
C

A
i
A
K
a

T
p
g
c
e
p

i
c

D
U
O

0
d

The American Journal of Medicine (2007) 120, 280.e9-280.e14
LINICAL RESEARCH STUDY

ssessment of FIBROSpect II to Detect Hepatic Fibrosis
n Chronic Hepatitis C Patients
tif Zaman, MD, MPH,a Hugo R. Rosen, MD,a Ken Ingram, PA-C,a Christopher L. Corless, MD, PhD,a Esther Oh,b

atie Smithb

AJM Theme Issue: Gastroenterology
Oregon Health b

B
p
p
b
a
fi
M
h
F
a
b
R
t
c
s
o
C
a
p
A

E-mail address

002-9343/$ -see f
oi:10.1016/j.amjm
& Science University, Portland; and Prometheus Laboratories, San Diego, Calif.

ABSTRACT

ACKGROUND: The degree of liver fibrosis in patients with Hepatitis C (HCV) provides important
rognostic information; however, the only current method available to obtain this information is by
erforming a liver biopsy. Liver biopsies are invasive, associated with complications, and costly. There has
een recent interest in developing a panel of serum markers that can reliably predict the presence of fibrosis
nd, thus, obviate the need for a liver biopsy. Our objective was to prospectively validate a panel of serum
brosis markers (FIBROSpectSM II) that has been recently developed.
ETHODS: Serum was obtained from 108 consecutive HCV (15% with HCV/ETOH) patients seen in a
epatology clinic at a single tertiary care center at the time of liver biopsy. The performance of
IBROSpect II (consisting of 3 fibrosis markers: hyaluronic acid, tissue inhibitor of metalloproteinases 1,
nd alpha-2-macroglobulin) in differentiating mild (F0-F1) from significant (F2-F4) fibrosis was assessed
y comparing the panel results with performed liver biopsy.
ESULTS: The prevalence of significant fibrosis in the study group was 36.1%. The diagnostic value of

he serum marker panel to detect significant fibrosis as assessed by area under the receiver operating
haracteristic (ROC) curve was 0.826. Performance characteristics are as follows: sensitivity 71.8%,
pecificity 73.9%, positive predictive value 60.9%, negative predictive value 82.3%, and overall accuracy
f 73.1%.
ONCLUSION: This prospective study supports the clinical utility of serum markers in detecting fibrosis
nd validates the performance of FIBROSpect II in a prospective cohort of patients. The high negative
redictive value of the test provides a reliable alternative to rule out severe fibrosis. © 2007 Elsevier Inc.
ll rights reserved.

KEYWORDS: Hepatitis C; Hepatic fibrosis
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he majority of chronic liver diseases are typified by he-
atic injury and inflammation, which then leads to fibro-
enesis.1 Fibrogenesis is considered a dynamic process
haracterized by the formation of the constituents of the
xtracellular matrix, which is a mixture of glycoproteins and
roteoglycans in a complex network. Fibrosis is felt to be a
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ront matter © 2007 Elsevier Inc. All rights reserved.
ed.2006.06.044
hysiologic mechanism, initially beneficial in helping to
imit the extension of the inflammatory reaction, but as
njury persists it is detrimental to the liver. Collagen and
atrix proteins that constitute fibrosis are largely produced

y activated stellate cells. Over time, the inflammation seen
n the liver due to chronic injury can fluctuate, worsening or
mproving over time. However, fibrosis, in a setting of
hronic persistent injury, is believed to be progressive and
argely irreversible.2,3 Ultimately, progressive fibrosis leads
o architectural distortion of the liver, and cirrhosis. There-
ore, the progression of fibrosis determines prognosis in
atients with chronic liver disease.

Currently, the gold standard for determining the degree

f hepatic fibrosis is a liver biopsy. Several scoring systems
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o assess fibrosis have been proposed, including the Knodell
core,4 the Ishak score,5 and the Metavir score.6 The Meta-
ir system has been carefully validated in chronic hepatitis
patients and is used increasingly in practice. None to mild

brosis is generally considered F0-F1, and F2-F4 is consid-
red significant fibrosis—where
4 is cirrhosis. Liver biopsies,
owever, are invasive and have
ssociated morbidity including
ain, intraperitoneal hemorrhage,
ntrahepatic or subcapsular hema-
omas, hemobilia, bile peritonitis,
nd pneumothorax. Complications
equiring hospitalization occur in
%-3% of patients, and mortality
ates are between 1 in 10,000 and
in 12,000.7 The diagnostic limi-

ations of a percutaneous liver bi-
psy include inter- and intra-ob-
erver variability of the fibrosis
taging and sampling error. Al-
hough factors that improve the di-
gnostic accuracy of a liver biopsy include use of a Trucut
5-gauge needle rather than Menghini-type needles, multi-
le passes, biopsy core sizes �2 cm, and use of pathologists
amiliar with liver biopsy readings,7,8 even in the ideal
ituation a single pass percutaneous liver biopsy incorrectly
tages fibrosis in 20% of patients.9

Because of the invasiveness of a liver biopsy and the
ssues outlined above, there has been great interest in de-
eloping noninvasive markers of fibrosis. Recently, a panel
f fibrosis markers has been developed and consists of
yaluronic acid (HA), tissue inhibitor of metalloproteinases

(TIMP-1), and alpha-2-macroglobulin with very good
erformance characteristics in predicting the absence/pres-
nce of significant hepatic fibrosis.10 However, this serum
anel was developed using banked serum samples. Further-
ore, this serum panel has not been validated using samples

rom an independent cohort. Therefore, the aim of this study
s to prospectively validate this panel of serum markers
FIBROSpectII®) using a cohort of consecutive patients
een in a hepatology clinic at a university hospital.

ETHODS

tudy Subjects
onsecutive patients with hepatitis C seen in the hepatology
linic at Oregon Health and Science University were asked
o participate in this study. All patients were anti-HCV
hepatitis C) positive and had detectable plasma HCV-RNA
y polymerase chain reaction. The study was approved by
he Institutional Review Board at Oregon Health and Sci-
nce University. The period of enrollment was between
ctober 2001 and June 2003. All patients at the time of liver
iopsy underwent a blood draw for a serum sample. All
erum samples were shipped frozen to Prometheus Labora-

CLINICAL SIGNIF

● Liver biopsy is a
vasive procedure
gold standard f
fibrosis in hepat

● The serum fibro
can effectively i
not have fibrosis
ful in differentia
ate stages of fib
ories for analysis. t
erum Fibrosis Marker Assays
erum levels of 3 fibrosis markers (FIBROSpect II®,
rometheus Laboratories, San Diego, Calif) were deter-
ined by technologists blinded to clinical, laboratory and

istological findings. Serum hyaluronic acid was mea-
sured in an enzyme-linked sand-
wich assay using HA-binding
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-
say variability of 2%-11% and
1%-11%, respectively.

istologic Analysis
ll liver biopsies were read by a single pathologist (C.C.)
sing the Metavir scoring classification where the stage of
brosis was assessed on a 5-point scale (0�no fibrosis,
�portal fibrosis without septa, 2� few septa, 3�numerous

epta without cirrhosis, 4�cirrhosis). Significant fibrosis was
onsidered to be stage �2. A random sample of 1/3 of the liver
iopsies was re-read by the pathologist to verify the reproduc-
bility of the histologic findings. Excellent reproducibility of
he histologic findings was observed with a ��0.8. Therefore,
he original Metavir scores were used in the final analysis. A
iver biopsy was considered to be adequate if the core sample
as �15 mm and had more than 5 portal tracts in the speci-
en; all study samples were considered adequate by these

riteria.

tatistical Analysis
atient baseline characteristics are summarized using de-
criptive statistics and reported as mean � standard devia-
ion or proportions. The FIBROSpect II index (0-100) was
enerated for each sample from a logistic regression model
f the 3 markers that was previously established to discrim-
nate F0-F1 from F2-F4 (Metavir) fibrosis.10 The diagnostic
alue of the algorithm in the study cohort was assessed by
rea under the ROC curve. Samples with an index �42 were
lassified as consistent with significant fibrosis, and those
ith an index from 0 to 41 were considered to be consistent
ith no/mild fibrosis to determine clinical performance of

he algorithm. Statistical analyses were performed with SAS
oftware version 8.0 (SAS Institute Inc., Cary, NC) and
PSS software version 11.5 (SPSS Inc., Chicago, Ill).

ESULTS
ne hundred eight consecutive hepatitis C patients seen at
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linic were enrolled in this prospective validation study.
emographic and baseline characteristics are summarized

n Table 1. The mean age of the cohort was 44 � 7.9 years
ith a male predominance (65%). Fifteen percent (15%) of

he cohort also had a physician-reported diagnosis of alco-
ol-related liver disease. The mean ALT was 81 IU/L (range
6-519) and mean AST IU/L was 59 (range 17-341). There
as no correlation between ALT and AST levels, and FI-
ROSpect II results. Overall, nearly 2/3 of subjects had
o/mild fibrosis, while only 13% of subjects had advanced
brosis (stage 3 or 4) on liver biopsy.

erformance Characteristics of
IBROSpect II Index
able 2 describes the clinical performance characteristics of
IBROSpect II. The sensitivity and specificity were 71.8%
nd 73.9%, respectively, in a study population with an
verall prevalence of significant fibrosis of 36.1%. For this
revalence, the positive and negative predictive values
PPV and NPV) were 60.9% and 82.3%, respectively. Fig-
re 1 describes how the performance characteristics of the
ssay vary based on the prevalence of significant fibrosis
F2-F4). As the baseline prevalence decreases, the NPV
ncreases. Thus, at a baseline prevalence of 20% significant
brosis, the NPV is over 90%. The overall accuracy of the
ssay does not change over a wide prevalence range, nor
oes the sensitivity or specificity. The likelihood for a pos-
tive result is 2.75 (95% CI, 1.79-4.33), and 0.38 (95% CI,
.22-0.61) for a negative result. When the cutoff of signif-
cant fibrosis was changed to F3-F4, the sensitivity, speci-
city, positive predictive value, and negative predictive
alue changed to 81.8%, 62.9%, 20%, and 96.8%,
espectively.

The ROC curve of the test cohort is described in Figure 2.

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.
he area under the curve (AUC) was 0.826, and as a pre-
ictive tool it was significantly higher than chance alone (ie,
UC � 0.5). FIBROSpect II test is based on a logistic re-
ression index (range 0-100) determined by the predictive
odel. Figure 3 describes the frequency of Metavir fibrosis

tages over the range of FIBROSpect II index scores in the
tudy population. Low index values (0-19) correctly iden-
ified no/mild fibrosis (F0-F1) in 90% of cases. On the other
and, a very high index score (80-100) correctly identified
ignificant fibrosis (F2-F4) in nearly 80% of cases.

ISCUSSION
he current study validates the performance characteristics
f the FIBROSpect II assay using a US cohort of HCV
atients. Serum was collected prospectively at the time of
iver biopsy. The overall performance of the diagnostic test
as very good based upon the area under the ROC curve (a
alue of 0.826). Negative and positive predictive values
ere good to very good, depending upon the baseline prev-

lence of significant fibrosis (F2-F4) of the population. In
eneral, the lower the baseline prevalence of significant
brosis is, the better the negative predictive value of the

est. Furthermore, extremely low and high index values of
he test were excellent at correctly predicting the presence
r absence of significant fibrosis. In our cohort, 19 patients
ad very low index value (�20) and in these patients a liver
iopsy could be avoided. These findings are similar to a
tudy by Patel et al10 where the FIBROSpect II assay had
imilar performance characteristics—AUC of 0.831 and
ositive and negative predictive values of 74.3% and
5.8%, respectively. Thus, our study further validates this
erum fibrosis panel, but using prospectively collected
amples.

Numerous surrogate markers for hepatic fibrosis have
een studied. There are direct biochemical markers of
brosis, such as procollagen type III N-terminal peptide
PIIINP) and hyaluronic acid (HA). Because pathological
ccumulation 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 (F0-F1) or Significant
(F2-F4) Fibrosis

Biopsy

F2-F4 F0-F1

FIBROSpect II positive* 28 18 46
FIBROSpect II negative* 11 51 62
Total 39 69 108
Prevalence of F2-F4 36.1% 95% CI

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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n the synthesis and degradation of matrix proteins, matrix
etalloproteinases (MMPs) and tissue inhibitors of metal-

oproteinases (TIMPs) have also been studied as candidate
arkers. Matrix metalloproteinases constitute a family of

inc endopeptidases capable of degrading collagens, and
IMPs regulate its activity. Therefore, an imbalance in
MPs and TIMPs may be an important determinant of

epatic fibrosis. Proinflammatory markers such as LPS (li-

n=108 H
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Figure 2 Receiver Operator Characteristic Curve of the FIBROSpec
opolysaccharide), TNF-alpha (transforming growth fac-
or), and HGF (human growth factor) have also been eval-
ated. Other markers that have been studied include gamma
lutamyltranspeptidase (GTT), total bilirubin, aspartase
minotransferases (AST), platelet count, YKL-40, apoli-
oprotein A1, and alpha 2 macroglobulin.

Recently, well-described serum fibrosis marker panels in
ddition to FIBROSpect II include Fibrotest and the AST-
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o-platelet ratio index (APRI). Forns et al used simple pa-
ameters including age, GTT, cholesterol level, and platelet
ount to predict hepatic fibrosis.11 Two cutoff points were
etermined (a low point of 4.2 and a high point of 6.9).

score �4.2 in 96% of patients accurately identified mild
brosis. However, a score �6.9 correctly diagnosed signif-

cant fibrosis (stage 2-4) only 30% of time. The APRI assay
lso uses more standard laboratory tests to assess hepatic
brosis—the AST-to-platelet ratio index.12 This index was
ble to predict significant fibrosis accurately in 51% and
irrhosis in 81% of patients with hepatitis C. Imbert-Bismut
t al developed a panel of fibrosis markers13 that consists of

biomarkers, including apolipoprotein A1, haptoglobin,
lpha 2 macroglobulin, GGT, and total bilirubin. Their
ssay allowed the classification of 12% of patients as having
o significant fibrosis (F0-F1 fibrosis) with a negative pre-
ictive value of 100%, and 34% of patients having signifi-
ant fibrosis (F2-F4 fibrosis) with 90% positive predictive
alue.

At first glance, these studies suggest that the serum
brosis panels are quite good for assessing the extent of

iver fibrosis. However, there are some concerns regarding
he currently available tests. Many of the assays have inde-
erminate values that limit their clinical utility. For example,
he panel developed by Forns et al11 has a lower and upper
utoff limit of 4.2 and 6.9, respectively. If the assay value
alls between these 2 values, it is considered an indetermi-
ate value. Ultimately, in their study, only 51% of patients
ould have their fibrosis classified. In addition, many of
hese tests were studied in patients referred to tertiary care
enters or were a part of treatment trials for hepatitis. There-
ore, the performance of these assays may be different in
outine clinical practice.

There are several issues that need to be kept in mind
egarding serum fibrosis markers. Performance characteris-
ic parameters such as negative and positive predictive val-
es are greatly affected by the baseline prevalence in the
tudy population. In turn, the performance of these assays is
ependent on the prevalence of hepatic fibrosis in the pop-
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igure 3 The frequency of Metavir fibrosis stages over the
ange of FIBROSpect II index scores.
lation being studied. In this study, the FIBROSpect II assay c
as studied in patients referred to a tertiary care center.
herefore, the performance of this assay may be different in

outine clinical practice. However, in clinical practice the
revalence of significant fibrosis is likely to be lower and
hus, the assay will likely be more useful in excluding
ignificant fibrosis. Also, these assays are generally good at
ifferentiating between advanced fibrosis and minimal or no
brosis but are poor at differentiating between the interme-
iate grades of fibrosis (F1-F3)—this is the case with the
ibroSpect II assay as well. In addition, these serum assays
an only be as good as the gold standard for determining
epatic fibrosis, the liver biopsy. And, as mentioned above,
he overall sensitivity of a single pass percutaneous liver
iopsy is only 80%. In this study, all biopsy samples were
onsidered adequate and, thus, sampling error was mini-
ized. Another diagnostic limitation of a percutaneous liver

iopsy includes inter- and intra-observer variability of the
brosis staging. This was minimized in this study by using
single hepatopathologist. In addition, when a third of the

iopsies were blindly read again, there was high agreement
ith the initial reading (� � 0.8). Finally, the FIBROSpect

I assay was validated using a fibrosis cutoff where F2-F4
as considered significant fibrosis. This cutoff is useful
hen determining which hepatitis C patients to treat, where

ypically patients with F2 or higher fibrosis are felt to be
ppropriate candidates for interferon-based therapy. How-
ver, in practice F2 fibrosis or less is considered mild
brosis. As shown in the results, when the significant fibro-
is cutoff was changed to F3-F4, the sensitivity of the test
ncreased but the specificity decreased.

In summary, this study validates the performance char-
cteristics of a noninvasive serum fibrosis marker—
IBROSpect II using a prospective cohort of patients with
hronic hepatitis C. Similar to other noninvasive fibrosis
ests, FIBROSpect II may not be useful in differentiating
etween the intermediate stages of fibrosis. However, the
igh negative predictive value of this assay in low prev-
lence populations of F2-F4 fibrosis may allow clinicians
o avoid a liver biopsy in certain situations, such as
atients who refuse a biopsy, or have a contraindication
hemophiliacs). Simple laboratory tests such as pro-
hrombin time, albumin, total bilirubin, and platelet
ounts in conjunction with an abdominal imaging study
hould continue to be utilized to identify overt cirrhosis.
urthermore, FIBROSpect II may be useful in assessing
brosis progression in patients who have had a baseline

iver biopsy in the past, including those patients with
on-HCV-related liver diseases—although this must be
tudied prospectively before it can be recommended. It
ill also be important to prospectively validate these

esults using a community-based setting with different
elative prevalence of different stages of HCV in order to
urther assess its clinical utility. Moreover, it will be of
nterest to determine how the FIBROSpect II might

hange in patients receiving antiviral therapy.
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