
1

1

2

2

2

2

I
G
j

A

A
c
c
s
r
d
s
c
i
s
t

t
n
h
e
h
f
p
r
m
(
A
o
t
A
N
fi

December 2004 EDITORIALS 1847
symptoms in functional dyspepsia with prominent nausea. Am J
Gastroenterol 2004;99:1765–1773.

8. Tack J, Caenepeel P, Corsetti M, Janssens J. Role of tension
receptors in dyspeptic patients with hypersensitivity to gastric
distention. Gastroenterology 2004;127:1058–1066.

9. Kim DY, Delgado-Aros S, Camilleri M, Samsom M, Murray JA,
O’Connor MK, Brinkmann BH, Stephens DA, Lighvani SS, Burton
DD. Noninvasive measurement of gastric accommodation in pa-
tients with idiopathic nonulcer dyspepsia. Am J Gastroenterol
2001;96:3099–3105.

0. Tack J, Demedts I, Meulemans A, Schuurkes J, Janssens J. Role
of nitric oxide in the gastric accommodation reflex and in meal
induced satiety in humans. Gut 2002;51:219–224.

1. Tack J, Caenepeel P, Piessevaux H, Cuomo R, Janssens J. As-
sessment of meal induced gastric accommodation by a satiety
drinking test in health and in severe functional dyspepsia. Gut

2003;52:1271–1277.

ssessing Fibrosis Without a Live

ling adds sensitivity and specificity to the MULTIVIRC

t
m
f
fi
T

g
m
g
P
F
t
e
i
l
d
i
c
t
i

T

G
�

H

A

T

A

2. Piessevaux H, Tack J, Walrand S, Pauwels S, Geubel A. Intragas-
tric distribution of a standardized meal in health and functional
dyspepsia: correlation with specific symptoms. Neurogastroen-
terol Motil 2003;15:447–455.

3. van den Elzen BD, Bennink RJ, Wieringa RE, Tytgat GN, Boeckxs-
taens GE. Fundic accommodation assessed by SPECT scanning:
comparison with the gastric barostat. Gut 2003;52:1548–1554.

Address requests for reprints to: Jan Tack, MD, PhD, Department of
nternal Medicine, Division of Gastroenterology, University Hospital
asthuisberg, Herestraat 49, B-3000 Leuven, Belgium. e-mail:

an.tack@med.kuleuven.ac.be
© 2004 by the American Gastroenterological Association

0016-5085/04/$30.00

doi:10.1053/j.gastro.2004.10.013
r Biopsy: Are We There Yet?
See article on page 1704.

noninvasive test of hepatic fibrosis is needed. Al-
though long sought, it has become a priority in the

ontext of hepatitis C evaluation and treatment. The
urrent antiviral regimen for hepatitis C is toxic, expen-
ive, and effective in only half of those who take it. As a
esult, many physicians reserve it for patients with evi-
ence of disease progression, defined as histologic fibro-
is. The latter requires a liver biopsy with its attendant
ost and risks. Among the possible alternatives, imaging
s informative mainly for cirrhosis and not for lesser
tages of fibrosis. In addition, it is nonquantitative and
hus cannot track progression.1

Fibrosis arises as a result of wound repair, a process
hat has been studied intensively for several decades. We
ow know much about the composition and genesis of
istologic fibrosis, knowledge that we should be able to
xploit in devising alternatives to biopsy. Many groups
ave taken up the challenge. Starting 20 years ago, assays
or circulating fragments of collagen and other matrix
roteins were developed. However, they proved to be
elatively insensitive and in recent years have yielded to
ulticomponent tests (Table 1). The MULTIVIRC

Paris) group developed a test based on serum markers.2

group from Sydney published a test that includes 3
ther biochemical markers and 2 clinical parameters.3 A
est from Barcelona uses standard clinical information.4

recent article examines the pattern of serum protein
-glycation in patients with liver disease. Glycan pro-
est, according to this preliminary study.5 The newer
ulticomponent tests are touted principally for identi-

ying 2 groups of patients: those with minimal or no
brosis and those with advanced fibrosis or cirrhosis.
heir accuracy for intermediate fibrosis is relatively poor.
The commercial potential of noninvasive testing has not

one unnoticed. Some of the single-component tests were
arketed and continue to be available. The MULTIVIRC

roup has produced their test in Europe as FibroTest (Bio-
redictive, Paris, France) and in North America as HCV-
ibrosure (LabCorp, Burlington, NC). Another commercial
est is FibroSpectII from Prometheus Laboratories (San Di-
go, CA); its panel consists of hyaluronic acid, tissue inhib-
tor of metalloproteinase (TIMP)-1, and �-2-macroglobu-
in. Formulas based on standard clinical data also have been
eveloped.4,6 For all of these, prospective randomized stud-
es are needed to compare an individual test with routine
linical evaluation (including imaging) as well as with other
ests. Validation in a variety of practice settings also will be
mportant. Approximately 20% of patients scored by these

able 1. Multicomponent Fibrosis Tests

MULTIVIRC2 Sydney3 Barcelona4 ELF8

GT Age Age Age
-2-Macroglobulin AST GGT Hyaluronic

acid
aptoglobin Cholesterol Cholesterol Procollagen III

peptide
polipoprotein A1 Insulin

resistance
Platelet count TIMP-1

otal bilirubin Past alcohol
use

Prothrombin
time
ST, aspartate aminotransferase; GGT, �-glutamyltransferase.
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ests as having either no/minimal fibrosis or advanced fi-
rosis are misclassified when compared with biopsy stag-
ng.7 It remains to be seen if proprietary tests improve
atient outcomes sufficiently to justify their added cost.

In this issue of GASTROENTEROLOGY, a European con-
ortium, ELF, offers yet another multicomponent test.8

he study is large (921 patients), it surveys 9 potential
arkers, and the results are correlated with liver biopsy.
oreover, the markers selected for study are closely

ssociated with metabolism of the extracellular matrix
ECM), including ECM constituents or fragments; ECM-
egrading enzymes (matrix metalloproteinases); and
IMP-1, an inhibitor of matrix metalloproteinases. On

tatistical analysis of the data, 4 of these were most
seful: the patient’s age, serum hyaluronic acid, procol-
agen-III N-terminal propeptide, and TIMP-1. The ap-
roach is rational and, for this reason, attractive. None-
heless, the diagnostic accuracy of the ELF test appears to
e similar to that of the previously published tests, that
s, best for the extreme ends of the fibrosis spectrum.

The significant failing of these panels relates to detec-
ion of intermediate fibrosis. As already noted in the case
f hepatitis C, patients with stage 2 or 3 fibrosis are the
rime candidates for treatment. Also, an ideal test should
ave a dynamic range suitable for noninvasively moni-
oring changes in fibrosis over time. With all that we
ave learned about the biology of fibrosis in the past 30
ears, one could reasonably ask, “Where is the test that
e need?” The answer is in the biology. What we have

earned is that, in tissue injury, the ECM undergoes
xtensive remodeling, with both fibrogenesis (production
f ECM) and fibrolysis (degradation of ECM). Fibrosis is
he net of these 2 processes. The dynamics of ECM
etabolism vary with the type and stage of injury and
ith the periodicity of the repetitive injury. In self-

imited injury, increased fibrogenesis and TIMP expres-
ion dominate the early phase, whereas the inverse, along
ith increased matrix metalloproteinase activity, occurs
uring the resolution phase. Unfortunately, this simple
aradigm likely does not apply when the injury is mul-
ifocal, repetitive, and asynchronous with overlapping
brogenesis and fibrolysis. An additional variable, the
ime frame of which is many months, is the conversion of
ccumulated matrix to a form that is resistant to degra-
ation and, thus, permanent (ie, scar).
Scar formation alters liver structure, to which the liver

esponds with regeneration. If the injury process is slow,
s in typical hepatitis C, regeneration will keep pace such
hat, through early fibrosis, the liver remains functionally
ormal. Patients with midstage fibrosis (stage 2–3) likely
epresent a mix of fully compensated disease and mild-

o-moderate functional compromise. Predictably, tests a
esigned to detect a functional deficit will have difficulty
ith this group of patients. As the scarring process
rogresses, it causes frank elevation of portal pressure and
hunting. At this point, liver metabolism is broadly
eranged, a state that will be detected by any number of
ests. This is likely the reason that disparate test panels
Table 1) are similarly good at detecting advanced fibro-
is or cirrhosis.

As this area advances with additional candidate tests,
n issue that will need to be addressed concerns the use
f liver biopsy as the gold standard. Sampling variation
s a known problem but has come to the fore with
ttempts to quantify fibrosis progression by using liver
iopsy. In one well-designed study, 124 patients with
hronic hepatitis C underwent laparoscopic needle biopsy
f both right and left hepatic lobes. Hepatitis C is
elieved to involve the liver uniformly. However, in
ne-third of the cohort, the paired samples differed by a
ull stage, a finding that could not be attributed to
nterobserver variation.9 This introduces a large amount
f uncertainty when the disease under study (hepatitis C)
rogresses at a median rate of 0.15 stage per year,10

nless the study population is very large or the interval
etween biopsies is several years. No doubt sampling
ariation is caused by the fact that the 10–15 mg of
issue from a needle biopsy is but a tiny fraction of an
rgan weighing 1500 g, and even a disease that affects
he liver relatively uniformly will vary from lobule to
obule. Recognition of this issue has led to efforts to
efine an adequate biopsy. The emerging standard is a
ore measuring at least 2.5 cm in length with 4 or more
ortal tracts.11 A criticism of the ELF article is that these
ata were not recorded, although biopsies meeting these
riteria would only lessen, not eliminate, the problem of
ampling variation. It is entirely conceivable that a well-
esigned, noninvasive test would be not only safer but
lso more accurate than a biopsy.

For purposes of clinical decision-making, a test of
brogenesis arguably would be more useful than a test of
brosis. In general, the critical question is not how much
car is present but whether scar formation is ongoing.
uiescent scar, even if extensive, is compatible with
ormal health, provided the cause of injury has been
liminated and the liver has been able to compensate.
his is apparent clinically in patients with hepatitis C
irrhosis who have undergone successful treatment, and
lso in those with alcoholic cirrhosis who abstain. A test
or fibrogenesis would confirm that these patients are not
rogressing despite their extensive fibrosis. It would also
dentify patients with active hepatitis C, who are fully
ompensated but have progressive fibrosis. Finally, such
test would be useful for tracking the response to
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herapy. In some patients with chronic hepatitis C, the
urrent treatment may slow fibrosis progression even if
he viral response is unsustained. At present, identifying
hose patients requires initial and follow-up biopsies.
he alternative, which some hepatologists are adopting,

s to forego serial biopsy and simply place all patients
ith significant fibrosis on a long-term antiviral regi-
en. Neither approach is satisfactory for reasons of safety

nd cost.
In most liver diseases, inflammation appears to

rive fibrogenesis, suggesting that clinical tests of
nflammation, such as ALT and AST, may serve as
urrogates. However, for hepatitis C it is clear that
brosis progression correlates imperfectly with ALT
nd AST.10 A more accurate test, in principle, would
nvolve markers directly related to fibrogenesis, such
s ECM protein fragments. The collagen polypeptide
s secreted with propeptides, which are cleaved before
ssembly of the triple-helical molecule and therefore
eflect production of collagen, much as C-peptide is a
easure of insulin production. However, the same

eptides are released during normal turnover and re-
lacement of collagen in skin, bone, and the vascula-
ure. Because these tissues are rich in collagen, the
ackground level of circulating peptide is substantial,
aking it difficult to detect a contribution from the

njured liver. More promising as a test of hepatic
brogenesis would be proteins expressed selectively
uring injury and related to ECM formation. Markers
f the fibrogenic response to injury are known but
ave not been examined comprehensively. Expression
rrays now represent most of the genome, are able to
etect low-abundance message, and could be used to
ompare normal and acutely injured liver including
tellate cells isolated from these tissues. Also worth
xploring is the ability of the existing tests to track
hanges in fibrogenesis, independent of fibrosis. This
ould involve correlating test improvement with

limination of the injury factor (for example, hepatitis
virus, hepatitis C virus, or alcohol) rather than with
change in fibrosis on biopsy (although these will

orrelate in some patients). The MULTIVIRC panel
ncludes 2 acute phase reactants, �-2-macroglobulin
nd haptoglobin, which will reflect on-going inflam-
ation and thus may track fibrogenesis. The ELF

anel has 2 constituents, procollagen-III peptide and
IMP-1, which increase with acute injury and are
irectly involved in fibrogenesis.
The statistical methods used in developing these tests

re powerful even if, for some readers, they represent the

og of statistics. They have the virtue of being unbiased
nd potentially are able to reveal new facets of fibrosis.
est performance will improve with introduction of
arkers that are closely related to wound repair, partic-

larly when the focus is fibrogenesis rather than fibrosis.
e are not there yet, but we are getting closer.

D. MONTGOMERY BISSELL
University of California
San Francisco, California
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