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See Moucari R et al on page 416 for companion
article in the February 2008 issue of
Gastroenterology.

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

ive measure of fibrosis. Methods: Liver biopsy specimens
nd serum were obtained from 252 CHC patients, including
0 posttransplant, from 3 tertiary centers. Biopsy speci-
ens were scored centrally and independently at each site,

long with central quantification of fibrosis by digitized
orphometry. Serum tests were performed blinded to clinical

r histologic evaluation. Results: The mean biopsy speci-
en length was 1.95 � 0.87 cm; prevalence of stage F2

hrough F4 fibrosis was 77%. Agreement between central
nd site readings for individual stages was modest (k �
.674), with concordant readings in 106 of 248 (43%) biopsy
pecimens. The area under the receiver operating character-
stic curve for FSII and morphometry for stages F2 through
4 for concordant biopsy specimens were 0.823 and 0.728,
espectively. Sensitivity and specificity for FSII were 83.5%
nd 66.7%, respectively, with an accuracy of 80.2%. The
spartate aminotransferase to platelet ratio index sensitiv-
ty and specificity for predicting F2 through F4 were 30.4%
nd 100%, respectively, the indeterminate rate was 40.4%,
nd the accuracy rate was 48.4%. The accuracy of FSII in
oncordant biopsy specimens in the posttransplant co-
ort was 73%. Conclusions: Serum biomarkers can dif-

erentiate mild from moderate-to-severe fibrosis. This pro-
pective study validates the performance characteristics of
SII in CHC patients and a posttransplant cohort. Assess-

ng the diagnostic utility of biomarkers is limited by vari-
bility in methods to quantify fibrosis and poor interob-
erver agreement for histologic staging.

hronic hepatitis C (CHC) infection is characterized by
varying degrees of inflammation and hepatic fibrosis, af-

ecting an estimated 2.7 million persons in the United States

nd more than 170 million people worldwide.1 A proportion of
atients develop progressive liver fibrosis, and, ultimately, cir-
hosis with complications of end-stage liver disease, typically
ver 20 to 40 years. CHC infection is the leading indication for

iver transplantation in developed nations and will continue to
ose significant health and economic burdens during the next
0 to 20 years.2

Assessment of disease activity with histology obtained by a
iver biopsy helps guide treatment and management decisions
n CHC patients.3 However, a liver biopsy is invasive, costly, and
ssociated with a small but finite risk of complications.4,5 Fur-
hermore, accurate disease staging is limited by issues relating
o sampling and observer variability.6 –9 The semiquantitative
rading systems used for histopathologic analysis in CHC do
ot reflect actual matrix burden, but were developed to stan-
ardize and improve observer variability, and to determine
hresholds for therapy in CHC.10 Computer-aided image anal-
sis may provide a more objective measurement of fibrous
issue in a liver biopsy specimen, but this modality also is
ssociated with a high coefficient of variation, even in good
uality samples.9,11

Given the invasive nature of liver biopsy, there has been
ignificant progress in recent years in the development of non-
nvasive biomarkers of fibrosis that provide an alternative to
isease staging by a liver biopsy.12 One such approach has been
o develop panels of specific markers such as FIBROSpect II
FSII) (Prometheus Laboratories Inc., San Diego, CA), which
ses a predictive algorithm based on 3 serum markers, includ-

ng hyaluronic acid, serum tissue inhibitor of metalloprotein-
se-1, and �-2-macroglobulin. This panel has been shown to
ifferentiate mild (METAVIR stages F0 to F1) from moderate-
o-severe (METAVIR stages F2 to F4) hepatic fibrosis with an
ccuracy of 75% in a previous retrospective study of 696 CHC
atients.13

In this study, we hypothesized that a serum fibrosis panel
uch as FSII has the ability to stage fibrosis accurately, as
ssessed by both standard histology and quantified using mor-
hometry. In addition, because few studies have evaluated the
tility of fibrosis markers in relation to image analysis or

Abbreviations used in this paper: APRI, aspartate aminotransferase
o platelet ratio index; AUROC, area under the receiver operating
haracteristic curve; CHC, chronic hepatitis C; FSII, FIBROSpect II; HCV,
epatitis C virus; ROC, receiver operating characteristic curve analysis.
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ecurrent disease in the posttransplant setting,14,15 we aimed to
valuate prospectively the diagnostic utility of FSII in a broad
roup of CHC patients, including a posttransplant cohort. We
urther aimed to assess the observer variability for staging fibrosis
nd to compare the diagnostic utility of FSII for METAVIR stages
2 to F4 in comparison with the aspartate aminotransferase to
latelet ratio index (APRI) index.

Patients and Methods
Patient Population
Adult CHC patients undergoing a liver biopsy as stan-

ard of care were eligible for this prospective study conducted
t 3 tertiary care institutions from December 2002 to August
003. Eligible patients were either treatment-naive or had re-
eived no therapy for at least 6 months. Each patient required
onfirmation of CHC on a liver biopsy and serologic evidence of
epatitis C virus (HCV) RNA by a polymerase chain reaction
ssay. A separate cohort that underwent liver transplant for
nd-stage liver disease as a result of CHC also was included in
he study. These patients were at least 3 months post–liver
ransplant and all had evidence of recurrent HCV infection by
olymerase chain reaction assay. Up to 10% of the total enroll-
ent could include patients co-infected with hepatitis B virus

r human immunodeficiency virus-1 infection. Patients with
ther chronic liver diseases, connective tissue disease, extrahe-
atic infectious or inflammatory diseases, and for the trans-
lant subset evidence of acute or chronic cellular rejection, were
xcluded from this study. Serum samples were collected before
ntiviral therapy, and within 1 month of liver biopsy, and
tored at �70°C until analysis. All samples were evaluated by
ersonnel at a central laboratory blinded to clinical or histo-

ogic findings for the FSII panel. The Institutional Review
oards at Duke University Medical Center, University of Florida
ainesville, and Beth Israel Deaconess Medical Center approved

he study protocol and all subjects gave written informed con-
ent. The study met all standards for good clinical research
ccording to the ethical guidelines outlined in the Declaration
f Helsinki.

Liver Histology
Percutaneous liver biopsies were performed at each site

s standard of care for assessment of histologic activity before
ntiviral therapy for nontransplant patients, and for clinical
ndications, or per protocol, as assessed by the transplant team
or the subset of posttransplant patients with HCV recurrence.
iver biopsy specimens were fixed in 10% buffered formalin,
mbedded in paraffin, and stained with H&E and Masson’s
richrome for routine histopathologic assessment both cen-
rally and at each site using the METAVIR system.10,16 Biopsy
pecimens were considered adequate for evaluation if they were
t least 15 mm in length and/or contained greater than 6 portal
racts. The biopsy specimens were read centrally by 3 experi-
nced hepatologists who were blinded to clinical details, cross-
rained together, and subsequently read the biopsy specimens
ndependently. Initial concordance across the 3 readers for

ETAVIR was estimated by a � coefficient of 0.86. Differences
n scoring between the 3 readers were resolved by re-evaluation
f the biopsy specimen as a consensus. Biopsy specimens also
ere evaluated independently by a single experienced hepato-

athologist at each site. In addition, unstained liver sections s
ere prepared and sent for quantitative morphometric analysis
t Duke University Medical Center.

Serum Biomarker Assay
The FSII panel includes serum hyaluronic acid, serum

issue inhibitor of metalloproteinase-1, and �-2-macroglobulin
easured at a central laboratory as outlined previously.13 A

erived regression index greater than 0.36 is concordant with
ETAVIR stages F2 to F4, with an accuracy of 75%.

Quantitative Analysis of Liver Fibrosis
Morphometric quantitation of hepatic fibrosis was per-

ormed using Sirius red staining at a single laboratory by an
xperienced technician blinded to the histology score or clinical
etails. In brief, sections were incubated for 30 minutes in 0.1%
irius red F3B containing saturated picric acid and 0.1% Fast
reen (Sigma Chemical Co, St. Louis, MO). After rinsing twice
ith distilled water, sections then briefly were dehydrated with
0% ethanol. Thereafter, a morphometric score was derived by
omputerized image analysis using a photomicroscope (Nikon
E300 photomicroscope; Nikon Co, Tokyo, Japan) and Meta-
iew software (Universal Imaging Corp, Downingtown, PA).
ollagen stained with Sirius red was quantified at 20� magni-
cation. All fields from each liver biopsy were photographed,
nd fields not filling the entire viewed area were omitted. In-
luded fields yielded a score that was reported as a mean
ggregate score for each liver biopsy, and repeated measure-
ents had a variability of less than 10%.

Statistical Analysis
Patient demographic and clinical laboratory character-

stics were summarized descriptively and reported as mean �
D and range (minimum/maximum). Statistical significance
as assessed at the 0.05 level. Correlation analysis was per-

ormed by Pearson and Spearman rho tests. Differences be-
ween continuous variables were assessed by the Student t test,
nd observer agreement by the � coefficient. The diagnostic
ccuracy of FSII relative to histologic or morphometric assess-
ent of liver fibrosis was evaluated by receiver operating char-

cteristic curve analysis (ROC) (Statistica Software, version 6.1;
tatsoft, Tulsa, OK). Confidence intervals were based on a
inomial distribution. The appropriate morphometric classifi-
ations to distinguish F0 to F1 from F2 to F4 liver fibrosis were
stablished using classification and regression trees analysis,
sing 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
uman immunodeficiency virus-1, and 50 (20%) were posttrans-
lant. The majority of patients had genotype 1 infection (169 of
52, 67.1%). Other differences in the baseline demographic and

aboratory characteristics for the transplant and nontransplant
roups are shown in Table 1. The mean biopsy (�SD) length
as 1.95 � 0.87 cm, and all biopsy specimens had at least 6
ortal tracts suitable for evaluation.

Fibrosis Staging
Overall, 58 of 252 (23%) of the patients had minimal
tage liver fibrosis (F0 –F1) and 194 of 252 (77%) had moderate-
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o-severe fibrosis (F2–F4) by central biopsy staging (Figure 1).
his indicated a relatively high prevalence of significant fibrosis
mong the CHC population evaluated at the 3 tertiary centers
n this study. The prevalence of stage F2 to F4 fibrosis was 137
f 248 (55%) for site-based readings (results were not available
or 4 patients in the nontransplant group). The agreement for
ndividual stages between central and site-based reading was

odest (Cohen’s � � 0.674), with agreement for individual
tages in only 106 of 248 (43%) biopsy specimens. As might be

able 1. Demographics for Transplant and Nontransplant
Patients

Nontransplant
(n � 202)

Transplant
(n � 50) P value

ge, y 49.2 � 7.9 55.1 � 6.5 �.001
ale/female, n 136/66 33/17 .876
ace (%)
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

ody mass indexa 27.1 � 4.3 28.1 � 5.8 .186
urrent alcohol useb

1 13 2
2–4 11 0
�4 7 1

IV-1 Co-infection 9 0
ST/ULN 1.2 � 0.8 1.7 � 1.3 �.001
LT/ULN 1.5 � 1.1 2.1 � 2.1 .02
latelet count, 109/L 213.2 � 70.2 152.2 � 80.7 �.001

OTE. Data are shown as mean � SD.
LN, upper limit of normal.
n � 197; data not available (n � 5).
Number of standard (10 g) drinks per week; no differences were
oted in the mean quantity of alcohol consumed.

igure 1. Distribution of biopsy specimens staged centrally (n � 252)
r by site-based pathologists (n � 248). Biopsy specimens read cen-
rally had higher staging for F2 to F4 (188 of 252; 74.6%) compared with
ite-based readings (137 of 248; 55.2%). Interestingly, very few biopsy
pecimens were staged as F0 centrally (4 of 252; 1.6%) compared with
mite-based scoring (39 of 248; 15.7%).
redicted, there was better agreement between site and central
eadings in 172 of 248 (69%) biopsy specimens that were not
cored as individual stages, but as either minimal (F0 –F1) or

oderate-to-severe stage fibrosis (F2–F4); for biopsy specimens
raded as either stage F0 to F3 or F4 there was agreement in 237
f 248 (95%) of the cases.

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

FIBROSpect II Performance Characteristics
The ability of FSII to differentiate stages F2 to F4 from F0

o F1 was assessed relative to the central and site-based staging of
tudy biopsy specimens for each patient. The results indicated a
ensitivity of 70.6% and 81%, a specificity of 65.5% and 62.2%, and
n area under the ROC (AUROC) curve of 0.757 (95% confidence
nterval [CI], 0.686–0.827) and 0.776 (95% CI, 0.717–0.834) for
entral and site-based staging, respectively (Table 2). For the 106
atients with agreement for each individual stage between central
nd site-based readings the performance of FSII was improved,
ith an AUROC of 0.823 (95% CI, 0.720–0.927). At a lower
revalence for stage F2 to F4 of 30%, the positive and negative
redictive values for FSII in concordant biopsy specimens were
3% and 91%, respectively (Figure 3).

For the transplant cohort, at prevalence of stage F2 to F4 of
1.7% and 78% for site and central readings, respectively, FSII
ad a sensitivity of 75% and 71.8%, a specificity of 42.9% and
4.5%, and an accuracy of 56% and 68% for the detection of

igure 2. Distribution of patients discordant by 1 or more stages com-
ared with central biopsy scoring. Most discordance between central
nd site-based readings was for 1 stage (118 of 142; 83%) and was
bserved mainly for fibrosis stages F1 to F3. Overall 1-stage discor-
ance rates for central readings were as follows: F1, 56.6%; F2, 54.7%;
nd F3, 51.8%. Two-stage discordance rates for F1 to F3 were 7.5%,
1.6%, and 12.5%, respectively.
oderate-to-severe disease. For the 30% of biopsy specimens



c
o
w

d
s
f
w
0
b
i
A
(
m
1
F
(
m
a
.
F

A
1
0
R
m
c
i
t

T

P
S
S
P

N

A

N

F
i
r
a

F
d

F
s
h
t
t
s
s

February 2008 VALIDATION OF FSII IN HEPATITIS C 245
oncordant between site and central readings, and a prevalence
f stage F2 to F4 of 73.3%, the sensitivity and specificity of FSII
as 81.8% and 50%, respectively, with an accuracy of 73%.

Sirius Red Morphometry Biopsy Assessment
The diagnostic utility of Sirius red morphometry for

ifferentiating individual and stage F2 to F4 fibrosis was as-
essed in 247 patient biopsy specimens (specimens not available
or assessment in 5 subjects). The AUROC values for F2 to F4
ere 0.622 (95% CI, 0.545– 0.698) and 0.687 (95% CI, 0.623–
.752) for central and site-based readings, respectively. For 105
iopsy specimens with agreement between central and site read-

ngs (morphometry results were not available in 1 patient) the
UROC for morphometry was 0.728 (95% CI, 0.625– 0.832)

Figure 4). For these concordant biopsy specimens, mean � SD
orphometry units increased with fibrosis stage: F0 (n � 3;

.25 � 0.42), F1 (n � 19; 1.89 � 1.37), F2 (n � 31; 3.23 � 2.87),
3 (n � 18; 4.15 � 3.99), and F4 (n � 34; 5.91 � 4.40)

chi-square P � .001). However, there was significant overlap in
orphometry values between individual stages, with differences

pparent only for F0 vs F2 (P � .02), F3 (P � .008), F4 (P �
001); F1 vs F2 (P � .03), F3 (P � .03), F4 (P � .001), and F2 vs
4 (P � .005) (Figure 5).

able 2. Performance Characteristics for FIBROSpect II by
Central and Site Staging

Central
(n � 252)

Site
(n � 248)

Central/site agree
(n � 106)

revalence of F2–F4 77.0 55.2 80.2
ensitivity 70.6 81.0 83.5
pecificity 65.5 62.2 66.7
ositive predictive
value

87.3 72.5 91.0

egative predictive
value

40.0 72.6 50.0

ccuracy 69.4 72.6 80.2

OTE. All results shown as a percentage.

igure 3. Prevalence modeling for prediction of stages F2 to F4 by FSII
n concordant biopsy specimens. Negative predictive value and accu-
acy at a lower expected prevalence of stages F2 to F4 of 30% was 91%

nd 73%, respectively. t
Aspartate Aminotransferase to Platelet Ratio
Index in Concordant Biopsy Specimens
The APRI was calculated according to the formula:

PRI � (AST (/upper limit of normal) � platelet count [109/L]) �
00. The lower and higher cut-off levels for stages F2 to F4 were
.5 or less and greater than 1.5 as established previously.17

esults were available in 104 of the concordant biopsy speci-
ens with a prevalence of stage F2 to F4 of 74.2%. Performance

haracteristics of APRI indicated a sensitivity of 30.4%, a spec-
ficity of 100%, with indeterminate results in 42 (40.4%) pa-
ients, and an overall accuracy for predicting stages F2 to F4

igure 4. ROC curve for FSII and Sirius red morphometry in concor-
ant biopsy specimens with an AUROC of 0.82 and 0.73, respectively.

igure 5. Box plots of distribution of morphometry scores by fibrosis
tage in concordant biopsy specimens. Mean values are shown as a
orizontal line within the box, and the upper and lower hinges represent
he 75th and 25th percentiles, respectively. Whiskers extend to 1.5�
he interquartile range. There is a significant overlap in morphometry
cores for each of the fibrosis stages. Significant differences were ob-
erved for F1, F2, and F3 vs F4 as indicated (Dunn multiple comparison

est).
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isease of 48.4%. Excluding the posttransplant cohort with
oncordant biopsy specimens did not significantly improve the
redictive accuracy of APRI for stage F2 to F4 disease.

APRI results were available in 13 of 14 patients with stage F2
o F4 disease on concordant biopsy specimens that were clas-
ified as false-negative results by FSII; 12 patients (F2 � 10 and
3 � 2) had an APRI of less than 0.5, and 1 patient with stage
4 was classified as being indeterminate. Thus, nearly all pa-
ients with a false-negative result by FSII also would have been
lassified incorrectly using APRI. However, for the 7 patients
ith false-positive results by FSII, 3 were identified correctly
ith an APRI cut-off level of less than 0.5 (F0 � 1, F1 � 2), with

ndeterminate results in the remaining 4 patients.

Discussion
Our results highlight several important points. We

dentified significant discordance between observers in terms of
istologic assessment of fibrosis. In addition, quantitative mor-
hometric analysis correlated poorly with semiquantitative
ETAVIR biopsy scores. These findings further highlight ap-

arent limitations of percutaneous liver biopsy. Although this
rospective cohort study validated the performance character-

stics for the FSII panel, the earlier-described limitations appear
o undermine the predictive utility of this index in relation to
oth standard biopsy assessment and morphometry.

Histologic assessment of fibrosis using liver biopsy has sev-
ral limitations. There appears to be substantial sampling error
n heterogeneously distributed diseases such as chronic hepati-
is C, with significant 1-stage discordance even with good qual-
ty biopsy specimens.6 Another important limitation of histo-
ogic assessment of fibrosis is interobserver and intraobserver
ariation among pathologists. Standardized scoring systems
uch as METAVIR, Knodell, and Ishak were developed to im-
rove agreement among pathologists, but concordance rates
till are around 70% to 80% even among experienced observers.
he level of experience may have a greater influence on agree-
ent for staging than biopsy specimen quality.18 In our study,

he hepatopathologists at all 3 sites were experienced observers
ased at tertiary-care referral centers for chronic hepatitis C
atients. The central biopsy scores were dependent on achieving
consensus between 3 experienced observers who previously

ad shown good agreement for METAVIR staging (� � 0.8)
data not shown). Although small biopsy specimens may lead to
naccuracies in fibrosis staging,9 we made a specific effort to
btain good quality biopsy specimens (biopsy length of 1.95 cm
nd at least 6 portal tracts available for evaluation). There were
o differences in length between concordant and discordant
iopsy specimens. Thus, we do not believe poor biopsy quality
lone could account for the discordant fibrosis staging observed
n this study. We did not evaluate interobserver variation be-
ween site-based pathologists in this study, but there were no
ignificant differences between individual sites in terms of qual-
ty of biopsy or discordance compared with the central reading.

potential limitation of our study was that serum samples
ere collected up to 1 month after biopsy. However, any inter-

al changes in fibrogenesis and matrix turnover are expected to
e minimal over such a short period, and thus unlikely to affect
erformance characteristics of this marker panel significantly.

As might be expected, the FSII panel showed the greatest
tility to discriminate stages F2 to F4 fibrosis (AUROC �

.823) in the 106 concordant biopsy specimens (ie, with agree- p
ent between central and site-based scoring), and was compa-
able with previous observations for this marker panel.13,19,20 Of
he 85 patients with stages F2 to F4 fibrosis, 71 (83.5%) were
dentified correctly by the marker panel. More than 80% of the
iscordance for central assessment compared with site-based
eadings were for stages F2 and F3, with less than 5% disagree-

ent for stage F0 or F4. This is in keeping with prior observa-
ions and also partly accounts for the relatively poor predictive
erformance of fibrosis marker panels in the intermediate range
f fibrosis.21 Clearly, the semiquantitative scoring systems for
brosis allow for greater variability in interpretation for mod-
rately severe fibrosis. For example, a 1-stage discordance for
brosis stage F2 may result in a misclassification as either
tages F1 or F3, but only a single directional change is possible
or fibrosis stages F0 or F4.

Computer-aided image analysis may provide a more accurate
uantitation of fibrosis by accounting for observer subjectivity
hat is associated with conventional fibrosis staging.14,22 How-
ver, the coefficient of variation for image analysis is unaccept-
bly high, at approximately 45% even for good quality biopsy
pecimens.9 In our study, the AUROC for FSII to detect mod-
rate-to-severe fibrosis was lower for image analysis compared
ith standard histologic assessment. These comparatively poor
erformance characteristics for the marker panel in relation to

mage analysis were observed irrespective of central or site
oncordance. These differences between standard histologic as-
essment and image analysis could reflect laboratory sample
andling and staining procedures, but likely were caused by an

nherent bias in the methodology used to assess fibrosis.
ETAVIR staging has been used as the comparative gold stan-

ard in several noninvasive marker studies. It is possible that
arlier fibrosis stages are represented by thinner fibrous septae
hat may not accurately reflect the global disease process, and a
ualitative assessment by an experienced pathologist, of the
istribution and integrity of portal tracts, plays an important
ole in determining the designated fibrosis stage.

Although marker panels now have been studied in chronic
iver diseases of varying etiology, there have been few studies
valuating their utility for fibrosis assessment in the post-
ransplant setting.15 Simple markers of inflammatory activity
uch as transaminases may be influenced by many posttrans-
lant issues, including allograft rejection, immunosuppres-
ion, and viral infection. This study evaluated the FSII panel in
small cohort of patients with recurrent HCV infection in the

llograft. Performance characteristics for the marker panel were
imilar to the nontransplant patients and dependent on con-
ordance with biopsy reading. Although these markers could
uide the need for protocol biopsy in the posttransplant set-
ing, larger prospective studies certainly are required before
etermining the true clinical utility of these noninvasive indices

n following up changes in recurrent HCV infection–related
brosis after liver transplantation.

Emerging noninvasive approaches for fibrosis assessment
uch as transient elastography and high-throughput protein
rofiling are promising modalities that likely will be integrated

nto the clinical setting in the future.23–25 However, a significant
imitation to ongoing progress in developing more accurate
ndices of fibrosis relates to inherent limitations of our current
isease staging by liver biopsy. This study highlights some of
he limitations posed by interobserver differences and mor-

hometry in this regard. Noninvasive biomarkers may provide a
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ore accurate reflection of the dynamic nature of fibrogenesis,
nd perhaps in combination with newer indices, provide in-
reased confidence in the level of actual disease severity.26,27

lthough no single test or algorithm currently can be recom-
ended as a true alternative to liver biopsy for fibrosis quan-

ification, further improvements in our understanding of the
brogenesis cascade, along with the development of alternative
ethods of assessing fibrosis, certainly should result in more

ccurate and viable disease-staging options in the future.
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