-
hold HIV or HCV treatment were
made by clinicians according to stan-
dard medical practice; the lack of ran-
domization to these interventions
introduces the potential for selection
bias. For example, treatment may be
greater in persons who are more
focused on their health and less likely
to engage in harmful behaviors. Inter-
estingly, the incidence of clinical out-
comes was similar in coinfected
patients who received HCV treatment
but did not respond and those who
were not treated, suggesting that bias
is unlikely to explain the observed
treatment effect. Second, other factors
that may affect liver disease, such as
alcohol, may be incompletely mea-
sured. In our study, alcohol use was
ascertained from clinical records,
which may underestimate this expo-
sure. Although questionnaires to esti-
mate alcohol exposure exist, we have
previously found these measures to
not correlate well with liver disease in
our population, underscoring the diffi-
culty in quantifying alcohol expo-
sure.34,35 Third, we were unable to
adjudicate the cause of death in all
patients despite extensive efforts. Indi-
viduals with an unknown cause of
death were excluded from analyses
involving liver-related mortality; addi-
tional sensitivity analyses suggest that
these missing data do not substantially
affect our findings. Fourth, although
our findings are likely generalizable to
similar patient populations, replication
in other clinical settings is needed
before drawing definitive conclusions.
Finally, the limited length of follow-
up, number of person-years, and num-
ber of events reflected in wide confi-
dence intervals for some results may
represent potential limitations.

Among persons coinfected with
HIV/HCV, baseline hepatic fibrosis
stage was independently associated
with the risk of liver-related complica-
tions and death, demonstrating a

graded risk relationship with the low-
est incidence observed among patients
with no fibrosis. Independent of liver
disease stage, effective antiviral
therapy for both HIV and HCV infec-
tions was associated with a decreased
risk of liver-related events and death.
These data support recent guidelines

that recommend HIV treatment for
most coinfected persons who are will-
ing and able to adhere to therapy,
including those with high CD4 cell
counts.33 Furthermore, although SVR
rates were modest, HCV treatment
may benefit patients coinfected with
HIV/HCV, particularly those with sig-

Table 4. Incidence Rates of End-Stage Liver Disease, Hepatocellular Carcinoma, and
All-Cause Mortality by METAVIR Stage and Outcome of Hepatitis C Virus (HCV) Treatmenta

METAVIR Fibrosis Stageb

HCV Treatment

No
(n = 412)

Yes
(n = 226)c

Nonresponse
(n = 161)

Relapse
(n = 15)

Sustained
Virologic

Response
(n = 36)

F0-F1, n = 467
No. 333 91 11 21

Events 69 20 0 0

Person-years 2242.3 503.3 54.2 91.6

Incidence rate (95% CI)d 30.77 (24.31-38.96) 39.74 (25.64-61.60) 0.0 0.0

F2-F4, n = 171
No. 79 70 4 15

Events 36 23 0 0

Person-years 469.5 339.2 32.5 73.7

Incidence rate (95% CI)d 76.67 (55.31-106.29) 67.80 (45.05-102.03) 0.0 0.0
aFor this analysis, fibrosis stages F0 and F1 were combined as were F2, F3, and F4 due to small cell sizes after stratifica-

tion by biopsy stage, HCV treatment, and HCV treatment outcome. The groupings of F0 and F1, and F2, F3, and F4
were designated a priori based on biological plausibility.

bMETAVIR fibrosis stages: F0, no fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with few septa; F3, numerous
septa without cirrhosis; F4, cirrhosis.

cSample sizes shown for response are defined at last HCV treatment; 14 people were still taking treatment at the end of
follow-up or the outcome of their last treatment was unknown.

d Incidence rate is reported per 1000 person-years.

Figure 2. Cumulative Survival Free of End-Stage Liver Disease, Hepatocellular Carcinoma, or
Death According to Response to Hepatitis C Virus (HCV) Treatment From Baseline
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nificant hepatic fibrosis. Nevertheless,
these data highlight the need for more
effective HCV treatment regimens for
this population; clinical trials of novel
combinations of direct-acting antivi-
rals for HCV should be performed as
soon as possible.
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