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Background. Our objective was to study the prognostic value of liver stiffness (LS) in HIV-infected patients with chronic hepatitis
C (CHO).

Methods. We analyzed HIV-infected patients with compensated CHC and at least 1 determination of LS. The primary outcome
was the occurrence of liver-related events (LRE), namely, decompensation or hepatocellular carcinoma, whichever occurred first. We
selected patients without sustained viral response (SVR) or end-of-treatment response (ETR) during follow-up and allocated them
to an estimation cohort (EC) and a validation cohort (VC).

Results. The study population comprised 1292 patients. After a median follow-up of 5.8 years, 90 patients experienced LRE and
73 died. In the subgroup of 957 patients without SVR or ETR, the area under the receiver operating characteristic curves (AUROC:)
(95% confidence interval [CI]) of LS for prediction of LRE in the EC (n = 634) and the VC (n = 323) were 0.87 and 0.88, respectively.
The best cutoff value of LS to rule out LRE in the EC was 12 kPa, with a negative predictive value of 98.3% in the EC and 98.2% in
the VC. Per each 1 kPa and 5 kPa increase above 12 kPa, the hazard ratio of LRE (taking into account death as a competing risk) was
1.07 (95% CI, 1.05-1.08) and 1.38 (95% CI, 1.31-1.46), respectively.

Conclusions. Liver stiffness is very accurate for predicting LRE in coinfected patients. Patients with an LS <12 kPa had a 98%
probability of not developing LRE after a median follow-up of almost 6 years. Above the 12-kPa cutoff, the hazard of LRE increases

proportionally with LS.
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Staging of liver fibrosis is an essential element of the care of
patients with hepatitis C virus (HCV) infection, because it pro-
vides useful prognostic data and facilitates treatment decisions
[1]. For many years, liver biopsy has been the staging method of
choice; however, its invasive nature and the limitations derived
from sampling error and observer variation have led to its
replacement by noninvasive methods including serum markers
and transient elastography (TE) [2].

Transient elastography, a technique based on the observa-
tion that liver elasticity is highly correlated with the stage of
liver fibrosis in patients with chronic hepatitis C [3], is very
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accurate for identifying patients with mild or absent fibro-
sis and those with advanced fibrosis or cirrhosis [4]. Liver
stiffness values of between 2.5 and 7 kPa indicate mild or
absent fibrosis, and those above 12.5 kPa indicate cirrhosis
[4]. However, results should always be interpreted accord-
ing to the clinical context; for example, higher liver stiffness
cutoffs for cirrhosis have been proposed for patients with
alcoholic liver disease, in whom coexisting steatohepatitis
markedly increases liver stiffness independently of fibrosis
stage [5, 6].

Transient elastography is also a method that is potentially
useful for estimating portal pressure [7-14], detecting the pres-
ence of esophageal varices [11, 12, 15-24], and predicting clini-
cal endpoints. The prognostic capacity of TE has been evaluated
in patients with chronic liver diseases of varying etiologies [9,
25-27], in compensated HCV-related liver cirrhosis with or
without human immunodeficiency virus (HIV)-coinfection
[28-31], and in liver transplantation [32]. All of these studies
reported a good ability of TE for the identification of clinical
outcomes including liver-related events (LRE) [9, 26, 27, 29-31],
death [26, 30, 33], hepatocellular carcinoma [28], and composite
endpoints [25]. However, no validated prediction model based
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on TE has been developed for LRE in patients with chronic hep-
atitis C with or without cirrhosis, and very little is known about
TE cutoffs for stratification of the risk of LRE.

We designed this study to assess the prognostic ability of TE
in patients coinfected with HIV and HCV. In particular, we
aimed to define clinically useful liver stiffness cutoff points for
prediction of LRE in this population.

PATIENTS AND METHODS

Design and Patient Selection

This study was designed during the first half of 2014. We
performed a multicenter retrospective study at 3 large teach-
ing hospitals in Spain in which TE was routinely introduced
for staging of liver fibrosis in coinfected patients in 2006.
Transient elastography was performed by trained opera-
tors with a FibroScan device (EchoSens, Paris, France). We
reviewed the computerized records of the FibroScan device
and identified all patients older than 18 years attended at
these institutions and who met the following criteria: (1) HIV
infection confirmed by enzyme immunoassay and Western
blotting, (2) HCV infection confirmed by detection of HCV-
ribonucleic acid (RNA) in plasma, (3) at least 1 valid TE
measurement taken when the patient had confirmed HCV
infection, and (4) compensated liver disease when the first
TE measurement was taken. We excluded patients with acute
hepatitis C, decompensated liver disease, or a prior diagno-
sis of hepatocellular carcinoma at the time of the TE study.
The diagnosis of cirrhosis was confirmed by liver biopsy or
by liver stiffness >12.5 kPa [4]. The local ethics committees
approved the analysis of anonymous routine clinical data
without written informed consent with a view to scientific
publication.

Investigations

All of the information was recorded at each institution using
an online application that satisfied local requirements of
data confidentiality. This database included all demographic,
clinical, virological, and laboratory data. We extracted the
following baseline data from the hospital records: (1) demo-
graphics; (2) HIV-related data (HIV transmission category,
Centers for Disease Control and Prevention [CDC] clinical
category, nadir CD4" T-cell count, the most recent CD4"
T-cell count, the most recent HIV-RNA load, and whether
or not patients were receiving combination antiretroviral
therapy [cART]); (3) liver disease-related data (HCV geno-
type, HCV-RNA load, hepatitis B surface antigen [HBsAg],
and anti-HCV therapy); and (4) history of substance abuse
including alcohol consumption >50 g/d, smoking, and treat-
ment with methadone. Trained operators performed all
FibroScan examinations. We considered 10 acquisitions with
a success rate 260% and an interquartile range (IQR) <30%

of the median value as representative measurements of liver

stiffness [4]. Fasting was not routinely required before the

examination.

Follow-up and Clinical Endpoints

The length of the study was calculated for each patient from the
date of the first TE study to the last follow-up visit or death. The
censoring date was December 31, 2014.

In patients who received anti-HCV therapy during fol-
low-up, treatment response was classified into 3 categories:
(1) sustained viral response, defined as an undetectable serum
HCV-RNA level 24 weeks after discontinuation of therapy; (2)
viral relapse, defined as an undetectable serum HCV-RNA level
at the end of programmed therapy, with subsequent relapse; and
(3) no response, when patients did not fulfill the criteria for sus-
tained viral response or viral relapse.

We also assessed the response to cART during follow-up as
follows: (1) virological failure, defined as the presence of HIV
RNA >200 copies/mL on 2 consecutive occasions in patients
taking cART; (2) discontinuation of cART, when cART was sus-
pended for any reason for more than 4 weeks during follow-up;
(3) suboptimal immune response, defined as the presence of a
CD4" T-cell count <350 cells/mm” in 2 consecutive measure-
ments, outside periods of interferon-based anti-HCV therapy;
(4) immunosuppression, defined as a CD4" T-cell count <200
cells/mm’ on 2 consecutive measurements outside periods of
interferon-based anti-HCV therapy.

We assessed the following outcome events: (1) LRE, includ-
ing liver decompensation (ascites, hepatic encephalopathy,
variceal bleeding, and nonobstructive jaundice) and hepato-
cellular carcinoma; (2) progression of HIV infection, defined
as the occurrence of any new acquired immune deficiency syn-
drome (AIDS)-defining conditions during follow-up according
to CDC criteria [34]; (3) mortality, classified as liver-related
death (when the train of events that ended in death was caused
by liver decompensation or hepatocellular carcinoma), AIDS-
related death (when death was directly related to an AIDS-
defining condition), and nonliver-related non-AIDS-related
deaths.

Statistics

The primary endpoint was the occurrence of LRE; for patients
who had more than 1 LRE, only the first was included in the
analysis. We also assessed death and the composite variable of
death or LRE, whichever occurred first. According to our defi-
nition, all patients with liver-related deaths were considered to
have experienced a LRE before their death.

We first evaluated the independent role of TE in predicting
LRE, considering death as a competitive risk in the full data-
set of patients using the Fine and Gray method [35]; covariates
for adjustment were those with a P value <.1 in the univariate
analysis.

Next, we evaluated the ability of TE to predict LRE; for this
purpose, we excluded from the full dataset all patients who
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received anti-HCV therapy during follow-up and achieved a
sustained viral response or end-of-treatment response with
subsequent relapse, because the natural history of chronic hepa-
titis C in HIV/HCV-coinfected patients is modified in respond-
ers and relapsers [36]. We randomly allocated these patients to
an estimation cohort (two thirds of the patients) and a valida-
tion cohort (one third of the patients). We used receiver oper-
ating characteristic curves to assess the diagnostic capacity of
liver stiffness to predict LRE. To identify a cutoff value of TE to
separate risk populations, we decided a priori that it would be
preferable to identify patients who would not develop LRE. To
estimate the hazard of LRE for TE values above the cutoff, we
first assessed the assumption of linearity between TE and the
proportion of LRE and then assessed the hazard of LRE accord-
ing to different liver stiffness values above the cutoff using the
Fine and Gray proportional hazards model. The covariates
for adjustment were those with a P value <.1 in the univariate
analysis.

The statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 21.0 (IBM Corp., Armonk,
NY). The R package was used to plot the cumulative incidence
curves and to run the competing risks regression analysis [37].

RESULTS

Patient Characteristics

The baseline characteristics of the 1292 patients included in
the study are shown in Table 1. In brief, 78.6% were male, the
median age was 44 years, and 80.1% acquired HIV by injec-
tion drug use. A current high alcohol intake was reported by
10.9% of patients, and 23.0% were in methadone maintenance
programs. Prior AIDS-defining conditions were recorded in
36.5% of individuals, the median nadir CD4" T-cell count was
176 cells/mm”, and 86.8% were on cART. The most frequently
used cART regimens were a protease inhibitor plus 2 nucleoside
reverse-transcriptase inhibitors (NRTIs) (38.4%) and a non-
NRTI plus 2 NRTIs (32.5%). The median CD4" T-cell count at
baseline was 442 cells/mm’. Human immunodeficiency virus
viral suppression (<50 copies/mL) was noted in 75.5% of the
whole population and in 86.7% of those receiving cART. Most
patients (58.6%) were infected by HCV genotype 1, and the
median HCV-RNA was 6.3 log IU/mL. Transient elastography
tindings showed that 24.6% of patients had cirrhosis.

Follow-up

The median follow-up time was 5.8 years (IQR, 3.4-7.1); a total
of 129 (10%) patients were lost to follow-up after a median
of 3.3 years (IQR, 1.6-5.1) after baseline. In comparison with
patients not lost to follow-up, those lost to follow-up were
younger (median age 43 years vs 44 years; P < .05) and more
frequently on methadone maintenance programs (30.2% vs
22.2%; P < .05). No differences were found between them in
sex, route of HIV-acquisition, alcohol consumption, prior CDC
clinical category C conditions, cART use, HIV viral suppression

on cART, baseline and nadir CD4" T-cell counts, HCV geno-
type, HCV-RNA, or liver stiffness.

Treatment of Human Immunodeficiency Virus and Hepatitis C Virus

A total of 110 (8.5%) patients had interruptions of cART of
more than 4 weeks during follow-up, and 247 (19.1%) experi-
enced at least 1 episode of viral failure. A total of 415 patients
(32.1%) experienced a suboptimal immune response, and 203
patients (15.7%) experienced immunosuppression.

During follow-up, 631 (48.8%) patients received 765 different
anti-HCV regimens (some patients were retreated): 525 (83.2%)
received pegylated interferon plus ribavirin, 67 (10.6%) received
pegylated interferon plus ribavirin plus telaprevir or boceprevir,
106 (16.8%) other regimens, and in 22 (3.5%) the regimen was
unknown. Overall, 277 (43.9%) of 631 treated patients achieved
a sustained viral response, and 58 (9.2%) achieved an end-of-
treatment response with a subsequent relapse.

Incident Events and Mortality

A total of 56 (4.3%) patients experienced a new AIDS-defining
condition at a median of 20 months (IQR 9-38 months) from
baseline. The most frequent AIDS-defining conditions were as
follows: recurrent pneumonia, 13; esophageal candidiasis, 10;
and non-Hodgkin lymphoma, 5 (Supplementary Material).

Liver-related events were documented in 90 patients (7.0%).
A total of 80 patients (6.2%) experienced a first episode of liver
decompensation at a median of 34 months (IQR, 15-56 months)
from baseline. Overall, there were 87 episodes of liver decom-
pensation, because some patients experienced more than 1. The
most frequent types were as follows: ascites, 58; hepatic enceph-
alopathy, 11; variceal bleeding, 7; nonobstructive jaundice,
7; and other, 4. A total of 22 (1.7%) patients were diagnosed
with hepatocellular carcinoma at a median of 37 months (IQR,
18-59 months) from baseline. The diagnosis was established by
imaging procedures in 21 patients and was histologically con-
firmed in 1 patient (Supplementary Material).

A total of 73 patients (5.7%) died during follow-up. The causes
of death were as follows: 35 nonliver-related non-AIDS-related
deaths, 26 liver-related deaths, 6 AIDS-related deaths, and 6
deaths from an unknown cause (Supplementary Material).

Predictors of Liver-Related Events and Mortality

In the univariate analysis (Table 2), several variables were asso-
ciated with the development of LRE including alcohol intake,
baseline and nadir CD4" T-cell counts, suboptimal immune
function, immunosuppression, HBsAg positivity, liver stiff-
ness, and sustained viral response after anti-HCV therapy.
When all variables with a P value <.1 in the univariate analysis
were entered into a multivariate model, the only variables that
remained independent predictors of LRE were liver stiffness
and achievement of sustained viral response after anti-HCV
therapy. As for mortality, the variables that were independently
associated with mortality included liver stiffness, cART, and
achievement of a sustained viral response (Table 2).
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Table 1. Characteristics of 1292 HIV/HCV-Coinfected Patients With Compensated Liver Disease Studied Using Transient Elastography

Variable No LiverRelated Events Liver-Related Events All Patients
1202 90 N = 1292
Male sex, n (%) 943 (78.5) 72 (80.0) 1015 (78.6)
Age years, median (IQR) 44 (41-48) 44 (41-48) 44 (41-48)
HIV transmission category
Injection drug use 959 (79.8) 76 (84.6) 1035 (80.1)
Heterosexual relations 91 (7.6) 5(5.6) 96 (7.4)
Sexual relations between men 52 (4.3) 1(1.1) 53 (4.1)
Motherto-child transmission 4(0.3) 0(0.0) 4(0.3)
Other/funknown 96 (8.0) 8(8.9) 104 (8.0)
Alcohol intake >50 g/d, n (%)
Yes 118 (9.8) 23 (25.6)* 141 (10.9)
No 835 (69.5) 55 (61.1) 890 (68.9)
Unknown 249 (20.7) 12 (13.3) 261 (20.2)
Current methadone use, n (%)
Yes 273 (22.7) 24 (26.7) 297 (23.0)
CDC clinical category?, n (%)
A 548 (45.6) 31(34.4) * 579 (44.8)
B 173 (14.4) 14 (15.6) 187 (14.5)
C 432 (35.9) 39 (43.3) 471 (36.5)
Unknown 49 (4.1) 6(6.7) 55 (4.3)
cART, n (%)
Yes 1044 (86.9) 77 (85.6) 1121 (86.8)
No 154 (12.8) 13 (14.4) 167 (12.9)
Unknown 4(0.3) 0(0.0) 4(0.3)
Type of cART regimen, n (%)
2 NRTI + 1 PI 462 (38.4) 34 (37.8) 496 (38.4)
2 NRTI + 1 NNRTI 396 (32.9) 24 (26.7) 420 (32.5)
2 NRTI + 1 INSTI 18 (1.5) 1(1.1) 19 (1.5)
Pl-based monotherapy 23 (1.9) 0 (0.0) 23 (1.8)
Pl-based bitherapy 23 (1.9) 3(3.3) 26 (2.0)
Other regimens 122 (10.1) 15 (16.7) 137 (10.6)
Unknown 4(0.3) 0(0.0) 4(0.3)
HIV-RNA <50 copies/mL, n (%)
Yes 909 (75.6) 66 (73.3) 975 (75.5)
No 266 (22.1) 21 (23.3) 287 (22.2)
Unknown 27 (2.2) 3(3.3) 30(2.3)
HIV-RNA <50 copies/mL in cART, n (%) 909/1044 (87.1) 66/77 (85.7) 975/1121 (86.7)
CD4*T cells/uL, median (IQR) 452 (276-649) 373 (181-653)* 442 (270-646)
Nadir CD4" T cells/uL, median (IQR) 180 (79-288) 130 (55-266) 176 (76-287)
HCV genotype, n (%)
1 707 (58.8) 50 (55.6) 757 (58.6)
2 20 (1.7) 1(1.1) 21(1.6)
3 222 (18.5) 18 (20.0) 240 (18.6)
4 214 (17.8) 10 (11.1) 224 (17.3)
Unknown 39 (3.2) 1 (12.2)* 50 (3.9)
HCV-RNA, log (IU/mL), median (IQR) 6.3 (5.6-6.7) 6.3 (5.4-6.8) 6.3 (56.6-6.7)
HBsAg, n (%)
Negative 1053 (87.6) 67 (74.4)* 1120 (86.7)
Positive 44 (3.7) 8(8.9)* 52 (4.0)
Unknown 105 (8.7) 15 (16.7)* 120 (9.3)
Liver biopsy, n (%)
No 1020 (84.9) 82 (91.1) 1102 (85.3)
Yes 180 (15.0) 7(7.8) 187 (14.5)
METAVIR fibrosis stage (174 patients)
0-1 76 (45.5) 3(42.9) 79 (45.4)
2 57 (34.1) 0(0.0) 57 (32.8)
3 24 (14.4) 2 (28.6) 26 (14.9)
4 10 (6.0) 2 (28.6) 12 (6.9)

4 o OFID o Pérez-Latorre et al



Table 1 Continued.

Variable No LiverRelated Events Liver-Related Events All Patients
Liver stiffness, kPa, median (IQR) 8 (6-11) 26 (15-40)* 8 (6-12)
Liver stiffness, kPa, n (%)
<71 588 (48.9) 5 (5.6)* 593 (45.9)
71-9.5 211 (17.6) 3(3.3)% 214 (16.6)
9.6-12.5 159 (13.2) 8(8.9) 167 (12.9)
>12.5 244 (20.3) 74 (82.2)* 318 (24.6)
B-4 value, n (%) (1150) patients
<1 420 (39.1) 26 (34.7) 446 (38.8)
1-3.5 507 (47.2) 13 (17.3)* 520 (45.2)
>3.5 148 (13.8) 36 (48.0)* 184 (16.0)

Abbreviations: AIDS, acquired immune deficiency syndrome; cART, combination antiretroviral therapy; CDC, US Centers for Disease Control and Prevention; FIB, fibrosis; HBsAg, hepatitis
B surface antigen; HCV, hepatitis C virus; HIV, human immunodeficiency virus; INSTI, integrase strand transfer inhibitor; IQR, interquartile range; NRTI, nucleoside reverse-transcriptase
inhibitor; NNRTI, non-NRTI; PI, protease inhibitor; RNA, ribonucleic acid.

A, asymptomatic HIV or persistent generalized lymphadenopathy; B, symptomatic non-C conditions; C, AIDS-defining conditions.

*P < .05 compared with the no liver-related events group.

Table 2. Factors Associated With Liver-Related Events and With Mortality in 1292 HIV/HCV-Coinfected Patients

LiverRelated Events

Univariate Analysis Multivariate Analysis

Variables sHR 95% ClI P sHR 95% ClI P
Alcohol intake >50 g/d 2.64 1.62-4.30 <.001 1.26 0.65-2.44 488
Baseline CD4" (100 cells) 0.87 0.79-0.96 .003 0.91 0.80-1.04 172
Nadir CD4" (100 cells) 0.88 0.76-1.01 .071 0.97 0.81-1.15 .687
Suboptimal immune function 172 1.13-2.61 oM 1.25 0.71-2.22 442
Immunosuppression 1.81 1.11-2.95 .018 0.98 0.51-1.88 .961
HBsAg positivity 3.10 1.43-6.74 .004 2.12 0.73-6.14 .168
Liver stiffness per 1 kPa increase 1.06 1.05-1.07 <.001 1.06 1.05-1.08 <.001
Response to anti-HCV therapy
No SVR Ref. Ref. Ref. Ref.

Untreated 0.90 0.568-1.41 .657 0.80 0.46-1.40 428

Viral relapse 0.86 0.34-2.22 .760 1.20 0.42-3.10 726

Sustained viral response 0.13 0.04-0.36 <.001 0.12 0.04-0.37 <.001
Overall mortality

Univariate Analysis Multivariate Analysis

Variables HR 95% ClI P HR 95% Cl P
Methadone 1.60 0.97-2.64 .066 1.36 0.78-2.38 276
Nadir CD4* (100 cells) 0.81 0.68-0.97 .019 0.84 0.71-0.99 .035
Injection drug use 1.91 0.92-3.98 .084 1.91 0.79-4.61 151
Immunosuppression 179 1.04-3.08 .035 0.89 0.45-1.76 736
HBsAg positivity 3.567 1.68-7.60 .001 1.86 0.83-4.16 151
Prior AIDS-defining conditions 1.59 1.01-2.563 .048 1.1 0.65-1.89 701
New AIDS-defining conditions 2.62 1.19-5.76 .016 1.42 0.569-3.43 440
Liver stiffness per 1 kPa increase 1.04 1.03-1.06 <.001 1.06 1.04-1.07 <.001
cART 0.50 0.29-0.88 .016 0.32 0.18-0.56 <.001
Response to anti-HCV therapy
No SVR Ref. Ref.

Untreated 1.58 0.91-2.73 .102 1.40 0.71-2.77 .330

Viral relapse 152 0.56-4.07 409 179 0.63-5.05 274

Sustained viral response 0.1 0.02-0.46 .003 0.1 0.02-0.49 .004

Abbreviations: AIDS, acquired immune defficiancy syndrome; cART, combination antiretroviral therapy; Cl, confidence interval; IQR, interquartile range; HBsAg, hepatitis B surface anti-
gen; HCV, hepatitis C virus; HIV, human immunodeficiency virus; HR, hazard ratio; Ref., reference; sHR, sub-HR; SVR, sustained viral response.
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Table 3. Baseline Characteristics and Outcomes of 957 HIV/HCV-Coinfected Patients Analyzed to Assess the Ability of Transient Elastography to Predict
Outcomes, 634 of Whom Were Randomly Assigned to an Estimation Cohort and 323 to a Validation Cohort

Variable Estimation Cohort n = 634 Validation Cohort n = 323 Total N = 957
Baseline variables
Male sex, n (%) 483 (76.2) 263 (81.4) 746 (78.0)
Age, years, median (IQR) 44 (41-48) 44 (40-48) 44 (41-48)
HIV acquired by injection drug use, 506 (79.8) 261 (80.8) 767 (80.1)
n (%)
CDC clinical category C, n (%) 240 (379) 133 (41.2) 373 (39.0%)
CcART, n (%) 547 (86.3) 284 (87.9) 831 (86.8)
HIV-RNA <50 copies/mL, n (%) 457 (72.1) 243 (75.2) 700 (73.1)
CD4* T cells/uL, median (IQR) 432 (254-625) 429 (273-621) 430 (261-624)
HCV genotype 1, n (%) 385 (60.7) 195 (60.4) 580 (60.6)
Liver stiffness, kPa, median (IQR) 8 (6-11) 8 (6-14) 8 (6-12)
Follow-up variables
Follow-up, years, median (IQR) 5.3 (2.7-6.9) 5.3 (2.5-7.0) 5.3 (2.7-6.9)
New AIDS-defining condition, n (%) 30 (4.7) 19 (5.9) 49 (5.1)
Liver decompensation, n (%) 44 (6.9) 22 (6.8) 66 (6.9)
Ascites 29 18 47
Other 18 6 24
Hepatocellular carcinoma, n (%) 12 (1.9) 7(2.2) 19 (2.0)
Death, n (%) 45 (7.1) 21(6.5) 66 (6.9)
Liverrelated 14 9 23
AIDS-related 4 1 5
Nonliverrelated, non-AlDS-related 25 8 33
Unknown 2 3 5

Abbreviations: AIDS, acquired immune defficiancy syndrome; cART, combination antiretroviral therapy; CDC, Centers for Disease Control and Prevention; HCV, hepatitis C virus; HIV,

human immunodeficiency virus; IQR, interquartile range; RNA, ribonucleic acid.

Ability of Transient Elastography to Predict Outcomes

From the full dataset, the 957 patients without a sustained viral
response or end-of-treatment response and subsequent relapse
during follow-up were included in the analysis. Of these, 634
were randomly allocated to the estimation cohort and 323 to
the validation cohort. No significant differences in baseline
characteristics or outcomes were detected between the groups
(Table 3).

The AUROC of TE to predict LRE was 0.87 in the estima-
tion cohort and 0.88 in the validation cohort (Figure 1). Of all
the possible values of liver stiffness up to 75 kPa, the best cut-
off value to rule out LRE was 12 kPa, which was also the opti-
mum cutoff value according to Youdens J (Supplementary
Material). The values of the 12 kPa cutoff for the prediction
of LRE in the estimation and validation cohorts are shown
in Table 4. The negative predictive value for this cutoff was
98.3% (95% confidence interval [CI], 97.3-99.3) in the esti-
mation cohort and 98.2% (95% CI, 96.8-99.7) in the valida-
tion cohort.

When we analyzed the 957 patients included in the esti-
mation and validation cohorts, we found that above the
12 kPa cutoff, the relationship between liver stiffness and
the proportion of LRE was linear. For each 1 kPa and 5
kPa increase above the 12 kPa cutoff, the sHR of LRE was
1.07 (95% CI, 1.05-1.08) and 1.38 (95% CI, 1.31-1.46),
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Figure 1. Ability of transient elastography to predict liver-related events. The
area under the receiver operating characteristic curve (AUROC) to predict liver-re-
lated events was 0.87 (95% confidence interval [CI], 0.84—0.90) in the estimation
cohort and 0.88 (95% Cl, 0.84-0.91) in the validation cohort.

respectively. Furthermore, when we took the 12 kPa cut-
off as the reference, the sHR of LRE in patients with liver
stiffness values of 12-24 kPa, 25-39 kPa, and >40 kPa were
9.42, 28.0, and 37.8, respectively (Table 5). The cumulative
incidence of LRE for these liver-stiffness strata is shown in
Figure 2.
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Table 4. Predictive Values of the Liver Stiffness Cutoff of 12 kPa for the
Prediction of Liver-Related Events in the Estimation Cohort and in the
Validation Cohort

Estimation Cohort

Liver-Related Event

Liver Stiffness (kPa) No Yes Total
<12 472 8 480
>12 13 41 154
Total 585 49 634
Value 95% ClI
Sensitivity (%) 83.7 80.8-86.5
Specificity (%) 80.7 776-83.8
Positive predictive value (%) 26.6 23.2-30.1
Negative predictive value (%) 98.3 97.3-99.3
Positive likelihood ratio 4.33 3.52-5.33
Negative likelihood ratio 0.20 0.11-0.38

Validation cohort

Liverrelated event

Liver stiffness (kPa) No Yes Total

<12 220 4 224
>12 77 22 99
Total 297 26 323

Value 95% ClI

Sensitivity (%) 84.6 80.7-88.6
Specificity (%) 741 69.3-78.8
Positive predictive value (%) 22.2 17.7-26.8
Negative predictive value (%) 98.2 96.8-99.7
Positive likelihood ratio 3.26 2.564-4.20
Negative likelihood ratio 0.21 0.08-0.51

Abbreviations: Cl, confidence interval.

Table 5. Hazard of Liver-Related Events by Fine and Gray Proportional
Hazard Regression Analysis, Considering Death as a Competitive Risk in
the Full Data Set of Patients (Estimation and Validation Cohorts, N = 957)

Liver Stiffness kPa sHR 95% Cl P
<12 Ref. — —
12-24 9.42 4.72-17.15 <.001
25-39 28.00 13.99-56.01 <.001
>40 3776 17.87-79.80 <.001

Abbreviations: Cl, confidence interval; Ref., reference; sHR, subhazard ratio.

DISCUSSION

Our study of 1292 HIV/HCV-coinfected patients with com-
pensated liver disease revealed that liver stiffness and sus-
tained viral response were predictors of LRE considering death
a competing risk. In a subgroup of 957 patients without sus-
tained viral response or viral relapse after anti-HCV therapy
who were randomly allocated to an estimation cohort and a
validation cohort, we found that TE was highly accurate for
prediction of LRE. We sought to identify a threshold value of
liver stiffness to separate various risk populations, as did Ripoll

Liver-related events

100%
— .. >=40kPa
........... 25-40 kPa
80%- _ ___. 1225 kPa
s <12kPa
=
=) o
T 0%
=
k| _d
E 40% - — -
s - .
[} J—
I e
20%-] ~
r et -
£ -
P
0% _r_;."_,_f’ e

Months
N at risk
>=40kPa 30 26 22 18 16 13 8 5 1
25-40kPa 58 47 39 34 29 26 16 8 1
12-25kPa 159 140 123 102 89 74 54 27 5
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Figure 2. Cumulative incidence plots of liver-related events for different
liver-stiffness strata.

et al [38] when studying the predictive ability of hepatic venous
pressure gradient in patients with compensated cirrhosis. We
found that the cutoff value of 12 kPa identified 2 populations
at risk of developing LRE, with a negative predictive value of
98% for patients with baseline values below this value. Other
authors have sought a liver stiffness cutoff value to rule out
clinical outcomes in patients with chronic liver disease. In one
study (667 patients with chronic liver disease of varying etiolo-
gies), a cutoff of 10.5 kPa was valid for identifying individuals
with a low risk of experiencing a composite endpoint of death,
LRE, increase in Child-Pugh score, or listing for liver trans-
plant over 2 years [25]. In a study of 984 Japanese patients with
chronic hepatitis C treated or not with interferon-based anti-
HCV therapy, hepatocellular carcinoma was rarely detected in
patients with liver stiffness <10 kPa after a mean follow-up of
3 years [28].

Having identified the 12 kPa cutoft as the threshold for iden-
tification of patients with a very low risk of progression, we
found that the hazard of LRE increased proportionally with
liver stiffness values above this cutoff. Thus, per each 1 kPa and
5 kPa increase in liver stiffness above the 12 kPa cutoft, the haz-
ard of LRE considering death as a competing risk increased by
7% and 38%, respectively. When we took the 12 kPa cutoff as
the reference, the adjusted hazard of LRE considering death as a
competing risk for liver stiffness values in the 12-24 kPa, 25-39
kPa, and >40 kPa strata were 9.42, 28.0, and 37.8, respectively.
In a meta-analysis based on studies of patients with chronic
liver diseases, each kPa increase in liver stiffness was associated
with an incremental risk of decompensation and hepatocellular
carcinoma of 7% and 11%, respectively [39]. A study of 2052
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patients with diverse hepatic conditions not included in this
meta-analysis showed that for every 1 kPa increase in liver stiff-
ness, the adjusted risk of complications increased by 5% [26].

Our study is limited by its retrospective design. However,
we believe that it is unlikely that the results differ considera-
bly from those that would have been obtained in a prospective
study, because patients were followed-up in the 3 participat-
ing centers by the same physicians throughout the course of
the disease, with standard clinical and laboratory parameters
assessed every 3 to 6 months, as is common practice with HIV-
infected patients in Spain. In addition, the complications of
cirrhosis were managed and prevented in the 3 clinical centers
after protocols based on contemporary clinical practice guide-
lines. Another limitation of the study is that TE was not always
performed in the fasting state, as is currently recommended,
because food intake increases liver stiffness in patients with
HCYV infection and healthy controls [40].

Our study has several strengths, namely, its large sample size,
the inclusion of patients with cirrhosis and patients with differ-
ent stages of fibrosis, and the exclusion of patients who achieved
sustained viral response or viral relapse after anti-HCV therapy,
because these factors clearly modify the natural history of hep-
atitis C [36]. Our choice of LRE as the primary outcome var-
iable is also relevant, because it is considered to be the most
appropriate outcome in patients with compensated liver dis-
ease, whereas death is the most relevant outcome in those with
decompensated liver disease [41]. In addition, the TE cutoff
value for identification of patients who would not develop LRE
was obtained in a training cohort and confirmed in a valida-
tion cohort; this approach has never been used when assessing
the prognostic utility of TE in patients with chronic hepatitis
C. Finally, we wish to emphasize our use of a competing risk
analysis considering death as a competing risk to reduce error
when assessing the ability of TE to predict liver-related compli-
cations. This is of particular relevance in HIV/HCV-coinfected
patients, a group characterized by an increased risk not only of
liver-related deaths, but also AIDS-related deaths and nonliv-
er-related non-AIDS-related deaths [42].

We believe that our findings have substantial implications for
practice, because they show that TE is an excellent tool for strati-
tying the risk of liver-related outcomes in HIV/HCV-coinfected
patients and suggest that those with a liver stiffness below the 12
kPa cutoff could be followed-up less closely than patients with
higher liver stiffness values. Nevertheless, we acknowledge that
the limitations inherent to the retrospective design of our study
imply that this proposed cutoff should be evaluated prospec-
tively with large datasets and cost-effectiveness analyses before
it can be endorsed for specific recommendations, including
hepatocellular carcinoma screening. The high accuracy of TE
for predicting the clinical outcomes found in our study also sug-
gests that this technique could be used to estimate the residual
risk of LRE, in patients with HCV-related cirrhosis who achieve

sustained viral response with the new interferon-free regimens
for treatment of HCV infection.

CONCLUSIONS

In conclusion, we found that TE was very accurate for predict-
ing clinical outcomes in HIV/HCV-coinfected patients. Patients
with a liver stiffness value <12 kPa had a 98% probability of not
developing LRE after a median follow-up of almost 6 years;
above this threshold value, the hazard of LRE increased propor-
tionally with liver stiffness.

Supplementary Data

Supplementary material is available online at Open Forum Infectious
Diseases (http://OpenForumInfectiousDiseases.oxfordjournals.org/).
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