An Algorithm for the Grading of Activity in Chronic Hepatitis C
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Histological activity reflects the global assessment of
basic necroinflammatory lesions and is a criterion of ma-
jor importance in chronic hepatitis C. The aim of this
study was to propose and test the accuracy of a simple
algorithm that generates a single activity score based
on basic pathological features. A panel of 10 pathologists
reviewed 363 chronic hepatitis C liver biopsies and
graded the activity of hepatitis according to their own
experience (reference activity). Then, a consensual algo-
rithm on the grading of activity was established by the
10 experts in a panel discussion. Finally, stepwise dis-
criminant analysis was performed to define which basic
features had been intuitively used in the reference activ-
ity (statistical activity). To test the accuracy of the algo-
rithm, concordance between the activity defined by the
algorithm and the reference activity was assessed. It was
compared with concordance between the activity de-
fined by the statistical model and the reference activity.
The algorithm proposed by the panel for the grading of
activity included piecemeal necrosis and lobular necro-
sis. Concordance between reference activity and activity
defined by the algorithm was substantial (305 cases, 84%,
k = .75). Discriminant analysis showed that piecemeal
necrosis, lobular necrosis, and portal inflammation were
independently used to grade the activity. Concordance
between reference activity and activity defined by the
statistical model was substantial (300 cases, 83%, k = .73),
virtually identical to the concordance between refer-
ence activity and activity defined by algorithm. This
study proposes a simple algorithm for the grading of
activity in chronic hepatitis. Its accuracy is as high as
that obtained using a statistical approach. (HEPATOLOGY
1996;24:289-293.)

Liver biopsy is a gold standard in chronic hepatitis and is
the only investigation that can estimate the severity of tissue
damage, because clinicopathological correlations are poor in
chronic hepatitis C. However, the value of a liver biopsy de-
pends on the possibility of assessing histological features us-
ing a standardized reproducible classification.

With the discovery of the hepatitis C virus and its world-
wide diffusion, pathologists have been faced with an increas-
ing number of liver biopsies showing chronic hepatitis.!?
They have been tempted to discuss the terminology and the
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histological classification of chronic hepatitis, and several
propositions have recently been made by different groups of
pathologists.*” A consensual proposition was to separately
assess, using scoring systems, the degree of liver fibrosis and
that of activity.*® Liver fibrosis is simple to precisely define
and thus to reproducibly score.® In contrast, the grading of
activity, which integrates the different basic necroinflamma-
tory lesions, is more difficult to assess; morever, it is of impor-
tance in the decision of whether or not to treat patients in
many therapeutic trials. Although not proven, inflammation
and liver cell necrosis are the hallmarks of active disease
that may predict evolution toward fibrosis and cirrhosis.’

Several approaches have been proposed to assess histologi-
cal activity. One of them is the semiquantitative scoring sys-
tem of Knodell et al., in which fibrosis and portal, periportal,
and lobular necrotic and inflammatory components are as-
sessed separately and their coding values added.'® The global
score appears accurate because it varies over large ranges,
but its value may be limited by poor reproducibility, because
each feature has its own observer variation.® Another possible
approach is to consider that periportal and intralobular ne-
croinflammatory lesions are related to the same pathogenic
mechanism and that they must be globally assessed. As pre-
viously reported, assessment of activity must be separated
from staging of fibrosis.*

The aim of this study was to propose a simple algorithm
that generates a single score of necroinflammatory activity
based on basic histological features. The creation of this algo-
rithm drew on the experience of a panel of pathologists, and
its validation was performed by comparison with another
method for establishing activity based on a statistical ap-
proach.

PATIENTS AND METHODS

Liver Biopsies. A total of 363 percutaneous liver biopsies from pa-
tients with chronic hepatitis C were included in this study. All pa-
tients were positive for antibody to hepatitis C by second-generation
tests and had at least a 6-month increase in aminotransferase levels.
All biopsies were from patients included in five French therapeutic
trials on chronic hepatitis C, the results of which have already been
published.*'® Biopsy was performed at the time of inclusion, when
patients had not received any treatment. Liver biopsies, measuring
more than 10 mm in length, were fixed, paraffin-embedded, and
stained with hematoxylin-eosin safran and Masson’s trichrome, or
Picrosirius red for collagen. Biopsies were anonymously coded. Pa-
thologists were not aware of clinical and biochemical data, but only
of the presence of chronic hepatitis C.

Panel of Pathologists. A panel of 10 French senior pathologists
experienced in the field of liver pathology was established. Patholo-
gists had already worked together in the French METAVIR group,'¢
and a consensus was thus reached on the definition and coding of
the lesions. Intra- and interobserver variations in the assessment of
histolosgical lesions in chronic hepatitis C had already been pub-
lished.

Questionnaire. Histological analysis of the 363 liver biopsies was
performed using a questionnaire. It included 27 semiquantitative
histological items.'® All were recorded, but, for the aim of this study,
we focused on the following features:

1. Focal lobular necrosis (0 = less than one necroinflammatory
foci per lobule, 1 = at least one necroinflammatory foci per lobule, 2
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= several necroinflammatory foci per lobule or confluent or bridging
necrosis).

2. Portal inflammation (0 = absent, 1 = presence of mononuclear
aggregates in some portal tracts, 2 = mononuclear aggregates in all
portal tracts, 3 = large and dense mononuclear aggregates in all
portal tracts).

3. Piecemeal necrosis (0 = absent, 1 = focal alteration of the peri-
portal plate in some portal tracts, 2 = diffuse alteration of the peri-
portal plate in some portal tracts or focal lesions around all portal
tracts, 3 = diffuse alteration of the periportal plate in all portal
tracts).

4. Bridging necrosis (0 = absent, 1 = present) was also recorded.

The document ended with an item assessing the intensity of ne-
croinflammatory lesions (histological activity). This was indicated as
follows: AO = no histological activity, A1l = mild activity, A2 = moder-
ate activity, and A3 = severe activity. This was related to the classical
notions of chronic hepatitis and to the experience of the persons
performing the assessment. No precise indications were given to the
pathologists concerning the evaluation of this item in correlation
with the basic lesions reported before. Representative microphoto-
graphs illustrating the different grades of activity are shown in Fig.
1. For each biopsy, the activity evaluated by pathologists in this way
was referred to as the “reference activity” and was the gold standard.

According to this procedure, the 363 liver biopsies were simultane-
ously read by pairs of pathologists who filled out the coding form
for each biopsy. Reading sessions were performed over three 1-day
periods to minimize observer variations.

Creation and Validation of an Algorithm Based on an Expert Panel
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(A) Chronic hepatitis C with no activity (A0). Portal tract with inflammation but no piecemeal nor lobular necrosis. (B) Chronic hepatitis with mild
activity (A1). Piecemeal necrosis (arrowhead) is graded 1 (focal alteration of the periportal plate), and lobular necrosis is graded 0. According to the algorithm,
activity is mild. (C) Chronic hepatitis with moderate activity (A2). Piecemeal necrosis is more diffuse (grade 2), and there are foci of lobular necrosis (arrow)
(grade 1). (D) Chronic hepatitis with severe activity (A3). Piecemeal necrosis is graded 2, and there are several necroinflammatory foci per lobule (grade 2).
According to the algorithm, activity is severe.

Decision. After histological study of the 363 biopsies, a meeting ses-
sion was organized between the 10 pathologists to discuss and build
a posteriori an algorithm for the scoring of disease activity. This
algorithm was designed on the basis of the pathologists’ experience
and of their analysis during the reading sessions of this first set of
liver biopsies. A consensus was reached on basic features that could
be included in the definition of the item “activity” and how they could
be associated so as to score its degree. Evaluation of the activity of
hepatitis based on a liver biopsy and the algorithm is referred to as
“algorithm activity.”

Using “reference activity” as the gold standard, the percentage
of cases that were graded correctly according to the algorithm was
evaluated. The strength of concordance between reference activity
and algorithm activity was studied in the 363 liver biopsies using «
statistics.

Statistical Model. Another analysis of methods used by patholo-
gists to generate the score of activity was based on a stepwise dis-
criminant analysis. The aim of this analysis was to select, step by
step, the basic lesions that best permitted classifying patients into
the four groups of disease activity (AO to A3) among the 363 liver
biopsies. A jacknife procedure was used to reduce bias in the four
classification groups. A discriminant function was obtained. Evalua-
tion of the activity of a liver biopsy with this discriminant function
was termed its “statistical activity.” Using reference activity as the
gold standard, the percentage of cases graded correctly according to
the discriminant function was evaluated. The strength of concor-
dance between reference activity and statistical activity was studied.

To judge the validity of the proposed algorithm, the concordance
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TABLE 1. Distribution of Necroinflammatory Features in the 363
Liver Biopsies of Chronic Hepatitis C

Histological Feature Score n (%)
Piecemeal necrosis 0 = No 15 (4%)
1 = Mild 160 (44%)
2 = Moderate 159 (44%)
3 = Severe 29 (8%)
Lobular necrosis 0 = No or mild 140 (39%)
1 = Moderate 182 (50%)
2 = Severe 41 (11%)
Portal inflammation 0 = No 4 (1%)
1 = Mild 112 (31%)
2 = Moderate 229 (63%)
3 = Severe 18 (5%)
Bridging necrosis Yes 1 (0.5%)
No 362 (99.5%)

between reference activity and algorithm activity was compared with
the concordance between reference activity and statistical activity.

Statistical Analysis. The measure of activity was compared by #
test to detect a systematic difference. Analysis by « statistics was
performed to assess the degree of concordance. Strength of
agreement was considered slight for values between 0 and 0.19, fair
for values between 0.20 and 0.39, moderate for values between 0.40
and 0.59, substantial for values between 0.60 and 0.79, and almost
perfect if k values were greater than 0.80.

RESULTS

Prevalence and Correlation Between the Different Necroin-
flammatory Lesions. The prevalence of necroinflammatory
lesions and grading of activity in the 363 liver biopsies are
reported in Table 1.

There was a very significant positive correlation between
the severity of piecemeal necrosis and portal inflammation
(k? = 107.9, P < .00001), as well as between the severity of
piecemeal necrosis and the intensity of lobular necrosis («?
= 33, P < .0001).

Panel Algorithm. After study of the first 363 biopsies, pa-
thologists met to propose an algorithm for grading the activ-
ity of hepatitis. A consensus was reached by the pathologists
on the following point: the panel agreed that the major crite-
rion of decision was the intensity of piecemeal necrosis. Activ-
ity could also be modulated by the intensity of lobular necro-
sis, which was not considered the major criterion. Portal
inflammation was not thought to influence the assessment
of the degree of activity.

A simple algorithm, including eight possible means of ar-
riving at a decision, was proposed according to the degree of
piecemeal necrosis and of lobular necrosis (Fig. 2).

Concordance Between Reference Activity and Algorithm Ac-
tivity. A review of the histological coding forms of the 363
liver biopsies showed that pathologists intuitively followed
the panel algorithm in 305 cases (84%). Concordance between
reference activity and algorithm activity is shown in Table
2. Concordance was judged to be substantial as assessed by
k statistics (x = .75).

All cases that did not fulfill the algorithm differed by only
one grade in the intensity of activity.

To increase the accuracy of the algorithm, we verified
whether complementary pathological features would have
helped to avoid discordant cases. The 58 cases that did not
fulfill the algorithm were reviewed in detail. Neither portal
inflammation nor any other basic features led to a better
subclassification of these cases.

Statistical Model and Concordance Between Reference Ac-
tivity and Statistical Activity. Stepwise discriminant analy-
sis showed that the following items, by order of entry, were
used in the grading of activity: piecemeal necrosis, lobular
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LN=0 A=0

PMN=0 LN=1 A=1
LN=2 A=2

PMN=1 LN=0,1 A=1
LN=2— =2
LN=0, 1 A=

PMN=2 LN=2

PMN=3 LN=0, 1,2 A=3

Fi1c. 2. Algorithm for the evaluation of histological activity. PMN, piece-
meal necrosis; 0, none; 1, mild; 2, moderate; 3, severe; LN, lobular necrosis; 0,
no or mild; 1, moderate; 2, severe; A, histological activity; 0, none; 1, mild; 2,
moderate; 3, severe.

necrosis, and portal inflammation. Most of the discriminative
information was obtained by piecemeal necrosis. Results are
shown in Table 3.

The concordance between the degree of activity defined by
the pathologist (reference activity) and the degree of activity
defined by the statistical model (statistical activity) is shown
in Table 4. Activity defined by the pathologist was concordant
with activity defined by the statistical model in 300 cases
(83%). Strength of concordance was judged substantial, as
assessed by k statistics (k = .73).

Cases that did not fulfill the statistical model differed by
only one grade in the intensity of activity.

DISCUSSION

The major aim of studies concerning the prognosis of
chronic hepatitis is to try to define groups of patients who are
at risk for cirrhosis and later development of hepatocellular
carcinoma. Several studies have pointed out biochemical and
virological data of prognostic importance,'” but, to date, liver
biopsy findings are still considered valid criteria.

Based on data obtained in chronic hepatitis B, it is pre-
sumed that the severity of histological activity is predictive
of further development of liver fibrosis. Histological activity
of chronic hepatitis refers to a combination of necroinflamma-
tory lesions, but no clear definition of activity is available,
and no quantification system has been universally accepted.
However, it is important that the same definition of activity

TABLE 2. Concordance Between Reference Activity and Algorithm
Activity in the 363 Liver Biopsies

Algorithm Activity
Reference Activity 0 1 2 3
0 11 4 — _
1 4 130 19 -
2 - 9 120 5
3 - - 17 44

NOTE. 0 = absent, 1 = mild, 2 = moderate, 3 = severe. Concordance is
substantial (k = .75).
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be used by all pathologists. General agreement exists be-
tween experienced pathologists concerning the definition of
histological activity, as proven by low interobserver variation
in the assessment of this feature.® However, guidelines must
be provided to general pathologists who are increasingly con-
fronted with chronic hepatitis C liver biopsies.

In the present work, we chose as the gold standard the
grading of activity intuitively performed by experienced pa-
thologists (reference activity). We asked these pathologists
to grade activity without any guidelines as to definition. Then
we investigated (1) the basic lesions that pathologists intu-
itively included in their grading of activity, and (2) the way
they established their grading system. Two approaches were
used to delineate basic lesions that were intuitively included
in this grading system. In the first, the 10 pathologists met
to propose a consensual simple algorithm for grading the
activity of hepatitis C virus. In another approach, stepwise
discriminant analysis was performed to determine the inde-
pendently associated basic features used to grade the activ-
ity.

A panel decided to define activity according to its potential
predictive value for the occurrence of liver fibrosis. We chose
to include in the algorithm only two features—piecemeal ne-
crosis and lobular necrosis. Portal inflammation was ex-
cluded from the algorithm, because this feature is a prerequi-
site for the definition of chronic hepatitis even without
activity. Furthermore, we observed a strong correlation with
piecemeal necrosis, making these two features redundant cri-
teria. Piecemeal necrosis was chosen as the first decision
criterion because of its proven potential value in other types
of chronic hepatitis.® However, it is of note that, in all pub-
lished series on chronic hepatitis C, piecemeal necrosis is a
lesion of rather mild severity, whereas fibrosis and cirrhosis
are common.'® It was then suspected that another feature,
lobular necrosis, was of major importance in the prediction
of liver fibrosis. Indeed, it is believed that aggravation of
chronic hepatitis C occurs through a burst of lobular necrosis,
a lesion that is frequently present in chronic hepatitis C.
These two lesions were therefore combined to propose a sim-
ple algorithm that defined activity.

For the statistical approach, stepwise discriminant analy-
sis was performed to determine the independently associated
basic features intuitively used to grade activity. The major
features again were piecemeal necrosis and intralobular ne-
crosis. To a lesser degree, portal inflammation was also used.
Using these criteria, the activity of 84% of the liver biopsies
evaluated by the pathologists matched the activity defined
by this statistical model. Thus, basic features necessary for
grading the activity and their respective importance, either
proposed by the panel of pathologists or determined by the
statistical approach, showed good concordance.

In several existing classifications, the degree of piecemeal
and lobular necroses was independently assessed and their
scores then added, thus conferring upon each of these two
lesions the same weight in the definition of activity. In the
present study, the proposed algorithm and the suggested sta-
tistical approach included both piecemeal necrosis and lobu-
lar necrosis in the definition of activity, but with different
values. The rationale for overweighting the piecemeal necro-

TABLE 3. Stepwise Discriminant Analysis of the Grading of Activity
in the 363 Liver Biopsies

Variables Selected F P
Step 1 Piecemeal necrosis 261.9 <.0001
Step 2 Lobular necrosis 17.7 <.001
Step 3 Portal inflammation 10.2 <.01
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TABLE 4. Concordance Between Reference Activity and Statistical
Activity in the 363 Liver Biopsies

Reference Activity 0 1 2 3
0 12 6 - —
1 3 118 12 -
2 - 19 139 18
3 - - 5 31

NOTE. 0 = absent, 1 = mild, 2 = moderate, 3 = severe. Concordance is
substantial (k = .73).

sis item by comparison with lobular necrosis is that piecemeal
necrosis is the major discriminating factor used to grade ac-
tivity, as shown by the stepwise discriminant analysis.

We did not include the intensity of portal inflammation
in the algorithm decision. Although discriminant analysis
suggested that this feature was independently associated
with grading of activity, it added little information compared
with piecemeal and lobular necrosis. No clear amelioration
of algorithm accuracy was observed when including this vari-
able when reanalyzing the questionnaires that did not fulfill
the algorithm.

The proposed algorithm has the advantage of simplicity,
reproducibility, and application to a large number of biopsies.
Because piecemeal necrosis and lobular necrosis are two re-
producible features,®'® general pathologists can use this algo-
rithm to semiquantitatively assess the histological activity
of chronic hepatitis C. In France, the METAVIR scoring sys-
tem is used for evaluating chronic hepatitis C. This score is
composed of a two-letter and two-number coding system: A
= histological activity (A0 = no activity, A1 = mild activity,
A2 = moderate activity, and A3 = severe activity), which can
be assessed using the proposed algorithm that takes into
account piecemeal and lobular necrosis, and F = fibrosis (FO
= no fibrosis, F1 = portal fibrosis without septa, F2 = portal
fibrosis with rare septa, F3 = numerous septa without cirrho-
sis, and F4 = cirrhosis). The proposed algorithm provides an
easy means of scoring the activity.
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