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In a controlled clinical trial in 488 patients with chronic liver disese treated with prednisone or
placebo, survival data were analyzed using Cox’s proportional hazards model. A total of 162
variables were screened separately for prognostic and/or therapeutic effect by log-rank analyses,
whereby 46 clinical, biochemical, serological, and histological variables were isolated. Another
five variables traditionally found to be important in patients with liver disease were included.
After extensively checking the assumptions of the model, the 51 variables were, by a step-wise
procedure, reduced to a final model. It comprised, besides a treatment indicator, 12 variables with
significant (p < 0.05) prognostic or therapeutic effect. The following eight variables had a
significant prognostic effect: sex, age, prothrombin, acetylcholinesterase, eosinophil leucocytes in
liver parenchyma, liver cell necrosis, inflammation in liver connective tissue, and efferent veins
in parenchymal nodules. A prognostic index based on the final model is formed allowing calculation
of 5 years survival probability. The usefulness of the prognostic index was tested by a cross-
validation method, and no statistical significant difference was found between the estimated and

observed survivorship functions.

Numerous factors influence the survival of patients
with cirrhosis of the liver. Clinical (1), biochemical (2),
and morphological (3) factors have previously been de-
scribed. The statistical tests used to identify these prog-
nostic variables were all relatively simple allowing only
comprison between predefined groups of patients. In
1972, a proportional hazard model was proposed by Cox
(4) for the analysis of clinical data. This model makes it
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possible to identify prognostic factors using all available
data and in this way simulate clinical practice.

In this study, survival data from patients with cirrhosis
included in a controlled clinical trial conducted by the
Copenhagen Study Group for Liver Diseases are analyzed
using the proportional hazards model of Cox (4). The
purpose is to identify variables of prognostic significance
in patients with cirrhosis, to calculate an index for pre-
dicting the prognosis, to suggest ways of evaluating the
validity of the index, and to give examples of its appli-
cation.

PATIENTS AND METHODS

During the period 1962 to 1969, 532 patients with
histologically verified liver cirrhosis were included in a
randomized clinical trial evaluating the effect of predni-
sone vs. placebo on survival (1). In 488 patients included
in the present study, the intitial biopsy was available for
a histological reevaluation, using updated, more restric-
tive criteria (3), and with these the diagnosis of cirrhosis
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was certain in 287 (59%) probable in 101 (21%), com-
patible in 89 (18%), and unlikely in 11 (2%). The allo-
cation was based on date of birth, 251 receiving predni-
sone and 237 placebo. The dosage of prednisone was
initially 40 mg per day, being reduced after 1 to 2 months,
to a maintenance dose of 10 to 15 mg per day. During
the trial period (up to September, 1974), 292 of the 488
patients died.

A total of 162 variables were screened separately by
log-rank analyses (5) for a prognostic effect, i.e., corre-
lated with survival with or without prednisone treatment.
Forty-six variables which showed a tendency to a thera-
peutic and/or prognostic effect (Tables 1 and 2) were
considered for further multivariate analysis. Five addi-
tional variables were also included in the analysis be-
cause traditionally they are considered important in pa-
tients with chronic liver diseases (alcoholism, hemate-
mesis, SGOT, alkaline phosphatase, and leucocytes
count).

The survival data were analyzed by a multivariate
semiparametric regression model proposed by Cox, where
the hazard or instantaneous risk of death A(t) at time t
after randomization for a patient with variables z,, . .
Zp, has the form

-

A(t) = No(t)e™ + ... + byzy.t > 0.

Here )\o(t), the so-called underlying hazard, is an un-
known, unspecified function of time and by, ..., b, are
unknown regression coefficients. The model implies that
the hazards of any two patients are proportional, i.e., the
ratio between the hazards is not depending on the time
t. If a variable z; has the value (score) 5 in one patient
and 3 in another patient, b; being 0.2 and all other
variables in the model being equal, then the model as-
sumes that the ratio between the hazards of the two
patients is

0275 /g02X3 = 04 = 1 49,
If b; had been —0.2, the ratio had been
e—0.2x5/e—0.2x3 = e—0.4 = 0.67.

Thus, higher values (scores) indicate higher hazard
(worse prognosis) if b; is positive and vice versa if b; is
negative. If b; = 0, then z has no influence on survival.

Proportionality was checked by observing a constant
vertical difference (independent of t) between plots of
estimates of log [ A(s) ds against t for various levels of
each variable (6, 7). Scoring of variables with more than
two levels had, in several cases, to be altered in order to
obtain proportionality and to make these vertical differ-
ences roughly proportional to the differences in the cor-
responding scores (i.e., to obtain linearity). Thus, for
some variables, a logarithmic transformation was nec-
essary.

The analysis requires that all patients are represented
by a complete set of variables. In order not to reduce the
number of patients and variables to be analyzed, missing
data were replaced by neutral estimates (8). For each
variable, the coefficient was calculated with and without
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TABLE 1. A TOTAL OF 116 VARIABLES SHOWING NO SIGNIFICANT
PROGNOSTIC OR THERAPEUTIC EFFECT BY THE LOG-RANK TEST IN
488 PATIENTS WITH LIVER DISEASE

Anamnestic variables
First symptom
Previous blood
transfusion and
when

Previous gallstones
and when

Alcohol consumption

and duration

Medical drugs

Lung disease and
duration

Allergic disease and
duration

Rheumatic disease
and duration

Diabetes and dura-
tion

Syphilis and dura-
tion

Neurologic disease
and duration

Cardiac disease and
duration

Peptic ulcer and du-
ration

Other GI diseases
and duration

Dyspepsia and dura-
tion

Jaundice and dura-
tion

Pale stool and dura-
tion

Skin itching and du-
ration

Abdominal pain and
duration

Back pain and dura-
tion

Previous melaena
and duration

Previous hemathe-
mesis and dura-
tion

Previous ascites and
duration

Previous edema and
duration

Previous hepatic
coma

Menstruation dis-
turbances

Impotence

Clinical variables
Palmar erythema
White nails
Gynecomastia
Liver tenderness
Liver surface
Liver consistency

Splenomegali

Dilated abdominal veins
Testicular atrophia
Skin striae

Skin bleedings

Blood pressure

Laboratory variables

Weight

Blood type
Sedimentation rate
Leucocyte count
Wassermann reaction
Thymol turbidity
Alkaline phosphatases
SGOT

Cholesterol
Antiglobulin consumption test
LE cell

Coomb’s test

Urine glucose

X-ray of chest

X-ray of esophagus
X-ray of stomach
X-ray of biliary system
X-ray of spine

Histological variables

Fragmentation of biopsy

Configuration of connective tissue

Nonseptal fibrosis (qualitative and
quantitative)

Types of cells in connective tissue
(lymphocytes, plasma, eosinophils,
and macrophages)

Granulomas in connective tissue
(qualitative and quantitative)

Bile duct proliferation (quantitative
and qualitative)

Abnormal bile ducts (type)

Inflammation in bile ducts (qualita-
tive and quantitative)

Bile stasis

Acidophilic bodies

Liver cell necroses (small and large)

Marginal liver cell necroses

Confluent liver cell necroses

Fat in liver cell

Bile in liver cells

Iron in liver cells

Periodic acid-Schiff positive globules

Ground-glass appearance

Types of cells in parenchyma (lym-
phocytes, plasma, eosinophils, and
macrophages)

Ceroid in liver cells

Granulomas in parenchyma (quanti-
tative and qualitative)

Dilated sinusoids

Connective tissue in sinusoidal wall

Total histological activity
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TABLE 2. A TOTAL OF 46 VARIABLES SHOWING EITHER PROGNOSTIC
OR THERAPEUTIC EFFECT BY THE LOG-RANK TEST IN 488 PATIENTS
WITH LIVER DISEASE

Age

Sex

Duration of history

History of previous
clinical hepatitis

Incapacitation

Clinical ascites

Peripheral edema

Nutritional status

Spider nevi

Arthralgia

Psychiatric disturb-
ances

Muscular wasting

Length of biopsy

Destruction of liver lobular architecture
Size of parenchymal nodules

Amount of liver connective tissue

Thickness of connective tissue septa

Degree of periportal fibrosis (less than
500 wm)

Degree of inflammation in connective
tissue

Degree of inflammation in parenchyma

Lymphocytes in connective tissue

Lymphocytes in parenchyma

Eosinophil leukocytes in parenchyma

Smalil (less than five hepatocytes) dif-

fuse focal liver cell necrosis
Small (less than five hepatocytes)
piecemeal necrosis
Large (more than five hepatocytes)

Liver size (clinical)

Esophageal varices on

X-ray piecemeal necrosis
Hemoglobin Mallory bodies
Thrombocytes Pericellular fibrosis
Bilirubin Kupffer cell proliferation
Prothrombin Efferent veins in parenchymal nodules
Acetylcholinesterase Sinusoid dilatation
Albumin Histological overall activity (paren-

chyma + connective tissue)

v-globulin
Sulfobromophthalin Histological main groups

retention test
Antinuclear factor
Rheumatoid arthritis
test

Chronic aggressive hepatitis

inclusion of neutral estimates, and in no case a signifi-
cant difference was found (Table 3).

At the first stage, analyses were performed separately
for the prednisone- and placebo-treated patients. Plots
of estimates of log [ Ao prea(s)ds and log [§ Ao piac (8)ds
against t shows a constant vertical difference between
the curves (Figure 1) which is compatible with the claim
that the underlying hazards (Ao prea and Ao piac) are pro-
portional (6, 7). The same conclusion was reached by the
goodness-of-fit test of Andersen (9) (x*=17.16,df =5, p
= 0.21).

Therefore, the model could be reduced to one with a
common underlying hazard A(t) and an overall treat-
ment effect, byearment. 1 he latter model specifies that the
hazard for a placebo-treated patient with variables z,,

I ART

Ao(t)

and for a prednisone-treated patient with the same set
of variables the hazard is

N)(t) . exp(zlblpred + ..+ Zpbppred).

The regression coefficients for each variable tested were
calculated for the prednisone and the placebo group

. eXp(Zlblplac + ...+ Zpbpplac + btreatment)a
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separately. In cases where the coefficients could be re-
placed by one common coefficient, the significance was
tested by the likelihood ratio test (10), and if the coeffi-
cient was significantly different from zero, the variable
was considered to be “prognostic”. In cases without a
common coefficient, the difference byred — by Was cal-
culated, the significance was tested by comparing the
difference with its estimated standard error, and if the
difference was significant the variable was considered to
be “therapeutic”.

Thus, the model could be reduced to one with r prog-
nostic coefficients common for the two types of treat-
ment and with k pairs of therapeutic coefficients signif-
icantly different in the prednisone and placebo treated
group:

>\(t) = >\0(t) + €xXp (Zereatment btreatment + ZlblT +

coo 4+ zbT + Zis beer + -0+ Zir biy)

TABLE 3. ESTIMATES BASED ON 288 PATIENTS WITH COMPLETE
COVARIATES RECORDS

Regression Standard
Variable Scoring coefficient error
S.E. (b)
Treatment -0.15 0.23
Sex 0.34 0.19
Age 0.04 0.01
Prothrombin (% of ~0.35 0.31
normal)
Acetylcholinesterase —0.62 0.19
(umoles/min/ml)
Eosinophil leucocytes 0.10 0.19
Small focal liver cell 0.49 0.18
necrosis
Inflammation in liver —-0.53 0.14
connective tissue
Efferent veins in pa- 0.38 0.12
renchymal nodules
Ascites Prednisone 0.71 0.20
Placebo 0.20 0.19
Antinuclear factor Prednisone -0.18 0.20
Placebo 0.42 0.14
Large piecemeal necro-  Prednisone -0.91 1.08
sis Placebo 1.16 0.48
Parenchymal nodules Prednisone 0.98 0.38
Placebo —0.61 0.47
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Fic. 1. Logarithmic values of estimated integrated underlying hazard
functions for placebo (. ...) and prednisone (——) treated patients.
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where T = prednisone or placebo, and Zyeamen: S the
indicator for placebo treatment (0 = prednisone, 1 =
placebo).

The large number of variables could not all be included
in a single analysis, and therefore the procedure de-
scribed had to be repeated by introducing new variables
once the model had been reduced.

We were thus using a modification of the standard
backward elimination procedure. Our procedure was cho-
sen to provide an opportunity of selecting the order in
which we try to eliminate the covariates on the basis of
prior opinion of their relative importance.

On the basis of the final model, a prognostic index
(PI) for a given patient can be calculated for each treat-
ment T:

Pl = 10g(>\(t)/)\0(t)) = Ztreatment btreatment + zlblT
+ oo+ zdyT F Ze b -0 F Zgar br,

where Zeeaimen: = 0 for prednisone or 1 for placebo treat-
ment. Higher values for PI mean higher risk, i.e., worse
prognosis (shorter survival), and lower (including nega-
tive) values mean better prognosis. It should be noted
that being dependent on the scoring of the variables the
absolute value of PI can only be interpreted in connection
with the values of the estimated integrated underlying
hazard function Ao(t) (11).

Thus, PI and Aq(t) can be combined to an estimate of
the survivorship function S(t, z) for patients with co-
variates zo = (Zoy, . . . , Zop), Namely the estimate: S(t, zo)
= exp[—e'"A((t)], and a graph giving the estimated prob-
ability of surviving a given time t, e.g., the 5 years survival
probability, as a function of the index PI can be con-
structed. Another measure for the prognosis calculated
from PI is the median survival time (MST) indicating
the span of time that the patient will survive with 50%
probability. The relation between MST and PI can then
be given as a plot with MST as a function of PI.

The predictive power of the model was tested as fol-
lows: a random sample comprising approximately 75%
of the patients was drawn, and the regression coefficients
corresponding to the variables in the final model and the
underlying hazard function were estimated. From these
estimates, the individual survivorship functions for the
rest of the patients (~25%) were estimated as described
previously. The average estimated survivorship functions
in three groups obtained by dividing the patients accord-
ing to their PI values were compared with the Kaplan-
Meier plots. In each group, the difference between ob-
served and estimated survivorship functions was tested
using the one sample log-rank test (12).

RESULTS

Tables 4 and 5 show the scoring and the estimated
regression coefficients for the 13 variables comprising
the final Cox multiple regression model together with
their estimated standard errors. Variables are classified
according to their effect in the model either as prognostic
(Table 4) or therapeutic (Table 5) variables. From Table
4, it is seen that two clinical, two biochemical, and four
morphological variables each provided significant prog-
nostic but not therapeutic information. ‘As indicated by
the coefficients, the following set of variables results in
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TABLE 4. “PROGNOSTIC” VARIABLES IN THE FINAL MODEL

Regression Standard

Variable Scoring coefficient  error value
b S.E. (b)
Treatment Placebo: 1 0.150 0.173 0.39
Prednisone: 0
Sex Female: 0 0.317 0.143 0.03
Male: 1
Age (yr) Age: 60 0.049 0.007 3x1072
Prothrombin Log (value) —4 —0.495 0.211 0.02
(% of normal)
Acetylcholin- Log (value —0.612 0.136 6x107°
esterase X 100) —4
(umoles/min/
ml)
Eosinophil leu- None: 0 0.299 0.142 0.04
kocytes in Few: 1
liver paren- Moderate: 2
chyma Many: 3
Small focal liver  None: 0 0.310 0.124 0.01
cell necrosis Present: 1
Inflammation in  None: 0 —0.390 009 2x107°
liver connec- Slight: 1
tive tissue Moderate: 2
Severe: 3
Efferent veins None: 0 0.258 0.093 0.006
in parenchy- Few: 1
mal nodules Many: 2

TABLE 5. “THERAPEUTIC” VARIABLES IN THE FINAL MODEL

Regression  Standard
Variable Scoring coefficient error
b SE. ()  Value
Ascites None: 0 Prednisone: 0.125 8.107°
0.719
Slight: 1 Placebo 0.131 0.42
0.105
Moderate or
marked: 2
Antinuclear Not present: Prednisone: 0.160 0.44
factor 0 ~0.124
+:1, ++ or Placebo: 0.120 0.01
+++: 2 0.311
Large piece- None or few:  Prednisone: 0.490 0.13
meal ne- 0 ~0.739 0.402 0.07
crosis (>5 Moderate or Placebo:
hepato- severe: 1 —0.726
cytes)
Parenchymal  None or all Prednisone: 0.274 0.008
nodules Nodules < 0.729 0.285 0.03
normal Placebo:
lobules: 0 —0.607
All nodules
> normal
lobules

a poor prognosis: male, high age, low prothrombin and
low acetylcholinesterase activity, many parenchymal
eosinophil leucocytes in liver biopsy, presence of small
focal liver cell necrosis, no or slight inflammatory activity
in the liver connective tissue, and many efferent veins in
regeneration nodules.

The four variables in Table 5 were all found to be
“therapeutic” according to the definition given previ-
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ously, but this also implies prognostic information. The
meaning of these four variables is discussed in detail
elsewhere (Christensen E. et al., unpublished observa-
tions).

Some variables indicate a poor prognosis at a lower
level of significance (0.05 < p < 0.2) in the model includ-
ing the variables given in Tables 4 and 5. These are
psychic disturbances, presence of highly positive rheu-
matoid arthritis test, presence of esophageal varices on
X-ray, alcoholism, and a long history of liver disease.
Similarly, a good prognosis is indicated by high histolog-
ical activity, many lymphocytes in connective tissue or
parenchyma, and a high degree of pericellular fibrosis.

The PI for patients is calculated by adding all the
products of each of the variable scores with the corre-
sponding coefficient. As noted previously, the absolute
value of PI can only be interpreted in connection with
Ao(t). In Figure 2, the distribution of the PI for the total
material 1s shown.

Useful transformations are given in Figures 3 and 4,
where the estimated probability of 5 years survival and
MST are shown as functions of PI. For values of PI less
than —2.0, the median survival time can only be esti-
mated to be more than 3,700 days.

A PI of —1 gives an estimated 5 years survival proba-
bility of approximately 50% and an MST of 2,000 days.
An example, if a placebo-treated (z = 1), female (z = 0)
patient, age 70 (z = 10) presents the following variables:
prothrombin 75% of normal (z = 0.32), cholinesterase
activity of 2.7 mmoles per min™' (z = 1.60), no eosino-
philic leucocytes in liver parenchyma (z = 0), no small
focal liver cell necrosis (z = 0), severe inflammation in
liver connective tissue (z = 3), few efferent veins (z = 1),
slight ascites (z = 1), high positive antinuclear factor (z
= 2), moderate number of large piecemeal necrosis (z =
1), and all parenchymal nodules larger than normal
nodules (z=1), then PI =1 - (0.150) + 0 - (0.317) + 10
- (0.049) + 0.32 . (—0.495) + 1.60 - (—0.612) + 0 - (0.299)
+0-(0.310) + 3 - (—0.390) + 1 - (0.258) + 1 - (0.105)
+2.(0311)+1 - (0.726) + 1 - (—0.607) = —0.6.

From Figures 3 and 4, the 5-year survival probability
during placebo treatment and the MST are estimated to
40% and 1,350 days, respectively.

To validate the final model, 366 patients were ran-
domly drawn from the total material, and the regression
coefficients comprising the final model were estimated.
The remaining 122 patients were divided into three
groups according to the value of their PI, and the average
estimated survivorship function in each group was com-
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F16G. 5. Observed (—-) and estimated (. ...) survival functions for
three groups of patients divided according to values of PI [Group I: PI
< ~0.90; number of patients (N;) = 41; observed number dying (0,) =
10, expected number to die (E;) = 14.0. Group II: ~0.90 < PI < —0.22;
N, = 40; O, = 28, E; = 28.0. Group III: PI = —0.22; N; = 41; O; = 34,
E; = 34.0].

pared with the empirical survivorship function (Figure
5). No statistical significant difference was found be-
tween the estimated and observed functions (x2 = 1.14,
df =3, p = 0.77).
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DISCUSSION

Since the formulation of the proportional hazards
model it has been used in analyzing various sets of
clinical data (13-16). The model is very useful in con-
trolled clinical trials for comparing the effect of treat-
ments on the time to some event, in casu death, irre-
spective of cause, being able to adjust simultaneously for
the influence of several concomitant variables. This
property of the model makes it superior to the previously
used methods where the survival in subgroups of patients
were compared by, e.g., log-rank tests. The Cox model
has somewhat stronger assumptions of the covariates
having simultaneously a proportional effect on the haz-
ard function, but one should notice also that the power
of the log-rank test is low against differences which
cannot be described by proportionality factors.

These stronger assumptions make the methods for
checking the model very important, but in the existing
literature such methods have been employed only rarely.
In this study, however, the models’ assumptions have
been checked, and in several cases preliminary scorings
of the covariates have been altered to obtain proportion-
ality and linearity and hence make the results more
reliable.

As described, the large number of variables could not
be included in a single analysis. We therefore started
with a subsample of 18 variables and after reducing this
model, new variables were introduced. When doing mul-
tiple regression analysis, the final model is not unique.
If the variables had been omitted or included in another
sequence, the resulting model might have looked slightly
different. Our procedure will catch the most significant
variables, but some of the less significant ones might
have been replaced by others.

Furthermore, when one final model is obtained, we
base our prognosis on a combination of the variables in
the model and their corresponding regression coefficients
with an estimate of the cumulative underlying hazard
function. Hence, it is to be expected that differences in
the prognosis due to differences between variables in-
cluded in two such final models, will be small.

As noted previously, we have replaced missing values
of covariates by estimated values. Table 3 shows the
regression coefficients corresponding to the variables in
the final model estimated using solely the 288 patients
with complete records. It is seen that the values are very
similar to those including also estimated covariate values
(Tables 4 and 5). It is more difficult to judge the correct-
ness of the estimated variances. According to Beale and
Little (8), the use of estimated covariate values will
slightly underestimate the variances in a normal regres-
sion situation. This is also likely to be the case in our
more complicated regression situation used in the pres-
ent study, but since only 4.3% of the values of the
covariates included in the final model were estimated,
the effect is expected to be small.

Our results indicate sex to be a significant prognostic
variable. We also identified alcohol consumption as hav-
ing some prognostic information but this information
was not significant in a model including sex. This asso-
ciation between sex and alcoholism may be caused by
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the fact that in the present material, 60% of the males
against 10% of the females admit a large alcohol intake.
However, we chose sex to be included in the final model
because this variable, in addition to its higher signifi-
cance, was considered to be more reliable than alcohol
consumption. That age is a very strong prognostic vari-
able is not surprising. Knowing that prothrombin and
acetylcholinesterase reflect residual liver function, the
regression coefficients are in accordance with general
experience (17). The explanation of eosinophil leucocytes
being a prognostic factor is uncertain, but might be a
simple type I error. Parenchymal damage in form of
small focal liver cell necroses implies a poor prognosis,
whereas inflammation in liver connective tissue has the
opposite effect, perhaps because it reflects the capability
of the organism to react adequately to liver injury.

Presence of efferent veins is almost exclusively, but
not always, seen in macronodular cirrhosis. It is therefore
surprising that efferent veins and large nodules (see
later) imply opposite prognostic information. This may
indicate that finding of efferent veins in patients with
macronodular cirrhosis identify a subgroup of patients
with a poorer prognosis.

Among the therapeutic variables (Table 5), it is note-
worthy that presence of ascites in the placebo-treated
patients implies no significant prognostic information (p
= 0.42). Presence of antinuclear factor is an unspecific
serological indicator of self-perpetuated autoimmune
processes and may therefore imply a bad prognosis.
Piecemeal necrosis is, according to Popper et al. (18), the
morphologic expression of a selfperpetuating destruction
of liver cells reflecting progression, and our results con-
cerning placebo-treated patients with large piecemeal
necrosis is in accordance with this finding.

Macronodular cirrhosis can develop directly after, for
example, acute hepatitis with extensive confluent and
panlobular necroses (primary macronodular) or a micro-
nodular cirrhosis might convert to macronodular cirrho-
sis if the patients live long enough (secondary macronod-
ular) (19, 20). Therefore, at least part of the patients
with a pure macronodular cirrhosis, e.g., all regeneration
nodules larger than normal lobules, have survived the
stage of micronodularity and have a good prognosis
(regression coefficient for placebo treatment is negative).
The therapeutic information of ascites, antinuclear fac-
tor, large piecemeal necrosis, and presence of parenchy-
mal nodules are discussed elsewhere (Christensen, E. et
al. unpublished observations).

Calculation of the PI can easily be translated to a
pocket calculator program, making the index more easy
to handle in daily clinical practice.

In addition, the prognostic power of PI was demon-
strated by a simple dividing of the patients in three
groups according to values of PI. No statistical signifi-
cant difference was found in the groups between the
observed and estimated survivorship functions.

Finally, as the variables in the final model can be
interpreted in a meaningful way, we conclude that the
clinical relevance of PI has been justified.

Acknowledgments: The authors are very grateful to



Vol. 3, No. 6, 1983 PROGNOSTIC INDEX FOR CIRRHOSIS USING COX’S REGRESSION MODEL 895

Niels Keiding for many constructive comments, to Rich-
ard Kay and to J. D. Kalbfleisch for making the computer
programs for analyzing the regression model available to
us, and to Frank Cederbye and Peter Rytgaard for mak-
ing most of the calculations. We thank the Department
for Data Processing at Rigshospitalet for generous com-
puter access in the early phase of the study.

REFERENCES

1. A report from the Copenhagen Study Group for Liver Diseases.
Sex, ascites and alcoholism in survival in patients with cirrhosis,
N Engl J Med 1974; 291:271-273.

2. A report from the Copenhagen Study Group for Liver Diseases.
Azathioprine versus prednisone in non-alcoholic chronic liver dis-
ease. The effect on survival and activity. Scand J Gastroenterol
1982; 17:817-824.

3. Schlichting P, Fauerholdt L, Christensen E, et al. Clinical relevance
of restrictive morphological criteria for the diagnosis of cirrhosis
in liver biopsies. Liver 1981; 1:56-61.

4. Cox DR. Regression models and life tables (with discussion). J Roy
Statist Soc B 1972; 34:187-220.

5. Peto R, Peto J. Asymptomatically efficient rank invariant test
procedures (with discussion). J Roy Statist Soc A 1971; 135:185~
206.

6. Kalbfleisch, JD, Prentice RL. The statistical analysis of failure
time data. New York: Wiley, 1980.

7. Kay R. Proportional hazards regression models and the analysis of
censored survival data. Appl Statist 1977; 26:227-237.

8. Beale EML, Little RJA. Missing values in multivariate analysis. J

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

Roy Statist Soc B 1975; 37:129-145.

. Andersen PK. Testing goodness-of-fit of Cox’s regression and life

model. Biometrics 1982; 38:67-77.

Rao CR. Linear statistical inference and its applications. New
York: Wiley, 1973,

Andersen PK, Christensen E, Fauerholdt L, et al.. Measuring
prognosis using the proportional hazards model. Scand J Statist
1983 (in press).

Breslow NE. Analysis of survival data under the proportional
hazards model. Int Stat Rev 1975; 1:45-58.

Balch CM, Soung SJ, Murad M, et al. A multifactorial analysis of
melanoma. I Prognostic factors in patients with stage I (localized)
melanoma. Surgery 1979; 86:343-351.

Farewell VT. An application of Cox’s proportional hazard model
to multiple infection data. Appl Statist 1979; 28:136-143.

Kjgller E, Mortensen LS, Warden S, et al. Long-term prognosis
after acute myocardial infarction. Danish Med Bull 1979; 26:199-
205.

Crowley J, Hu M. Covariance analysis of heart transplant survival
data. J Am Statist Assoc 1977; 72:27-36.

Winkel P. Numerical taxonomy in the classification of cirrhosis,
Ph.D. Thesis, Copenhagen, Denmark, 1975.

Popper H, Paronetio F, Rubin E. Piecemeal necrosis as a reflection
of immunologic hepatic injury. In: Martini GA, ed. Aktuelle Prob-
leme der Hepatologie, II Symposium International Association for
the study of the liver. Minchen und Bad Reichenhall. Stuttgart:
G Thieme, 1962: 83-87.

Robin E, Krus S, Popper H. Pathogenesis of postnecrotic cirrhosis
in alcoholies. Arch Pathol 1962; 73:40-51.

Poulsen H, Christoffersen P. Atlas of liver biopsies. Copenhagen:
Munksgaard, 1979.





