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The report of the 1997 National Institutes of Health Consensus Development Conference on
hepatitis C endorsed pretreatment liver biopsy. We revisit the following questions: Does
liver histology help determine the urgency of, and predict the likelihood of response to,
antiviral therapy, and can surrogate markers supplant histological assessment? Because the
rate of progression of chronic hepatitis C is influenced by baseline histological grade/stage,
patients can be stratified into those with moderate to severe hepatitis, who merit imminent
therapy, and those with mild hepatitis, in whom therapy can be postponed until more
effective/tolerable treatments become available. Less advanced baseline histology has been
shown to be an independent predictor of responsiveness to antiviral therapy. Although the
predictive value of biopsy is insufficient to withhold therapy from patients with advanced
fibrosis, baseline biopsy helps gauge expectations for the outcome of therapy. Reports have
been published recently suggesting that laboratory markers can predict distinctions between
low-grade fibrosis and therapy-indicating septal fibrosis/cirrhosis. These indices, however,
are insufficiently reliable to predict histological distinctions in populations with varying
prevalences of fibrosis/cirrhosis or to provide anything more than broad qualitative distinc-
tions, far short of the potential information in a liver biopsy. For most patients, the value of
pretreatment liver biopsy outweighs its risks, provides information about the urgency of
treatment, and should be retained. Studies to identify noninvasive laboratory markers of
histological activity and stage, especially genetic predictors of accelerated disease progres-
sion, command a high priority. (HEPATOLOGY 2002;36:S152-S160.)

As the efficacy of therapy for chronic hepatitis C
improves, as acceptance of such therapy becomes
more widespread, and as management of chronic

hepatitis C extends from specialist hepatologists to non-
specialists, the role of liver biopsy in the management of
chronic hepatitis C is being re-examined. When the role
of liver biopsy was considered during the previous Na-

tional Institutes of Health Consensus Development Con-
ference in 1997, pretreatment liver biopsy was endorsed
as the “gold standard” for assessing the grade of liver in-
jury and stage of liver fibrosis in anticipation of antiviral
therapy.1,2 The same recommendations appear in the
consensus statement of the European Association for the
Study of Liver Disease3 and the British Society of Gastro-
enterology4; are supported by the Centers for Disease
Control, United States Public Health Service5; and are
implied in the consensus statement on prevention and
management of hepatitis C in the Asia-Pacific region.6

Since the 1997 National Institutes of Health Consensus
Conference, a series of reports have appeared either sup-
porting or challenging the role of such histological assess-
ment in the management of chronic hepatitis C. In
re-evaluating the value of liver biopsy, we should consider
whether hepatic histology (1) provides prognostic infor-
mation about the future natural history of chronic hepa-
titis C, (2) predicts the likelihood of response to antiviral
therapy, and (3) remains the gold standard that it repre-
sented or can be supplanted by “surrogate” indicators.

Selecting patients for treatment would be easier if avail-
able therapy were uncomplicated, highly effective, simple
to administer, limited in duration, and well tolerated. In
patients with chronic hepatitis C, however, available ther-
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apy is far from ideal, and many factors color the decisions
of individual patients and their physicians. Antiviral ther-
apy for chronic hepatitis C requires injection therapy; side
effects are common and especially difficult to accept in a
population of predominantly asymptomatic persons; ap-
proximately half of treated patients fail to respond to the
best therapy available; for many patients progression is so
slow and limited that the decision to treat is readily post-
poned; and, if the steady progress in efficacy of antiviral
therapy over the last decade is an indication of progress to
come, many patients might fare just as well to wait until
antiviral therapy improves. Perhaps, for certain subgroups
of patients (e.g., those with HCV genotypes 2 and 3)
response to therapy is so likely that the threshold for treat-
ment is achieved in almost all cases; however, because
most patients have genotype 1, and because 60% of pa-
tients in this category fail to respond, pretreatment vari-
ables that shed light on prognosis and likelihood of
response to therapy are valuable for decision making
about therapy.

Sampling error notwithstanding, if tissue obtained at
biopsy is sufficient in size, interobserver agreement is very
good, especially for fibrosis.7,8 To help standardize assess-
ment of histology among pathologists, and especially to
enhance objectivity of histological measurements among
different investigators engaged in different clinical trials,
several groups have proposed histological schemes for
grading activity and staging fibrosis.9 Among these, the
Histology Activity Index (HAI) of Knodell et al.10 and its
modification by Ishak et al.11 and the Metavir system7 are
used most widely. In the HAI systems, necroinflamma-
tory activity is graded on a scale of 0 to 18, while in the
Metavir system, necroinflammatory activity is graded on a
scale of 0 to 3. For quantifying fibrosis, which is more
relevant to issues of pretreatment assessment of disease
stage, the HAI, modified HAI, and Metavir systems rely
on scales of 0 to 4 or 0 to 6 (Table 1).7,10,11

From the perspective of the hepatologist, liver biopsy
in patients with chronic hepatitis C is considered useful to
suggest prognosis for progression; to help in determining
the urgency of therapy; to exclude other forms of liver

disease; to predict responsiveness to antiviral therapy; and
to provide baseline histology against which to compare
future biopsies as histological progression or improve-
ment is factored into later management decisions.2 For all
but the latter consideration, data have appeared support-
ing the role of liver biopsy.

On the other side of the balance sheet are the potential
downsides of liver biopsy. Percutaneous liver biopsy is an
invasive procedure that may meet with patient reluctance.
Adverse events are a possibility. Data from large biopsy
experiences suggest that transient pain occurs in approxi-
mately 30%, severe complications in 3%, and death in
0.03%.2,12,13 In the most recent assessment, the French
Association for the Study of the Liver described compli-
cations after 2,084 liver biopsies during the calendar year
of 1997.14 Moderate pain occurred in 20%, severe pain
requiring intravenous analgesia or narcotics in 3%, vaso-
vagal episodes occurred in 2%, severe complications in
0.57% (1 episode each of hemoperitoneum and pneumo-
thorax and 3 episodes each of bile peritonitis and punc-
tured viscera). No deaths were recorded. In addition, the
need for a pretreatment liver biopsy may serve as a barrier
to therapy, and the procedure is expensive, accounting for
direct costs of $1,500 to $2,000 and for such indirect
costs as time away from work and lost productivity.

The Role of Liver Biopsy in Assessing the
Urgency of Antiviral Therapy (Prognostic
Value of Liver Biopsy)

Although much is known about the natural history of
chronic hepatitis C in large cohorts of affected persons,
predicting the future course of the disease in any individ-
ual is difficult. Of the several potential prognostic vari-
ables, the most reliable appears to be histological grade
and stage, as assessed by one of the several extant histo-
logical classification systems cited previously. Studies re-
lying on serial liver biopsies suggest that patients with
mild hepatitis and limited fibrosis progress slowly or not
at all over a 10- to 20-year period, while those with mod-
erate and severe inflammation (grade) and fibrosis (stage)
progress inevitably to cirrhosis over a 20- and 10-year
period, respectively.15 Similar observations have been re-
ported by others.16,17 Therefore, a baseline biopsy is con-
sidered useful for determining the urgency of initiating
therapy. Moreover, almost all instances of hepatitis C cur-
rently being discovered in clinical practice represent hep-
atitis C virus (HCV) infections acquired 1 to 3 decades
earlier, originating at a time of life when “risky” behavior
occurred, even transiently. Thus, for most patients under-
going liver biopsy for chronic hepatitis C, a current biopsy
includes an approximate assessment of the impact on in-
flammation and fibrosis of several decades of HCV infec-

Table 1. Scoring of Hepatic Fibrosis

Fibrosis
Knodell

et al., HAI10

Badossa
et al., Metavir7

Ishak
et al., HAI11

None 0 0 0
Portal fibrosis (some) 1 1 1
Portal fibrosis (most) 1 1 2
Bridging fibrosis (few) 3 2 3
Bridging fibrosis (many) 3 3 4
Incomplete cirrhosis 4 4 5
Cirrhosis 4 4 6
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tion and virus-associated liver injury. These observations
have been invoked as the primary justification for recom-
mending liver biopsy before embarking on a course of
antiviral therapy.

Based on such histological prognostication, many clini-
cians decline to pursue therapy in patients with mild
chronic hepatitis C. Thus, this approach of distinguishing
between mild, nonprogressive, and moderate-severe, pro-
gressive hepatitis requires a baseline liver biopsy. If, on the
other hand, even patients with mild hepatitis were candi-
dates for therapy, establishing this baseline histological
distinction would be less important. In fact, Wong et al.13

suggested that treatment of mild chronic hepatitis with
combination interferon/ribavirin is actually cost-effec-
tive, reduces the risk of cirrhosis, and prolongs survival.
The comparison strategies for this analysis were watchful
waiting without therapy versus liver biopsy repeated every
3 years and therapy introduced for histological progres-
sion in general versus liver biopsy repeated every 3 years
and therapy introduced for histological progression to cir-
rhosis. In this analysis, the calculated costs of therapy
involved the combination of standard interferon with
ribavirin. Although sensitivity analyses were included to
address uncertainties in the many estimates required for
such an analysis, this analysis was based on costs of a
previous generation of therapy, not the increased costs
(or, on the other side of the coin, efficacy) of contempo-
rary therapy with pegylated interferon and ribavirin. In
addition, the analysis could not include the impact of the
inevitable introduction of more effective, better-tolerated
treatments that would justify postponing treatment for
several years.

Although the 1997 Consensus Development Confer-
ence statement included a suggestion for follow-up biop-
sies in those felt to have limited histological grade and
stage,1 the value of this approach has not been subjected to
scrutiny. Conceivably, a strategy could be envisioned in
which therapy that is highly effective and better tolerated
would be introduced in the future without another bi-
opsy. In the absence of a subsequent biopsy the cost-
effectiveness of treating mild hepatitis C would be
marginal or negligible. Whether critiques of this approach
of Wong et al.13 are substantial or quibbling, the perspec-
tive of individual patients and physicians may be very
different and no less valid or compelling than the societal
perspective adopted in that analysis. For many patients
with mild disease and a likelihood of progression to cir-
rhosis that may be as low as 20% over 20 years, a viable
strategy would allow postponing treatment for several
years and embracing therapy without an additional liver
biopsy when more highly effective treatments become

available. Indeed, in practice, routine treatment of mild
chronic hepatitis C has not been widely embraced. There-
fore, for many clinicians and their patients, baseline his-
tology does help in determining the urgency of therapy.

Role of Liver Biopsy in Excluding Other
Forms of Liver Disease

Liver biopsy is felt to be helpful in excluding other
causes of liver injury that might confound interpretation
of the clinical and histological expression of HCV infec-
tion. Because some patients with chronic hepatitis C have
other, concomitant causes of liver injury, a pretreatment
liver biopsy to exclude alternative factors such as fat, alco-
hol, or iron may shift clinical focus away from hepatitis C
to the alternative process. As logical as excluding alterna-
tive diagnoses sounds, in practice, the yield of liver biopsy
in identifying other liver disorders in cohorts of patients
referred for management of hepatitis C is small. For ex-
ample, in one retrospective analysis of 126 patients with
hepatitis C evaluated at an urban teaching hospital, sus-
pected other diseases were found in only 3 patients (2%),
and unsuspected other disorders were identified in an-
other 3 (2%).18 Thus, by the time a diagnosis of chronic
hepatitis C is established clinically, especially among pa-
tient cohorts selected for referral, the likelihood that liver
biopsy will unearth the presence of other liver disorders is
low. On the other hand, however, some of the factors
revealed by liver biopsy (e.g., fat or iron) have been sug-
gested to be cofactors in the progression of fibrosis19,20

and may be of benefit to the clinician in the global assess-
ment of the patient. Such additional variables cannot be
identified in the absence of histological assessment.
Whether the value of such information can be shown in
prospective studies to make a difference in outcome re-
mains to be determined.

Role of Liver Biopsy in Providing Baseline
Histology for Future Reference

As alluded to previously, another argument in favor of
a pretreatment biopsy in patients with chronic hepatitis C
can be made for anyone with any type of liver disorder for
which treatment is an option. That is, a baseline biopsy
obtained before committing a patient to long-term treat-
ment preserves the value of potential subsequent histo-
logical assessment for management decisions made in the
future. Subjecting this assumption to scrutiny in a pro-
spective trial would be difficult to orchestrate; therefore,
the likelihood is correspondingly low that objective data
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to support this rationale for liver biopsy will ever be gen-
erated.

The Role of Liver Biopsy in Predicting
Responsiveness to Antiviral Therapy

Although other predictors of responsiveness to therapy
exist, the degree of fibrosis has also been shown to be an
independent inverse predictor of response to therapy (Ta-
ble 2). At the time of the 1997 Consensus Development
Conference, Davis and Lau21 reviewed the literature and
identified 7 clinical trials of interferon monotherapy for
chronic hepatitis C involving 125 cirrhotic patients and
430 noncirrhotic patients. In this cohort, the absence of
cirrhosis was a predictor of sustained responsiveness to 6
months of interferon monotherapy (standard therapy at
the time), 30% for noncirrhotic patients versus only 10%
for cirrhotic patients. The same association between ab-
sence of cirrhosis or absence of septal/bridging fibrosis
and sustained responsiveness to antiviral therapy has been
reported for cohorts of patients treated with standard in-
terferon and ribavirin, 46% in the low-stage group versus
33% in the high-stage group22; for patients treated with
peginterferon monotherapy23; and for patients treated
with peginterferon and ribavirin, 57% in the low-fibrosis
group versus 44% in the high-fibrosis group.24 In multi-
ple regression analyses, absence of bridging fibrosis/
cirrhosis was an independent predictor of sustained re-
sponsiveness (P � .01); moreover, the predictive value of
this histological variable was independent of duration of
therapy,22 drug dose,24 and even genotype.22-24

On the other hand, the negative predictive value of
fibrosis or cirrhosis is too low to justify withholding ther-
apy, and the need for therapy may be more compelling in
this group of patients who have more advanced disease.
Thus, although histology is an important variable to be
taken into account in making treatment decisions, its ac-
curacy in predicting responsiveness is too low to justify
withholding therapy in compensated patients with ad-
vanced fibrosis or cirrhosis (Table 2).

Nonhistological Assessment of Histological
Activity

Liver biopsy would be less important were other clini-
cal or laboratory tests available that could reliably predict
the grade of inflammatory injury or stage of fibrosis. Since
the 1997 Consensus Development Conference, several
investigators have focused on just such “surrogates” for
histological findings. Because most patients referred for
evaluation have moderate to severe chronic hepatitis on
liver biopsy, and because liver biopsies have been found by
some investigators to have a limited impact on decision
making about treatment,25,26 the importance of a pre-
treatment liver biopsy might be questioned.

Although necroinflammatory activity on biopsy has
prognostic value in patients with chronic hepatitis C,
most clinicians focus more on the stage of fibrosis in their
decision making about antiviral therapy. Not surpris-
ingly, then, most investigators searching for surrogate
markers of histology have focused on distinguishing cir-
rhosis from noncirrhosis and, because moderate to severe
fibrosis is often the histological variable on which treatment
decisions are based, on distinguishing between septal/
bridging fibrosis (HAI � 3 or Metavir stage � F2) and
milder forms of fibrosis (absent of periportal) (Table 1).
Elsewhere in this supplement, Fontana and Lok27 have
reviewed the current status in development of biochemi-
cal tests specific for fibrosis, such as procollagen peptides
and hyaluronic acid. None of these can be relied on with
confidence to establish histological stage. Many investiga-
tors, however, have attempted to identify either single or
constellations of several common laboratory markers that
distinguish between moderate fibrosis/cirrhosis and lesser
grades of fibrosis. Although some of these constellations
include one or more biochemical markers of fibrosis, most
focus primarily on more routine clinical and laboratory
features. Among these are clinical impression (predictions
based on such features as spider angiomas, hepatic and
splenic enlargement, white blood cell count, alanine ami-

Table 2. Absence of Bridging (Septal) Fibrosis/Cirrhosis as a Predictor of Nonreponse to Antiviral Therapy
for Chronic Hepatitis C

Therapy Histological Feature Sustained Response Sens Spec PVP PVN Accuracy

IFN monotherapy21 Cirrhosis vs. noncirrosis 91% 27% 30% 90% 43%
10% 30%

n � 125 n � 430
IFN and ribavirin22 Septal fibrosis vs. none 86% 22% 46% 67% 50%

33% 46%
n � 46 n � 209

PEG-IFN and ribavirin24 Bridging fibrosis vs. none 76% 35% 57% 56% 57%
44% 57%

n � 136 n � 333

Abbreviations: Sens, sensitivity; Spec, specificity; PVP, predictive value positive; PVN, predictive value negative; IFN, interferon; PEG-IFN, pegylated interferon.
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notransferase [ALT] levels, bilirubin, albumin, ferritin,
and age)25,28; platelet count29; age-platelet index30; as-
partate aminotransferase (AST)31,32; AST/ALT ratio
alone33-37 or in combination with platelet count37; 5- and
6-marker indices based on �2 macroglobulin, haptoglo-
bin, gamma glutamyl transpeptidase, � globulin, bili-
rubin, and apolipoprotein A1

38; AST, platelets, and
albumin39; discriminant score based on prothrombin
time expressed as international normalized ratio, ALT/
AST ratio, and platelet count18,40; discriminant score
based on fibronectin, ALT, prothrombin time, pseudo-
cholinestarase, manganese superoxide dismutase, N-acetyl-
�-galactosidase41; discriminant score based on � globulin,
hyaluronidate, platelet count, and gender42; and dis-
criminant score based on hyaluronic acid, procollagen
III nucleoprotein, type IV collagen, �2 macroglobulin,
TIMP-1, YKL-40, laminin, and apolipoproteins A1

and A2.43

Distinguishing Between Cirrhosis and Noncirrho-
sis. Based on the known increase in AST compared with
ALT that occurs in cirrhotic patients with viral hepati-

tis,44 several investigators attempted to distinguish cir-
rhotic from noncirrhotic patients with hepatitis C in
retrospective analyses by identification of those with AST/
ALT ratios exceeding 1 (Table 3).33-37 This approach was
insensitive (high false-negative rate) and had a poor posi-
tive predictive value (high false alarm rate); in each case,
the investigators reported that applying this test would
have been inadequate for diagnostic purposes, requiring
liver biopsy in a substantial proportion of cases to estab-
lish a diagnosis of cirrhosis. Other investigators applied
other clinical and laboratory criteria retrospectively to dis-
tinguish between cirrhotic and noncirrhotic patients with
hepatitis C (Table 4).18,25,28,29,41,42 Despite the fact that
some of these approaches discriminated fairly well be-
tween cirrhosis and its absence, in most cases, such non-
histological methods would have avoided biopsies in only
a small minority of patients.18

Distinguishing Between Septal/Bridging Fibrosis
and More Limited Fibrosis. The distinction between
cirrhosis and its absence provides very little information
about stages of fibrosis short of cirrhosis. Because baseline
biopsies can provide information that clinicians can rely
on to predict the future rate of progression to cirrhosis,
and because the presence of septal/bridging fibrosis
(HAI � 3; Metavir � F2) is felt by wide consensus to
represent an indication for the institution of antiviral
therapy, several investigators have focused on non-
histological identification of bridging fibrosis (Table
5).30,37,38,40,43 Some of these approaches are more prom-
ising than others, but as a group, they suffer from low
sensitivity, specificity, predictive value positive, or predic-
tive value negative.

Two examples are illustrative. Pohl et al.37 performed a
retrospective analysis of biopsies from 211 patients with

Table 3. Distinguishing Between Cirrhosis and Absence of
Cirrhosis Based on an AST/ALT Ratio Greater Than 1

Study
No. of

Patients

Prevalence
of

Cirrhosis Sens Spec PVP PVN

Reedy et al., 199833 77 30% 44% 94% 77% 78%
Sheth et al., 199834 139* 34% 53% 100% 100% 81%
Park et al., 200035 153 20% 47% 96% 74% 88%
Imperiale et al., 200036 177* 23% 56% 90% 64% 87%
Pohl et al., 200037 153 24% 47% 82% 43% 84%

Abbreviations: Sens, sensitivity; Spec, specificity; PVP, predictive value positive;
PVN, predictive value negative.

*Included patients with decompensated cirrhosis and with concomitant alco-
holism.

Table 4. Distinguishing Between Cirrhosis and Absence of Cirrhosis Based on Clinical and Laboratory Features Other
Than AST/ALT Ratio alone

Study No. of Patients Prevalence of Cirrhosis Approach Sens Spec PVP PVN

Ikeda et al., 200042 205 18% Discriminant function* 84% 93% 84% 93%
Romagnuolo et al., 200128 54 7% Clinical prediction 94% 100%
Renou et al., 200129 110† 13% Low platelets 93% 99%
Fortunato et al., 200141 103‡ 48% Discriminant function§ 81% to 93% 90% to 94%
Saadeh et al., 200118 126 29% Discriminant score

cirrhosis � 7 15% 100% 100% 73%
noncirrhosis � 3 85% 58%

Andriulli et al., 200125 535� 11% Clinical impression 93% 32% 89% 42%

NOTE. Test characteristics provided or calculated from data in article when available.
Abbreviations: Sens, sensitivity; Spec, specificity; PVP, predictive value positive; PVN, predictive value negative.
*� globulin, hyaluronic acid, platelet count, and gender (this study was based on peritoneoscopy as well as liver biopsy).
†Included patients with concomitant alcoholism.
‡Included patients with decompensated cirrhosis.
§Fibronectin, pseudocholinesterase, ALT, manganese sulfoxide dismutase, n-acetyl-�-galactosidase; cutoff to identify cirrhosis was a score of � �0.22.
�Included patients with concomitant alcoholism, hepatitis B, and hepatitis D.
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chronic hepatitis C seen in their center; 153 were nonal-
coholic (24% had Metavir fibrosis scores of 3-4), and 58
had concomitant alcoholism. When patients with alco-
holism and hepatitis C were evaluated together, no corre-
lation was found between AST/ALT ratio and Metavir
fibrosis stages 0-4. When the analysis was confined to
patients with isolated chronic hepatitis C, those with fi-
brosis stages 0-2 were clearly distinguished from those
with fibrosis stage 3-4 (r � 0.297; P � .00). Confining
the analysis to those with hepatitis C alone, Pohl et al.37

found a strong inverse relation between platelet count and
fibrosis score (r � 0.560; P � .00). When AST/ALT
greater than 1 was combined with platelet count, these
investigators found the best test characteristics for a plate-
let count was a threshold less than 150,000 (as shown in
Table 5); although the sensitivity of this combination of
laboratory values was insensitive (41%), it was very spe-
cific (99%) and had a high positive predictive value (93%)
and a fairly good negative predictive value (85%). More-
over, this approach relied on readily available laboratory
tests. The authors concluded, however, that this approach
was very inaccurate for patients with low fibrosis scores
(0-1) and that a biopsy could have been avoided in only
7% of the cohort. If alcohol is a potential contributor, this
index has no predictive value. Another limitation is the
inability of this index to distinguish between stage 3 fi-
brosis and cirrhosis (stage 4). In addition, the threshold
for introducing antiviral therapy is a Metavir fibrosis score
of F2, not F3.

Poynard and colleagues30,38 of the MULTIVIRC
group have been attempting to identify noninvasive
markers of fibrosis for several years. More recently, they
have focused on a 5- or 6-marker index, on a scale of 0 to
1.0, relying on a series of nonroutine markers, �2 macro-
globulin, haptoglobin, gamma glutamyl transpeptidase, �

globulin, bilirubin, and apolipoprotein A1. Either of these
2 indices (the 5-marker index or the 6-marker index) cor-
relates very well with Metavir fibrosis stage, and the area
under receiver-operating characteristic curves (sensitivity
plotted against 1-specificity) is high, exceeding 0.8 (1.0 is
a perfect test, and 0.5 is correct no more often than chance
alone). With a 6-marker index of fibrosis, these investiga-
tors could distinguish between Metavir fibrosis stage 0-1
versus 2-4 (the threshold for introducing therapy) in a
group of 134 patients with chronic hepatitis C (preva-
lence of F2-4 of 45%). Based on this pretest probability of
45%, they found that patients with an index � 0.6 had a
positive predictive value exceeding 90%, while those with
an index of � 0.1 had a negative predictive value of 100%
(Table 5). Thus, if a patient with chronic hepatitis C has
a high index (� 0.6), the test is very specific with a high
positive predictive value; fibrosis stage 2-4 is very likely. If
a patient with chronic hepatitis C has a low index (� 0.1),
none will have fibrosis stage 2-4, i.e., everyone with such a
low score can be predicted with confidence not to have
moderate or severe fibrosis. Based on this calculation, they
concluded that liver biopsy could have been avoided in
46% of their study cohort.

Reliance on such an index has its proponents, and
some may rely on this approach to avoid liver biopsies in
a proportion of cases. Reservations worth emphasizing,
however, include the fact that the MULTIVIRC index38

relies on non-routine laboratory tests and a cumbersome
calculation (available on a dedicated website). This index
does not distinguish among fibrosis stages F2, F3, and F4,
each of which has different prognostic significance. Essen-
tially, if this index is used to replace histology, an under-
lying assumption is that the only valuable information to
be derived from a liver biopsy is the distinction between
these 2 broad categories of fibrosis. Such indices are blunt

Table 5. Distinguishing Between Low-Stage Fibrosis and Bridging/Septal Fibrosis Based on Clinical and Laboratory Features

Study No. of Patients
Prevalence

of Septal Fibrosis Approach Sens Spec PVP PVN

Bonacini et al., 199740 194 60% Discriminant score �8* 46% 98% 93% 77%
Poynard et al., 199730 500 69% Age-platelet index score† � 6 45% 96% 96% 42%
Pohl et al., 200137 153 24% AST/ALT � 1 41% 99% 93% 85%

Platelets � 150k
MULTIVIRC et al., 200138 134 45% 6-marker index‡

� 0.6 70% 95% 91% 76%
� 0.1 100% 22% 50% 100%

Patel et al., 200243 194 60% Discriminant Score§ 79% 68% 78% 68%

NOTE. Test characteristics provided or calculated from data in article, when available.
Abbreviations: Sens, sensitivity; Spec, specificity; PVP, predictive value positive; PVN, predictive value negative.
*Discriminant score 0 to 11 based on platelet count, AST/ALT ratio, and prothrombin time.
†Index of 0 to 10, score � 6 supports diagnosis of fibrosis F2-F4 (Metavir).
‡Index based on �2 macroglobulin, haptoglobin, gamma glutamyl transpeptidase, � globulin, bilirubin, and apolipoprotein A1; scale of 0 to 1.0.
§Discriminant score based on 3 markers from among the following: hyaluronic acid, procollagen III nucleoprotein, type IV collagen, �2 macroglobulin, TIMP-1, YKL-40,

laminin, and apolipoproteins A1 and A2.
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instruments that do not provide all the information po-
tentially available from a liver biopsy. In fact, liver biop-
sies do not provide simple yes or no answers; instead, they
provide a wealth of qualitative data that are not readily
reduced to simplistic distinction. Finally, such indices are
highly influenced by pretest probability and are not gen-
eralizable to different populations with different preva-
lences of fibrosis or cirrhosis. Most of these indices are
derived from populations biased by their referral to clin-
ical research centers, and the complex models may not be
applicable to individual patients or physician practices. At
low prevalences of fibrosis/cirrhosis, these tests are more
accurate at excluding fibrosis/cirrhosis, while at high
prevalences of fibrosis/cirrhosis, these tests are more accu-
rate in establishing fibrosis/cirrhosis. How far can we gen-
eralize from a population with a prevalence of substantial
fibrosis of 45%?

Similarly, Poynard and colleagues have proposed a re-
lated index, which combines both septal fibrosis (F2-F4)
and moderate necroinflammatory activity (Metavir grade
A2-A3), either of which is considered an indication for
therapy. This fibrosis-activity index, based on 6 vari-
ables (�2 macroglobulin, haptoglobin, gamma glutamyl
transpeptidase, bilirubin, apolipoprotein A1, and ALT),
has been applied retrospectively to a cohort of 352 pa-
tients treated in a multicenter, international clinical trial
of pegylated interferon alfa-2b and ribavirin (Poynard et
al., personal communication, May 2002). Based on a sen-
sitivity cutoff of 0.3 to identify a sufficient stage and grade
to justify initiating therapy, this approach has a sensitivity
of 90% and a positive predictive value of 88%, but a
specificity of 36% and negative predictive value of 40%.
For the corresponding specificity cutoff of 0.4 to identify
patients with low stage/grade, the test has a specificity of
80% and predictive value negative of 90%, but a sensitiv-
ity of 55% and predictive value positive of 33%. In this
population of patients, all of whom were referred to and
treated in a clinical trial of antiviral therapy, application of
this fibrosis-activity index would have identified 55 pa-
tients (16%) who might have been judged to have too
limited injury and scarring to merit therapy. Certainly,
the high pretest probability of treatment-meriting histol-
ogy guaranteed a relatively high level of accuracy in estab-
lishing fibrosis, but these indices might not be applicable
to a routine cross section of community-derived patients
with chronic hepatitis C.

Thus, as far as investigators have progressed in arriving
at surrogates for liver histology – and this progress over
the last 5 years is impressive – neither a single test nor a
combination of clinical and laboratory features has been
shown to have sufficient predictive value for the presence/
absence of fibrosis/cirrhosis and or moderate necroin-

flammatory activity. Similarly, baseline biopsies have
been reported to show unexpectedly mild liver disease in
some patients referred for treatment, including persons
with hemophilia,45 with injection drug use,46 and women
who received contaminated anti-D immune globulin in
Ireland47 and Germany.48 In contrast, among patients
referred for clinical trials of antiviral therapy, cirrhosis
may be unexpectedly frequent, for example, occurring in
half of the patients with well-compensated chronic hepa-
titis treated in the first randomized trial of interferon
alfa.49 Thus, to date, nonhistological assessments applied
broadly beyond a limited, idealized study cohort lack the
utility to supplant liver biopsy in the initial assessment of
suitability for treatment.

Importance of Liver Biopsy in Special
Patient Subgroups

Patients With Normal ALT Activity. Another area
of potential controversy is the subset of patients with
chronic hepatitis C but persistently normal aminotrans-
ferase activities. Anecdotal reports have appeared to show
that some of these patients have histologically very severe
or advanced liver disease,50,51 suggesting that all such pa-
tients require liver biopsy to unearth clinically subtle but
advanced liver disease. When group data are evaluated,
however, the preponderance of evidence suggests that se-
vere liver injury is the marked exception in such pa-
tients.52-55 Moreover, among patients with chronic
hepatitis C and persistently normal aminotransferase lev-
els, histological activity, as monitored by sequential liver
biopsies over more than half a decade, has been docu-
mented not to progress.56-59 Therefore, and because the
last National Institutes of Health Consensus Develop-
ment Conference in 1997 failed to identify any benefit of
interferon monotherapy in this subgroup,1 many author-
ities are reluctant to pursue liver biopsy in patients with
normal aminotransferase activity. As new evidence begins
to emerge, however, suggesting that combination antivi-
ral therapy with interferon and ribavirin may be equally
effective in patients with elevated and normal amino-
transferase activities (as summarized elsewhere in this sup-
plement), the role of liver biopsy in the subset of patients
with normal aminotransferase levels will have to be re-
examined. Despite improved efficacy of contemporary
antiviral therapy in this group, with its associated promise
of “cure,” the vast majority of these patients, as long as
they maintain normal biochemical activity, are highly un-
likely to progress histologically. If the pace of disease pro-
gression in this group is slow and the pace of new drug
discovery rapid, many people with normal aminotransfer-
ase activity may do just as well to wait, without current
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liver biopsy or therapy, until their disease becomes bio-
chemically active or until more efficacious and better tol-
erated therapies are developed.

Patients With HCV Genotypes 2 and 3. As stated
previously, an important premise is that antiviral therapy
for chronic hepatitis C would be more widely, perhaps
universally, embraced were it uncomplicated, highly ef-
fective, simple to administer, limited in duration, and well
tolerated. In patients with HCV genotypes 2 and 3, the
frequency of sustained responses to short-term (6
months) therapy is so high that many of these conditions
are met. Under these circumstances, then, the argument
could be made that the benefits of treatment outweigh its
inconvenience and beg for early application, regardless of
histological features. Based on these considerations, some
authorities have concluded that the need for liver biopsy
in this subgroup is less compelling. On the other hand,
the value of baseline histology as a predictor of respon-
siveness is independent of genotype.22-24 Therefore, the
same rationale for a baseline liver biopsy as a prelude to
therapy in patients with chronic hepatitis C in general can
be applied to patients with non-1 genotypes in particular.

Conclusions
In most patients with chronic hepatitis C, the value of

pretreatment liver biopsy outweighs its risks. For contem-
porary antiviral therapy of chronic hepatitis C, pretreat-
ment liver biopsy, which provides important information
about prognosis and the urgency of treatment as well as
about likelihood of response to therapy, should be re-
tained. Although much progress has been made, surrogate
laboratory markers cannot supplant histological assess-
ment of hepatic necroinflammatory activity and fibrosis.
The role of liver biopsy in patients with normal ALT
activity and in patients with HCV genotypes 2 and 3
remains the subject of debate.

Future Research Needs
Future research should focus on delineating how

broadly histological assessment should be implemented
and whether other clinical features suffice to supplant
liver biopsy under certain circumstances. Will the role of
liver biopsy change in patients with normal aminotrans-
ferase levels if antiviral therapy is applied more broadly in
this group? Will the contribution of liver biopsy change as
the efficacy and tolerability of antiviral therapy improve?
Because liver biopsy is invasive and resource-consuming,
the search for noninvasive laboratory markers of necro-
inflammatory activity, fibrosis, and cirrhosis merits our
attention and resources. Commanding an even higher
priority should be the quest for genetic markers associated

with accelerated disease progression that may be better
predictors of progression and response to therapy than
histological features.

References
1. National Institute of Health Consensus Development Conference Panel

Statement: Management of hepatitis C. HEPATOLOGY 1997;26:2S-10S.
2. Perrillo RP. The role of liver biopsy in hepatitis C. HEPATOLOGY 1997;26:

57S-61S.
3. Consensus Statement. EASL international consensus conference on hepa-

titis C. Paris, February 26-28, 1999. J Hepatol 1999;30:956-961.
4. Booth JCL, O’Grady J, Neuberger J, for the Royal College of Physicians of

London, British Society of Gastroenterology. Clinical guidelines on the
management of hepatitis C. Gut 2001;49(Suppl 1):i1-i21.

5. Centers for Disease Control, United States Public Health Service. Recom-
mendations for prevention and control of hepatitis C virus (HCV) infec-
tion and HCV-related chronic disease. MMWR Morbid Mortal Wkly Rep
1998;47:1-39.

6. Core Working Party, Asia-Pacific Consensus on Hepatitis B and C. Con-
sensus statements on the prevention and management of hepatitis B and
hepatitis C in the Asia-Pacific region. J Gastroenterol Hepatol 2000;15:
825-841.

7. Bedossa P, Poynard T, for the French METAVIR Cooperative Study
Group. An algorithm for grading activity in chronic hepatitis C. HEPATOL-
OGY 1996;24:289-293.

8. The METAVIR cooperative group. Inter- and intra-observer variation in
the assessment of liver biopsy of chronic hepatitis C. HEPATOLOGY 1994;
20;1:15-20.

9. Brunt EM. Grading and staging the histopathological lesions of chronic
hepatitis: The Knodell histology activity index and beyond. HEPATOLOGY

2000;31:241-246.
10. Knodell RG, Ishak KG, Black WC, Chen TS, Craig R, Kaplowitz N,

Kiernan TW, et al. Formulation and application of a numerical scoring
system for assessing histological activity in asymptomatic chronic active
hepatitis. HEPATOLOGY 1981;1:431-435.

11. Ishak K, Baptista A, Bianchi L, Callea F, DeGroote J, Gudat F, Denk H, et
al. Histological grading and staging of chronic hepatitis. J Hepatol 1995;
22:696-699.

12. Poynard T, Ratziu V, Benmanov Y, Di Martino V, Bedossa P, Opolon P.
Fibrosis in patients with chronic hepatitis C: Detection and significance.
Semin Liver Dis 2000;20:47-55.

13. Wong JB, Koff RS, for the International Hepatitis Interventional Therapy
Group. Watchful waiting with periodic liver biopsy versus immediate em-
pirical therapy for histologically mild chronic hepatitis C: a cost-effective-
ness analysis. Ann Intern Med 2000;133:665-675

14. 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.

15. Yano M, Kumada H, Hage M, Ikeda K, Shimamatsu K, Inoue O, Hashi-
moto E, et al. The long-term pathological evolution of chronic hepatitis C.
HEPATOLOGY 1996;23:1334-1340.

16. Poynard T, Bedossa P, Opolon P. Natural history of liver fibrosis progres-
sion in patients with chronic hepatitis C. Lancet 1997;349:825-832.

17. Fontaine H, Nalpas B, Poulet B, Carnot F, Zylberberg H, Brechot C, Pol
S. Hepatitis activity index is a key factor in determining the natural history
of chronic hepatitis C. Hum Pathol 2001;32:904-909.

18. Saadeh S, Cammell G, Carey WD, Younossi Z, Barnes D, Easley K. The
role of liver biopsy in chronic hepatitis C. HEPATOLOGY 2001;33:196-200.

19. Adinolfi LE, Gambardella M, Andreana A, Tripodi M-F, Utili R, Ruggiero
G. Steatosis accelerates the progression of liver damage of chronic hepatitis
C patients and correlates with specific HCV genotype and visceral obesity.
HEPATOLOGY 2001;33:1358-1364.

20. Kaserer K, Fiedler R, Steindl P, Muller CH, Wrba F, Ferenci P. Liver
biopsy is a useful predictor of response to interferon therapy in chronic
hepatitis C. Histopathology 1998;32:454-461.

HEPATOLOGY, Vol. 36, No. 5, Suppl. 1, 2002 DIENSTAG S159



21. Davis GL, Lau JYN. Factors predictive of a beneficial response to therapy
of hepatitis C. HEPATOLOGY 1997;26(Suppl 1):122S-127S.

22. Poynard T, Marcellin P, Lee SS, Niederau C, Minuk GS, Ideo G, Bain V,
et al. Randomised trial of interferon �2b plus ribavirin for 48 weeks or for
24 weeks versus interferon �2b plus placebo for 48 weeks for treatment of
chronic infection with hepatitis C virus. International Hepatitis Interven-
tional Therapy Group (IHIT). Lancet 1998;352:1426-1432.

23. Zeuzem S, Feinman SV, Rasenack J, Heathcote J, Lai M-Y, Gane E,
O’Grady J, et al. Peginterferon alfa-2a in patients with chronic hepatitis C.
N Engl J Med 2000;343:1666-1672.

24. Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiffman M,
Reindollar R, Goodman ZD, et al. PEG-Interferon alfa-2b in combination
with ribavirin compared to interferon alfa-2b plus ribavirin for initial treat-
ment of chronic hepatitis C. Lancet 2001;358:958-965.

25. Andriulli A, Festa V, Leandro G, Rizzetto M, AIGO members. Usefulness
of a liver biopsy in the evaluation of patients with elevated ALT values and
serological markers of hepatitis viral infection. Dig Dis Sci 2001;46:1409-
1415.

26. Heintges T, Mohr L, Hensel F, Petry W, Borchard F, Haussinger D,
Niederau C. Value of liver biopsy prior to interferon therapy for chronic
viral hepatitis. Dig Dis Sci 1998;43:1562-1565.

27. Fontana RJ, Lok ASF. Noninvasive monitoring of patients with chronic
hepatitis C. HEPATOLOGY 2002;36(suppl 1):S57-S64.

28. Romagnuolo J, Jhangri GS, Jewell LD, Bain VB. Predicting the liver his-
tology in chronic hepatitis C: How good is the clinician? Am J Gastroen-
terol 2001;96:3165-3174.

29. Renou C, Muller P, Jouve E, Bertrand J-J, Raoult A, Benderriter T, Halfon
P. Relevance of moderate isolated thrombopenia as a strong predictive
marker of cirrhosis in patients with chronic hepatitis C virur (letter). Am J
Gastroenterol 2001;96:1657-1659.

30. Poynard T, Bedossa P. Age and platelet count: a simple index for predicting
the presence of histological lesions in patients with antibodies to hepatitis
C virus. METAVIR and CLINIVIR Cooperative Study Groups. J Viral
Hepat 4:199-208, 1997.

31. Haber MM, West AB, Haber AD, Reuben A. Relationship of aminotrans-
ferases to liver histological status in chronic hepatitis C. Am J Gastroenterol
1995;90:1250-1257.

32. Assy N, Minuk GY. Serum aspartate but not alanine aminotransferase
levels help to predict the histological features of chronic hepatitis C viral
infections in adults. Am J Gastroenterol 2000;95:1545-1550.

33. Reedy DW, Loo AT, Levine RA. AST/ALT ratio �1 is not diagnostic of
cirrhosis in patients with chronic hepatitis C. Digest Dis Sci 1998;43:
2156-2159.

34. Sheth SG, Flamm SL, Gordon FD, Chopra S. AST/ALT ratio predicts
cirrhosis in patients with chronic hepatitis C virus infection. Am J Gastro-
enterol 1998;93:44-48.

35. Park GJ, Lin BP, Ngu MC, Jones DB, Katelaris PH. Aspartate aminotrans-
ferase: alanine aminotransferase ratio in chronic hepatitis C infection: is it
a useful predictor of cirrhosis? J Gastroenterol Hepatol 2000;15:386-390.

36. Imperiale T, Said A, Cummings OW, Born LJ. Need for validation of
clinical decision aids: use of the AST/ALT ratio in predicting cirrhosis in
chronic hepatitis C. Am J Gastroenterol 2000;95:2328-2332.

37. Pohl A, Behling C, Oliver D, Kilani M, Monson P, Hassanein T. Serum
aminotransferase levels and platelet counts as predictors of degree of fibro-
sis in chronic hepatitis C virus infection. Am J Gastronterol 2001;96:3142-
3146.

38. Imbert-Bismut F, Ratziu V, Pieroni L, Charlotte F, Benhamou Y, Poynard
T. Biochemical markers of liver fibrosis in patients with hepatitis C virus
infection: a prospective study. Lancet 2001;357:1069-1075.

39. Metwally MA, Zein CO, Angulo P, Zein NN. A simple non-invasive
scoring system for prediction of severe hepatic fibrosis in chronic hepatitis
C patients [Abstract]. HEPATOLOGY 2001;34:230A.

40. Bonacini M, Hadi G, Govindarajan S, Linsday KL. Utility of a discrimi-
nant score for diagnosing advanced fibrosis or cirrhosis in patients with
chronic hepatitis C virus infection. Am J Gastroenterol 1997;92:1302-
1304.

41. Fortunato G, Castaldo G, Oriani G, Cerini R, Intrieri M, Molinaro E,
Gentile I, et al. Multivariate discriminant function based on six biochem-
ical markers in blood can predict the cirrhotic evolution of chronic hepa-
titis. Clin Chem 2001;47:1696-1700.

42. Ikeda K, Saitoh S, Kobayashi M, Suzuki Y, Tsubota A, Suzuki F, Arase Y,
et al. Distinction between chronic hepatitis and liver cirrhosis in patients
with hepatitis C virus infection: Practical discriminant function using
common laboratory data. Hepatol Res 2000;18:252-266.

43. Patel K, McHutchison JG, Oh E, Nguyen P, Rose S. Evaluation and
optimization of a panel of serum markers for liver fibrosis in chronic hepatitis
C patients [Abstract]. Gastroenterology 2002;122(Suppl 1):M1610.

44. Williams AL, Hoofnagle JH. Ratio of serum aspartate to alanine amino-
transferase in chronic hepatitis: relationship to cirrhosis. Gastroenterology
1988;95:734-739.

45. Wong VS, Baglin T, Beachman E, Wright DD, Petrik J, Alexander GJ.
The role for liver biopsy in haemophiliacs infected with the hepatitis C
virus. Br J Haematol 1997;99:343-347.

46. Thomas DL, Astemborski J, Rai RM, Anania FA, Schaffer M, Galai N,
Nolt K, et al. The natural history of hepatitis C virus infection: host, viral,
and environmental factors. JAMA 2000;284:450-456.

47. Kenney-Walsh E, for the Irish Hepatology Research Group. Clinical out-
comes after hepatitis C infection from contaminated anti-D immune glob-
ulin. N Engl J Med 1999;340:1228-1233.

48. Wiese M, Berr F, Lafrenz M, Porst H, Oesen U, for the East German
Hepatitis C Study Group. Low frequency of cirrhosis in a hepatitis C
(genotype 1b) single-source outbreak in Germany: a 20-year multicenter
study. HEPATOLOGY 2000;32:91-96.

49. Davis GL, Balart LA, Schiff ER, Lindsay K, Bodenheimer HC Jr, Perrillo
RP, Carey W, et al. Treatment of chronic hepatitis C with recombinant
interferon alfa: a multicenter randomized controlled trial. N Engl J Med
1989;321:1501-1506.

50. Montalto G, Zignego AL, Ruggieri MI, Giannini C, Soresi M, Monti M,
Carroccio A, et al. Serum HCV-RNA and liver histologic findings in patients
with long-term normal transaminases. Dig Dis Sci 1997;42:1703-1707.

51. Rossini A, Ravaggi A, Agostinelli E, Bericich L, Gazzola GB, Radaeli E,
Callea F, et al. Virological characterization and liver histology in HCV positive
subjects with normal and elevated ALT levels. Liver 1997;17:133-138.

52. Shakil O, Conry-Cantilena C, Alter HJ, Hayashi P, Keiner DE, Tedeschi
V, Krawczynski K, et al. Volunteer blood donors with antibody to hepatitis
C virus: clinical, biochemical, virologic, and histologic features. Ann Intern
Med 1995;123:330-337.

53. Healey CJ, Chapman RW, Fleming KA. Liver histology in hepatitis C
infection: a comparison between patients with persistently normal or ab-
normal transaminases. Gut 1995;37:274-278.

54. Hoofnagle JH. Hepatitis C: the clinical spectrum of disease. HEPATOLOGY

1997;26(Suppl 1):15S-20S.
55. Schiffman ML, Stewart CA, Hofmann CM, Contos MJ, Luketic VA,

Sterling RK, Sanyal AJ. Chronic infection with hepatitis C virus in patients
with elevated or persistently normal serum alanine aminotransferase levels:
comparison of hepatic histology and response to interferon therapy. J In-
fect Dis 2000;182:1595-1601.

56. Mathurin P, Moussalli J, Cadranel J-F, Thibault V, Charlotte F, Du-
mouchel P, Cazier A, et al. Slow progression rate of fibrosis in hepatitis C
virus patients with persistently normal alanine transaminase activity.
HEPATOLOGY 1998;27:868-872.

57. Wali M, Lewis S, Hubscher S, Harrison R, Ahmed M, Elias E, Mutimer D.
Histological progression during short-term follow-up of patients with
chronic hepatitis C virus infection. J Viral Hepat 1999;6:445-452.

58. Persico M, Persico E, Suozzo R, Conte S, De Seta M, Coppola L,
Palmentieri B, et al. Natural history of hepatitis C virus carriers with
persistently normal aminotransferase levels. Gastroenterology 2000;
118:760-764.

59. Martinot-Peignoux M, Boyer N, Cazals-Hatem D, Pham B-N, Gervais A,
Le Breton V, Levy S, et al. Prospective study on anti-hepatitis C virus-
positive patients with persistently normal serum alanine transaminase (sic)
with or without detectable serum hepatitis C virus RNA. HEPATOLOGY

2001;34:1000-1005.

S160 DIENSTAG HEPATOLOGY, November 2002


