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Background & Aims: Ursodeoxycholic acid (UDCA)
slows the progression of primary biliary cirrhosis
(PBC). However, some UDCA-treated patients escape
and progress toward cirrhosis and end-stage disease.
This study aimed to assess the incidence of cirrhosis
in UDCA-treated patients with PBC and to determine
the predictive factors of cirrhosis development under
this treatment. Methods: A Markov model was used to
describe the progression toward cirrhosis in 183
UDCA-treated patients with PBC. A total of 254 pairs
of liver biopsy specimens collected during 655 pa-
tient-years were studied. Results: The incidence of
cirrhosis after 5 years of UDCA treatment was 4%,
12%, and 59% among patients followed-up from
stages I, II, and III, respectively. At 10 years, the
incidence was 17%, 27%, and 76%, respectively. The
median time for developing cirrhosis from stages I, II,
and III was 25 years, 20 years, and 4 years, respec-
tively. The independent predictive factors of cirrhosis
development were serum bilirubin greater than 17
mmol/L, serum albumin less than 38 g/L, and mod-
erate to severe lymphocytic piecemeal necrosis.
Conclusions: This study provides new data about the
time course of PBC under UDCA and constitutes a
rationale for the design and evaluation of clinical
trials aimed to assess the efficacy of drugs associated
with UDCA.

Ursodeoxycholic acid (UDCA) therapy improves
biochemical parameters1– 4 and delays the pro-

gression of liver fibrosis5–7 in patients with early-stage
primary biliary cirrhosis (PBC). However, some
UDCA-treated patients still exhibit active disease that
progresses toward cirrhosis.8,9 When cirrhosis occurs,
PBC is hardly treatable. In particular, cirrhosis has
been shown to be a major predictor of treatment
failure and death under UDCA.10,11 The early identi-
fication of UDCA-treated patients who may progress
toward cirrhosis is of major clinical relevance because
these patients might benefit from appropriate adju-
vant therapies. In this context, the present study
aimed to determine the actual incidence and predic-

tive factors for the development of cirrhosis in UDCA-
treated patients with PBC.

Materials and Methods
Data Collection and Grading

The patients included in the study met the following
criteria: (1) clinical and histologic features compatible with
PBC; (2) treatment with UDCA at a dose of 12–15 mg z kg21 z
d21; (3) absence of cirrhosis at the onset of treatment; and (4)
at least 1 control liver biopsy during UDCA treatment. A total
of 183 patients were included. They comprised: (1) 75 patients
who were enrolled in a randomized, placebo-controlled trial of
UDCA;8 (2) 39 patients participating in a randomized,
UDCA-controlled trial of UDCA and colchicine combined
therapy;12 and (3) 69 patients who were being followed-up in
1 clinical center by using the same procedure as the trials.
Eighteen patients had received colchicine (1 mg/d, 5 days per
week) for a 2-year period in combination with UDCA.

All biopsy specimens collected from the patients, including
those obtained at the onset of treatment, were used for the
study. Those collected during the trials were reassessed by 3
pathologists who knew the sequence in which the specimens
were obtained but were unaware of the patient status and its
treatment allocation. The biopsy specimens collected under
open-labeled conditions were assessed by 3 pathologists with-
out knowledge of prior histologic data. Histologic stages were
based on accepted criteria in terms of the most advanced
lesions in each specimen.13 Briefly, stage I was defined as portal
inflammation confined to the portal triads; stage II was marked
by portal and periportal inflammation without septal fibrosis
or bridging necrosis; stage III was defined by lobular fibrosis
and/or bridging necrosis, and stage IV corresponded to cirrho-
sis. The main elementary histologic lesions were semiquanti-
tatively graded as follows: fibrosis 0–3 (0, absent; 1, portal and
periportal fibrosis with few septa; 2, portal and periportal
fibrosis with numerous septa; 3, cirrhosis); mononuclear portal
and periportal inflammation 0–3 (0, absent; 1, mild, cells in
less than one third of portal tracts; 2, moderate, cells in one

Abbreviations used in this paper: CI, confidence interval; GGT, g-glu-
tamyltranspeptidase; PBC, primary biliary cirrhosis.
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third to two thirds of portal tracts; 3, severe, dense packing of
cells in more than two thirds of portal tracts); lymphocytic
periportal or periseptal hepatocyte piecemeal necrosis 0–2 (0,
absent or mild, occasional foci of necrosis present around 1–2
portal tracts; 1, moderate, segmental necrosis at the periphery
of about half the portal tracts; 2, severe, necrosis surrounding
more than half the circumference of almost all portal tracts);
ductular proliferation 0–2 (0, absent or mild; 1, moderate; 2,
severe); lobular mononuclear inflammation 0–2 (0, absent or
mild, cells in less than one third of lobules; 2, moderate, cells
in one third to two thirds of lobules; 3, severe, dense packing
of cells in more than two thirds of lobules); lobular hepatocyte
necrosis 0–2 (0, absent or mild, acidophilic bodies, ballooning
degeneration, and/or scattered foci of hepatocellular necrosis in
less than one third of lobules or nodules; 1, moderate, one third
to two thirds of lobules or nodules involved; 2, severe involve-
ment of more than two thirds of lobules or nodules). The
degree of ductopenia was calculated as the number of portal
tracts without interlobular bile ducts divided by the total
number of portal tracts. Interlobular bile duct paucity was
defined as ductopenia higher than 50%.

Clinical and biologic variables were recorded at the date of
each biopsy. They were graded as follows: pruritus 0–2 (0,
absent; 1, intermittent; 2, permanent); serum bilirubin level
0–2 (0, # 17 mmol/L; 1, . 17 and # 35 mmol/L; 2, . 35
mmol/L); serum alkaline phosphatase and g-glutamyltranspep-
tidase (GGT) activities 0–1 (0, # 3 N; 1, . 3 N); serum
alanine (ALT) and aspartate (AST) transaminase activities 0–1
(0, # 2 N; 1, . 2 N); serum albumin level 0–1 (0, $ 38 g/L;
1, , 38 g/L); serum immunoglobulins G and M levels 0–1 (0,
# 2 N; 1, . 2 N); prothrombin index 0–1 (0, $ 80%; 1, ,
80%); platelet count 0–1 (0, $ 150,000/mm3; 1, , 150,000/
mm3); antimitochondrial antibody titer 0–1 (0, # 1:500; 1, .
1:500). Complete biochemical response was defined as the
simultaneous normalization of serum bilirubin and AST (or
ALT), with alkaline phosphatase (or GGT) of 1.5 N or less.

Data Analysis

The study was based on the variations in histologic
stage observed between paired liver biopsy specimens. The
stage information from 2 consecutive biopsy procedures
formed 1 observation. The rates (probabilities per year) of
transition between stages and the predictive significance of
various prognostic factors to histologic stage progression were
determined by using a continuous-time Markov model based
on the 4 histologic stages previously defined (Figure 1).

In this model, the probability of transition from 1 stage to
another depends only on the patient’s state at the current stage
and not on his past history (Markov hypothesis). Each of the 5
transitions of the model was defined by a baseline transition
rate (a(0)) and the regression coefficients of prognostic factors
(b1 ,. . .,bn). The influence of prognostic variables on the tran-
sition rates was defined by using the following equation:

ai3 j ~V1,. . .,Vn! 5 ai3 j~0! e~b1 V1 1 . . . 1 bn Vn !

where V1,. . .,Vn are the covariables, ai-j(0) is the baseline
transition rate between stages i and j, and ai-j(V1,. . ., Vn) is the
final rate for this transition when the prognostic variables are
taken into account. Time-dependent variables were assumed to
be constant between observations. As previously described,14 a
backward selection procedure was used to define for each tested
variable the most parsimonious model (i.e., the model with the
smaller number of parameters and the best fit) (data not
shown). The nested models were tested by using the method of
maximum likelihood estimation. Almost all the variables
found to be significantly associated with histologic progression
had their best representation in a simplified model in which
the influence of the variable was the same for all progression
transitions and the same but with a sign change for all regres-
sion transitions (bI–II 5 bII–III 5 bIII–IV 5 2bIII–II 5 2bII–I).
This model was therefore considered the most appropriate
model for the study. The transition rates and regression coef-
ficients were assessed by using the maximum likelihood esti-
mation method, and the Wald test was used to determine the
predictive significance of variables. All factors found to be
individually linked to histologic stage progression were tested
together in a multivariate model and a backward stepwise
procedure was performed to select the independent prognostic
factors. To test the accuracy of the model, the predicted
transitions of stage were compared with those actually ob-
served. The results were expressed as probabilities of cirrhosis,
calculated as a function of time, histologic stage, and predic-
tive variables. The confidence intervals (CIs) for probabilities
were determined by using a parametric bootstrap method with
1000 replicates. All reported P values are 2-sided, and a P
value of less than 0.05 was considered statistically significant.
Patients were divided into 3 groups—low, medium, and high
risk—according to the predicted percentage of cirrhosis at 5
and 10 years. Low risk was defined by a probability of cirrhosis
of 15% or less at 5 years and of 30% or less at 10 years;
medium risk, a probability of cirrhosis between 15%–30% at
5 years, and 30%–60% at 10 years, and high risk, a proba-
bility of cirrhosis between 30%–60% at 5 years, and greater
than 60% at 10 years.

Results
A total of 437 liver biopsy specimens were col-

lected from 183 noncirrhotic, UDCA-treated patients

Figure 1. The 4-stage Markov model for the histologic progression of
PBC. Stage I is defined as inflammation confined to the portal tracts.
Stage II is marked by portal and periportal inflammation without septal
fibrosis or bridging necrosis. Stage III is defined by lobular fibrosis
and/or bridging necrosis. Stage IV corresponds to cirrhosis. Each
transition of the model (arrows) is characterized by a transition rate
(ai–j), which is the probability by unit of time of moving from 1 stage to
another. Stage IV is supposedly irreversible.
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with PBC (mean age, 52 years; 91% women) during 655
patient-years of follow-up. This corresponded to 254
pairs of consecutive biopsy procedures (i.e., 254 obser-
vations available for analysis). The mean duration of
histologic follow-up was 3.6 years (range, 2–13 years).
The mean interval between biopsy procedures was 2.6
years (range, 1–11 years). The number of biopsy speci-
mens per patient was 2 in 126 patients, 3 in 46 patients,
and more than 4 in 11 patients. At the onset of treat-
ment, 50 patients (27%) had stage I disease, 72 patients
(39%) had stage II, and 62 patients (34%) had stage III.
During follow-up, 74 patients (40%) progressed by at
least 1 stage, and 38 patients (21%) developed cirrhosis.

In the first part of the study, we used the model to
assess the overall incidence of cirrhosis. We confirmed
that the model correctly predicted the observations by
comparing the number of transitions observed with those
estimated by the model (Table 1). We then computed
the probability of cirrhosis according to initial histologic
stage for a 10-year period (Table 2). Curves showing the
incidence of cirrhosis according to the histologic stage
are shown in Figure 2. At 5 years, the incidence of
cirrhosis was 4% (95% CI, 2%–7%), 12% (95% CI,
10%–23%), and 59% (95% CI, 45%–70%) from stages
I, II, and III, respectively. At 10 years, it was 17% (95%
CI, 8%–24%), 27% (95% CI, 22%–45%), and 76%
(95% CI, 63%–86%), respectively. The overall inci-

dence of cirrhosis (all noncirrhotic stages included) was
26% (95% CI, 20%–35%) at 5 years and 41% (95% CI,
32%–53%) at 10 years. The median time estimated for
developing cirrhosis was 25 years (95% CI, 18–36 years)
from stage I, 20 years (95% CI, 12–28 years) from stage
II, and 4 years (95% CI, 3–6 years) from stage III.

In the second part of the study, we evaluated the
incidence of cirrhosis as a function of various clinical,
biochemical, and histologic factors. We first used a sin-
gle-covariate model to determine the individual effect of
factors associated with histologic stage progression (Ta-
ble 3). Serum bilirubin levels; values for AST, ALT, and
GGT activities; serum albumin levels; interlobular bile
duct paucity; severity of lymphocytic piecemeal necrosis;
and incomplete biochemical response to UDCA were
significantly associated with disease progression. At 5
years, the probability of cirrhosis in patients with com-
plete biochemical response to UDCA was 2% (95% CI,
1%–4%), 9% (95% CI, 4%–17%), and 43% (95% CI,
29%–59%) from stages I, II, and III, respectively, as
compared with 7% (95% CI, 4%–13%), 22% (95% CI,
14%–31%), and 63% (95% CI, 48%–75%), respec-
tively, in patients with partial biochemical response.

All variables found to be individually related to his-
tologic stage progression were subsequently integrated
into a multivariate model. Three variables were retained
in the final model as independent predictive factors for

Table 2. Probability of Cirrhosis in UDCA-Treated Patients With PBC as a Function of Time and Histologic Stage

Time
(yr)

Stage I Stage II Stage III

Probabilitya (95% CI) Probabilitya (95% CI) Probabilitya (95% CI)

1 0.001 (0.000–0.001) 0.009 (0.008–0.021) 0.192 (0.132–0.250)
2 0.005 (0.002–0.008) 0.030 (0.026–0.067) 0.336 (0.238–0.424)
3 0.013 (0.005–0.022) 0.057 (0.050–0.123) 0.445 (0.326–0.547)
4 0.027 (0.011–0.043) 0.088 (0.077–0.180) 0.528 (0.397–0.632)
5 0.044 (0.019–0.070) 0.120 (0.103–0.233) 0.593 (0.451–0.697)
6 0.065 (0.029–0.101) 0.152 (0.129–0.285) 0.643 (0.500–0.746)
7 0.088 (0.040–0.135) 0.183 (0.154–0.331) 0.683 (0.538–0.788)
8 0.114 (0.052–0.171) 0.213 (0.179–0.375) 0.715 (0.574–0.821)
9 0.140 (0.066–0.208) 0.241 (0.202–0.413) 0.741 (0.603–0.844)

10 0.167 (0.080–0.244) 0.269 (0.223–0.448) 0.763 (0.627–0.864)

aProbability of cirrhosis.

Table 1. Comparison Between Observed and Predicted Transitions of Histologic Stage

Initial
stage

Consecutive stage

TotalStage I Stage II Stage III Stage IV

Stage I 52 (52.3) 17 (15.4) 3 (3.1) 0 (1.2) 72 (72.0)
Stage II 26 (25.7) 46 (48.0) 23 (16.7) 2 (6.6) 97 (97.0)
Stage III 1 (1.9) 8 (7.4) 40 (44.5) 36 (31.2) 85 (85.0)
Total 79 (79.9) 71 (70.8) 66 (64.3) 38 (39.0) 254 (254.0)

NOTE. Each cell gives the number of observed and predicted (in parentheses) transitions from the stage in the row (initial stage) to the stage
in the column (consecutive stage).
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histologic stage progression: serum bilirubin levels, se-
verity of lymphocytic piecemeal necrosis, and serum
albumin levels (Table 4). The probability of cirrhosis was
computed as a function of the 3 independent predictors.
Figure 3 shows the incidence of cirrhosis as predicted by
the model in various clinical situations (quantitative data
corresponding to Figure 3 are available in Appendix).

The histologic stage and the score calculated from the
3 prognostic variables enabled us to distinguish between
low, medium, and high-risk patients as defined in the
Materials and Methods section (Table 5). The prevalence
of the risk groups in the population study is shown in
Table 6. Among patients at stages I and II, 10% and
22%, respectively, had medium-to-high risk for pro-

gressing toward cirrhosis. In contrast, 89% of patients at
stage III had a high risk for developing cirrhosis.

To rule out a potential bias attributed to differences
between patient populations, the analysis was performed
separately on the 3 groups of patients that comprised the
study. Estimates obtained from multivariate models in
each of the 3 groups were not different (data not shown).
Also, no difference between observed and predicted tran-
sitions was detected when the estimates obtained from
the full sample analysis were applied within each group.
There was therefore no evidence that the different sources
of patients could impact the results of the study. In
addition, because it was possible that patients with more
biopsy procedures might have a more active disease and

Table 3. Univariate Analysis of Potential Predictive Factors for Histologic Stage Progression in UDCA-Treated
Patients With PBC

Variablea
Coefficient

(b)
Standard

error
Likelihood
ratio test P Risk ratio (95% CI)b

Age 20.006 0.007 0.658 0.417 0.994 (0.980–1.009)
Female sex 20.215 0.263 0.660 0.417 0.806 (0.477–1.364)
Pruritus 0.107 0.223 0.230 0.632 1.113 (0.713–1.739)
Bilirubin 0.890 0.179 21.362 ,0.001 2.435 (1.703–3.481)
Alkaline phosphatases 0.278 0.199 1.922 0.166 1.321 (0.887–1.965)
GGT 0.514 0.174 8.990 0.003 1.673 (1.181–2.369)
Alanine transaminase 0.423 0.212 3.894 0.048 1.526 (0.999–2.331)
Aspartate transaminase 0.537 0.252 4.310 0.038 1.711 (1.033–2.834)
Biochemical remission 20.463 0.171 7.273 0.007 0.629 (0.447–0.886)
Albumin 0.535 0.208 6.514 0.011 1.707 (1.125–2.589)
Prothrombin index 0.757 0.472 2.294 0.130 2.132 (0.829–5.482)
Platelet 0.585 0.420 1.812 0.178 1.795 (0.775–4.161)
Immunoglobulin M 0.094 0.193 0.236 0.627 1.098 (0.746–1.617)
Immunoglobulin G 0.903 0.660 1.592 0.207 2.467 (0.660–9.230)
Antimitochondrial antibody titer 20.255 0.259 0.956 0.328 0.775 (0.461–1.302)
Interlobular bile duct necrosis 20.342 0.180 3.537 0.060 0.710 (0.496–1.018)
Interlobular bile duct paucity 0.336 0.107 9.884 0.002 1.399 (1.130–1.733)
Portal inflammation 0.128 0.148 0.748 0.387 1.137 (0.846–1.527)
Portal granuloma 20.249 0.197 1.642 0.200 0.780 (0.526–1.156)
Ductular proliferation 0.179 0.133 1.776 0.183 1.196 (0.916–1.561)
Piecemeal necrosis 0.561 0.140 15.612 ,0.001 1.753 (1.326–2.318)
Lobular inflammation 0.198 0.107 3.378 0.066 1.218 (0.983–1.510)
Lobular necrosis 0.301 0.170 3.032 0.082 1.352 (0.962–1.900)
Treatment duration 20.059 0.065 0.662 0.416 0.942 (0.828–1.072)
Colchicine 0.193 0.233 0.676 0.411 1.213 (0.761–1.933)

aVariables are graded as defined in the Materials and Methods section.
bRisk ratios were calculated for 1 grade of comparison.

Figure 2. Incidence of cirrho-
sis in UDCA-treated patients
with PBC. The probability of cir-
rhosis is shown as a function of
time and histologic stage. (A)
Stage I; (B) Stage II; and (C)
Stage III. Gray areas are 95%
confidence intervals.
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thus might be more likely to progress faster to cirrhosis,
we investigated whether this potential bias could have
influenced our results. The analysis was performed sep-
arately in the patients who had 2 biopsies (n 5 126) and
in those who had 3 biopsy procedures or more (n 5 57).
Estimates obtained from multivariate models in each of
the 2 groups were similar (data not shown). There was no
difference between observed and predicted transitions
when the estimates obtained from the full sample anal-
ysis were applied within each group. There was therefore
no evidence that the number of biopsy procedures per
patient could influence the transition probabilities.

Discussion
The onset of cirrhosis is a critical stage, consid-

ered irreversible in the natural history of PBC. We and
other investigators have already shown that UDCA slows
the progression of hepatic fibrosis and delays the occur-
rence of cirrhosis in PBC patients.5–7 In the present
study, our aim was to determine the incidence of cirrho-
sis under UDCA therapy and prognostic variables that
could identify patients at high risk for developing cir-
rhosis under this treatment. We therefore studied 183
patients who were noncirrhotic at the outset of treatment
and followed-up either in the context of controlled trials
over the period 1987–1992, or under open-label condi-
tions since 1992. A total of 487 liver biopsy specimens
were collected from these 183 patients, to make up 254

pairs of biopsy specimens, according to a standard pro-
tocol applied as from initiation of our placebo-controlled
trial published in 1991. The multistage Markov model-
ing was applied to the data collected, this being ac-
knowledged as an appropriate and powerful method to
study the progression of chronic diseases whose course
can be described as a succession of well-defined and
mutually exclusive stages.15 This study showed that the
Markov model accurately predicted the probability of
developing cirrhosis in this disease setting because ob-
served and predicted data were virtually the same. At 5
years, the predicted risks for cirrhosis under UDCA are
5%, 12%, and 59%, respectively, as from stages I, II, or
III of the disease. If these findings are compared with
those of Locke et al.,16 they confirm that UDCA consid-
erably reduces the risk for developing cirrhosis in PBC
patients. Furthermore, these quantitative data might be
useful in determining the number of patients and length
of time necessary to evaluate the efficacy of a treatment
associated with UDCA in clinical trials by using cirrhosis
as a main end-point.

Our study also enabled definition of the prognostic
factors associated with the histologic progression of PBC
under UDCA. For a given histologic stage, 2 laboratory
parameters, serum bilirubin and serum albumin levels,
and 1 histologic parameter (the severity of lymphocytic
piecemeal necrosis) proved to be independent predictive
factors for the development of cirrhosis. Hyperbiliru-

Table 4. Multivariate Analysis of Predictive Factors for Histologic Stage Progression in UDCA-Treated Patients With PBC

Variablea
Coefficient

(b)
Standard

error
Likelihood
ratio test P Risk ratio (95% CI)b

Bilirubin 0.738 0.194 14.508 ,0.001 2.092 (1.420–3.082)
Piecemeal necrosis 0.538 0.211 9.050 0.003 1.568 (1.163–2.114)
Albumin 0.450 0.149 6.471 0.011 1.712 (1.122–2.613)

aVariables are graded as defined in the Materials and Methods section.
bRisk ratios were calculated for 1 grade of comparison.

Figure 3. Incidence of cirrhosis in UDCA-treated patients with PBC as a function of 3 independent predictive variables: bilirubinemia,
albuminemia, and severity of lymphocytic piecemeal necrosis. (A) Predictive significance of lymphocytic piecemeal necrosis (LPN) intensity in
Stage II patients with normal bilirubin and albumin levels. P 5 0.003, Wald test. (B) Predictive significance of serum albumin levels in Stage II
patients with moderate LPN and normal bilirubin level. P 5 0.011, Wald test. (C) Predictive significance of serum bilirubin levels in Stage II
patients with moderate LPN and normal albumin level. P , 0.001, Wald test.
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binemia and hypoalbuminemia are usually considered as
indices of liver failure and constitute factors predictive
of mortality and/or liver transplantation in late-stage
PBC.17,18 In the present case, even moderate changes in
these variables occurred well before the onset of cirrhosis.
Bilirubin levels higher than 17 mmol/L were observed in
8%, 12%, and 26% of patients at stages I, II, and III,
respectively. Similarly, albumin values below 38 g/L
were noted in 18%, 20%, and 43% of patients at stages
I, II, and III, respectively. The significance of these
abnormalities probably differs from those observed dur-
ing the terminal phase of the disease. Whether the
increase in bilirubin levels in these conditions could be
related to bile duct paucity or the effect of inflammatory
cytokines on bilirubin transporter remains unknown.
The reduction in serum albumin levels in noncirrhotic
stages of the disease may be interpreted as the result of
inflammation (albumin being a negative acute phase
protein)19 or of cholestasis.20,21

The third predictive factor of progression toward cir-
rhosis was the severity of periportal or periseptal lym-
phocytic piecemeal necrosis. Moderate piecemeal necrosis
was observed in 42% of liver biopsy specimens, and
severe necrosis in 10%. This result confirms our previous
observations in a smaller population of UDCA-treated
patients.22 It is generally accepted that 2 main mecha-
nisms give rise to cirrhosis during PBC: first, bile duct
destruction leading to cholestasis and biliary fibrosis,
and, second, periportal lymphocytic piecemeal necrosis, a
lesion common to autoimmune hepatitis and chronic
viral hepatitis.23–25 Before the introduction of UDCA, it
was admitted that histologic cholestatic activity was the
principal factor determining the course of cirrhosis. The
results of the present study suggest that this view has
been modified by UDCA therapy. They raise the ques-
tion of the prevalence of PBC-autoimmune hepatitis
overlap syndrome in this study. Strict criteria for overlap
syndrome26 were present in 5 patients (2.7%) included in
the study population.

Until now, pilot studies aimed at assessing the efficacy
of adjuvant therapies to UDCA were based on normal-
izing the activity of transaminases, alkaline phosphatase,
and GGT. The results of our study suggest that these
surrogate markers are imperfectly appropriate. Indeed,
though UDCA-induced normalization of these parame-
ters was associated with a lower risk for cirrhosis devel-
opment, it was not associated with a complete stop of
disease progression. In addition, the prognostic signifi-
cance of these biochemical markers was significantly
lower than that of the histologic stage and the severity of
lymphocytic piecemeal necrosis, which were major his-
tologic indexes for predicting cirrhosis development.

In summary, the present study provides an accurate
estimation of the incidence of cirrhosis in PBC patients
treated with UDCA, and defines the prognostic param-
eters that may identify patients at high risk for develop-
ing cirrhosis. Our data suggest that attempts to improve
the efficacy of UDCA in PBC should focus on stage II or
III patients with either moderate or severe lymphocytic
piecemeal necrosis, serum albumin levels less than 38
g/L, or serum bilirubin levels greater than 17 mmol/L. In
the future, these quantitative data might be helpful for
the design and the analysis of clinical trials aimed at
assessing the efficacy of drugs associated with UDCA for
the treatment of early forms of PBC.

Appendix
Probability of Cirrhosis According to Time, Histologic Stage,
and Different Combinations of Prognostic Variables

Time
(yr)

Stage II
Bil , 17
mmol/L
Alb $

38 g/L
Mild LPN

Stage II
Bil , 17
mmol/L

Alb $ 38
g/L

Moderate
LPN

Stage II
Bil , 17
mmol/L

Alb $ 38
g/L Severe

LPN

Stage II
Bil , 17
mmol/L

Alb , 38
g/L

Moderate
LPN

Stage II
Bil 17–34
mmol/L

Alb $ 38
g/L

Moderate
LPN

1 0.000 0.000 0.000 0.000 0.000
2 0.000 0.009 0.021 0.030 0.037
3 0.010 0.030 0.071 0.080 0.118
4 0.020 0.057 0.133 0.150 0.214
5 0.030 0.088 0.199 0.230 0.311
6 0.040 0.119 0.265 0.300 0.402
7 0.060 0.150 0.328 0.370 0.485
8 0.070 0.180 0.387 0.440 0.558
9 0.080 0.210 0.442 0.500 0.622
10 0.090 0.238 0.492 0.550 0.677

Bil, bilirubin; Alb, albumin; LPN, lymphocytic piecemeal necrosis.

Table 5. Risk of Cirrhosis Development in UDCA-Treated
Patients With PBC According to the Prognostic
Score and Histologic Stage

Score Stage I Stage II Stage III

0 Low Low Medium
1 Low Low High
2 Medium Medium High
3–5 High High High

NOTE. The prognostic score is calculated by adding the values of the
3 prognostic variables: bilirubin levels (0–2) 1 severity of lymphocytic
piecemeal necrosis (0–2) 1 albumin levels (0 or 1). Low risk: prob-
ability of cirrhosis # 15% at 5 years and 30% at 10 years; Medium
risk: probability of cirrhosis between 15%–30% at 5 years and 30%–
60% at 10 years; High risk: probability of cirrhosis between 30%–60%
at 5 years and .60% at 10 years.

Table 6. Distribution of the Risk Groups in the Population
Study According to the Histologic Stage

Risk group Stage I Stage II Stage III

Low 90% 78% 0%
Medium 9% 16% 11%
High 1% 6% 89%
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