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Chianciano Consensus Conference on Prognostic Studies in
Hepatology

The Conference took place in Chianciano, Italy, from
September 27 to 30, 1997. Lectures provided an

overview of prognostic models (A. Morabito), validity
of prognostic models (H.C. van Houwelingen), time-
dependent versus time-independent models (P.K. An-
dersen),.role of the neural networks and related statis-
tical methods (K. Liestøl), use of quantitative tests (C
Merkel), the natural history and prognosis of primary
biliary cirrhosis (F.B. Bianchi), primary sclerosing
cholangitis (L. Okolicsanyi), alcoholic liver disease
(Dame Sheila Sherlock), ascites (M. Bernardi), chron-
ic hepatitis (M. Nzzdtto), hepatic granulomas (D.G.
James), and on the prediction of death in cirrhosis (G.
D'Amico), transplantation of the liver (J. Neuberger),
expert systems (C.M. Leevy), conversion of empirical
scores to prognostic indices (E. Christensen). Discus-
sions followed each lecture in plenary sessions and in
subgroups, aimed at consensus concerning the role of
prognostic models in clinical practice and guidelines
for future prognostic studies in hepatobiliary diseases.
The following report integrates the issues and views
raised during the consensus conference.
A primary task of the physician is to improve the pa-
tient's prognosis. Thus, prognostic assessment is most
important in the evaluation of the patient. This will
markedly influence the choice of therapy, and, there-
fore, extremely important to study prognosis and its
determinants.

Definitions

Prognostic studies are intended here as investigations,
in well-defined patient populations, on the relation be--,-
tween their characteristics (variables), at a given time,
and the future course of disease with respect to the oc-
currence of a well-defined outcome (end-point). A
prognostic study generally applies a regression analy-
sis technique and results in a prognostic model which
includes variables having a significant independent re-
lation with the outcome variable. This includes vari-
ables found to be significant in the particular study, or
variables known from other investigations to be of
prognostic importance. The prognostic model shows
how each variable in the model contributes to the pre-
diction of the outcome. Since a priori knowledge and
hypotheses may be incomplete, the analysis can have
an exploratory or "heuristic" element, and validation
of models using independent patient data will be nec-

essary. Generally; a prognostic model can only provide
an approximate prognosis in individual patients be-
cause it only explains a small part of the observed vari-
ation in outcome between patients. Biologic (genetic
and environmental) variation is usually much wider
than can be accounted for by any model. Therefore,
prognostic models complement, but do not replace,
careful clinical assessment of the individual patient.

Guidelines for future studies

Purpose of the study
The srudy should aim at improving our understanding
of the disease by identifying determinants of its course
and outcome. The prognostic information should be
expressed in clinically useful terms, e.g. using prog-
nostic indices or scores. Prognostic information is nec-
essary for many reasons: 1) to inform the patient about
the prospects for the future (this also allows for his in-
formed consent to participate in studies), 2) to estab-
Iish a more accurate diagnosis, 3) to evaluate types of
technological suppon and to help in evaluating thera-
peutic intervention, 4) to adopt a rational decision-
making approach concerning therapy, 5) to evaluate
the contribution of a single prognostic factor amongst
those which are partly controlled and partly out of con-
trolled studies, 6) to design future randomized clinical
trials, 7) to evaluate the prognosis of subgroups affect-
ed by varying severity of hepatobiliary disease. The
use of prognostic indices can improve the description
and allow comparison of patient groups. They are thus
useful in communicating prognostic information.
The relationship between prognostic variables and the
effect of therapy is particularly important. In statistical
terms this is known ts interaction between prognostic
variables and therapy regarding their effect on out-
come. This is best studied in randomized clinical trials.
lmportant issues would be to predict decompensation
(ascites, bleeding, encephalopathy) and survival in pa-
tients with liver disease, and to predict survival and op-
timal timing of liver transplantation in patients with
decompensated cirrhosis.

Selection of patients
Well-defined standardised, generally accepted diag-
nostic criteriø should be used to select the target pa-
tient group for the study. Other selection criteria
should be as restrictive as possible to ensure the widest
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possible applicability of the results. The time, place
and routes of enrolmenr of the patients including the
number of patients referred from other hospitals
should be reported. Consecutiye patients fulfllling the
selection criteria should be included in the study. The
sample sze should be sufficiently large, adjustedto the
number of expected events in the planned duration of
the study and the number of putative variables to be in-
vestigated. Special attention should be given to thefol-
low-up of the patients. This depends greatly upon the

'efficiency of the outpatient clinic. The follow-up
should be complete, and the dt'opping-our should be re-
duced as much as possible. Pre-planned checks to
avoid missing data and tracing of missing patients by
phone should be undertaken.

Recording of variables
All variables necessary for the diagnosis and for a
comprehensive description of the patients should be
recorded. The highest priority should be given to easi-
ly obtainable variables with a high precision and accu-
racy. Variables implying a considerable observer varia-
tion, high cost, long duration (time delay) or inconve-
nience to the patient should only be used if deemed es-
sential. All variables should be recorded in accordance
with internationally accepted standards.

Definition of time and stage
Prognostic analyses rely on a common starting point:
time zero. The defrnition of time zero is crucial and
should, therefore, be considered very carefully. The
time of onset may be unknown or ill-defrned (e.g.
chronic viral hepatitis C, alcoholic liver disease, pri-
mary biliary cirrhosis, primary sclerosing cholangitis).
The patients may go to the doctor at markedly differ-
ent stages of progression of the disease. Thus at the
time of diagnosis the patients may present a very het-
erogeneous picture: some may be at an early stage,
others at alate stage. This heterogeneity may compli-
cate the statistical analysis and reduce the possibility .'.

of obtaining a useful prognostic model. Therefore, at-
tempts should be made to reduce heterogeneity by syn-
chronising courses, defining time zero as the time of
entry into a well-defi.ned stage. Following an insidious
onset, many liver diseases (e.g. chronic hepatitis C,
primary biliary cirrhosis, alcoholic liver disease) may
have a gentle course with mild symptoms and labora-
tory abnormalities for long periods of time, with minor
fluctuations but no or few signs of progression. Soon-
er or later this quiet phase may be followed by pro-
gression leading to decompensation and death within a
short period of time. For this reason, the signs of he-
patic decompensation (e.g. oedema, ascites, jaundice,
encephalopathy, gastrointestinal bleeding caused by
portal hypertension) are particularly important markers

defining the transition to the advaaced stage where
more intensive therapeutic measures witl be necessary
and where the prognostic determinants may differ from
those in the early itage.
The disease stage studied should be clearly and explic-
itly defined, e.g. should the cirrhotic patients included
be compensated or decompensated. Other stages may
be defined in special situations. When patients from
more than one stage are to be analysed simultaneously,
complex multistage models should be used. However,
it is generally preferable and simpler to make one
prognostic model for each stage of the disease.

Definition of predictor variables and end-points
Candidate variables in the prognostic model should be
specified in advance by the clinician. To ensure a
meaningful evolutionary scientific progress, the high-
est priority should be given to variables with a previ-
ously established prognostic influence, e.g. bilirubin,
albumin, prothrombin time or index, ascites, en-
cephalopathy, a9e, gastro-esophageal varices, variceal
bleeding, serum creatinine. Important prognostic vari-
ables identified in otlrer studies may be kept in the
model even if not significant in the particular analysis.
Automatic selection procedures with the computer
should not be used to select the variables.
The event considered as the end-poinf should be clear-
ly specified a priori.In advanced cirrhosis, important
end-points would be death or, in some cases, liver
transplantation. In compensated cirrhosis, the appear-
ance of the first signs of decompensation, hepatocellu-
lar carcinoma or death would be useful end-points. So
would be, for chronic hepatitis, the development of cir-
rhosis, revealed by signs of portal hypertension (oe-
sophageal varices, platelets below the reference val-
ues).
For the study of the early course of chronic viral he-
patitis B and C, where natural end-points are very late
attempts should be made to establish whether indica-
tors of progression of disease as weII as quantitative
function tests may be identified and possibly cornbined
to a surrogate marker end-point.
The occurrence of other events (e.g. special therapeu-
tic procedures) during the course may influence the oc-
currence of the end-point. For example, in primary bil-
iary cirrhosis, the occurrence of the primary end-point
of death will be influenced markedly by a liver trans-
plant. One useful method of analysis in this complex
situation would be to consider death and transplanta-
tion as competing end-points and to use a competing
risks model for the analysis.

Søtisrtcd analysis
The statistical analysis involved in the development of
prognostic models is complex. Preferably cooperative
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research teams inclrtding both clinicians and biostatis-
ticians should be set up. The statisticians would bene-
fit from a closer insight into practical clinical problems
and the clinicians would benefit from the expertise of
the statisticians in ensuring maximum validity of
analyses and results.

Fitting a prognostic model
The Cox regression model for censored survival data is
well established. For this reason and because it is flex-
ible, it may be considered the model of choice, provid-
ed that the model assumptions can be met. These in-
clude proportional hazards for the entire period of fol-
low-up and linear additive effects of the variables on
the prognostic index. If the precise timing of the event
is not important but only the risk in a defined short in-
terval (e.g. 6 months) is of interest, the simpler logistic
regression model may be used instead. If these models
do not satisfactorily fit the data, the acceleratedfailure
time model may be considered. A final flexible model
class is provided by neural networks. However, since a
number of parameters to fit in the internal layer of a
neural network may be very large, the necessary
amount of patient data sets must also be very large to
avoid over-fitting. Furth:rmore, a neural network is es-
sentially a complex "black box" which does not allow
a clear insight into which inputs are useful and how the
information is processed to predict the outcome.
Generally, models based on data at one time during the
course, e.g. data at the beginning of decompensation,
can only be expected to predict prognosis for a limited
span of time ahead.
Short-term prediction of prognosis may be improved if
follow-up information can be utilised as in the Cox re-
gression model for time-dependent variables. The
time-dependent model is well suited to model both de-
terioration and improvement. The latter is particularly
important in diseases where the aetiologic agent may
be eliminated as in alcoholic liver disease and chronic
viral hepatitis. However, analyses involving time-de--'"
pendent variables are considerably more complex. It is
important to distinguish between scheduled ånd non-
scheduled follow-up. Since the latter will tend to occur
at times of deterioration, it will have a different mean-
ing from the former. This should be taken into consid-
eration in the analysis to allow a meaningful inærpre-
tation of the model To obtain useful survival probabit-
ities from prognostic indices based on standard time-
dependent models, the development of the prognostic
variables over time also needs to be modelled.
For all models, over-fitting should be avoided. OverFrt-
ting occurs when random peculiarity (..noise,') in the

included in the model should follow the priorities spec-
ified by the clinician, and the total number of parame-
ters to be fitted should not exceed about IOVo of the
number of patients reaching the end-point in the pa-
tient sample.

Volidntion of prognostic models
Even if relevant measures have been taken to avoid
overfitting, any statistical model must be especially
well adjusted to the patient sample used for its devel-
opment. The observed survival in new high risk or low
risk patients will tend to be closer to the average than
predicted by the model. This "regression toward the
mearl" effect should be examined and adjusted for in
the validation procedure. Furthermore, the value of a
prognostic model must have been confirmed in inde-
pendent patients, preferably from several other centres,
before its use in clinical practice.

Clinical use of prognostic models

Since prognostic models generally only explain a small
part of the variation in survival between the patients,
they cannot predict prognosis preciseiy in indiviriual
patients. Thus, for an individual patient, the prognostic
scores can only provide a guide to prognosis.

tained as a combination of all the prognostic variables

whether any a different
distribution i the groups
or must be at cante im-
portant when groups of patients from different centres
are to be compared. Since a prognostic index includes
those variables which are strongly associated with the
progression of the disease, it can inspire further patho-
genetic studies. For medical students and doctors un-
der training, a prognostic index may be of educational
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value Ln describing which variables are imponant as

idicators ot'the course of tha disease,
As survival analyses and progno$tic studies become

flore cornmon, they may be increasingly used by non-
medical professions such as insurance companies,
lawyers and adrninis[rators. The medical profession
.sbould be aware.of this and should object to unquali-
fied or unethical use. Examples of ttris are: I ) to con-
sider *re value of a given prognostic index as a.precise
estimation of the prognosis in a given patient, when, in
fact it is only an approximate indicadon of the course
and ourcome and must bc considered together with
other clinical information; 2) to perform crude com-

'parisons 
of survivd curves from different centres with-

.out adjustment lor prognostic variables which may be
.distribued differendy belween the cenres. Such prog-
'nostic adjustment is a necessary step in evaluating
what lies.behind the curycs and in ensuring a fair com-
padson; 3) to perform cnrde comparisons of health ex-
penses bewecn ientres. To ensure a fair comparison
berween thc centres, adjusrment should be made for

.di.fferences in parient mix with rcgard to prognosis and
:necessary EEatmenL

-Proposds for the futurt

,At present, a Iarge number of prognostis studies based
:on regression models have bcen made for many liver
.diseases- Nevenlreless, rhc Chitd-Turcotte and Pugh
,pcores are sdll thc most widely used prognostic in-
dices. Although their simplicity is atEactive, they are
.not entirely satisfadory. They need to be succeeded by
basy-to-use. up-to-date prognostic indices for the im-
portant diseases. Effons shorrld be nrade to agree on a
Iimited number of simple prognostic indices. Com-
monly accepted prognostic models could bc obuined
by analysing combined dats bases from variouS tren-
tres. However, models will nced funlrer adjuitmenr in
parallel with tlle'acquisition of oew knowledgc in the
futnre, One aspect could be to investigaæ how quality-
of-lile vanables may be used artd whether it is ptissible
to predict qualiry-adjusted surttit al. Modern info,mra-
tion . rechoology allows a systemadc. continuous,
prospective accumulation of consecurive patient dara
in luge data bæes which cail be utilised to develop
better prognostic models. Prospective multicentre
Prognostic studics should bc undertaken ro establish
whether heerogeneity between centres, countriEs and

continents is real (different subtypes of disease) or caD

be explained by varying patient sqlection, resulting in
a different paticnt mix fronr place to place.
The randomized clinical trial remsins the best method
for evaluarion of new therapy. It allows analysis oI the

rålationship between the prognostic variables and the
effect of treatmcnt, and, in particular, ol' whether the

association of the Progtlo$tic variables wirh.the out-
come is modified by the rherapy. [f so, the predicrive
ability of the prognostic iodex copld bc changed and
possibility invalidatdd by the therapy (example: ur-

lodeoxycholic acid in primary biliary cirhosis).
Therefore, large m ul ti cen tre randomized clini cal trial.s

should be performed not only to evaluate reatmen§,
but also ro study the interaction between treatment and

prognosis (i.e., the rherapy'dependenl pmgnosis) in or-
dcr to identify the characteristics of responders and

istics of the patienr.
It is suggested that Iarge rnul
supported, at least in princip
nizations such as thb World
the I'nternational Association for the Study of'the Liv-
er. Such inærnational srudies would have limited cosr4

if modern informadon rcchnology werc applied. Meet-
ings focusing on prognosis in liver disease should de'
velop globdly accepted prognostic moclels md scores,

reflected in guidelines and algorithms for the instruc-
rion of students and practitioners.
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