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Background
Noninvasive tests are increasingly being used for the assessment of liver fibrosis. We aimed to
develop a serum index for the identification of advanced fibrosis (F� 3) in HIV/hepatitis C virus
(HCV)-coinfected patients.

Methods
We carried out a cross-sectional study on a group of 195 patients comprised of an estimation group
(EG; n 5 127) and a validation group (VG; n 5 68) who all underwent liver biopsy and had not
received previous interferon therapy. Liver fibrosis was estimated using the METAVIR score. We
developed a new serum index (HGM-3) dependent on levels of platelets, alkaline phosphatase,
hepatic growth factor, tissue inhibitor of metalloproteinase-1 and hyaluronic acid.

Results
In the EG, the area under the receiver operating characteristic curve (AUC-ROC) of HGM-3 for
identification of F� 3 was 0.939 [95% confidence interval (CI) 0.899, 0.979] which was significantly
higher than the AUC-ROC of the HGM-2, FIB-4, aspartate aminotransferase to platelet ratio (APRI)
and Forns’ indexes. With HGM-3 o0.135 for Fo3, 57 patients were correctly identified and two
patients were misclassified. We found the presence of Fo3 with 96.6% certainty. The negative
likelihood ratio (LR) was o0.1 and the diagnostic odds ratio (DOR) was 440. With HGM-3 40.570
in the EG for F� 3, 31 patients were correctly identified, and five patients were misclassified. We
found the presence of F� 3 with 86.1% certainty. The positive LR was 412 and the DOR was 440.
For the VG, the diagnostic accuracy values were similar to the values for the EG.

Conclusions
HGM-3 appears to be an accurate noninvasive method for the diagnosis of bridging fibrosis and
cirrhosis in HIV/HCV-coinfected patients.
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Introduction

HIV infection adversely impacts the natural pathology of
hepatitis C virus (HCV) infection, causing a more rapid
progression to fibrosis and the development of cirrhosis,
hepatic decompensation, hepatocellular carcinoma and
death [1–5]. For this reason, all HIV-infected individuals
should be screened for HCV infection, and all individuals
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with positive results for HCV RNA should be candidates for
anti-HCV treatment, provided that HIV infection is well
controlled and there are no contraindications to therapy
with interferon or ribavirin.

Grading and staging of liver inflammation and fibrosis
are considered essential components of the management of
patients with chronic hepatitis C. Patients with bridging
fibrosis are at a high risk of developing cirrhosis in the
ensuing decade [6], so there is little doubt that these
patients as well as patients with established liver cirrhosis
have a real need to initiate HCV antiviral therapy. The latter
group of patients also need more careful monitoring and
additional diagnostic tests including periodic oesophago-
gastroduodenoscopy to detect oesophageal varices as well
as imaging and other techniques to screen for hepatocel-
lular carcinoma. The survival rate of HIV/HCV-coinfected
patients with cirrhosis after the first episode of hepatic
decompensation is extremely poor [7,8].

Liver biopsy is still considered the ‘reference standard’
for the assessment of liver fibrosis [9]. However, this
procedure has several limitations, including its invasive
nature, which can lead to complications, inadequate biopsy
size, intra- and inter-observer variability, tissue fragmen-
tation, cost, and low acceptance by most patients [10–12].
In recent years, these limitations have led to the develop-
ment of alternative noninvasive procedures to measure the
degree of liver fibrosis. These methods are currently
divided into two main categories: imaging methods, such
as transient elastography [13], and assays based on serum
biomarkers [14]. The potential advantages of these methods
are that they are noninvasive, are easier to perform for
patients and clinicians, and can be repeated periodically.
Indirect markers associated with fibrosis such as routine
biochemistry and platelet analyses have been incorporated
into several fibrosis indexes such as the aspartate
aminotransferase to platelet ratio (APRI), FIB-4, and Forns’
indexes [15–17].

In this study, we aimed to develop a noninvasive index
with markers derived from peripheral blood to estimate the
diagnostic accuracy of advanced stages of fibrosis in HIV/
HCV-coinfected patients.

Patients and methods

Patients

The patients for this cross-sectional study came from the
HIV out-patient clinic of the Hospital Gregorio Marañón in
Madrid, Spain. Patients with documented HIV/HCV coin-
fection who underwent liver biopsies between May 2000
and May 2007 were included in the study. Liver biopsies
were performed on patients who were potential candidates

for HCV therapy and had not received previous interferon
therapy. The Inclusion criteria were: availability of a frozen
serum sample collected on the day of liver biopsy, no
clinical evidence of hepatic decompensation, detectable
HCV RNA by polymerase chain reaction (PCR), negative
hepatitis B surface antigen, CD4 lymphocyte count higher
than 200 cells/mL, stable antiretroviral therapy or no need
for antiretroviral therapy, and the absence of diabetes,
active opportunistic infections, and active drug or alcohol
addiction. In our cohort of patients, 297 HIV/HCV-
coinfected patients had liver biopsy data by May 2007,
but only 195 of these 297 patients could be included
because they also had had a serum sample collected and
frozen. All work was conducted in accordance with the
Declaration of Helsinki. All patients gave their written
consent for the liver biopsy and the Institutional Ethics
Committee approved the study.

Clinical and laboratory data

On the day of the biopsy, the following information was
obtained from the medical records: age, gender, risk
category, weight, height, Centers for Disease Control and
Prevention (CDC) clinical category, nadir CD4 T-cell count,
prior antiretroviral therapy, antiretroviral treatment at the
time of liver biopsy and total time on highly active
antiretroviral therapy (HAART). The duration of HCV
infection for patients with a history of injecting drug use
was estimated to begin in the first year needles were shared.
Patients were questioned in relation to alcohol consumption.
We considered the consumption of 450 g of alcohol per day
for � 12 months as a high intake. After an overnight fast
and immediately before the liver biopsy was performed, a
blood sample was taken from the patient for analysis of
complete blood counts, liver panel, basic metabolic panel,
coagulation tests, plasma HIV RNA levels and CD4 T-cell
counts. Also, a fasting serum sample was immediately stored
and frozen (� 70 1C) for further assays. All patients gave
written consent for the samples to be collected.

HIV and HCV infections were documented in all patients
by enzyme-linked immunosorbent assay (ELISA) and PCR.
The HCV viral load was measured by PCR (Cobas Amplicor
HCV Monitor Test; Branchburg, NJ, USA) and the results
are reported in IU/mL. HCV genotype was determined by
hybridization of biotin-labelled PCR products to oligonu-
cleotide probes bound to nitrocellulose membrane strips
(INNO-LiPA HCV II; Innogenetics, Ghent, Belgium).

Serum markers analysed

In our study, serum markers were measured from a blood
sample taken before liver biopsy. A multiplex suspension
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bead array immunoassay was performed using the
Luminex 100t analyser (Luminex Corporation, Austin,
TX, USA) to identify protein expression in frozen serum
samples according to the manufacturers’ specifications. A
multiplex kit (LINCOplext; LINCO Research, St Charles,
MO, USA) was used to specifically evaluate the following
markers: insulin, leptin, hepatocyte growth factor (HGF),
nerve growth factor (NGF), soluble Fas-associated death
domain protein ligand (sFasL), soluble Fas-associated death
domain protein (sFas), macrophage migration inhibitory
factor (MIF), soluble intercellular adhesion molecule
(sICAM), and soluble vascular cell adhesion molecule
(sVCAM). A minimum of 100 events (beads) were collected
for each protein sample, and median fluorescence inten-
sities (MFIs) were obtained. Analyte protein concentrations
were automatically calculated based on standard curve
data using MasterPlext QT Analysis version 2 (MiraiBio
Inc., Alameda, CA, USA). A five-parameter regression
formula was used to calculate the sample concentrations
from the standard curves.

Using commercially available reagents, we also tested via
ELISA: hyaluronic acid (HA; HA-ELISA; Echelon Bios-
ciences Inc., Salt Lake City, UT, USA), angiopoietin-II (Ang-
2; R&D Systems, Minneapolis, MN, USA), tissue inhibitor of
metalloproteinase-1 (TIMP-1), matrix metalloproteinase-1
(MMP-1) and matrix metalloproteinase-2 (MMP-2) (GE
Healthcare UK Limited, Buckinghamshire, UK), and YKL-40
(Quidel Corporation, San Diego, CA, USA).

In each patient, the degree of insulin resistance (IR) was
estimated by the homeostatic model assessment method
(HOMA) described by Matthews et al. [18]. In particular, an
IR score (HOMA-IR) was obtained from samples acquired
from fasting patients using the formula: [plasma glucose
(mmol/L) � serum insulin (mU/L)]/22.5.

Liver biopsy and histology

Liver biopsies were performed on an outpatient basis
following the recommendations of the Patient Care
Committee of the American Gastroenterological Associa-
tion [19]. All liver biopsies were performed by the same
physicians (J.B. and P.M.) with a suction needle (HISTO-
CUT 16G; Sterylab Srl., Milan, Italy). Ultrasound was
routinely used to determine the percutaneous biopsy site.
We did not record systematically the size of liver biopsy
specimens; however, during the study period, five out of
297 biopsies yielded insufficient liver tissue for patholo-
gical diagnosis.

The liver tissue sections were fixed in formalin,
embedded in paraffin and stained with haematoxylin-
eosin, Mason’s trichrome, and Perls’ iron. The samples were
evaluated by a pathologist (E.A.) who was unaware of the

patients’ clinical or laboratory data. Liver fibrosis was
estimated following the criteria established by the META-
VIR Cooperative Study Group [20]. Fibrosis was scored as
follows: F0, no fibrosis; F1, portal fibrosis; F2, periportal
fibrosis or rare portal-portal septa; F3, fibrous septa with
architectural distortion but with no obvious cirrhosis
(bridging fibrosis); and F4, definite cirrhosis. The research-
ers in charge of evaluating the biopsies, interpreting the
clinical data, or calculating and analysing the reference
standard all performed each function without knowledge of
the results of the other evaluations.

Statistics

Overall, results are presented as medians (percentile 25,
percentile 75) for continuous variables and as frequencies
and percentages for categorical data. Analysis of normality
was performed with the Kolmogorov–Smirnov test. Cate-
gorical data and proportions were analysed using the w2

test or Fisher’s exact test as required. The Student t-test was
used to compare the means of the two groups with normal
distributions and the Mann–Whitney test to compare
variables with nonnormal distributions. An analysis of
variance (ANOVA) adjusted with the Bonferroni test was used
to compare the means of three or more groups with normal
distributions. Multiple association tests were performed
using univariate logistic regression and forward stepwise
logistic regression analyses to identify the independent
variables associated with the primary endpoint (advanced
fibrosis; F� 3). In the last analysis we included all
variables that were statistically significant (Po0.05) in
the univariate analysis. A forward stepwise logistic
regression analysis was conducted with P-values for entry
and exit of 0.05 and 0.10, respectively. We developed a new
index for advanced fibrosis (F� 3) diagnosis using a
logistic probability function that we have called HGM-3.

We evaluated the diagnostic values of HGM-3 by
calculating the areas under the receiver operating char-
acteristic curves (AUC-ROCs) for the estimation and
validation groups. For purposes of comparison, we also
evaluated four simple reported models consisting of
routine parameters to predict liver fibrosis: (a) HGM-1
and HGM-2 [21], (b) FIB-4 [17], (c) APRI [16] and (d) Forns’
indexes [15]. We evaluated the diagnostic value of these
indexes by comparing the calculated AUC-ROCs [22,23] for
all patients included in this study.

Moreover, we evaluated new cut-offs for the HGM-3
index according to a sensitivity (Se) of 95% for the low cut-
off used to predict liver biopsies without advanced fibrosis
(Fo3); and a specificity (Sp) of 95% for the high cut-off
used to predict liver biopsies with advanced fibrosis (F� 3).
We calculated the Se, Sp, positive predictive value and
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negative predictive value for each cut-off point to evaluate
the diagnostic accuracy. We also calculated the diagnostic
odds ratio (DOR) which expresses the strength of the
association between the test result and disease: it is the
ratio of the odds of a positive result in a person with the
target condition compared to a person without the
condition [24]. A DOR of 1 suggests the test provides no
diagnostic evidence. Moreover, we also calculated the
likelihood ratios (LRs), which describe how many times a
person with the target condition is more likely to have a
particular test result than a person without that condition.
LRs affect the probability that a target condition is present
after the test has been performed. Binary tests have two
LRs, positive and negative (LR 1 and LR� ). An LR of 1
indicates no diagnostic value.

All tests were two-tailed, with P-values o0.05 con-
sidered to be significant. Statistical analysis was performed
using SPSS 14.0 software (SPSS Inc., Chicago, IL, USA) and
STATA 9.1 (StataCorp LP, College Station, TX, USA).

Results

Patients

We randomly divided the 195 patients who underwent liver
biopsy into two groups: an estimation group (n 5 127;
65%) and a validation group (n 5 68; 35%). The two groups
had similar baseline characteristics except for a lower
frequency of high alcohol intake and a higher serum
concentration of YKL-40 in the estimation group compared
with the validation group (Table 1).

Predictive markers of advanced fibrosis (F� 3)

In the estimation group, we identified clinical and
laboratory variables associated with advanced fibrosis by
univariate logistic regression analysis (Table 2). Univariate
analysis revealed that a high number of variables were
associated with advanced fibrosis (F� 3). Eventually, six
variables [platelet count, alkaline phosphatase (ALP), HGF,
TIMP-1, HA and time on HAART (months)] were identified
as independent predictors of advanced fibrosis by forward
stepwise logistic regression analysis (Table 3). However, we
only included the markers obtained from peripheral blood
(platelet count, ALP, HGF, TIMP-1 and HA) to develop a
new index for advanced fibrosis (F� 3) which we have
called HGM-3:

PrðF � 3Þ ¼ 1
1þ e�x

x ¼� 5:0596� ð1:210� 10�2 � PlateletÞ
þ ð1:203� 10�2 � ALPÞ
þ ð1:220� 10�3 � HAÞ þ ð4:526� 10�4 � HGFÞ
þ ð6:312� 10�3 � TIMP� 1Þ

Performance of HGM-3

Figure 1(a) and (b) show that the HGM-3 index increased
significantly with stage of hepatic fibrosis in both the
estimation and validation groups. We found statistical
differences when comparing F3–F4 with F0–F1 and F2; and
when comparing F4 with F0–F1, F2 and F3 (Po0.05). We
found similar values of AUC-ROCs for the validation and
estimation groups (Fig. 1C). Moreover, the AUC-ROC values
for significant fibrosis (F� 2) of the HGM-3 were similar to
those of the HGM-1, FIB-4, APRI and Forns’ indexes
(Po0.05) (Table 4). However, the AUC-ROC values for
advanced fibrosis (F� 3) of the HGM-3 were significantly
higher than those of the HGM-2, FIB-4, APRI and Forns’
indexes (Po0.05) (Table 4). Moreover, the AUC value of
HGM-3 for the diagnosis of cirrhosis (F4) was also higher
than those for the FIB-4, APRI and Forns’ indexes (Table 4)
but we did not find statistically significant differences
between HGM-3 and HGM-2.

Diagnosis of advanced fibrosis (F� 3)

With the low HGM-3 cut-off point (o0.135) in the
estimation group, 57 patients were correctly identified
(true negatives without advanced fibrosis), and only two
patients were misclassified (false negatives with advanced
fibrosis) (Table 5). We found the presence of Fo3 with
96.6% certainty. The LR– was very low and the DOR was
440. The percentage of patients correctly identified was
o80%. For the validation group, the diagnostic accuracy
values were similar to the values for the estimation group
(Table 5).

When we applied the high HGM-3 cut-off (40.570) to
the estimation group, 31 patients were correctly identified
(true positive with advanced fibrosis), and only five
patients were misclassified (false positive without advanced
fibrosis) (Table 5). We found the presence of F� 3 with
86.1% certainty. The LR 1 was very high and the DOR was
440. The percentage of patients correctly identified was
480%. However, the diagnostic accuracy values for the
validation group were slightly worse than those for the
estimation group, but the difference was not statistically
significant (Table 5). We found the presence of F� 3 with
76.9% certainty. The sensitivity value was lower, and the
LR 1 and DOR were also lower than for the estimation
group.
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Table 1 Characteristics of the 195 HIV/hepatitis C virus (HCV)-coinfected patients who underwent a liver biopsy

Estimation group Validation group All patients

No. HIV-1-infected patients* 127 68 195
Male* 96 (75.6) 51 (75) 147 (75.4)
Age (years)w 39.5 (36.8, 43) 38.7 (36.8, 43.6) 39.5 (36.8, 43.3)
HIV acquired by IDU* 111 (87.4) 63 (92.6) 174 (89.2)
Prior AIDS diagnosis* 38 (29.9) 22 (32.4) 60 (30.8)
Years since HCV infectionw 21.6 (18.1, 24.7) 20.7 (17.4, 23.6) 21.3 (17.7, 24.5)
High alcohol intake* 13 (10.3) 14 (20.6)* 27 (13.9)
Antiretroviral therapy

No treatment* 7 (5.5) 3 (4.4) 10 (5.1)
PI-based* 27 (21.3) 20 (29.4) 47 (24.1)
NNRTI-based* 66 (52) 35 (51.5) 101 (51.8)
Triple NRTI-based* 18 (14.2) 6 (8.8) 24 (12.3)
Other* 9 (7.1) 4 (5.9) 13 (6.7)
Months on HAART (n 5 178)w 50.7 (33.4, 63.5) 52.2 (34.9, 87.2) 51 (34.3, 65.8)

Stage of liver fibrosis*
F0 7 (5.5) 8 (11.8) 15 (7.7)
F1 38 (29.9) 29 (42.6) 67 (34.4)
F2 39 (30.7) 13 (19.1) 52 (26.7)
F3 28 (22) 10 (14.7) 38 (19.5)
F4 15 (11.8) 8 (11.8) 23 (11.8)

HIV markers
Nadir CD4 count (cells/mL)w 210 (100, 331) 215 (115, 325) 210 (103, 325)
Baseline CD4 count (cells/mL)w 490 (360, 660) 527 (397, 744) 493 (373, 667)
HIV RNAo50 copies/mL* 99 (78) 51 (75) 150 (76.9)
Log10 VL (copies/mL) (n 5 45)w 2.99 (2.69, 3.8) 3.66 (2.91, 4.09) 3.23 (2.71, 3.98)

HCV markers*
HCV genotype

1–4 102 (81.6) 48 (71.6) 150 (78.1)
3 23 (18.4) 19 (28.4) 42 (21.9)

HCV RNA 4850 000 copies/mL 77 (75.5) 43 (74.1) 120 (75)
Haematological parametersw

Platelet count ( � 109 cells/L) 177 (142, 221) 189 (139, 231) 178 (141, 223)
Fibrinogen (mg/dL) 260 (228, 310) 256 (229, 286) 259 (228, 305)
INR 1 (1, 1.05) 1 (0.97, 1) 1 (1, 1.02)

Biochemical parametersw

Glucose (mg/dL) 88 (79, 97) 85.5 (77, 93) 87 (78, 96)
ALP (IU/dL) 124 (85, 196) 123 (76, 194) 124 (81, 196)
AST (IU/dL) 61 (39, 92) 52 (37.5, 75.5) 57 (38, 85)
GGT (IU/dL) 107 (59, 244) 122 (53, 196) 113 (59, 211)
ALT (IU/dL) 87 (49, 137) 65.5 (49, 94.5) 77 (49, 118)
AST/ALT 0.74 (0.59, 0.96) 0.77 (0.62, 1.03) 0.76 (0.62, 0.97)
Cholesterol (mg/dL) 170 (148, 192) 173 (144, 208) 170 (148, 196)

Fibrosis markersw

Insulin (pg/mL) 480 (336, 748) 481 (405, 780) 481 (360, 768)
HOMA 3 (2, 4) 2 (2, 5) 2 (2, 4)
Leptin (pg/mL) 3836 (1706, 9636) 3779 (1850, 9064) 3836 (1778, 9387)
HGF (pg/mL) 1535 (917, 2759) 1790 (1134, 3150) 1636 (987, 2927)
NGF (pg/mL) 9 (4, 15) 10 (6, 16) 9 (5, 15)
sFasL (pg/mL) 103 (67, 155) 89 (50, 139) 99 (55, 155)
sFas (pg/mL) 11419 (6381, 18865) 9482 (4261, 17763) 10887 (5523, 18789)
MIF (pg/mL) 1796 (895, 3167) 1516 (1137, 2812) 1653 (961, 2904)
sICAM (pg/mL) 519166 (397948, 954064) 512922 (427156, 865666) 518318 (404938, 954064)
sVCAM (pg/mL) 894728 (501227, 1720604) 925408 (392543, 1590870) 912158 (470112, 1661370)
HA (pg/mL) 1203 (624, 1742) 1125 (713, 1620) 1185 (656, 1654)
Ang-II (pg/mL) 4420 (2973, 7686) 5003 (2651, 8392) 4758 (2711, 7745)
TIMP-1 (ng/mL) 277 (177, 401) 240 (89, 351) 265 (156, 394)
YKL-40 (ng/mL) 2170 (945, 5771) 1583 (735, 3390)* 1954 (845, 4624)
MMP-1 (ng/mL) 163 (140, 280) 184 (148, 320) 165 (142, 292)
MMP-2 (ng/mL) 116 (83, 500) 105 (80, 473) 111 (82, 493)

*Absolute number (percentage).
wMedian (percentile 25, percentile 75).
ALP, alkaline phosphatase; ALT, alanine aminotransferase; Ang-II, angiopoietin II; AST, aspartate aminotransferase; GGT, gamma glutamyl transpeptidase;
HAART, highly active antiretroviral therapy; HCV, hepatitis C virus; HGF, hepatocyte growth factor; HIV-1, human immunodeficiency virus type 1; HOMA,
insulin resistance score; IDU, injecting drug use; INR, international normalized ratio; MIF, macrophage migration inhibitory factor; MMP-1, matrix
metalloproteinase-1; MMP-2, matrix metalloproteinase-2; NGF, nerve growth factor; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside
reverse transcriptase inhibitor; PI, protease inhibitor; HIV RNA, HIV plasma viral load; HCV RNA, HCV plasma viral load; sFasL, serum-soluble Fas-associated
death domain protein ligand; sFas, serum-soluble Fas-associated death domain protein; sICAM, soluble intercellular adhesion molecule; sVCAM, soluble
vascular cell adhesion molecule; HA, hyaluronic acid; TIMP-1, tissue inhibitor of metalloproteinase-1; YKL-40, also known as human cartilage 39 (HC gp-39).
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Discussion

In this study, we aimed to develop a noninvasive index in
order to identify advanced liver fibrosis in a series of 195
HIV/HCV-coinfected patients naı̈ve to anti-HCV treatment.
Patients were randomly divided into an estimation group
and a validation group. We assessed routine laboratory
data as well as markers of extracellular matrix (ECM)
metabolism, inflammation, growth factors and IR. In the
estimation group, univariate analyses revealed that platelet
count, ALP, HGF, TIMP-1 and HA were all associated with
advanced liver fibrosis. With these markers, we developed a
new index using a logistic probability function which we

have designated HGM-3. We did not included ‘time on
HAART’ in the final model because the models with and
without ‘time on HAART’ were not significantly different.
Moreover, it is often difficult to calculate the time on
HAART for patients who change their centre of reference
several times or for whom the clinical history is
incomplete. HGM-3 had an AUC-ROC for the identification
of advanced liver fibrosis higher than 0.90, which was
significantly higher than the AUC-ROC obtained with the
HGM-2, FIB-4, APRI or Forns’ index. These results confirm
that HGM-3 is an accurate noninvasive method for the
detection of bridging fibrosis and cirrhosis in HIV/HCV-
coinfected patients.

Liver fibrosis is considered a dynamic process character-
ized by matrix remodelling and excessive deposition of
ECM proteins including collagen [25,26]. Currently, two
types of serum markers of liver fibrosis have been used:
indirect markers that reflect alterations in hepatic function
but do not directly reflect ECM metabolism (i.e. platelet
count, coagulation studies, etc.), and direct markers that
reflect qualitative and quantitative changes in ECM
macromolecules [9].

We evaluated a variety of standard indirect markers of
liver fibrosis. By multivariate analysis, we found platelet
count and ALP to be independent predictive markers of
advanced fibrosis. Our findings echo the results of many
previous studies which showed that platelet count and ALP
levels were important predictors of either significant
fibrosis or cirrhosis [27]. Among the direct markers of
liver fibrosis we found a good correlation between TIMP-1
and HA serum levels and the stage of fibrosis. Both markers
showed an excellent predictive value for advanced fibrosis,
confirming the results of other studies [28–30]. In our
study, several other markers failed to show any predictive
value for advanced fibrosis. These markers consisted of
matrix remodelling indicators such as MMP-1, MMP-2 and
YKL-40, as well as several molecules related to regulation
of metabolism (leptin, insulin, and NGF) and inflammation
(sICAM, sVCAM, sFas, sFasL and MIF).

Notably, we found that HGF is a good predictive marker
of advanced liver fibrosis. To the best of our knowledge,
this is the first study that shows that serum HGF is a good
predictive marker of advanced liver fibrosis in patients
with chronic hepatitis C. HGF is a factor for paracrine
cellular growth, motility and morphogenesis. It is secreted
by mesenchymal cells and targets and acts primarily
upon epithelial and endothelial cells, but also acts on
haemopoietic progenitor cells. It has been shown to have a
major role in embryonic organ development, in adult organ
regeneration and in wound healing. Serum HGF levels are
strongly associated with liver diseases, obesity, IR, and
metabolic syndrome [31]. It is possible that elevated HGF

Table 2 Variables assessed for association with advanced fibrosis
(F� 3) in all HIV/hepatitis C virus (HCV)-coinfected patients

Clinical Sex, age at biopsy, HIV transmission category, CDC clinical
category, duration of HCV infection, and antiretroviral
therapy (use of HAART, type of HAART, and years on
HAART*)

Routine laboratory
tests

Platelets*, INR*, ALP*, AST*, ALT*, GGT, cholesterol, CD4 cell
count (nadir and at the time of biopsy), HIV RNA viral load,
HCV-1 or HCV-4 genotype, and HCV RNA viral load*

Nonroutine
laboratory tests

Insulin, HOMA-IR (� 3.8)*, leptin, HGF*, NGF, sFasL, sFas*,
MIF, sICAM*, sVCAM*, HA*, Ang-2*, TIMP-1*, YKL-40*,
MMP-1 and MMP-2

Pathology Distribution of liver fibrosis: stage 0 (no fibrosis), stage 1
(portal fibrosis), stage 2 (periportal fibrosis), stage 3
(bridging fibrosis) and stage 4 (cirrhosis)

*Univariate analysis revealed that years on HAART, platelet count, INR, ALP,
AST, ALT, HCV RNA viral load, HOMA-IR (� 3.8), HGF, sFas, sICAM, sVCAM,
HA, Ang-2, TIMP-1 and YKL-40 were all associated with advanced fibrosis
(F� 3).
ALP, alkaline phosphatase; ALT, alanine aminotransferase; Ang-2, angio-
poietin-II; AST, aspartate aminotransferase; CDC, Centers for Disease
Control and Prevention; GGT, gamma glutamyl transpeptidase, HA,
hyaluronic acid; HAART, highly active antiretroviral therapy; HGF,
hepatocyte growth factor; HOMA-IR, insulin resistance score; INR,
international normalized ratio; NGF, nerve growth factor; sFasL, soluble
Fas-associated death domain protein ligand; sFas, soluble Fas-associated
death domain protein; MIF, macrophage migration inhibitory factor;
MMP-1, matrix metalloproteinase-1; MMP-2, matrix metalloproteinase-2;
sICAM, soluble intercellular adhesion molecule; sVCAM, soluble vascular
cell adhesion molecule; TIMP-1, tissue inhibitor of metalloproteinase-1;
YKL-40, also known as human cartilage 39 (HC gp-39).

Table 3 Summary of results for forward stepwise multivariate logistic
regression analysis for the estimation group

Advanced fibrosis (F� 3) OR 95% CI P-value

Time on HAART (months) 0.957 0.927 0.988 0.007
Platelet count ( � 109 cells/L) 0.982 0.967 0.997 0.022
ALP (IU/dL) 1.012 1.003 1.020 0.007
HGF (pg/mL) 1.001 1.000 1.002 0.001
HA (pg/mL) 1.002 1.001 1.003 0.003
TIMP-1 (ng/mL) 1.009 1.004 1.014 0.001

ALP, alkaline phosphatase; CI, confidence interval; HA, hyaluronic acid; HGF,
hepatocyte growth factor; OR, odds ratio; TIMP-1, tissue inhibitor of
metalloproteinase-1.
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levels reflect significant liver damage or, alternatively, an
imbalance between HGF clearance and production which
could be an indicator of liver dysfunction because the liver
is the major organ through which HGF is eliminated from
systemic circulation.

Many experts believe that current noninvasive tests of
hepatic fibrosis cannot yet replace liver biopsies [27,32–
34]. However, in one prospective study, comparing liver
biopsies with a noninvasive index, it was found that the
size of the liver biopsy was inadequate in a significant

proportion of patients with chronic hepatitis C. Moreover,
when biopsy and marker results were discordant, an
explanation could be identified in more than two-thirds
of the cases and, in those cases, biopsy failure was more
than seven times more common than diagnostic failure of
serum markers [35]. Some experts would consider non-
invasive serum tests of fibrosis with AUC-ROC areas of
0.85–0.90 to be as good as a liver biopsy for staging
fibrosis [36]. The AUC-ROC of HGM-3 for the detection of
advanced fibrosis was higher than 90%; a value of

(a) Estimation (b) Validation 

15283945N =

Fibrosis stage
F4F3F2F0-F1

1.0

0.8

0.6

0.4

0.2

0.0

H
G

M
-3

0.222

<0.001 0.060

<0.001

<0.001

<0.001

8101337N =

Fibrosis stage
F4F3F2F0-F1

H
G

M
-3

1.0

0.8

0.6

0.4

0.2

0.0

1.000

0.048 0.162

<0.001

<0.001

<0.001

(c)

0

20

40

60

80

100

0 20 40 60 80 100
1-Specificity (%)

S
en

si
tiv

ity
 (

%
)

Estimation Validation

Estimation

Validation 

No. AUC-ROC 95% CI P

127 0.930

68 0.906

0.887 0.972

0.834 0.979 0.587

Fig. 1 Box plots illustrating the distribution of HGM-3 values against fibrosis score for the estimation (a) and validation (b) groups. Horizontal
lines inside each box represent the median, and the lower and upper borders of the box encompass the interquartile range. The vertical lines
from the ends of each box encompass the extreme data points. (c) Diagnostic values of the new index (HGM-3) for prediction of advanced
fibrosis (F3, F4) in the estimation and validation groups. CI, confidence interval; AUC-ROC, area under the receiver operating characteristic
curve.
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accuracy that has not been previously achieved with other
markers for HIV/HCV-coinfected patients [30,37,38].
Furthermore, we found that HGM-3 had higher diagnostic
accuracy than the HGM-2, APRI, FIB-4 or Forns’ index
[15–17,21]. It is important to note that this sample cohort is
a subgroup of patients included in a previous report in
which we estimated the HGM-2 index [21], and we found
that the HGM-3 was more accurate than the HGM-2 index.
Noninvasive serum panels such as APRI, FIB-4 and Forns’
indexes are very cheap and widely available but are
relatively inaccurate at diagnosing HIV/HCV coinfection
[39–41]. The HGM-3 model contains some nonroutine tests
that are not widely available and may be expensive if they

were to perform the ELISA classic, which makes the model
less attractive as it may not be possible for most clinicians
to use it. However, at present, these molecules can be
measured using a new Luminex-based assay in a quick and
inexpensive way.

HGM-3 also gave good results for cirrhosis diagnosis,
but we found similar AUC-ROC values for HGM-3 and
HGM-2. In our opinion, HGM-3 is less useful for diagnosis
of cirrhosis or advanced fibrosis because HGM-2 is
calculated from indirect markers associated with fibrosis
such as routine biochemistry and platelet data which are
widely available and very inexpensive [21]. Moreover,
we were unable to assess the diagnostic accuracy in the
estimation and validation groups because of the low
number of patients with cirrhosis included in this study.

The identification of this index in HIV-positive indivi-
duals is also of importance as HIV infection may alter the
expression of many of the immune, apoptotic and ECM
markers. However, this study had several limitations. (1)
The low number of patients. (2) The study was limited to
patients with well-preserved immune function and extra-
polation to individuals with more marked immune
suppression will require further study. (3) We did not
compare HGM-3 with SHASTA, Fibrotest, Hepascore and
Fibrometer because we did not have all the variables
needed to calculate these indexes. (4) HGM-3 was derived
from the majority of this combined cohort and so would be
expected to perform optimally in this cohort; whereas the
other indexes tested (APRI, FIB-4 and Forns’ indexes) were
not optimized in this cohort and would be expected to
perform less well. (5) We cannot give exact information
regarding biopsy length or portal tracts; however, we found
that only 1.68% of biopsies were defective for pathological
diagnosis and these cases were excluded from the study. In
any case, the pathologist had samples of acceptable quality

Table 4 Summary of area under the receiver operating characteristic
curves (AUC-ROCs) of the HGM-3, HGM-2, HGM-1, FIB-4, aspartate
aminotransferase to platelet ratio (APRI) and Forns’ indexes

Index AUC-ROC 95% CI P-value

Significant fibrosis (F� 2)
HGM-3 0.779 0.714 0.844 –
HGM-1 0.788 0.723 0.854 0.999
FIB-4 0.730 0.659 0.801 0.567
APRI 0.771 0.704 0.839 0.999
Forns’ 0.732 0.661 0.803 0.647

Advanced fibrosis (F� 3)
HGM-3 0.929 0.894 0.965 –
HGM-2 0.850 0.790 0.909 0.016
FIB-4 0.757 0.679 0.835 o0.001
APRI 0.772 0.698 0.846 o0.001
Forns’ 0.759 0.683 0.834 o0.001

Cirrhosis (F4)
HGM-3 0.931 0.891 0.970 –
HGM-2 0.917 0.875 0.958 0.495
FIB-4 0.815 0.726 0.904 0.007
APRI 0.798 0.721 0.875 o0.001
Forns’ 0.815 0.734 0.895 0.008

AUC-ROC, area under the receiver operating characteristic curve; CI,
confidence interval.

Table 5 Diagnostic accuracy and predictive values of the new index (HGM-3) for advanced fibrosis (F� 3) and cirrhosis (F4)

Cut-off TP FP TN FN
*Se
(C195)

*Sp
(C195)

*PPV
(C195)

*NPV
(C195)

LR 1

(C195)
LR�
(C195)

DOR
(C195)

*PCI
(C195)

Estimation group (n 5 127)
0.135 41 27 57 2 95.3

(84.5, 98.7)
67.9

(57.3, 76.9)
60.3

(48.4, 71.1)
96.6

(88.5, 99.1)
2.97

(2.16, 4.08)
0.07

(0.02, 0.27)
43.28

(9.74, 192.29)
77.2

(69.1, 83.6)
0.570 31 5 79 12 72.1

(57.3, 83.3)
94

(86.8, 97.4)
86.1

(71.3, 93.9)
86.8

(78.4, 92.3)
12.11

(5.07, 28.91)
0.30

(0.18, 0.48)
40.82

(13.28, 125.47)
86.6

(79.6, 91.5)
Validation group (n 5 68)

0.135 17 16 34 1 94.4
(74.2, 99.0)

68.0
(54.2, 79.2)

51.5
(35.2, 67.5)

97.1
(85.5, 99.5)

2.95
(1.94, 4.49)

0.08
(0.01, 0.56)

36.13
(4.41, 295.75)

75.0
(63.6, 83.8)

0.570 10 3 47 8 55.6
(33.7, 75.4)

94.0
(83.8, 97.9)

76.9
(49.7, 91.8)

85.5
(73.8, 92.4)

9.26
(2.87, 29.9)

0.47
(0.28, 0.81)

19.58
(4.40, 87.08)

83.8
(73.3, 90.7)

CI, confidence interval; DOR, diagnostic odds ratio; FN, false negative cases (missed cases); FP, false positive cases (over-diagnosis); LR, likelihood ratio; NPV,
negative predictive value; PCI, patients correctly identified; PPV, positive predictive value; Se, sensitivity; Sp, specificity; TN, true negative cases (correct
diagnosis); TP, true positive cases (correct diagnosis).
*Values are given as percentage, with 95% confidence interval in parentheses.
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to make a diagnosis of fibrosis for 98.32% of obtained
biopsies.

In summary, we found that platelet count, ALP, HGF,
TIMP-1 and HA were independent predictive markers of
advanced fibrosis in HIV/HCV-coinfected patients. The
combination of these indirect markers with direct markers
of fibrosis in a logistic probability function yielded a new
serum index that accurately predicted bridging fibrosis and
cirrhosis. However, as with most models, HGM-3 better
predicts the absence of fibrosis (97% certainty for Fo3
fibrosis) than the presence of significant fibrosis (77%
certainty). HGM-3 improves upon the accuracy of other
previously published indexes but still has limitations in
accurately identifying patients with F� 3. This indicates
that further research should be carried out to improve the
ability to diagnose advanced fibrosis (F� 3) in HIV/HCV-
coinfected patients.
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