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ABSTRACT

BACKGROUND:

The degree of liver fibrosis in patients with Hepatitis C (HCV) provides important

prognostic information; however, the only current method available to obtain this information is by
performing a liver biopsy. Liver biopsies are invasive, associated with complications, and costly. There has
been recent interest in developing a panel of serum markers that can reliably predict the presence of fibrosis
and, thus, obviate the need for a liver biopsy. Our objective was to prospectively validate a panel of serum
fibrosis markers (FIBROSpect>™ 1I) that has been recently developed.

METHODS:  Serum was obtained from 108 consecutive HCV (15% with HCV/ETOH) patients seen in a
hepatology clinic at a single tertiary care center at the time of liver biopsy. The performance of
FIBROSpect 11 (consisting of 3 fibrosis markers: hyaluronic acid, tissue inhibitor of metalloproteinases 1,
and alpha-2-macroglobulin) in differentiating mild (FO-F1) from significant (F2-F4) fibrosis was assessed
by comparing the panel results with performed liver biopsy.

RESULTS:  The prevalence of significant fibrosis in the study group was 36.1%. The diagnostic value of
the serum marker panel to detect significant fibrosis as assessed by area under the receiver operating
characteristic (ROC) curve was 0.826. Performance characteristics are as follows: sensitivity 71.8%,
specificity 73.9%, positive predictive value 60.9%, negative predictive value 82.3%, and overall accuracy
of 73.1%.

CONCLUSION:  This prospective study supports the clinical utility of serum markers in detecting fibrosis
and validates the performance of FIBROSpect II in a prospective cohort of patients. The high negative
predictive value of the test provides a reliable alternative to rule out severe fibrosis. © 2007 Elsevier Inc.

All rights reserved.
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The majority of chronic liver diseases are typified by he-
patic injury and inflammation, which then leads to fibro-
genesis.! Fibrogenesis is considered a dynamic process
characterized by the formation of the constituents of the
extracellular matrix, which is a mixture of glycoproteins and
proteoglycans in a complex network. Fibrosis is felt to be a
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physiologic mechanism, initially beneficial in helping to
limit the extension of the inflammatory reaction, but as
injury persists it is detrimental to the liver. Collagen and
matrix proteins that constitute fibrosis are largely produced
by activated stellate cells. Over time, the inflammation seen
in the liver due to chronic injury can fluctuate, worsening or
improving over time. However, fibrosis, in a setting of
chronic persistent injury, is believed to be progressive and
largely irreversible.> Ultimately, progressive fibrosis leads
to architectural distortion of the liver, and cirrhosis. There-
fore, the progression of fibrosis determines prognosis in
patients with chronic liver disease.

Currently, the gold standard for determining the degree
of hepatic fibrosis is a liver biopsy. Several scoring systems
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to assess fibrosis have been proposed, including the Knodell
score,” the Ishak score,’ and the Metavir score.® The Meta-
vir system has been carefully validated in chronic hepatitis
C patients and is used increasingly in practice. None to mild
fibrosis is generally considered FO-F1, and F2-F4 is consid-
ered significant fibrosis—where

F4 is cirrhosis. Liver biopsies,

Serum Fibrosis Marker Assays

Serum levels of 3 fibrosis markers (FIBROSpect 11°,

Prometheus Laboratories, San Diego, Calif) were deter-

mined by technologists blinded to clinical, laboratory and

histological findings. Serum hyaluronic acid was mea-
sured in an enzyme-linked sand-
wich assay using HA-binding

however, are invasive and have
associated morbidity including
pain, intraperitoneal hemorrhage,
intrahepatic or subcapsular hema-
tomas, hemobilia, bile peritonitis,
and pneumothorax. Complications
requiring hospitalization occur in

1%-3% of patients, and mortality =~ e The serum fibrosis panel FibroSpect II
can effectively identify people who do
not have fibrosis, but it may not be use-
ful in differentiating between intermedi-
ate stages of fibrosis.

rates are between 1 in 10,000 and
1 in 12,000.” The diagnostic limi-
tations of a percutaneous liver bi-
opsy include inter- and intra-ob-
server variability of the fibrosis

CLINICAL SIGNIFICANCE

e Liver biopsy is an expensive and an in-
vasive procedure, but it is the current
gold standard for determining hepatic
fibrosis in hepatitis C patients.

protein (Corgenix, Westminster,
Conn). Tissue inhibitor of metal-
loproteinase-1 (TIMP-1) was
measured by a sandwich ELISA
(Amersham Pharmacia Biotech,
Piscataway, NJ). Alpha2-macro-
globulin was measured by neph-
elometry (Beckman Coulter,
Brea, Calif). The analytical per-
formance of these 3 assays has
been validated in a clinical lab-
oratory, with intra- and inter-as-

staging and sampling error. Al-

though factors that improve the di-

agnostic accuracy of a liver biopsy include use of a Trucut
15-gauge needle rather than Menghini-type needles, multi-
ple passes, biopsy core sizes =2 cm, and use of pathologists
familiar with liver biopsy readings,”® even in the ideal
situation a single pass percutaneous liver biopsy incorrectly
stages fibrosis in 20% of patients.’

Because of the invasiveness of a liver biopsy and the
issues outlined above, there has been great interest in de-
veloping noninvasive markers of fibrosis. Recently, a panel
of fibrosis markers has been developed and consists of
hyaluronic acid (HA), tissue inhibitor of metalloproteinases
1 (TIMP-1), and alpha-2-macroglobulin with very good
performance characteristics in predicting the absence/pres-
ence of significant hepatic fibrosis.'” However, this serum
panel was developed using banked serum samples. Further-
more, this serum panel has not been validated using samples
from an independent cohort. Therefore, the aim of this study
is to prospectively validate this panel of serum markers
(FIBROSpectII®) using a cohort of consecutive patients
seen in a hepatology clinic at a university hospital.

METHODS
Study Subjects

Consecutive patients with hepatitis C seen in the hepatology
clinic at Oregon Health and Science University were asked
to participate in this study. All patients were anti-HCV
(hepatitis C) positive and had detectable plasma HCV-RNA
by polymerase chain reaction. The study was approved by
the Institutional Review Board at Oregon Health and Sci-
ence University. The period of enrollment was between
October 2001 and June 2003. All patients at the time of liver
biopsy underwent a blood draw for a serum sample. All
serum samples were shipped frozen to Prometheus Labora-
tories for analysis.

say variability of 2%-11% and
1%-11%, respectively.

Histologic Analysis

All liver biopsies were read by a single pathologist (C.C.)
using the Metavir scoring classification where the stage of
fibrosis was assessed on a 5-point scale (0 =no fibrosis,
1 = portal fibrosis without septa, 2 = few septa, 3 = numerous
septa without cirrhosis, 4 = cirrhosis). Significant fibrosis was
considered to be stage =2. A random sample of 1/3 of the liver
biopsies was re-read by the pathologist to verify the reproduc-
ibility of the histologic findings. Excellent reproducibility of
the histologic findings was observed with a k = 0.8. Therefore,
the original Metavir scores were used in the final analysis. A
liver biopsy was considered to be adequate if the core sample
was >15 mm and had more than 5 portal tracts in the speci-
men; all study samples were considered adequate by these
criteria.

Statistical Analysis

Patient baseline characteristics are summarized using de-
scriptive statistics and reported as mean * standard devia-
tion or proportions. The FIBROSpect II index (0-100) was
generated for each sample from a logistic regression model
of the 3 markers that was previously established to discrim-
inate FO-F1 from F2-F4 (Metavir) fibrosis.'® The diagnostic
value of the algorithm in the study cohort was assessed by
area under the ROC curve. Samples with an index =42 were
classified as consistent with significant fibrosis, and those
with an index from O to 41 were considered to be consistent
with no/mild fibrosis to determine clinical performance of
the algorithm. Statistical analyses were performed with SAS
software version 8.0 (SAS Institute Inc., Cary, NC) and
SPSS software version 11.5 (SPSS Inc., Chicago, IlI).

RESULTS

One hundred eight consecutive hepatitis C patients seen at
the Oregon Health and Science University Hepatology



Zaman et al

Prospective FIBROSpect II to Detect Hepatic Fibrosis

280.el11

Table 1  Demographic, Laboratory and Histologic
Characteristics of Hepatitis C Patients Undergoing a Liver
Biopsy

Study Cohort

(n=108)

Age (years) 44 (24-60)
Male (%) 70 (65%)
Female 38 (35%)
ALT in IU/L (SD) 81 (76)
AST in IU/L (SD) 59 (46)
Total bilirubin in mg/dL (SD) 1.1 (3.6)
Albumin in mg/dL (SD) 3.9 (0.3)
Metavir fibrosis stage

0 14 (13%)

1 55 (51%)

2 25 (23%)

3 12 (11%)

4 2 (2%)

ALT = alanine aminotransferase; AST = aspartate aminotransfer-
ase; SD = standard deviation.

Clinic were enrolled in this prospective validation study.
Demographic and baseline characteristics are summarized
in Table 1. The mean age of the cohort was 44 £ 7.9 years
with a male predominance (65%). Fifteen percent (15%) of
the cohort also had a physician-reported diagnosis of alco-
hol-related liver disease. The mean ALT was 81 IU/L (range
16-519) and mean AST IU/L was 59 (range 17-341). There
was no correlation between ALT and AST levels, and FI-
BROSpect 11 results. Overall, nearly 2/3 of subjects had
no/mild fibrosis, while only 13% of subjects had advanced
fibrosis (stage 3 or 4) on liver biopsy.

Performance Characteristics of
FIBROSpect II Index
Table 2 describes the clinical performance characteristics of
FIBROSpect 11. The sensitivity and specificity were 71.8%
and 73.9%, respectively, in a study population with an
overall prevalence of significant fibrosis of 36.1%. For this
prevalence, the positive and negative predictive values
(PPV and NPV) were 60.9% and 82.3%, respectively. Fig-
ure 1 describes how the performance characteristics of the
assay vary based on the prevalence of significant fibrosis
(F2-F4). As the baseline prevalence decreases, the NPV
increases. Thus, at a baseline prevalence of 20% significant
fibrosis, the NPV is over 90%. The overall accuracy of the
assay does not change over a wide prevalence range, nor
does the sensitivity or specificity. The likelihood for a pos-
itive result is 2.75 (95% CI, 1.79-4.33), and 0.38 (95% CI,
0.22-0.61) for a negative result. When the cutoff of signif-
icant fibrosis was changed to F3-F4, the sensitivity, speci-
ficity, positive predictive value, and negative predictive
value changed to 81.8%, 62.9%, 20%, and 96.8%,
respectively.

The ROC curve of the test cohort is described in Figure 2.
The area under the curve (AUC) was 0.826, and as a pre-

dictive tool it was significantly higher than chance alone (ie,
AUC =0.5). FIBROSpect II test is based on a logistic re-
gression index (range 0-100) determined by the predictive
model. Figure 3 describes the frequency of Metavir fibrosis
stages over the range of FIBROSpect 1I index scores in the
study population. Low index values (0-19) correctly iden-
tified no/mild fibrosis (FO-F1) in 90% of cases. On the other
hand, a very high index score (80-100) correctly identified
significant fibrosis (F2-F4) in nearly 80% of cases.

DISCUSSION

The current study validates the performance characteristics
of the FIBROSpect 11 assay using a US cohort of HCV
patients. Serum was collected prospectively at the time of
liver biopsy. The overall performance of the diagnostic test
was very good based upon the area under the ROC curve (a
value of 0.826). Negative and positive predictive values
were good to very good, depending upon the baseline prev-
alence of significant fibrosis (F2-F4) of the population. In
general, the lower the baseline prevalence of significant
fibrosis is, the better the negative predictive value of the
test. Furthermore, extremely low and high index values of
the test were excellent at correctly predicting the presence
or absence of significant fibrosis. In our cohort, 19 patients
had very low index value (<20) and in these patients a liver
biopsy could be avoided. These findings are similar to a
study by Patel et al'® where the FIBROSpect 11 assay had
similar performance characteristics—AUC of 0.831 and
positive and negative predictive values of 74.3% and
75.8%, respectively. Thus, our study further validates this
serum fibrosis panel, but using prospectively collected
samples.

Numerous surrogate markers for hepatic fibrosis have
been studied. There are direct biochemical markers of
fibrosis, such as procollagen type III N-terminal peptide
(PIINP) and hyaluronic acid (HA). Because pathological
accumulation of extracellular matrix is a result of alterations

Table 2  Clinical Performance of the FIBROSpect II
Algorithm Using an Index Threshold of 42 to Classify

Each Subject as Consistent with Mild (FO-F1) or Significant
(F2-F4) Fibrosis

Biopsy

F2-F4 FO-F1
FIBROSpect II positive* 28 18 46
FIBROSpect II negative* 11 51 62
Total 39 69 108
Prevalence of F2-F4 36.1% 95% (I
Sensitivity 71.8% 55.1% 85.0%
Specificity 73.9% 61.9% 83.8%
PPV 60.9% 45.3% 74.9%
NPV 82.3% 70.5% 90.8%
Accuracy 73.1% 63.8% 81.2%

PPV = positive predictive value; NPV = negative predictive value.
*At an index threshold of 42.
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Figure 1  Performance characteristics of the cohort in terms of negative predictive value (NPV), positive predictive value (PPV) based

on the prevalence of significant fibrosis (F2-F4).

in the synthesis and degradation of matrix proteins, matrix
metalloproteinases (MMPs) and tissue inhibitors of metal-
loproteinases (TIMPs) have also been studied as candidate
markers. Matrix metalloproteinases constitute a family of
zinc endopeptidases capable of degrading collagens, and
TIMPs regulate its activity. Therefore, an imbalance in
MMPs and TIMPs may be an important determinant of
hepatic fibrosis. Proinflammatory markers such as LPS (li-

0.9 4
0.8 1
0.7 4
0.6 1
0.5 4

0.4 4

Sensitivity (true positives)

popolysaccharide), TNF-alpha (transforming growth fac-
tor), and HGF (human growth factor) have also been eval-
uated. Other markers that have been studied include gamma
glutamyltranspeptidase (GTT), total bilirubin, aspartase
aminotransferases (AST), platelet count, YKL-40, apoli-
poprotein Al, and alpha 2 macroglobulin.

Recently, well-described serum fibrosis marker panels in
addition to FIBROSpect 11 include Fibrotest and the AST-

Area under the

curve = 0.826
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0 ¢ ’ ’ ’ ’ ’ ’ : : : .
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Figure 2

Receiver Operator Characteristic Curve of the FIBROSpect 1I Index for differentiating Metavir Stage FO-F1 from F2-F4.
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FIBROSpect Il index across fibrosis stages

100%-1
90%-
80%

70%1 BmF4
60%1 |Fs
50%- oF2
40%{ OF1
30%- oFo
20%-

10%-
0%

0-19 20-39 40-59 60-79 80-100
n= 19 42 17 18 12
FIBROSpect Il index

Figure 3 The frequency of Metavir fibrosis stages over the
range of FIBROSpect 1I index scores.

to-platelet ratio index (APRI). Forns et al used simple pa-
rameters including age, GTT, cholesterol level, and platelet
count to predict hepatic fibrosis.!' Two cutoff points were
determined (a low point of 4.2 and a high point of 6.9).
A score <4.2 in 96% of patients accurately identified mild
fibrosis. However, a score >6.9 correctly diagnosed signif-
icant fibrosis (stage 2-4) only 30% of time. The APRI assay
also uses more standard laboratory tests to assess hepatic
fibrosis—the AST-to-platelet ratio index.'? This index was
able to predict significant fibrosis accurately in 51% and
cirrhosis in 81% of patients with hepatitis C. Imbert-Bismut
et al developed a panel of fibrosis markers'? that consists of
5 biomarkers, including apolipoprotein Al, haptoglobin,
alpha 2 macroglobulin, GGT, and total bilirubin. Their
assay allowed the classification of 12% of patients as having
no significant fibrosis (FO-F1 fibrosis) with a negative pre-
dictive value of 100%, and 34% of patients having signifi-
cant fibrosis (F2-F4 fibrosis) with 90% positive predictive
value.

At first glance, these studies suggest that the serum
fibrosis panels are quite good for assessing the extent of
liver fibrosis. However, there are some concerns regarding
the currently available tests. Many of the assays have inde-
terminate values that limit their clinical utility. For example,
the panel developed by Forns et al'! has a lower and upper
cutoff limit of 4.2 and 6.9, respectively. If the assay value
falls between these 2 values, it is considered an indetermi-
nate value. Ultimately, in their study, only 51% of patients
could have their fibrosis classified. In addition, many of
these tests were studied in patients referred to tertiary care
centers or were a part of treatment trials for hepatitis. There-
fore, the performance of these assays may be different in
routine clinical practice.

There are several issues that need to be kept in mind
regarding serum fibrosis markers. Performance characteris-
tic parameters such as negative and positive predictive val-
ues are greatly affected by the baseline prevalence in the
study population. In turn, the performance of these assays is
dependent on the prevalence of hepatic fibrosis in the pop-
ulation being studied. In this study, the FIBROSpect 11 assay

was studied in patients referred to a tertiary care center.
Therefore, the performance of this assay may be different in
routine clinical practice. However, in clinical practice the
prevalence of significant fibrosis is likely to be lower and
thus, the assay will likely be more useful in excluding
significant fibrosis. Also, these assays are generally good at
differentiating between advanced fibrosis and minimal or no
fibrosis but are poor at differentiating between the interme-
diate grades of fibrosis (F1-F3)—this is the case with the
FibroSpect 1I assay as well. In addition, these serum assays
can only be as good as the gold standard for determining
hepatic fibrosis, the liver biopsy. And, as mentioned above,
the overall sensitivity of a single pass percutaneous liver
biopsy is only 80%. In this study, all biopsy samples were
considered adequate and, thus, sampling error was mini-
mized. Another diagnostic limitation of a percutaneous liver
biopsy includes inter- and intra-observer variability of the
fibrosis staging. This was minimized in this study by using
a single hepatopathologist. In addition, when a third of the
biopsies were blindly read again, there was high agreement
with the initial reading (k = 0.8). Finally, the FIBROSpect
IT assay was validated using a fibrosis cutoff where F2-F4
was considered significant fibrosis. This cutoff is useful
when determining which hepatitis C patients to treat, where
typically patients with F2 or higher fibrosis are felt to be
appropriate candidates for interferon-based therapy. How-
ever, in practice F2 fibrosis or less is considered mild
fibrosis. As shown in the results, when the significant fibro-
sis cutoff was changed to F3-F4, the sensitivity of the test
increased but the specificity decreased.

In summary, this study validates the performance char-
acteristics of a noninvasive serum fibrosis marker—
FIBROSpect 11 using a prospective cohort of patients with
chronic hepatitis C. Similar to other noninvasive fibrosis
tests, FIBROSpect 11 may not be useful in differentiating
between the intermediate stages of fibrosis. However, the
high negative predictive value of this assay in low prev-
alence populations of F2-F4 fibrosis may allow clinicians
to avoid a liver biopsy in certain situations, such as
patients who refuse a biopsy, or have a contraindication
(hemophiliacs). Simple laboratory tests such as pro-
thrombin time, albumin, total bilirubin, and platelet
counts in conjunction with an abdominal imaging study
should continue to be utilized to identify overt cirrhosis.
Furthermore, FIBROSpect 11 may be useful in assessing
fibrosis progression in patients who have had a baseline
liver biopsy in the past, including those patients with
non-HCV-related liver diseases—although this must be
studied prospectively before it can be recommended. It
will also be important to prospectively validate these
results using a community-based setting with different
relative prevalence of different stages of HCV in order to
further assess its clinical utility. Moreover, it will be of
interest to determine how the FIBROSpect II might
change in patients receiving antiviral therapy.
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