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ABSTRACT

— Background

The natural history of primary biliary cirrhosis (PBC) has so far mainly been studied in 

tertiary referral centers. The aim of the present investigation was to describe the natural 

history of PBC in a large population-based cohort in order to identify risk factors for 

development of malignancies and disease progression.

— Methods

Four independent hospital databases were searched in 44 hospitals in a geographically 

defined area, after which all medical records were evaluated on site. In addition, PBC 

registries in the three liver transplant centers were checked for missed referrals from the 

area of interest.

— Results

In total, 992 cases fulfilled the inclusion criteria. The median follow-up was 73 months 

(range 0-434). Mortality was similar to the age- and gender-matched population (SMR 1.1; 

95% CI 0.9-1.4). Male gender, smoking, and elevated bilirubin, decreased albumin, and 

elevated AST at time of diagnosis, were associated with an increased risk for the combined 

endpoint PBC-related death or liver transplantation. In total, 133 (13%) patients developed 

one or more malignancies (SIR 1.5; 95% CI 1.1-1.9). There was a 9-fold increased risk of 

developing hepatobiliary malignancies (SIR 9.4; 95% CI 3.04-21.8), a 5-fold increased risk 

of developing urinary bladder cancer (SIR 5.0; 95% CI 1.6-11.6), and a 1.8-fold increased risk 

of developing breast cancer (SIR 1.8; 95% CI 1.08-2.81).

— Conclusion

PBC is associated with an increased risk of hepatobiliary, bladder and breast cancer. Still, 

survival - under treatment with UDCA - was comparable to the general population in this 

population-based study.

 

INTRODUCTION

Primary biliary cirrhosis (PBC) is a chronic cholestatic disease of unknown etiology characterised 

by destruction of small and medium sized bile ducts. When medical therapy was not yet 

available for PBC, the estimated median survival from diagnosis until death was 8.4 years.1 

Two major changes in the treatment of PBC were the introduction of liver transplantation as 

a standard treatment for liver diseases and the first clinical trials with ursodeoxycholic acid 

(UDCA) in 1982.2,3 Between 1968 and 1986 primary biliary cirrhosis was the primary indication 

for liver transplantation in Europe.4 However, the number of PBC patients listed for receiving 

a liver transplantation has declined significantly since 1988,5 together with widespread use 

of UDCA, a semi synthetic hydrophilic bile acid that has been shown to improve biochemical 

and histological markers, and subsequently to slow progression and improve survival.6–10 

PBC has been associated with an increased risk of malignancies, mainly hepatocellular 

carcinoma (HCC).11 Several risk factors have been associated with HCC development in PBC 

including advanced histological stage, male gender, cigarette smoking, history of blood 

transfusion, absence of biochemical response to UDCA, and concomitant hepatitis B and C 

infection. However, reports on cancer risk and contributing factors are conflicting.11–13 These 

contradictory findings may partly be explained by a lack of large population-based cohort 

studies. 

Several models predicting survival of PBC patients at time of diagnosis have been developed 

over the years. These models had disadvantages in that they required a liver biopsy, applied 

subjective parameters, and laboratory results without adjustment for differences in normal 

values between hospitals.14–20 More recent models evaluate the long-term prognosis of PBC 

patients under UDCA treatment in relation to their biochemical response to treatment after 

1-2 years.21 However, these models do not predict survival at time of diagnosis, which is a 

disadvantage in counselling patients. Ter Borg et al. developed a simple and inexpensive 

method to predict survival based on serum bilirubin and albumin levels at time of diagnosis, 

known as the Rotterdam survival model.22  Here we describe the natural history of PBC in a 

large population-based cohort in order to identify risk factors for development of malignancies 

and disease progression, and to evaluate the prognostic value of the Rotterdam survival 

model.
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PATIENTS AND METHODS

This study is part of the Epi PSC PBC project, a large population-based epidemiological study 

of PSC and PBC in the Netherlands. The case-finding and case-ascertainment methods have 

been described previously.23

Study population and period

All PBC patients were identified between February 2008 and December 2011 in 44 hospitals 

in a geographically defined area of 6 adjacent provinces comprising 50% of the Dutch 

population. The study was approved by the central Committee for Research Ethics in Utrecht 

and all 44 local ethics committees of the participating hospitals in the Netherlands and 

registered under NTR2813 (www.trialregister.nl).

Case-finding

Case-finding was performed according to guidelines stated by Metcalf and James.24 Four 

independent hospital databases were searched: 1) PALGA nationwide network and registry 

of histo- and cytopathology reports using diagnosis code liver*biopsy*primary biliary cirrhosis 

(M45590T56000);25 2) nation wide hospital billing system using codes 707, 954, and 943 

(primary sclerosing cholangitis/primary biliary cirrhosis/autoimmune hepatitis); 3) central 

and local clinical chemical laboratory database query of all patients with a positive anti-

mitochondrial antibody test result, and 4) personal registry of physicians. In addition, PBC-

registries in the three liver transplant centers in the Netherlands were checked for missed 

referrals from the area of interest.

Case-ascertainment

All medical records were evaluated on site for ascertainment of PBC diagnosis. The diagnosis 

of PBC was based on a combination of: 1) clinical presentation and/or; 2) elevation of alkaline 

phosphatase (AP) of liver origin for at least 6 months; 3) presence of anti-mitochondrial 

antibodies (≥1:40) in serum; and 4) histological features of florid bile duct lesions. Criteria 2 and 

3 were diagnostic for PBC, criteria 4 confirmed the diagnosis.26 PBC autoimmune hepatitis 

overlap syndrome (PBC-AIH) was defined as a combination of PBC and: 1) serum alanine 

transaminase (ALT) >5x upper limit of normal (ULN); 2) serum IgG >2x ULN or a positive test 

for anti-smooth muscle antibodies (ASMA); and 3) a liver biopsy showing moderate or severe 

periportal or periseptal lymphocytic piecemeal necrosis.27

Data collection

At study inclusion and during follow-up the following data were collected: date of PBC 

diagnosis, serum bilirubin, albumin and aspartate transaminase (AST) levels at time of 

diagnosis, date and type of malignancy, date and type of surgery and medication use. 

Patients were subdivided according to the Rotterdam survival model in three categories at 

time of diagnosis: 0) normal serum bilirubin (<17 µmol/L) and albumin (35-50 g/L) levels; 1) 

decreased albumin or increased bilirubin levels, and; 2) decreased albumin and increased 

bilirubin levels. Only patients who were not present in the initial cohort of ter Borg et al.22 

were included in the validation analysis. All patients were asked to give informed consent 

and to fill out a questionnaire regarding onset of symptoms, previous and current smoking 

status, weight and length. After study inclusion, individual medication history from the 

local pharmacies and annual follow-up from the treating physician was obtained by written 

correspondence. End of follow up was defined as death, last visit to outpatient clinic or end 

of study (May 2012). PBC-related death was defined as death caused by liver failure, variceal 

bleeding or hepatobiliary malignancy. Date of death was retrieved from the national death 

registry. Mid-year, age-, and sex-specific population estimates were based on data from the 

Dutch Central Office for Statistics (http://statline.cbs.nl/statweb/). Data on the incidence of 

malignancies in the general population were retrieved from the Dutch Cancer Registry (www.

cijfersoverkanker.nl).

Statistical analysis

Time of diagnosis was defined as the starting point of the disease for all analyses. Kaplan-

Meier survival analysis was performed to estimate the cumulative survival. Estimated 

median survival times were calculated for the combined endpoint PBC-related death or liver 

transplantation. The overall difference in survival was investigated by the log-rank test. The 

standardized mortality ratio (SMR) and standardized incidence ratio (SIR) were calculated 

as the ratios of observed compared to expected number of deaths and malignancies in the 

study cohort. The expected number of patients was calculated based on the age- and gender 

specific mortality and malignancy rates in the general population. Cox-regression analysis 

was performed for univariate and multivariate analysis of risk factors for endpoints PBC-

related death and liver transplantation. Potential risk factors for developing malignancies 

were assessed using multivariable logistic regression. Statistical analyses were performed 

using SPSS v. 19.0 software (Chicago, IL). P < 0.05 was considered statistically significant.

RESULTS

Study inclusion

The case-finding queries yielded 3090 unique cases. Of these, 1035 cases fulfilled the 

diagnostic criteria for PBC and were alive on January 1st 2000. Forty-three cases were 

living outside the study region, leaving 992 PBC patients eligible for inclusion in the study 
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cohort. Reasons for study exclusion are depicted in figure 7.2. Between February 2008 and 

December 2011, 657 patients were alive and deemed capable of answering a questionnaire. 

In total, 459 (70%) patients completed the questionnaire.

Patient characteristics

The median follow up from diagnosis until death or end of study was 73 months (range 

0-434). Year of diagnosis ranged from 1973 until 2011. Among the 992 patients, 121 were male 

(12%), and the mean age at diagnosis was 61 (+/- SD; 12) in men and 57 (+/-SD; 13) in women 

(p<0.001). At time of inclusion, 85 (9%) patients fulfilled the criteria for autoimmune hepatitis 

overlap syndrome. In 865 patients, medication data could be retrieved. 801 (93%) of patients 

were treated with UDCA. 

Natural history
Survival

During follow up, 17 (2%) patients underwent liver transplantation and 145 (15%) patients 

died. Causes of death are depicted in table 8.1. Overall, mortality was similar to the age- 

and gender-matched population (SMR 1.1; 95% CI 0.9-1.4). Survival until transplantation or 

PBC-related death was 100% after 1 year, 98% after 5 years, 95% after 10 years, and 91% 

after 20 years (fig. 8.1). For men, survival until liver transplantation or PBC-related death was 

significantly decreased compared with women (log-rank p<0.001) (fig. 8.2). Still, the overall 

mortality for men was comparable with the general male population (SMR 1.4; 95% CI 0.8-2.3). 

Male gender, smoking (≥ 1 year past 20 years), and elevated bilirubin, decreased albumin, 

and elevated AST levels at time of diagnosis, were associated with an increased risk for 

the combined endpoint PBC-related death or liver transplantation in univariate analysis 

(table 8.2). Multivariate cox-regression analysis showed that male gender (HR 4.03; 95% CI 

1.35-12.0), elevated bilirubin (HR 10.10; 95% CI 2.19-46.6) and decreased albumin levels (HR 

5.68; 95% CI 1.85-17.4) at time of diagnosis were independent risk factors for the combined 

endpoint.

Rotterdam survival model 

Serum bilirubin and albumin levels at diagnosis were available for 420 (42%) patients. 

When excluding patients present in the initial cohort of ter Borg et al. 371 (37%) patients 

were eligible for external validation of the Rotterdam survival model. Survival until liver 

transplantation or PBC-related death of patients with normal serum bilirubin and albumin 

levels at time of diagnosis was 100% after 1 year, 99% after 5 years, and 99% after 10 years; 

for patients with an abnormal serum bilirubin or albumin level it was 100%, 96%, and 81%, 

respectively; and for patients with abnormal bilirubin and albumin levels it was 93%, 66%, 

and 66%, respectively (fig. 8.3). Among patients with abnormal bilirubin and albumin levels, 

10/33 (30%) were diagnosed with PBC-AIH overlap syndrome, compared to 23/245 (9%) with 

normal serum bilirubin and albumin levels, and 12/93 (13%) with abnormal serum bilirubin or 

albumin level (p=0.002).

Malignancies

In total, 133 (13%) patients developed one or more malignancies (table 8.3). Overall incidence 

of malignancies was significantly increased in PBC patients (SIR 1.5; 95% CI 1.1-1.9). There was 

a 9-fold increased risk of developing hepatobiliary malignancies in PBC patients compared 

Table 8.1 Causes of death 145 PBC patients

  N (%)

Old age 32 (22)

Malignancy (hepatobiliary origin excluded) 25 (17)

Liver failure or variceal bleeding 25 (17)

Cardiopulmonary death 20 (14)

Hepatobiliary malignancy 5 (3)

Comorbidity 4 (3)

Cerebrovascular accident 3 (2)

Surgery 1 (1)

N: number

Figure 8.1 Kaplan-Meier analysis of survival until liver transplantation or PBC-related death in PBC 

patients (n=992; 95% CI).
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with the general population (SIR 9.4; 95% CI 3.04-21.8). The hepatobiliary malignancies 

consisted of 7 hepatocellular carcinomas (HCC) and one cholangiocarcinoma. Median age 

at HCC diagnosis was 67 years (range 59-82) and the median time between PBC diagnosis 

and HCC was 24 years (range 9-29). Gender distribution, smoking, and the prevalence of 

concomitant autoimmune hepatitis were similar in patients with and without HCC (table 8.4). 

Figure 8.2 Kaplan-Meier analysis of survival until liver transplantation or PBC-related death in male and 

female PBC patients (log-rank p<0.001).

Table 8.2 Risk factors for PBC-related death or liver transplantation.

Factor HR 95% CI P

Male gender 3.280 1.653-6.507 0.001

Age at diagnosis 1.007 0.982-1.033 0.601

Concurrence of AIH 1.580 0.622-4.017 0.337

Smoking ≥ 1 year past 20 years 2.949 1.088-7.996 0.034

Bilirubin >16 µmol/L at diagnosis 17.685 5.035-62.110 <0.001

Albumin <35 g/L at diagnosis 8.649 3.274-22.848 <0.001

AST >39 U/L at diagnosis 4.338 1.278-14.728 0.019

UDCA 0.726 0.254-2.069 0.548

AIH: autoimmune hepatitis; AST: aspartate transaminase; UDCA: ursodeoxycholic acid; HR: hazard ratio; 

CI: confidence interval.

Table 8.3 Malignancies in 133 PBC patients

  n SIR 95% CI

Breast 32 1.8 1.1-2.8

Colon 27 1.4 0.6-2.7

Gynaecological 15 0.6 0.1-2.0

Skin 13 NA  

Hepatobiliary tract 8 9.4 3.0-21.8

Lymphoma 8 NA  

Prostate 6 2.8 0.9-6.6

Kidney 6 2.0 0.2-7.1

Bladder 5 5.0 1.6-11.6

Gastric 4 1.3 0.03-7.2

Lung 4 NA  

Leukemia 4 NA  

Pancreas 2 NA  

Oesophagus 2 NA  

Larynx 2 NA  

Unknown origin 2 NA  

n: number; SIR: standardized incidence ratio; CI: confidence interval; NA: not applicable

Figure 8.3 Kaplan-Meier analysis of survival until liver transplantation or PBC-related death in PBC 

patients subdivided according to the Rotterdam survival model: 0) normal serum bilirubin and albumin 

(n=245);  1) increased serum bilirubin or decreased serum albumin (n=93); and 2) increased serum 

bilirubin and decreased serum albumin (n=33)
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Older age at diagnosis decreases the risk of HCC. All PBC-HCC patients received UDCA 

treatment prior to HCC diagnosis. However, 4 out of 7 HCC patients were diagnosed with PBC 

between 1979 and 1981, when UDCA was not yet administered. Five PBC patients developed 

bladder cancer; a 5-fold higher incidence rate than expected (SIR 5.0; 95% CI 1.6-11.6). Gender 

distribution, age at diagnosis, smoking and AIH overlap were similar in patients with and 

without bladder cancer (table 8.4). The risk of breast cancer was 1.8 fold higher in female 

PBC patients compared with the age-matched female population (SIR 1.8; 95% CI 1.08-2.81). 

The development of breast cancer was not associated with smoking, age at diagnosis, or AIH 

overlap syndrome (table 8.4).

DISCUSSION

This study is by far the largest population-based study of PBC, based on an extensive case-

finding strategy and rigorous case ascertainment in a defined recruitment area. We report 

a markedly longer survival until transplantation or PBC-related death compared to previous 

Table 8.4 Risk factors for developing malignancies in PBC

  HCC No HCC    

  n=7 n=985 OR (95%CI) p

Male sex (%) 1 (14) 120 (12) 1.71 (0.20-14.91) 0.626

AIH overlap (%) 1 (14) 84 (9) 1.57 (0.18-13.56) 0.684

Smoking (%) 1 (14) 294 (30) 0.30 (0.04-2.52) 0.267

Age at diagnosis [mean (SD)] 47 (13) 57 (13) 0.94 (0.89-1.00) 0.047

  Bladder cancer No bladder cancer    

  n=5 n=987

Male sex (%) 1 (20) 120 (12) 1.37 (0.14-13.20) 0.788

AIH overlap (%) 1 (20) 84 (9) 2.59 (0.28-24.35) 0.535

Smoking (%) 2 (40) 293 (30) 1.80 (0.28-11.58) 0.535

Age at diagnosis [mean (SD)] 62 (16) 57 (13) 1.04 (0.96-1.11) 0.349

Female PBC patients only Breast cancer No breast cancer    

  n=32 n=839

AIH overlap (%) 2 (6) 67 (8) 0.81 (0.19-3.49) 0.799

Smoking (%) 11 (34) 243 (30) 1.50 (0.69-3.23) 0.304

Age at diagnosis [mean (SD)] 61 (13) 57 (13) 1.03 (0.99-1.06) 0.068

AIH: autoimmune hepatitis; HCC: hepatocellular carcinoma; n: number; UDCA: SD: standard deviation; 

OR: odds ratio; CI: confidence interval.

studies. Most epidemiological studies on PBC have been performed in specialized centers, 

prone for selection and referral bias. In the present study, overall survival of PBC patients is 

comparable to the general population, however, male gender, smoking, and elevated serum 

liver tests at diagnosis are associated with an increased risk for the combined endpoint liver 

transplantation or PBC-related death. The present analysis confirms the prognostic value 

of the Rotterdam survival model, stratifying patients based on serum bilirubin and albumin 

levels at the time of diagnosis. Notably, 30% of patients with abnormal serum bilirubin and 

albumin levels at diagnosis had concomitant AIH.  More recent studies showed that serum 

AP after one year of UDCA treatment appears to be a useful prognostic marker in early stage 

PBC.21 However, the limited number of included patients asks for validation in an independent 

cohort.  Currently, we take part in a large international effort aimed at cross-validating these 

promising results. 

The introduction of UDCA therapy in the late 80’s and 90’s altered the course of PBC. Mendes 

et al. observed a decline in mortality in women younger than 65 and an increase in age of 

death between 1980 and 1998, pointing towards an improvement in survival.28 UDCA therapy 

appears to be of most benefit when started in the early histological stages of the disease.29 

In our cohort, 89% of patients were diagnosed after 1990 and in total 93% of patients were 

treated with UDCA. The majority of patients received UDCA therapy in an early stage of 

the disease and this may be an important contributing factor to the observation that overall 

mortality in our cohort was similar to the age- and gender-matched background population.

PBC has previously been associated with an increased cancer risk, especially an increased 

risk of HCC, although evidence has been conflicting.11 Male gender and unresponsiveness 

to UDCA therapy seem to be risk factors for HCC in PBC.13,30,31 In the present study, we do 

not observe an association with any of the reported risk factors including male gender and 

smoking. While investigating the possible link between PBC and malignancies, several 

hypotheses arise. The increased HCC risk can be explained by longstanding chronic 

inflammation resulting in fibrosis and cirrhosis, causing mutations in the cellular machinery. 

However, for bladder and breast cancer the etiology is less clear. In contrast to HCC, breast 

and bladder cancer may not be a consequence of PBC, but rather share etiological factors. 

The striking female predominance in PBC has led to the hypothesis that female sex hormones 

may trigger disease. Early menarche, late menopause, post menopausal obesity, and hormone 

replacement therapy (HRT), all leading to increased hormone exposure, are established risk 

factors for breast cancer.32 Notably, although risk factors for breast cancer have been studied 

far more extensively, one large case-control study showed an association between PBC and 

HRT.33 Bladder carcinoma occurs in general more often in men than in women, and age 
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and smoking have been identified as the most important risk factors. Notably, exposure to 

aromatic amines that can be found in chemical, dye and rubber industries increases the 

risk of bladder carcinoma.34 In New York, a significant association between a cluster of PBC 

patients and superfund toxic waste sites contaminated with volatile aromatic hydrocarbons 

and trichloroethylene was identified.35 Furthermore, frequent nail polish and hair dye use has 

been linked to PBC, supporting the suggestion that bladder cancer and PBC share etiologic 

factors.33 

There are several limitations to this study including the retrospective design and the large 

number of missing laboratory tests at time of diagnosis. Although we feel that we have done 

our utmost to recruit every single patient in a geographically defined area by combining 

several sources and evaluating medical records on site, there is a chance of missing cases. 

Serum bilirubin, albumin and AST values at diagnosis were available of 42% of patients only. 

However, an analysis based on 420 patients is still one of the largest studies described to 

date and survival analysis showed no significant difference in time until liver transplantation 

or PBC-related death between patients with and without missing serum values (log-rank 

p=0.237).  

In conclusion, this population-based study showed that PBC is associated with an increased 

risk of malignancy, especially HCC and bladder cancer. Overall, survival of PBC patients is 

comparable to the age- and gender-matched general population.  Male gender, cigarette 

smoking, and an elevated bilirubin, decreased albumin, or elevated AST at time of diagnosis, 

are risk factors for the combined endpoint liver transplantation or PBC-related death.
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