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Background & Aims: Accurate disease staging in chronic
hepatitis C (CHC) infection helps guide treatment and may
provide prognostic information. Liver biopsies are invasive,
costly, and associated with morbidity. We hypothesized that a
noninvasive test of liver fibrosis can accurately stage liver
fibrosis. We prospectively evaluated the FIBROSpect II (FSII)
biomarker panel versus pathology assessment and a quantita-

tive measure of fibrosis. Methods: Liver biopsy specimens
and serum were obtained from 252 CHC patients, including
50 posttransplant, from 3 tertiary centers. Biopsy speci-
mens were scored centrally and independently at each site,
along with central quantification of fibrosis by digitized
morphometry. Serum tests were performed blinded to clinical
or histologic evaluation. Results: The mean biopsy speci-
men length was 1.95 * 0.87 cm; prevalence of stage F2
through F4 fibrosis was 77%. Agreement between central
and site readings for individual stages was modest (k =
0.674), with concordant readings in 106 of 248 (43%) biopsy
specimens. The area under the receiver operating character-
istic curve for FSII and morphometry for stages F2 through
F4 for concordant biopsy specimens were 0.823 and 0.728,
respectively. Sensitivity and specificity for FSII were 83.5%
and 66.7%, respectively, with an accuracy of 80.2%. The
aspartate aminotransferase to platelet ratio index sensitiv-
ity and specificity for predicting F2 through F4 were 30.4%
and 100%, respectively, the indeterminate rate was 40.4%,
and the accuracy rate was 48.4%. The accuracy of FSII in
concordant biopsy specimens in the posttransplant co-
hort was 73%. Conclusions: Serum biomarkers can dif-
ferentiate mild from moderate-to-severe fibrosis. This pro-
spective study validates the performance characteristics of
FSII in CHC patients and a posttransplant cohort. Assess-
ing the diagnostic utility of biomarkers is limited by vari-
ability in methods to quantify fibrosis and poor interob-
server agreement for histologic staging.

hronic hepatitis C (CHC) infection is characterized by
varying degrees of inflammation and hepatic fibrosis, af-
fecting an estimated 2.7 million persons in the United States
and more than 170 million people worldwide.! A proportion of

patients develop progressive liver fibrosis, and, ultimately, cir-
rhosis with complications of end-stage liver disease, typically
over 20 to 40 years. CHC infection is the leading indication for
liver transplantation in developed nations and will continue to
pose significant health and economic burdens during the next
10 to 20 years.?

Assessment of disease activity with histology obtained by a
liver biopsy helps guide treatment and management decisions
in CHC patients.> However, a liver biopsy is invasive, costly, and
associated with a small but finite risk of complications.*> Fur-
thermore, accurate disease staging is limited by issues relating
to sampling and observer variability.~ The semiquantitative
grading systems used for histopathologic analysis in CHC do
not reflect actual matrix burden, but were developed to stan-
dardize and improve observer variability, and to determine
thresholds for therapy in CHC.!® Computer-aided image anal-
ysis may provide a more objective measurement of fibrous
tissue in a liver biopsy specimen, but this modality also is
associated with a high coefficient of variation, even in good
quality samples.>!!

Given the invasive nature of liver biopsy, there has been
significant progress in recent years in the development of non-
invasive biomarkers of fibrosis that provide an alternative to
disease staging by a liver biopsy.!? One such approach has been
to develop panels of specific markers such as FIBROSpect 11
(FSII) (Prometheus Laboratories Inc., San Diego, CA), which
uses a predictive algorithm based on 3 serum markers, includ-
ing hyaluronic acid, serum tissue inhibitor of metalloprotein-
ase-1, and a-2-macroglobulin. This panel has been shown to
differentiate mild (METAVIR stages FO to F1) from moderate-
to-severe (METAVIR stages F2 to F4) hepatic fibrosis with an
accuracy of 75% in a previous retrospective study of 696 CHC
patients.!?

In this study, we hypothesized that a serum fibrosis panel
such as FSII has the ability to stage fibrosis accurately, as
assessed by both standard histology and quantified using mor-
phometry. In addition, because few studies have evaluated the
utility of fibrosis markers in relation to image analysis or
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recurrent disease in the posttransplant setting,'!5 we aimed to
evaluate prospectively the diagnostic utility of FSII in a broad
group of CHC patients, including a posttransplant cohort. We
further aimed to assess the observer variability for staging fibrosis
and to compare the diagnostic utility of FSII for METAVIR stages
F2 to F4 in comparison with the aspartate aminotransferase to
platelet ratio index (APRI) index.

Patients and Methods
Patient Population

Adult CHC patients undergoing a liver biopsy as stan-
dard of care were eligible for this prospective study conducted
at 3 tertiary care institutions from December 2002 to August
2003. Eligible patients were either treatment-naive or had re-
ceived no therapy for at least 6 months. Each patient required
confirmation of CHC on a liver biopsy and serologic evidence of
hepatitis C virus (HCV) RNA by a polymerase chain reaction
assay. A separate cohort that underwent liver transplant for
end-stage liver disease as a result of CHC also was included in
the study. These patients were at least 3 months post-liver
transplant and all had evidence of recurrent HCV infection by
polymerase chain reaction assay. Up to 10% of the total enroll-
ment could include patients co-infected with hepatitis B virus
or human immunodeficiency virus-1 infection. Patients with
other chronic liver diseases, connective tissue disease, extrahe-
patic infectious or inflammatory diseases, and for the trans-
plant subset evidence of acute or chronic cellular rejection, were
excluded from this study. Serum samples were collected before
antiviral therapy, and within 1 month of liver biopsy, and
stored at —70°C until analysis. All samples were evaluated by
personnel at a central laboratory blinded to clinical or histo-
logic findings for the FSII panel. The Institutional Review
Boards at Duke University Medical Center, University of Florida
Gainesville, and Beth Israel Deaconess Medical Center approved
the study protocol and all subjects gave written informed con-
sent. The study met all standards for good clinical research
according to the ethical guidelines outlined in the Declaration
of Helsinki.

Liver Histology

Percutaneous liver biopsies were performed at each site
as standard of care for assessment of histologic activity before
antiviral therapy for nontransplant patients, and for clinical
indications, or per protocol, as assessed by the transplant team
for the subset of posttransplant patients with HCV recurrence.
Liver biopsy specimens were fixed in 10% buffered formalin,
embedded in paraffin, and stained with H&E and Masson’s
trichrome for routine histopathologic assessment both cen-
trally and at each site using the METAVIR system.!®1¢ Biopsy
specimens were considered adequate for evaluation if they were
at least 15 mm in length and/or contained greater than 6 portal
tracts. The biopsy specimens were read centrally by 3 experi-
enced hepatologists who were blinded to clinical details, cross-
trained together, and subsequently read the biopsy specimens
independently. Initial concordance across the 3 readers for
METAVIR was estimated by a k coefficient of 0.86. Differences
in scoring between the 3 readers were resolved by re-evaluation
of the biopsy specimen as a consensus. Biopsy specimens also
were evaluated independently by a single experienced hepato-
pathologist at each site. In addition, unstained liver sections
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were prepared and sent for quantitative morphometric analysis
at Duke University Medical Center.

Serum Biomarker Assay

The FSII panel includes serum hyaluronic acid, serum
tissue inhibitor of metalloproteinase-1, and a-2-macroglobulin
measured at a central laboratory as outlined previously.!’® A
derived regression index greater than 0.36 is concordant with
METAVIR stages F2 to F4, with an accuracy of 75%.

Quantitative Analysis of Liver Fibrosis

Morphometric quantitation of hepatic fibrosis was per-
formed using Sirius red staining at a single laboratory by an
experienced technician blinded to the histology score or clinical
details. In brief] sections were incubated for 30 minutes in 0.1%
Sirius red F3B containing saturated picric acid and 0.1% Fast
Green (Sigma Chemical Co, St. Louis, MO). After rinsing twice
with distilled water, sections then briefly were dehydrated with
70% ethanol. Thereafter, a morphometric score was derived by
computerized image analysis using a photomicroscope (Nikon
TE300 photomicroscope; Nikon Co, Tokyo, Japan) and Meta-
View software (Universal Imaging Corp, Downingtown, PA).
Collagen stained with Sirius red was quantified at 20X magni-
fication. All fields from each liver biopsy were photographed,
and fields not filling the entire viewed area were omitted. In-
cluded fields yielded a score that was reported as a mean
aggregate score for each liver biopsy, and repeated measure-
ments had a variability of less than 10%.

Statistical Analysis

Patient demographic and clinical laboratory character-
istics were summarized descriptively and reported as mean =*
SD and range (minimum/maximum). Statistical significance
was assessed at the 0.05 level. Correlation analysis was per-
formed by Pearson and Spearman rho tests. Differences be-
tween continuous variables were assessed by the Student ¢ test,
and observer agreement by the k coefficient. The diagnostic
accuracy of FSII relative to histologic or morphometric assess-
ment of liver fibrosis was evaluated by receiver operating char-
acteristic curve analysis (ROC) (Statistica Software, version 6.1;
Statsoft, Tulsa, OK). Confidence intervals were based on a
binomial distribution. The appropriate morphometric classifi-
cations to distinguish FO to F1 from F2 to F4 liver fibrosis were
established using classification and regression trees analysis,
using the lowest error rate.

Results
Patient Characteristics

Of the 252 CHC patients enrolled in the study, 196
(78%) had CHC infection only, 6 (2%) had co-infection with
human immunodeficiency virus-1, and 50 (20%) were posttrans-
plant. The majority of patients had genotype 1 infection (169 of
252, 67.1%). Other differences in the baseline demographic and
laboratory characteristics for the transplant and nontransplant
groups are shown in Table 1. The mean biopsy (£SD) length
was 1.95 £ 0.87 cm, and all biopsy specimens had at least 6
portal tracts suitable for evaluation.

Fibrosis Staging

Overall, 58 of 252 (23%) of the patients had minimal
stage liver fibrosis (FO-F1) and 194 of 252 (77%) had moderate-
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Table 1. Demographics for Transplant and Nontransplant

Patients
Nontransplant Transplant
(n = 202) (n = 50) P value

Age, y 492+ 7.9 55.1 £ 6.5 <.001
Male/female, n 136/66 33/17 .876
Race (%)

Caucasian 150 (74.6) 45 (90)

African American 35(17.4) 0

Hispanic 11 (5.5) 5(10) .01

Asian 4(2) 0

Other 2(1) 0
Body mass index? 27.1+4.3 28.1+5.8 .186
Current alcohol use®

1 13 2

2-4 11 0

>4 7 1
HIV-1 Co-infection 9 0
AST/ULN 1.2 +0.8 1.7+ 1.3 <.001
ALT/ULN 15+1.1 21*+21 .02
Platelet count, 109/L 213.2 +70.2 152.2 + 80.7 <.001

NOTE. Data are shown as mean *+ SD.

ULN, upper limit of normal.

an = 197; data not available (n = 5).

bNumber of standard (10 g) drinks per week; no differences were
noted in the mean quantity of alcohol consumed.

to-severe fibrosis (F2-F4) by central biopsy staging (Figure 1).
This indicated a relatively high prevalence of significant fibrosis
among the CHC population evaluated at the 3 tertiary centers
in this study. The prevalence of stage F2 to F4 fibrosis was 137
of 248 (55%) for site-based readings (results were not available
for 4 patients in the nontransplant group). The agreement for
individual stages between central and site-based reading was
modest (Cohen’s k = 0.674), with agreement for individual
stages in only 106 of 248 (43%) biopsy specimens. As might be
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Figure 1. Distribution of biopsy specimens staged centrally (n = 252)
or by site-based pathologists (n = 248). Biopsy specimens read cen-
trally had higher staging for F2 to F4 (188 of 252; 74.6%) compared with
site-based readings (137 of 248; 55.2%). Interestingly, very few biopsy
specimens were staged as FO centrally (4 of 252; 1.6%) compared with
site-based scoring (39 of 248; 15.7%).
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Figure 2. Distribution of patients discordant by 1 or more stages com-
pared with central biopsy scoring. Most discordance between central
and site-based readings was for 1 stage (118 of 142; 83%) and was
observed mainly for fibrosis stages F1 to F3. Overall 1-stage discor-
dance rates for central readings were as follows: F1, 56.6%; F2, 54.7%;
and F3, 51.8%. Two-stage discordance rates for F1 to F3 were 7.5%,
11.6%, and 12.5%, respectively.

predicted, there was better agreement between site and central
readings in 172 of 248 (69%) biopsy specimens that were not
scored as individual stages, but as either minimal (FO-F1) or
moderate-to-severe stage fibrosis (F2-F4); for biopsy specimens
graded as either stage FO to F3 or F4 there was agreement in 237
of 248 (95%) of the cases.

One-stage discordance was noted for 118 of 248 (47%) biopsy
specimens that were mostly stages F2 (23%) and F3 (12%) by the
central reading. Two-stage or more discordance was noted in 25
(10%) cases (Figure 2). There was no significant difference be-
tween mean (*=SD) concordant and discordant biopsy length
(1.94 = 0.99 cm vs 1.97 = 0.76 cm; P = .78). There were no
significant differences in the quality of the biopsy specimen
between the sites, or concordance between central reading and
the cohort of transplant patients or an individual site (data not
shown).

FIBROSpect II Performance Characteristics

The ability of FSII to differentiate stages F2 to F4 from FO
to F1 was assessed relative to the central and site-based staging of
study biopsy specimens for each patient. The results indicated a
sensitivity of 70.6% and 81%, a specificity of 65.5% and 62.2%, and
an area under the ROC (AUROC) curve of 0.757 (95% confidence
interval [CI], 0.686-0.827) and 0.776 (95% CI, 0.717-0.834) for
central and site-based staging, respectively (Table 2). For the 106
patients with agreement for each individual stage between central
and site-based readings the performance of FSII was improved,
with an AUROC of 0.823 (95% CI, 0.720-0.927). At a lower
prevalence for stage F2 to F4 of 30%, the positive and negative
predictive values for FSII in concordant biopsy specimens were
53% and 91%, respectively (Figure 3).

For the transplant cohort, at prevalence of stage F2 to F4 of
41.7% and 78% for site and central readings, respectively, FSII
had a sensitivity of 75% and 71.8%, a specificity of 42.9% and
54.5%, and an accuracy of 56% and 68% for the detection of
moderate-to-severe disease. For the 30% of biopsy specimens
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Table 2. Performance Characteristics for FIBROSpect Il by
Central and Site Staging

Central Site Central/site agree
(n=252) (n= 248) (n = 1086)

Prevalence of F2-F4 77.0 55.2 80.2
Sensitivity 70.6 81.0 83.5
Specificity 65.5 62.2 66.7
Positive predictive 87.3 72.5 91.0

value
Negative predictive 40.0 72.6 50.0

value
Accuracy 69.4 72.6 80.2

NOTE. All results shown as a percentage.

concordant between site and central readings, and a prevalence
of stage F2 to F4 of 73.3%, the sensitivity and specificity of FSII
was 81.8% and 50%, respectively, with an accuracy of 73%.

Sirius Red Morphometry Biopsy Assessment

The diagnostic utility of Sirius red morphometry for
differentiating individual and stage F2 to F4 fibrosis was as-
sessed in 247 patient biopsy specimens (specimens not available
for assessment in 5 subjects). The AUROC values for F2 to F4
were 0.622 (95% CI, 0.545-0.698) and 0.687 (95% CI, 0.623-
0.752) for central and site-based readings, respectively. For 105
biopsy specimens with agreement between central and site read-
ings (morphometry results were not available in 1 patient) the
AUROC for morphometry was 0.728 (95% CI, 0.625-0.832)
(Figure 4). For these concordant biopsy specimens, mean = SD
morphometry units increased with fibrosis stage: FO (n = 3;
1.25 = 0.42), F1 (n = 19; 1.89 = 1.37), F2 (n = 31; 3.23 = 2.87),
F3 (n = 18; 415 = 3.99), and F4 (n = 34; 591 * 4.40)
(chi-square P = .001). However, there was significant overlap in
morphometry values between individual stages, with differences
apparent only for FO vs F2 (P = .02), F3 (P = .008), F4 (P <
.001); F1 vs F2 (P = .03), F3 (P = .03), F4 (P < .001), and F2 vs
F4 (P = .005) (Figure 5).

120%-
100%
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60%
40‘%— +PPV
—a— NPV
20%- —A— Accuracy
OQ/O T T T T T T T 1
0 0.1 02 03 04 05 06 07 08

Prevalence of F2 - F4

Figure 3. Prevalence modeling for prediction of stages F2 to F4 by FSII
in concordant biopsy specimens. Negative predictive value and accu-
racy at alower expected prevalence of stages F2 to F4 of 30% was 91%
and 73%, respectively.
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Figure 4. ROC curve for FSIl and Sirius red morphometry in concor-
dant biopsy specimens with an AUROC of 0.82 and 0.73, respectively.

Aspartate Aminotransferase to Platelet Ratio
Index in Concordant Biopsy Specimens

The APRI was calculated according to the formula:
APRI = (AST (/upper limit of normal) + platelet count [10°/L]) X
100. The lower and higher cut-off levels for stages F2 to F4 were
0.5 or less and greater than 1.5 as established previously.l”
Results were available in 104 of the concordant biopsy speci-
mens with a prevalence of stage F2 to F4 of 74.2%. Performance
characteristics of APRI indicated a sensitivity of 30.4%, a spec-
ificity of 100%, with indeterminate results in 42 (40.4%) pa-
tients, and an overall accuracy for predicting stages F2 to F4

P<.001
P<.001
P<.05

METAVIR fibrosis stage

Figure 5. Box plots of distribution of morphometry scores by fibrosis
stage in concordant biopsy specimens. Mean values are shown as a
horizontal line within the box, and the upper and lower hinges represent
the 75th and 25th percentiles, respectively. Whiskers extend to 1.5X
the interquartile range. There is a significant overlap in morphometry
scores for each of the fibrosis stages. Significant differences were ob-
served for F1, F2, and F3 vs F4 as indicated (Dunn multiple comparison
test).
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disease of 48.4%. Excluding the posttransplant cohort with
concordant biopsy specimens did not significantly improve the
predictive accuracy of APRI for stage F2 to F4 disease.

APRI results were available in 13 of 14 patients with stage F2
to F4 disease on concordant biopsy specimens that were clas-
sified as false-negative results by FSIL; 12 patients (F2 = 10 and
F3 = 2) had an APRI of less than 0.5, and 1 patient with stage
F4 was classified as being indeterminate. Thus, nearly all pa-
tients with a false-negative result by FSII also would have been
classified incorrectly using APRI. However, for the 7 patients
with false-positive results by FSII, 3 were identified correctly
with an APRI cut-off level of less than 0.5 (FO = 1, F1 = 2), with
indeterminate results in the remaining 4 patients.

Discussion

Our results highlight several important points. We
identified significant discordance between observers in terms of
histologic assessment of fibrosis. In addition, quantitative mot-
phometric analysis correlated poorly with semiquantitative
METAVIR biopsy scores. These findings further highlight ap-
parent limitations of percutaneous liver biopsy. Although this
prospective cohort study validated the performance character-
istics for the FSII panel, the earlier-described limitations appear
to undermine the predictive utility of this index in relation to
both standard biopsy assessment and morphometry.

Histologic assessment of fibrosis using liver biopsy has sev-
eral limitations. There appears to be substantial sampling error
in heterogeneously distributed diseases such as chronic hepati-
tis C, with significant 1-stage discordance even with good qual-
ity biopsy specimens.® Another important limitation of histo-
logic assessment of fibrosis is interobserver and intraobserver
variation among pathologists. Standardized scoring systems
such as METAVIR, Knodell, and Ishak were developed to im-
prove agreement among pathologists, but concordance rates
still are around 70% to 80% even among experienced observers.
The level of experience may have a greater influence on agree-
ment for staging than biopsy specimen quality.!® In our study,
the hepatopathologists at all 3 sites were experienced observers
based at tertiary-care referral centers for chronic hepatitis C
patients. The central biopsy scores were dependent on achieving
a consensus between 3 experienced observers who previously
had shown good agreement for METAVIR staging (k = 0.8)
(data not shown). Although small biopsy specimens may lead to
inaccuracies in fibrosis staging,” we made a specific effort to
obtain good quality biopsy specimens (biopsy length of 1.95 cm
and at least 6 portal tracts available for evaluation). There were
no differences in length between concordant and discordant
biopsy specimens. Thus, we do not believe poor biopsy quality
alone could account for the discordant fibrosis staging observed
in this study. We did not evaluate interobserver variation be-
tween site-based pathologists in this study, but there were no
significant differences between individual sites in terms of qual-
ity of biopsy or discordance compared with the central reading.
A potential limitation of our study was that serum samples
were collected up to 1 month after biopsy. However, any inter-
val changes in fibrogenesis and matrix turnover are expected to
be minimal over such a short period, and thus unlikely to affect
performance characteristics of this marker panel significantly.

As might be expected, the FSII panel showed the greatest
utility to discriminate stages F2 to F4 fibrosis (AUROC =
0.823) in the 106 concordant biopsy specimens (ie, with agree-
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ment between central and site-based scoring), and was compa-
rable with previous observations for this marker panel.131920 Of
the 85 patients with stages F2 to F4 fibrosis, 71 (83.5%) were
identified correctly by the marker panel. More than 80% of the
discordance for central assessment compared with site-based
readings were for stages F2 and F3, with less than 5% disagree-
ment for stage FO or F4. This is in keeping with prior observa-
tions and also partly accounts for the relatively poor predictive
performance of fibrosis marker panels in the intermediate range
of fibrosis.2! Clearly, the semiquantitative scoring systems for
fibrosis allow for greater variability in interpretation for mod-
erately severe fibrosis. For example, a 1-stage discordance for
fibrosis stage F2 may result in a misclassification as either
stages F1 or F3, but only a single directional change is possible
for fibrosis stages FO or F4.

Computer-aided image analysis may provide a more accurate
quantitation of fibrosis by accounting for observer subjectivity
that is associated with conventional fibrosis staging.!*??> How-
ever, the coefficient of variation for image analysis is unaccept-
ably high, at approximately 45% even for good quality biopsy
specimens.’ In our study, the AUROC for FSII to detect mod-
erate-to-severe fibrosis was lower for image analysis compared
with standard histologic assessment. These comparatively poor
performance characteristics for the marker panel in relation to
image analysis were observed irrespective of central or site
concordance. These differences between standard histologic as-
sessment and image analysis could reflect laboratory sample
handling and staining procedures, but likely were caused by an
inherent bias in the methodology used to assess fibrosis.
METAVIR staging has been used as the comparative gold stan-
dard in several noninvasive marker studies. It is possible that
earlier fibrosis stages are represented by thinner fibrous septae
that may not accurately reflect the global disease process, and a
qualitative assessment by an experienced pathologist, of the
distribution and integrity of portal tracts, plays an important
role in determining the designated fibrosis stage.

Although marker panels now have been studied in chronic
liver diseases of varying etiology, there have been few studies
evaluating their utility for fibrosis assessment in the post-
transplant setting.!® Simple markers of inflammatory activity
such as transaminases may be influenced by many posttrans-
plant issues, including allograft rejection, immunosuppres-
sion, and viral infection. This study evaluated the FSII panel in
a small cohort of patients with recurrent HCV infection in the
allograft. Performance characteristics for the marker panel were
similar to the nontransplant patients and dependent on con-
cordance with biopsy reading. Although these markers could
guide the need for protocol biopsy in the posttransplant set-
ting, larger prospective studies certainly are required before
determining the true clinical utility of these noninvasive indices
in following up changes in recurrent HCV infection-related
fibrosis after liver transplantation.

Emerging noninvasive approaches for fibrosis assessment
such as transient elastography and high-throughput protein
profiling are promising modalities that likely will be integrated
into the clinical setting in the future.?>-2> However, a significant
limitation to ongoing progress in developing more accurate
indices of fibrosis relates to inherent limitations of our current
disease staging by liver biopsy. This study highlights some of
the limitations posed by interobserver differences and mor-
phometry in this regard. Noninvasive biomarkers may provide a
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more accurate reflection of the dynamic nature of fibrogenesis,
and perhaps in combination with newer indices, provide in-
creased confidence in the level of actual disease severity.26:7
Although no single test or algorithm currently can be recom-
mended as a true alternative to liver biopsy for fibrosis quan-
tification, further improvements in our understanding of the
fibrogenesis cascade, along with the development of alternative
methods of assessing fibrosis, certainly should result in more
accurate and viable disease-staging options in the future.

References

1. Alter MJ, Kruszon-Moran D, Nainan OV, et al. The prevalence of
hepatitis C virus infection in the United States, 1988 through
1994. N Engl J Med 1999;341:556-562.

2. Kim WR. The burden of hepatitis C in the United States. Hepa-
tology 2002;36:5S30-S34.

3. Dienstag JL, McHutchison JG. American Gastroenterological As-
sociation technical review on the management of hepatitis C.
Gastroenterology 2006;130:231-264; quiz 214-217.

4. Cadranel JF, Rufat P, Degos F. Practices of liver biopsy in France:
results of a prospective nationwide survey. For the Group of
Epidemiology of the French Association for the Study of the Liver
(AFEF). Hepatology 2000;32:477-481.

5. Wong JB, Koff RS. Watchful waiting with periodic liver biopsy
versus immediate empirical therapy for histologically mild chronic
hepatitis C. A cost-effectiveness analysis. Ann Intern Med 2000;
133:665-675.

6. Regev A, Berho M, Jeffers LJ, et al. Sampling error and intraob-
server variation in liver biopsy in patients with chronic HCV infec-
tion. Am J Gastroenterol 2002;97:2614-2618.

7. Gronbaek K, Christensen PB, Hamilton-Dutoit S, et al. Interob-
server variation in interpretation of serial liver biopsies from
patients with chronic hepatitis C. J Viral Hepat 2002;9:443-449.

8. Colloredo G, Guido M, Sonzogni A, et al. Impact of liver biopsy
size on histological evaluation of chronic viral hepatitis: the
smaller the sample, the milder the disease. J Hepatol 2003;39:
239-244.

9. Bedossa P, Dargere D, Paradis V. Sampling variability of liver
fibrosis in chronic hepatitis C. Hepatology 2003;38:1449-1457.

10. Intraobserver and interobserver variations in liver biopsy interpre-
tation in patients with chronic hepatitis C. The French METAVIR
Cooperative Study Group. Hepatology 1994;20:15-20.

11. O’Brien MJ, Keating NM, Elderiny S, et al. An assessment of
digital image analysis to measure fibrosis in liver biopsy speci-
mens of patients with chronic hepatitis C. Am J Clin Pathol
2000;114:712-718.

12. Rockey DC, Bissell DM. Noninvasive measures of liver fibrosis.
Hepatology 2006;43:5S113-S120.

13. Patel K, Gordon SC, Jacobson |, et al. Evaluation of a panel of
non-invasive serum markers to differentiate mild from moderate-
to-advanced liver fibrosis in chronic hepatitis C patients. J Hepa-
tol 2004;41:935-942.

14. Pilette C, Rousselet MC, Bedossa P, et al. Histopathological
evaluation of liver fibrosis: quantitative image analysis vs semi-
quantitative scores. Comparison with serum markers. J Hepatol
1998;28:439-446.

15. Benlloch S, Berenguer M, Prieto M, et al. Prediction of fibrosis in

VALIDATION OF FSII IN HEPATITIS C 247

HCV-infected liver transplant recipients with a simple noninvasive
index. Liver Transpl 2005;11:456-462.

16. Bedossa P, Poynard T. An algorithm for the grading of activity in
chronic hepatitis C. The METAVIR Cooperative Study Group.
Hepatology 1996;24:289-293.

17. Wai CT, Greenson JK, Fontana RJ, et al. A simple noninvasive
index can predict both significant fibrosis and cirrhosis in pa-
tients with chronic hepatitis C. Hepatology 2003;38:518-526.

18. Rousselet MC, Michalak S, Dupre F, et al. Sources of variability
in histological scoring of chronic viral hepatitis. Hepatology
2005;41:257-264.

19. Cales P, Oberti F, Michalak S, et al. A novel panel of blood
markers to assess the degree of liver fibrosis. Hepatology 2005;
42:1373-1381.

20. Christensen C, Bruden D, Livingston S, et al. Diagnostic accuracy
of a fibrosis serum panel (FIBROSpect Il) compared with Knodell
and Ishak liver biopsy scores in chronic hepatitis C patients. J
Viral Hepat 2006;13:652-658.

21. Poynard T, Imbert-Bismut F, Munteanu M, et al. Overview of
the diagnostic value of biochemical markers of liver fibrosis
(FibroTest, HCV FibroSure) and necrosis (ActiTest) in patients
with chronic hepatitis C. Comp Hepatol 2004;3:8.

22. Lin XZ, Horng MH, Sun YN, et al. Computer morphometry for quan-
titative measurement of liver fibrosis: comparison with Knodell’s
score, colorimetry and conventional description reports. J Gastroen-
terol Hepatol 1998;13:75-80.

23. Ziol M, Handra-Luca A, Kettaneh A, et al. Noninvasive assess-
ment of liver fibrosis by measurement of stiffness in patients with
chronic hepatitis C. Hepatology 2005;41:48-54.

24. Poon TC, Hui AY, Chan HL, et al. Prediction of liver fibrosis and
cirrhosis in chronic hepatitis B infection by serum proteomic
fingerprinting: a pilot study. Clin Chem 2005;51:328-335.

25. Asselah T, Bieche |, Laurendeau I, et al. Liver gene expression
signature of mild fibrosis in patients with chronic hepatitis C.
Gastroenterology 2005;129:2064-2075.

26. Snyder N, Nguyen A, Gajula L, et al. The APRI may be enhanced
by the use of the FIBROSpect Il in the estimation of fibrosis in
chronic hepatitis C. Clin Chim Acta 2007;381:119-123.

27. Leroy V, Hilleret MN, Sturm N, et al. Prospective comparison of
six non-invasive scores for the diagnosis of liver fibrosis in
chronic hepatitis C. J Hepatol 2007;46:775-782.

Address requests for reprints to: Keyur Patel, MD, Duke Clinical
Research Institute and Duke University Medical Center, Division of
Gastroenterology, 2400 Pratt Street, Room 0311 Terrace Level,
Durham, North Carolina 27705. e-mail: Keyur.patel@duke.edu; fax:
(919) 668-7164.

K.P., D.R.N., D.C.R., N.H.A., and J.G.M., have previously received
research support and served on advisory boards for Prometheus Lab-
oratories Inc.; K.M.S., K.H., E.O.,, and M.S.R. were employees of
Prometheus Laboratories Inc. during this study. K.P. was supported by
an American Association for the Study of Liver Diseases Sheila Sher-
lock Clinical and Translational Research Award in Liver Disease
(2004).

Jennifer King, PhD, provided editorial assistance in preparing this
manuscript for publication.


mailto:Keyur.patel@duke.edu

	Correlation of FIBROSpect II With Histologic and Morphometric Evaluation of Liver Fibrosis in Chronic Hepatitis C
	Patients and Methods
	Patient Population
	Liver Histology
	Serum Biomarker Assay
	Quantitative Analysis of Liver Fibrosis
	Statistical Analysis

	Results
	Patient Characteristics
	Fibrosis Staging
	FIBROSpect II Performance Characteristics
	Sirius Red Morphometry Biopsy Assessment
	Aspartate Aminotransferase to Platelet Ratio Index in Concordant Biopsy Specimens

	Discussion
	References


