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Editorial 

Prognostication in Primary Biliary Cirrhosis: Relevance to the 
Individual Patient 

At the time of diagnosis, patients with primary biliary 
cirrhosis (PBC) show a wide spectrum of disease severity 
(l), ranging from asymptomatic with a survival indistin- 
guishable from normal (2) to very severely ill with a 
markedly reduced life expectancy (1, 2). 

Although small therapeutic effects have been reported 
for azathioprine (3) and colchicine (4), no known drug 
effectively stops the progression of the disease (5). There- 
fore, liver transplantation is being performed with in- 
creasing frequency in patients with advanced disease (6). 
In order to ensure correct timing of transplantation 
(neither too early, nor too late), interest in how to 
estimate prognosis reliably in the individual patient has 
grown, and various statistical methods have been applied 
to combinations of clinical, biochemical and histological 
data of patients with PBC in an attempt to identify 
variables which predict the survival time of the patient. 

PREDICTORS OF SURVIVAL WITHOUT 
TRANSPLANTATION 

Since PBC is an intrahepatic, chronic, nonsuppura- 
tive, destructive cholangitis which ultimately leads to 
cirrhosis, indicators of cholestasis severity and cirrhosis 
might be expected to have some prognostic value. 

Ten years ago, Shapiro et al. (7) reported that the 
bilirubin level was an important prognostic factor in 
PBC. They noted that, after a relatively stable phase of 
varying length, the bilirubin showed an accelerated in- 
crease prior to death (7). A similar course is seen in other 
types of cirrhosis as well (8). Shapiro et al. specifically 
found that after two successive bilirubin values above 2 
mg per dl obtained 6 months apart, the patient lived an 
average of 4.1 years (95% confidence interval 2.7 to 6.2 
years); after two successive bilirubin values above 6 mg 
per dl, the average survival time was 2.1 (1.6 to 2.7) years, 
and after two values above 10 mg per dl, the survival 
time was 1.4 (1.1 to 1.8) years (7). Even though these 
observations have never been validated in an indepen- 
dent sample, the paramount importance of the bilirubin 
level as a prognostic factor in PBC has been confirmed 
in all subsequent studies evaluating prognosis (1-3,9). 

In a study based on data from the international trial 
evaluating the effect of azathioprine vs. placebo (3, lo), 
it was found that in addition to an increased bilirubin 
level, old age and presence of cirrhosis were also inde- 
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pendent factors indicative of a poor prognosis (1). These 
results were obtained by simpler statistical analyses of 
subgroups using stratification (11). However, using such 
methods, the influence of only a few variables can be 
analyzed simultaneously. In contrast, the Cox multiple 
regression model for survival data (12, 13) can assess the 
influence of many different variables simultaneously, 
provided that certain assumptions are fulfilled (13). 

In 1983, Roll et al. (2) published the first results using 
the Cox regression analysis method and found that ele- 
vated bilirubin, old age and hepatomegaly were inde- 
pendent risk factors associated with a poor prognosis, 
whereas the presence of portal fibrosis without bridging 
fibrosis or cirrhosis was associated with a better prog- 
nosis. 

Using the Cox regression model to analyze the data 
obtained from the international azathioprine trial, the 
following variables were found independently to define a 
poor prognosis: an elevated serum bilirubin, old age, 
cirrhosis, low serum albumin and central cholestasis (3). 
In addition, azathioprine treatment was associated with 
a slightly better survival (3). All of these variables could 
be combined to create a prognostic index to estimate the 
survival of individual patients (3). The prognostic index 
is easy to estimate using a pocket chart (14), and by 
applying simple diagrams, it can be transformed to a 
probability of surviving a given time or an estimated 
median survival time (3,14). It has been shown using an 
independent sample that survival predicted by the prog- 
nostic index corresponds rather closely to the observed 
survival if the patients are divided into three groups 
having a good, medium or poor prognosis (3). Confidence 
limits for the survival curves predicted by the model have 
been reported as well (3). Confidence limits for predicted 
survival curves can be obtained using a published Cox 
regression analysis computer program (15) modified for 
standard error estimation (3, 16). 

In this issue of Hepatology, Dickson et al. (9) from the 
Mayo Clinic report a new pragmatic prognostic model 
which includes age, bilirubin, albumin, prothrombin time 
and the severity of edema, and omits the use of variables 
requiring a liver biopsy. The analysis is based on patients 
included in a trial evaluating the effect of D-penicillamine 
vs. placebo in patients with advanced histologic disease, 
either Stage 3 or 4 (17), and another unpublished trial 
comparing the same therapies in patients with early 
Stage 1 and 2 diseases. The authors claim that D-peni- 
cillamine had no effect in either of the two trials, but the 
data from the latter trial have not yet been presented. 
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Nonetheless, the authors combined the data from all of 
these Datients without adjustment for therapy in their 
analysis. 

These authors claim that the model fits the observed 
survival data of the patients if these are divided into five 
risk score groups [Fig. 1 of Ref. (9)]. Unfortunately, no 
confidence limits, either for the observed or for the 
predicted survival curves of the five risk score groups, 
are provided in the figure. When one looks more closely 
at  their figure, it appears that the observed survival curve 
(Kaplan-Meier estimate) for the third risk group follows 
the predicted survival for the second risk group up to 1.5 
years and, from about 2 to 4 years, it follows the predicted 
survival curve for the fourth risk group, yet the observed 
survival curve for the fourth risk group lies below the 
corresponding predicted survival curve from year 1 and 
beyond. 

Dickson et al. (9) also compare their model with that 
developed from the international azathioprine trial (3) 
and find a very high correlation (r = 0.92) between risk 
scores obtained from the two models. This finding should 
not be particularly surprising, as the two models have 
three variables (bilirubin, age and albumin) in common, 
of which bilirubin and age had by far the greatest impact 
on both models. 

As might be expected, the Mayo model (9) appeared 
to predict survival slightly better in the Mayo cross- 
validation patients [Fig. 3 of Ref. (9)]. The reader should 
be aware of the fact that the statistical comparison 
between the observed and predicted survival curves using 
the one-sample log-rank test needs to be interpreted with 
great caution because the predicted survival curves are 
random and not fixed, as is assumed by the test. As a 
result, the p values obtained in this situation are too low. 
Clearly, confidence limits for the predicted curves (3) 
would have been useful, but, unfortunately, they were 
not estimated by the authors. 

Figure 3 in the paper by Dickson et al. (9) demonstrates 
the overlap concerning individual survival times (e.g. 
some patients in the low-risk group die before some 
patients in the high-risk group), which is seen also using 
the European model [Fig. 7 of Ref. (3)]. Thus, neither 
model can yield a precise estimate for an individual 
patient’s prognosis. 

One obvious reason for this imprecision of both models 
is that the prognostic variables utilized do not contain 
sufficient prognostic information; better prognostic vari- 
ables need to be identified. In this context, it may be 
useful to study whether inclusion of quantitative liver 
function tests such as the aminopyrine breath test (18), 
galactose elimination capacity (19) and serum hyaluron- 
ate (20) in the prognostic models for PBC can increase 
their predictive power. However, in a large group of 
cirrhotic patients of mixed etiologies, the aminopyrine 
breath test did not provide prognostic information ad- 
ditional to that of the Child-Turcotte criteria (21). 

Another and perhaps more important reason for the 
imprecision of the current prognostic models is that they 
have utilized data recorded at only one time during an 
often long course of individual patient’s disease. One 
cannot expect precise prognostic estimates to be obtained 

from such information. Although the course of PBC is 
one of progression, fluctuations in symptoms, signs and 
biochemical variables do occur. Moreover, diagnoses are 
often made during an exacerbation which brings the 
patient to the doctor. Thus, data obtained at such a time 
may reflect the prognosis less precisely than later 
“steady-state” data (8). Furthermore, one might reason- 
ably expect that the utilization of follow-up data in a 
statistical model for prognosis estimation would improve 
the model’s predictive pover. In this regard, it should be 
noted that it is possible for time-dependent variables to 
be incorporated in the Cox regression model (12,13,22). 

PREDICTORS OF EARLY MORTALITY AFTER 
TRANSPLANTATION 

An important application of any model defining liver 
disease prognosis is the ability to time liver transplan- 
tation correctly. The physician caring for liver disease 
patients is faced with the problem of defining the time 
when the prognosis for an individual patient is better 
with a transplant than without it. This is not easy, as 
the prognosis following a transplant depends on factors 
quite different from those that determine prognosis with- 
out a transplant. 

Following a liver transplantation, mortality is concen- 
trated within the first few postoperative months (6). The 
major causes of early death are sepsis and bleeding (6, 
23). In a study from Pittsburgh comprising 93 liver 
transplanted patients (including 27 patients with PBC), 
the following pretransplant variables were associated 
with an early death: elevated creatinine (>1.7 mg per dl), 
markedly elevated bilirubin (>18.6 mg per dl), encepha- 
lopathy, ascites, elevated white blood cell count (>7,632 
cells per mm’) and elevated polymorphonuclear cell 
count (>5,300 cells per mm2) (24). Of these variables, 
the plasma creatinine >1.7 mg per dl showed the greatest 
accuracy of prediction of early death (24). However, these 
results, which were never validated using an independent 
sample of patients, may not be an optimal utilization of 
the data because: (i) continuous variables like creatinine 
and bilirubin levels were dichotomized (above and below 
a certain cut-off value), a method whereby important 
information may be lost; (ii) the actual length of the 
survival was not utilized, and (iii) the specific type of 
liver disease of the patients studied was not taken into 
account. 

HOW CAN WE USE THE CURRENTLY AVAILABLE 
INFORMATION? 

In patients transplanted for PBC, the observed sur- 
vival after the transplantation has been reported as 
significantly better than the expected survival without 
transplantation as estimated by the European (25) and 
Mayo models (26), despite an initial high postoperative 
mortality. In one of the studies, the estimated median 
survival time before transplantation was 5 months, but 
in four patients it was more than 1 year (25). As a 
practical guideline, it might be reasonable to begin to 
consider a transplantation if the estimated survival is 
less than 1 year [corresponding to a European prognostic 
index X . 9  (3) or a Mayo risk score >8.2 (9)]. Once the 
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estimated survival time is less than 6 months (European 
prognostic index >6.7 and Mayo risk score >8.97), trans- 
plantation should be performed before the development 
of encephalopathy, marked decompensation, renal fail- 
ure and infection because these factors have been shown 
to increase the early mortality after transplantation (24). 

ROUTES FOR FURTHER PROGRESS 
As mentioned above, a time-dependent Cox regression 

model for PBC would probably refine current estimates 
of survival without transplantation. Furthermore, a Cox 
regression model relating posttransplant survival to pre- 
transplant data of patients with PBC might improve the 
pretransplant prediction of survival after a transplanta- 
tion for such patients. If such a model became available, 
it might be possible, in a given patient, to compare the 
survival time predicted with transplantation with that 
predicted without transplantation (3 ,  9), and thus the 
decision for transplantation could be made if the former 
were longer than the latter, Such a method for deciding 
for or against transplantation would appear justified and 
reasonable, as no data from controlled clinical trials 
assessing such decision making are yet available. It ap- 
pears most unlikely, for ethical reasons, that controlled 
clinical trials addressing this point will ever be per- 
formed. 
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