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STELLING EN 

behorende bij het proefschrift 

Prognostic Markers in the Course of Primary Biliary Cirrhosis 

1. More than half of the primary biliary cirrhosis patients die beyond the age of liver 

transplantation. Consensus overall management guidelines are needed as these patients 

may remain outside the focus of specialised centres. 

2. For a relatively rare disease as primary biliary cirrhosis, death rate figures obtained over a 

longer period deliver large enough numbers to make conclusions about the incidence of 

accompanying diseases. 

3. In a longstanding disease as primary biliary cirrhosis, dissection of the clinical course of 

disease is necessary before relevant prognostic models can be made. 

4. The first occurrence of a major clinical event heralds the final phase in patients with 

primary biliary cirrhosis. 

5. In studies on the prognosis of primary biliary cirrhosis, the moment of liver transplantation 

has to be considered separately from the the moment of death from primary biliary 

cirrhosis. 

6. Expert clinical judgement is adequate in timing of liver transplantation in end-stage 

primary biliary cirrhosis patients. 

7. Hyperhydraemia in primary biliary cirrhosis indicates a short survival . 

8. Present liver disease severity assessment scores lack the component quality of life. 

9. Advanced statistics clarify the significance but not the relevance of biomedical research. 

. 



IO.Clinical experience in internal medicine is unique for a surgeon. The 'historic opposition' 

between both disciplines is artificial and should be expelled from daily clinical practice. 

11.Fly-fishing and a long hike was a crucial part in ending the Cold War between the former 

Soviet Union and the United States. (Baker and Shevardnadze, September 1989, Jackson 

Hole, Wyoming). International Journal 1997;52:219-242. 

12.De levers van rosse grutto' s en kanoetstrandlopers worden niet voor niets v66r hun trek 

kleiner. 

13.Het in-vitro antitumor effect van haaienlever squalamine op sommige maligne 

hersentumoren bij de mens kan worden vergeleken met 'Jaws' op cellulair niveau. 

14.Hepatologische kennis geeft een bijzonder gevoel in de rechter bovenbuik. 

Gooitzen Michell van Dam Groningen, 10 juni 1998 
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PREFACE/ VOORWOORD 

Dit proefschrift is het uiteindelijke gevolg van een keuzeproject dat ik destijds in 1988 bij de 

sectie Hepatologie onder leiding van Prof. Dr. C.H. Gips, vakgroep Interne Geneeskunde, als 

3e jaars student liep. Aanvankelijk heh ik mij bezig gehouden met de opzet van een database 

van patienten met primair biliaire cirrose, een voor mij tot dan toe vrijwel volledig onbekend 

ziektebeeld. In 1991-1992 konden tijdens mijn verblijf in de Verenigde Staten de 'droge data' 

gebruikt warden in een heuse valideringsstudie. Bij mijn terugkomst bleek evenwel een 

promotieonderzoek tot de mogelijkheden te behoren waarvan u hier dan het resultaat ziet. 

Aan dit proefschrift hebben vele mensen direct of indirect bijgedragen, een aantal wil 

ik hierbij in het bijzonder bedanken. 

Allereerst mijn promotor Prof. Dr. C.H. Gips. Ik weet het was nogal eens vallen en opstaan, 

maar uiteindelijk hebben we het karwei geklaard! Ik dank u voor de introductie en 

begeleiding in de hepatologie, uw inzet voor mijn verblijf in Duitsland en de V.S. en uw 

ideeen voor het proefschrift. 

This thesis could not have been carried out without the support and knowledge I obtained 

during my stay at the Mayo Clinic, Rochester Minnesota, USA in 1992 from the Liver 

Transplantation Clinic (Prof. Dr. R.A.F. Krom), the Division of Gastroenterology and Internal 

Medicine (Prof. Dr. E.R. Dickson) and the Research Computing Facility, Section of 

Biostatistics (Terry M. Therneau, Ph.D.). First of all, Prof. Dickson I consider you as the one 

of the leading experts in the field of hepatology and primary biliary cirrhosis in particular. 

You introduced me with endless energy in the world of prognostic models before and after 

liver transplantation in patients with PBC. I thank you for your input and efforts to make my 

stay in Rochester fruitful and consider it as the starting point of my early research efforts. 

Dear Terry, I learned a lot of you from statistics, although the precise theoretical background 

of Markov models is not particular my kind of ball-game! Thanks for your statistical backup. 

Furthermore, I would also like to thank Paul Murtaugh from the Oregon State University for 

his statistical expertise. 

Daarbij wil ik de leden van de promotiecommissie Prof. Dr. S.W. Schalm (Erasmus 

Universiteit Rotterdam), Prof. Dr. M.H.J. Slooff (Rijksuniversiteit Groningen), Prof. Dr. N.H. 

Mulder (Rijksuniversiteit Groningen) bedanken voor hun bereidwilligheid om het proefschrift 

te beoordelen en te voorzien van commentaar. 
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Preface/Voorwoord 

Natuurlijk blijven niet onvermeld de noeste werkers Dr. Ing. J.R. Huizenga en Dr. Y. 

Reisman. Reint, je zult je vast mijn eerste binnenkomst in 1988 nog wel herinneren. Bedankt 

voor de vele moeite die je hebt verricht bij het AMA-onderzoek en de ruimte op je 

voormalige lab. Cobi, ik dank je voor het vele invoerwerk dat je hebt gedaan in de laatste fase 

van het onderzoek. Israelisch eten blijft altijd bijzonder, vooral op onverwachte momenten. 

Bij ons gaat het spreekwoord 'Beter een goede buur dan een verie vriend' niet op. 

Van de studenten wil ik in het bijzonder Bart Verbaan, Ilse Purmer en Klaartje Maas 

bedanken voor het tot vervelends toe noteren van gegevens, zonder jullie was dit werk niet 

volledig geweest. 

Verder dank ik Berry Middel van het Noordelijk Centrum voor Gezondheidsvraagstukken 

voor de interessante discussies die we hebben gehad over opzet van onderzoek. Berry, van jou 

heh ik geleerd: 'back to the basics in research'. 

Verder wil ik hierbij de volledige assistengroep Chirurgie in het AZG bedanken voor hun 

luisterend oor wanneer ik het eens niet zag zitten bij de uitwerking van de manuscripten. 
V elen van jullie heb ik verveeld met Cox regressie analyses en soortgelijke 'verfrissende' 

verhalen. Carlien bedankt voor je artistieke bijdrage. 

Prof. Dr. R. van Schilfgaarde bedank ik voor de mogelijkheid om het proefschrift af te kunnen 

ronden tijdens mijn opleiding, en samen met Dr. M. Eeftinck Schattenkerk en Dr. H.J. 

Hoekstra bedank ik hen voor de geboden mogelijkheid om zes maanden onderzoek te kunnen 

verrichten in het National Cancer Institute in Bethesda, Maryland U.S.A. 

Vanzelfsprekend blijven niet onvermeld mijn paranimfen. Johan, met zeer veel plezier heb ik 

met jou enige jaren in het studentenhuis op de Radesingel gewoond. Onze backpacking trips 

blijven uniek evenals onze auto 'the white jeweetwel'. Inne, en natuurlijk ook Innez, ons 

contact en verblijf in Boston en daarna blijft van onschatbare waarde. Bedankt voor jullie 

ongrensbare gastvrijheid en humor. 

Als laatsten wil ik een aantal zeer dierbaren noemen in dit voorwoord. 

Helaas Jan, vader en vriend, vele verhalen heb je van mij aangehoord en toch heb je dit niet 

meer kunnen meemaken. Ik draag dit proefschrift ter herinnering aan je op en bedank je voor 
de fantastische jaren in mijn jeugd en de vele dagen die we klussend hebben doorgebracht op 

je schip. Die speciale plaats in mijn gedachten zul je altijd houden. 

Mem, met z'n tweeen hebben jullie me altijd gesteund, ook als ik ver weg was in Hawai. 

Thuis werden ze gek van onze medische verhalen. Ik hoop dat het aan de horizon weer wat 

gaat gloren voor je en weet dat we met z'n allen achter je staan. 
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Preface/Voorwoord 

Verder wil ik mijn broers, Bonne en Sierd, en mijn zus Petra en hun partners Henriette, Ulli 
en Rob bedanken voor de nodige ontspanning en gezelligheid als we weer eens met z'n allen 
in Drachten kwamen of gingen zeilen. De driehoek Nederland - Duitsland - Belgie blijkt van 

uitzonderlijke waarde. 

Evert, Femmy en Esther ook jullie hebben tot vervelends toe artikelen zien rond slingeren als 

ik in Heerenveen was. Bedankt voor jullie interesse en ondersteuning. 1k hoop hiema een wat 

gezelliger gesprekspartner te zijn. 

De laatste alinea blijft vanzelfsprekend gereserveerd voor mijn grote liefde. Lieve Selma, 

sinds onze eerste ontmoeting hen je voor honderd procent betrokken geweest bij het 

promotieonderzoek en ben je een en al interesse tot en met de laatste punt. Vele uren hebben 

we samen doorgebracht om de gegevens in te voeren. Jij maakt dat er nog meer is in het leven 

dan een proefschrift alleen en bij jou vind ik de nodige rust en ontspanning. Met heel veel 

plezier kijk ik uit naar ons verblijf in de VS en onze trip in de Nationale Parken. Ik dank je 

voor je enthousiasme, onvoorwaardelijke steun en liefde . Mij rest tegen je te zeggen; 'happy 

days are here again'! 

Groningen, mei 1998 
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OUTLINE OF TIDS THESIS 

Primary biliary cirrhosis (PBC) is a long-standing autoimmune liver disease which occurs 

predominantly in women for which, except liver transplantation, no definitive therapy exists 

and in the natural course of disease death is due to hepatic failure or variceal bleeding. The 

disease has been an increased target of prognostication since liver transplantation (with its 

need for timing) became available. In this thesis various aspects and methods, in use or newly 

developed, of prognostication of PBC (based on clinical and laboratory results) from a cohort 

of PBC patients admitted to a single Dutch centre are presented. A background is given by 

analysis of PBC mortality figures in The Netherlands. A part of the work has been done in 

collaboration with the Mayo Clinic (Chapters 3 and 4), with the Oregon State University 

(Chapter 3), with the University Hospital Tiibingen (Chapter 7) and with The Netherlands 

Central Bureau of Statistics (Chapters 1 and 2). 

In Chapter 1, mortality rates for PBC in The Netherlands are outlined and in Chapter 2 the 

secondary causes of death are analysed. In Chapter 3, the application of a prognostic method 

(the Mayo Model) to a Dutch patient population is described and in Chapter 4 the 

development of an improved Mayo model based on repeated patient visits. In Chapter 5, the 

course of disease is related to clinical findings and severity assessment scores, in Chapter 6 

to clinicochemical parameters and body measurements, and in Chapter 7 to mitochondrial 

auto-antibody subtypes. In Chapter 8, clinical, clinicochemical and severity assessment 

findings of patients undergoing liver transplantation (LT) are projected on the timeline to 
death from PBC and in Chapter 9, whole blood water, plasma water and plasma sodium are 

analysed in their relation to death or to LT. The thesis ends with a summary of the results and 

with overall conclusions. 
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Chapter I 

PRIMARY BILIARY CIRRHOSIS (PBC) 

IN AN EUROPEAN COUNTRY - A DESCRIPTION OF DEATH RA TES 

IN THE NETHERLANDS (1979-1992). 

Gooitzen M. Van Dam and Chris H. Gips 

International School of Hepatology and Tropical Medicine GISH-T 

Faculty of Medical Sciences, State University Groningen 

Groningen, The Netherlands 

Hepato-Gastroentero/ogy 1996;43: 906-913. 
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Chapter I 

ABSTRACT 

Background. In 1979 liver transplantation (LT) and separate primary biliary cirrhosis (PBC) 

death rate registration became available.in The Netherlands (15 million inhabitants). Aim. 

The objective was to investigate death rates from 1979-1992 and analyse the impact of LT. 

Patients and Methods Death may be from PBC as primary cause of death, or with PBC as 

secondary cause of death. Rates were expressed as absolute numbers or per million 

inhabitants in the corresponding age category. Age classes of 5 years were used. The 

Netherlands was divided in four regions, North, South, East and West. Standardised mortality 

ratios (SMR) were used for calculation of regional differences. Results. In the 14 year period 

1979- 1992, 417 persons died from and 179 persons died with PBC, totalling 596 PBC 

patients. (6.3 per million inhabitants �35 years). No person died below the age of 35. Eighty

two percent was female, corresponding with a female/male ratio per million females/males 

inhabitants of 4.2. In region South there were significantly fewer deaths (SMR 66%, p<0.001) 

and in region North significantly more (SMR 141 %, p<0.01). The median age class at death 

was 70-74 (males and females alike). At age 35-59, death from PBC in 1992 per million was 

1.2, and for �65 years 15.7. In age class 80-84 the highest death rate from or with PBC was 

found with 28 deaths per million inhabitants, with a female/male ratio of 3.6. In 1992, with 

two deaths only, LT appeared to have nearly eliminated death from PBC in the age category 

35-59 years. Conclusion. Death from PBC mainly occurs in the old and very old and many 

patients never see a specialised centre, which may ask for a more general approach of 

management and therapy for this particular group. 

22 



Death rates in The Netherlands 

INTRODUCTION 

Primary biliary (PBC) is a well-defined liver disease occurring predominantly in middle-aged 

women (1,2). Although the precise causal mechanism is unknown, it is known that 

abnormalities in the T-cell immune response play an important role in the etiopathogenesis (3-

5). Nevertheless, the initial trigger for the disease is unknown, although some studies 

attributed environmental factors to be involved in the aetiology of the disease (6-8). Currently, 

besides liver transplantation, there is no definitive medical therapy available to cure PBC. The 

disease can be uniformly diagnosed on internationally established criteria, as they are: anti

mitochondrial antibody-positive and histology compatible with PBC. 

Since 1979, liver transplantation and separate PBC death rate registration by the Central 

Bureau of Statistics (CBS) became available in The Netherlands (15 million inhabitants) (9). 

This study was performed in order to get more insight in the mortality rates of PBC and the 

regional distribution in The Netherlands over a 14 years period, starting 1979. From this study 

possible implications for the Dutch liver transplantation centres could be made. 

PATIENTS AND METHODS 

The Central Bureau of Statistics registers death certificates for The Netherlands as filled out 

by the attending physician at the time of death and checks the death certificates for reliability 

of data. The International Classification of Diseases (ICD) 9th Revision of the World Health 

Organisation was used for (de-) codation (10), with code 571.6 for PBC. A database delivered 

by the CBS with registrations of PBC as the primary cause of death ( defined as death from 

PBC) and PBC as secondary cause of death ( defined as death with PBC) from 1979-1992 was 

used. Because of assurance of privacy, the smallest geographical unit that could be used was 

four regions: North, South, East and West. Region North consisted of the provinces 

Groningen, Friesland, Drenthe, South of Noord-Brabant and Limburg, East of Overijssel, 

Gelderland, ljsselmeerpolders, Dronten and Flevoland, and region West of Utrecht, Noord

Holland, Zuid-Holland and Zeeland. The death registration database contained; primary cause 

of death, secondary causes of death (maximum of three), region (North, South, East, West), 

institution where the patient was admitted at the time of death (hospital, outside the hospital 

( elderly home, nursing home, home) and unknown), year of death, sex and 5 year age-class. 

23 



Chapter I 

From the CBS age and sex composition data of the Dutch population were obtained for 

calculation of standardised mortality ratios ( deaths observed divided by deaths expected x 100 
2 

(%)). Statistical analyses used were: x -analyses, Yates' continuity correction and Fisher's 

exact test. A cut-off of p<0.05 was considered statistically significant. 

RESULTS 

In the 14 year period 1979-1992, 596 persons were registered to have died either from or with 

PBC. In Table I, absolute and relative mortality rates per million inhabitants � 35 years for 

mortality from or with PBC are given. 

Table I. Mortality from and with primary biliary cirrhosis in 596 persons in The Netherlands 

from 1979-1992. 

A. Absolute Numbers 

Males Females Total 

n(¾) n(%) n(%) 

PBC primary cause of death 69(17) 348(83) 417(100) 

PBC secondary cause of death 37(21) 142(79) 179(100) 

Total 106(18) 490(82) 596(100) 

B. Relative mortality per million inhabitants � 35 years 

Males Females Total 

PBC primary cause of death 1.5 6.9 4.3 
PBC secondary cause of death 0.8 2.9 1.9 

Total (per million males or females) 2.3 9.8 6.3 

Numbers are given for absolute and relative mortality rates (per million inhabitants � 35 

years). 
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Death rates in The Netherlands 

PBC is mainly registered as the primary cause of death (70%) of the total registrations. Of 

the 596 deaths, 106 occurred in male patients, corresponding with a female/male ratio of 4.6 

in the PBC population (82% females vs. 18% males). In Table II, female/male ratios per 

million females/males in the general population from 1979-1992 are depicted throughout the 

age categories. 

Table II. Male/female ratio per million females/males of the general population (ten year age 

classes) of 596 persons who died from or with primary biliary cirrhosis registered from 1979-

1992 in The Netherlands. 

Age class (years) Number of females / males 

35-44 10 / 4 
45-54 38 / 7 

55-64 92 I 14 

65-74 160 / 41 

75-84 154 / 36 
> 85 36 I 4 

Total 35 - >85 490 / 106 

Female/male ratio per million 

females/males 

2.6 

5.7 

6.2 

3.1 

2.4 

3.6 

4.2 

It increased from age 35-44 from 2.6 to 6.2 at age 55-64, and decreased from 3.1 (age 65-74) 
to 2.4 (age 75-84), with a rise of 3.6 at age >85. The maximum female/male ratio of 6.2 was 

found at age 55-64. The total PBC population did have a female/male ratio per million 

females/males of 4.2. 

In Figure 1, panel A-C, yearly mortality rates per million inhabitants �35 years are given for 

the entire PBC population (panel A), PBC as primary and secondary cause of death (panel 
B), and for males, females (panel C). 
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Chapter I 

Figure 1 .  Annual mortality rates per million inhabitants � 35 years from 1979-1992 in The 

Netherlands. 

A. All 596 persons. 
14 ,-----------------

12 · 

10 · 

. . . .  

Year 

■Total mortality PBC 

B. Primary biliary cirrhosis as primary (n=417) and secondary (n=l 79) cause of death 

per year. 14 .-------------------, 

12 · · · . .  · · · · · · · · · · · · · · · · · · · · . . . .  · · · . •  · • • . • . • .  · · · · . .  · · · · · · · · · 

10 . . . .  · · · · · · · · · · · · . .  · · · . • .  · · . . . . . . .  ' • . . . . . . .  · •  · · . .  · · . . .  · · · · · 

II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
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In panel A, total mortality fluctuated between 5 and 7.5. Death from PBC as primary cause of 

death increased slightly from 3.9 to 4.3, while PBC as secondary cause of death decreased 

from 3.5 to 0.7 (panel B). The mean mortality rate per year per million inhabitants for all 596 

PBC patients was 6.2. For PBC as primary cause of death 4.3 and as secondary cause 1 .9. The 

numbers were for males (n= 1 06) 2.3 and for females (n=490) 9.8. 

In Figure 2, yearly mortality rates per age category 35-59, 60-64, 65-69 and over 70 years are 

presented. No deaths were seen before the age of 35. Overall mortality in age category 35-59 

years decreased since 1 985 from 10 to 2 persons in 1992. The decrease is predominantly for 

PBC as primary cause of death. For the other age categories there was no trend detectable. 

Figure 2. Annual mortality rates (absolute numbers) per age category 35-59, 60-64, 65-69 

and over 70 years (total number, n=596). 
eo -------------------, 

50 . . .  . . . • . .  · · · · · · · · · · · ·  . . . . . • • . . . . . .  
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The age distribution of the PBC population is depicted in Figure 3, panel A to C. The total 

group of 596 persons did have a median age of 70-74 (panel A). For PBC as primary cause of 

death it was 65-69, and for PBC as secondary cause of death 75-79 (panel B). For both 

females and males it was 70-74 years (panel C). 
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Figure 3. Age-distribution of 596 persons (absolute numbers) registered in The Netherlands 

who died from primary biliary cirrhosis. 
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In Table III, is shown that 70% of all registered persons died in a hospital setting, whereas 

26% died outside the hospital (i.e. elderly home, nursing home and home) and 4% with an 

unknown location. Although most patients died in hospitals, younger persons (i.e. 35-59 

years, with a median age of 50-54 years) deceased in a hospital more often than older ones 

(p<0.01, 85% versus 67%), whereas older persons (�60 years, with a median of 70-74 years) 

died more often in a non-hospital setting compared to younger persons aged 35-59 years 

(p<0.01, 29% versus 14%). 

Table III. Institutional mortality of 596 registered deaths from or with primary biliary 

cirrhosis. 

Age category (median age) Total Hospital Non-Hospital Unknown 

n % % % 

35-59 years (50-54) 102 85 14 

� 60 years (70-74) 494 67 29 4 

Total, � 35 years (70-74) 596 70 26 4 

Institutions are: Hospital, Non-Hospital (elderly home, nursing home, and home), and 

Unknown. 

In Table IV, standardised mortality ratios (Sl\1Rs) are given for the predefined four regions 

North, South, East and West. With the use of Sl\1Rs for mortality from or with PBC as a 

comparison nation wide, there was a significant difference between the regional Sl\1Rs 

(expressed in percentages) and the national figure of 100%. Region South had significant less 

deaths from or with PBC (Sl\1Rsouth = 66%, n=86) compared to the expected number of 
2 

deaths nation wide (x = 15.46, p<0.001), whereas region North had a significant higher 
2 

Sl\1R.North of 141 %, n=90 (x = 10.56, p<0.01). The two other regions (East and West) 

showed no significant difference in deaths from or with PBC compared to the national 
2 

number of 100%; Sl\1R.East is 98%, n= l l  7 (x = 0.03, p>0.20), and SMRwest is 109%, 
2 

n=303 (x = 2.25, p>0.10). The PBC deaths of the four regions remained fairly constant 

throughout the 14 year registration period (data not shown). 
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Table IV. Standardised mortality ratios (death rate per million inhabitants) from or with PBC 

(SMRs = deaths observed/deaths expected x 100) for four regions (North, South, East and 

West) in The Netherlands from 1979-1992 (n=596). 

Region No. of deaths Observed No. of deaths Expected 

North 90 64 

South 86 131 

East 117 119 

West 303 278 

SMR 

141% 

66% 

98% 

109% 

10.56 

15.46 2 

0.03 3 

2.25 4 

SMRs are related to the national figure of100%, 1 = p<0.01, 2 = p< 0.001, 3 = p>0.20, 
4 = p>0.10. 

DISCUSSION 

In the early seventies, PBC was considered a rare disease (1, 11 ). In the following decades, by 

the use of testing for antimitochondrial antibody, PBC was more often diagnosed (12). An 

epidemiological study conducted in 1983 by Hamlyn (13), who initially reported ranges of 0.3 
to 5 .1 deaths per million in the U.K. in 1973 (11), confirmed this finding when reporting a 

rate of 8. 7 deaths per million. In our present study of 596 persons, all death certificates 

verified by the Dutch Central Bureau of Statistics and predominantly registered in a hospital 

setting (70%), we found a death rate of 6.3 per million inhabitants �35 years. with a peak at 

age 70-74, which thereafter steadily decreased. Mahl (2), Myszor (14), Loof (15) and 

Eriksson (16) reported similar results, with the latter reporting diagnosis of (a-)symptomatic 

cases at a mean age of 50 years. In Sweden, Eriksson et al. (16) found a very high mortality 

rate of 56 persons per million inhabitants, the highest reported sofar. However, the number of 

thirteen deaths in this particular study of 33 PBC patients was small, but appeared in a well

defined population of 240.000 inhabitants. 

In our study, the female/male ratio varied between 2.4 at age 75-84 to 6.2 at the age of 55-64, 

with a ratio of 4.2 for the total group. In most studies an overall female/male ratio of 9 has 

been reported (1,2,7,8, l l-14,16). Nevertheless, our findings are in agreement with an earlier 

report of the European Community Euricterus Project in The Netherlands (17), which 

reported a ratio of 4.3. Probably caused by an increased awareness, more male patients are 

being diagnosed with PBC. 
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Since 1979, orthotopic liver transplantation (LT) has been an available and accepted definitive 

therapy for end-stage PBC in The Netherlands (9). From the age-specific mortality rates it can 

be concluded that PBC mortality in the age classes 35-59 years has decreased from I O  in 1985 

to 2 persons in 1992. This decrease is most certainly caused by liver transplantation. By 

increasing the age limit from 60 to 65 years for LT, PBC mortality in the age class 60-64 

years could decrease as well. 

To our knowledge, no study has paid detailed attention to PBC and its institutional mortality. 

Seventy percent of the 596 persons registered in this PBC population died in a hospital

setting. Younger persons (age 35-59 years) died relatively more often in a hospital, compared 

to older persons, who relatively more often died in a non-hospital institution ( elderly home, 

nursing home, and home). From other sources (17), it is known that older PBC patients are 

treated for end-stage PBC more often in general than in academic hospitals, probably because 

they are not eligible for LT considering their age. As the specialised management needed for 

these patients will not be directly available for them, uniform strategies should be developed 

and made general available to these hospitals. 

There has been extensive discussion concerning possible external causal factors which could 

play a role in the etiopathogenesis of PBC. Several studies have been carried out to find 

evidence for this hypothesis by analysing patterns of geographical distribution of PBC. So far, 

only one study showed an apparent clustering of cases in relation to water supplies (7). 

Swedish investigators did find an extraordinary high incidence and prevalence rate for PBC in 

the northern part of Sweden (8). This distribution is also reported in other autoimmune 

disorders (18, 19). Other studies could not confirm these geographical findings (8, 12, 14,20). 

In The Netherlands we found some evidence for a geographical pattern, by the fact that the 

Northern region presented with a higher and the Southern part with a lower standardised 

mortality ratio from or with PBC compared to the expected number of deaths derived from the 

national number. Additional epidemiological and environmental studies have to be carried out 

in order to give conclusive answers for the reason of this difference. 

In conclusion, this large cohort-study indicates that mortality from or with PBC occurred 

predominantly in the elderly, those 2:65 years. Because this particular group of patients lack a 

definitive treatment for the disease PBC in contrast to younger persons (i.e. liver 

transplantation), physicians should be informed and supplied with uniform management 

strategies in a way which gives easy access to this kind of information. A practical tool such 

as computer expert-systems in combination with electronic patient-files could be such a 

medium. The female/male ratio in this study indicated more frequent registrations of males 
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with PBC than would be expected from earlier clinical studies. In the age category 35-59 

years, liver transplantation has nearly eliminated death from this age group. Death of younger 

persons (35-59 years) occurred relatively more often in a hospital-setting, than for the elderly. 

We could not find a consistent geographical pattern, although the Northern region showed a 

higher and the Southern region a lower mortality rate compared to the national figure. 

Acknowledgements. 

This study was supported by a grant from The Netherlands Digestive Diseases Foundation. 

We gratefully thank the following persons from the Central Bureau of Statistics in The 

Netherlands for their co-operation: Mr. J. Zuurmond, Mr. J.T.P. Bonte, Dr. F. Bijlsma, Dr. 

Y.B. Oei and Mr. C.M. Lap. 

32 



Death rates in The Netherlands 

REFERENCES 

1. Sherlock S, Scheuer PJ. The presentation and diagnosis of 100 patients with primary biliary 

cirrhosis. N Engl J Med 1973;289:674-678. 
2. Mahl. TC, Shockor W, Boyer JL. Primary biliary cirrhosis: survival of a large cohort of 

symptomatic and asymptomatic patients followed for 24 years. J Hepatol 1994;20:707-713. 

3. Yamada G, Hyodo I, Tobe K, Mizuno M, Nishihara t, Kobayashi T, Nagashima H. 

Ultrastructural immunocytochemical analysis of lymphocytes infiltrating bile duct epithelia in 

primary biliary cirrhosis. Hepatology 1986;6:385-391. 

4. Krams SM, Van de Water J, Coppel RL, Esquivel C, Roberts J, Ansari A. Analysis of 

hepatic T lymphocytes and immunoglobulin deposits in patients with primary biliary 

cirrhosis. Hepatology 1990;12:306-313. 

5. Suou T, Civeira MP, Kanof ME, Moreno-Otero R, Jones EA, James SP. Defective 

immunoregulation in primary biliary cirrhosis: CD4+, Leu8+ T cells have abnormal activation 

and suppressor function in vitro. Hepatology 1989;10:408-413. 

6. Douglas JG, Finlayson NDC. Are increased individual susceptibility and environmental 

factors both necessary for the development of primary biliary cirrhosis ? Br Med J 

1979;2:419-420. 

7. Triger DR. Primary biliary cirrhosis: an epidemiological study. Br Med J 1980;28 l :772-
775. 

8. Danielsson A, Boqvist L, Udenfeldt P. Epidemiology of primary biliary cirrhosis in a 

defined rural population in the Northern part of Sweden. Hepatology 1990; 11 :458-464. 

9. Krom RAF, Gips CH, Houthoff J, Newton D, Waaij van der D, Beelen J, Haagsma EB, 

Slooff MJH. Orthotopic liver transplantation in Groningen, The Netherlands. Hepatology 

1984;4:61S-65S. 

10. Manual of the International Statistical Classification of Diseases, Injuries and Causes of 

Death, 9th Revision, Volume 1/2, World Health Organisation, Geneva 1977. 

11. Hamlyn AN, Sherlock S. The epidemiology of primary biliary cirrhosis: a survey of 

Mortality in England and Wales. Gut 1974;15:473-479. 

12. Witt-Sullivan H, Heathcote J, Cauch K, Blendis L, Ghent C, Katz A, Milner R, Pappas 
SC, Rankin J, Wanless IR. The demography of primary biliary cirrhosis in Ontario, Canada. 

Hepatology 1990;12:98-105. 

13. Hamlyn AN, Macklon AF, James 0. Primary biliary cirrhosis: geographical clustering and 

33 



Chapter I 

symptomatic onset seasonality. Gut 1983;24:940-945. 

14. Myszor M, James OFW. The epidemiology of primary biliary cirrhosis in North-east 

England: an increasingly common disease ? Q J Med 1990;276:377-385. 

15. Loof L, Adami HO, Span�n P, Danielsson A, Eriksson LS, Hultcrantz R, Lindgren S, 

Olsson R, Prytz H, Ryden BO, Sandberg-Gertzen H, Wallerstedt S. Cancer risk in primary 

biliary cirrhosis: a population-based study from Sweden. Hepatology 1994;20: 101-104. 

16.Eriksson S, Lindgren S. The prevalence and clinical spectrum of primary biliary cirrhosis 

in a defined population Scand J Gastroenterol 1984;19:971-976. 

17. Reisman Y, Gips CH. Euricterus in The Netherlands. Report of the findings in 702 

patients gathered in 24 Dutch hospitals. International School of Hepatology GISH, 

Groningen, 1995:20. 

18. Bauer HJ, Lofgren S. International study of pulmonary sarcoidosis m mass chest 

radiography. Acta Med Scand 1964;176 (suppl. 425):103-105. 
19. Nyhlin H, Danielsson A. Incidence of Crohn's disease in northern Sweden during 1974-

1981. Scand J Gastroenterol 1986;21: 1185-1192. 

20. Lofgren S, Jamerot G, Danielsson D, Hemdal I. Incidence and prevalence of primary 

biliary cirrhosis in a defined population in Sweden. Scand J Gastroenterol 1985 ;20:647-650. 

21. Mackenbach JP, Kunst AE, Looman CWN. Cultural and economic determinants of 

geographical mortality patterns in The Netherlands. J Epidemiol Community Health 

1991;45:231-237. 

34 



Chapter II 

PRIMARY BILIARY CIRRHOSIS IN THE NETHERLANDS. 

AN ANALYSIS OF ASSOCIATED DISEASES, CARDIOVASCULAR 

RISK, AND MALIGNANCIES ON THE BASIS OF MORTALITY 

FIGURES. 

Gooitzen M. Van Dam and Chris H. Gips 

International School ofHepatology and Tropical Medicine GISH-T, 

Faculty of Medical Sciences, State University Groningen 

Groningen, The Netherlands 

Scand J Gastroenterol 1997;32:77-83. 

35 



Chapter II 

ABSTRACT 

Background/Methods. In 1979 death rate registration for primary biliary cirrhosis (PBC) 

became available in The Netherlands. In the 14 year period 1979-1992, 417 persons died.from 

and 1 79 with PBC. We investigated secondary causes of death using Standardised Mortality 

Ratios (S:MR 1.0 as reference, p<0.001 regarded significant). Results. Median age was 70-74 (35 

to >85). Secondary causes of death originated from the circulatory, digestive and respiratory 

tracts and malignancies. Younger persons ( <60), dying.from PBC, more often died with 'toxicity 

related to immunosuppression' than older persons (p<0.01). Younger persons (<60) dying with 

PBC, died more often from hepatocellular carcinoma (HCC) than older ones (p<0.05). In 

patients with PBC the frequency of HCC (SMR 25.5, p<0.0001) and diseases of the 

musculoskeletal system/connective tissue (SMR 5.1, p<0.0001) was higher than in the general 

population. Malignancies in general (SMR 0. 7), pancreatic carcinoma (SMR 2.5), breast cancer 

(SMR 0.1) and diseases of the circulatory system (SMR 0.8) differed, but not significantly 

(p<0.05 - p<0.01). No difference in the localisation of malignancies in patients dying from 

compared to those dying with PBC existed. Conclusions. Mortality occurred predominantly in 

the older age classes, with an age-related difference in some associated disorders. Patients with 

PBC showed an increased risk of HCC and diseases of the musculoskeletal system. Similar 

studies from different countries are needed. 
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INTRODUCTION 

Primary biliary cirrhosis (PBC) is diagnosed on the basis of antimitochondrial antibodies and 
liver histology compatible with PBC (1). The disease occurs (a-)symptomatic predominantly in 

middle-aged women (female/male ratio varying from 4.2 to 14 [2,3,4]), with a natural history 
varying from 1-20 years (5,6). The disease process is characterised by a quiescent primary stage 

of 5-20 years followed by a more or less sudden deterioration characteristic of end-stage liver 

disease of two years or less (7). Since the early eighties, prognostic models for survival in PBC 

have been developed to plan and monitor treatment strategies, including timing of liver 

transplantation (8-11 ). 

This study was conducted to gain more insight in several aspects of disease and age related 

mortality and in particular directly and indirectly associated disorders, such as the theoretically 

increased risk for atherosclerotic diseases of the circulatory system ( e.g. ischaemic heart disease) 

related to hypercholesterolaemia (12-14) and increased co-existence of autoimmune disorders 

(1,5,6) often found in PBC. Because of conflicting results in both retro- and prospective studies 

(15-22) about the association of PBC and malignancies, in particular hepatocellular carcinoma 
and breast cancer.1 we investigated this as well. 

PATIENTS AND :METHODS 

The Dutch Central Bureau of Statistics (CBS) registers death certificates for The Netherlands as 

filled out by the attending physician at the time of death. When there are uncertainties about the 

primary or secondary cause of death, death certificates are re-evaluated through the CBS by 

checking the medical records. This guarantees a constant quality of the data. Moreover, seventy 

percent of the death certificates from or with PBC have been recorded in a hospital and therefore 

can be considered reliable (4). CBS uses the International Classification of Diseases (ICD) 9th 

Revision of the World Health Organisation (24), with code 571.6 for PBC. Major groups of 

diseases are: infectious and parasitic (ICD 001-139), neoplasms (ICD 140-239), endocrine, 

nutritional and metabolic, immunity (ICD 240-279), haematological (ICD 280-289), mental 

(ICD 290-319), nervous system and sense organs (ICD 320-389), circulatory (ICD 390-459), 

respiratory (ICD 460-519), digestive (ICD 520-579), genitourinary system (ICD 580-629), skin 

and subcutaneous tissue (ICD 680-709), musculoskeletal system and connective tissue (ICD 
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710-739), congenital anomalies (ICD 740-759), injury and poisoning (ICD 800-999). 

A differentiation of PBC associated diseases was made in : i) directly related to PBC (portal 

hypertension, ascites, oesophageal varices, bleeding of the digestive tract, peritonitis, 

hepatocellular and cholangiocarcinoma), ii) indirectly related to PBC ( osteopathy, cholelithiasis, 

arthropathy, hypothyroiditis) and iii) therapy related disorders. 

A database delivered by the CBS with registrations of PBC as the primary cause of death 

( defined as death from PBC) and as secondary cause of death ( death with PBC) from 1979-1992 

was used. The death registration database contained primary causes and secondary (with a 

maximum of three) causes of death, location of the patient at the time of death (hospital, outside 

hospital [i.e. elderly home, nursing home, home] and unknown), year of death, sex and five 

year's age-class. 

In the Dutch control population approximately 43% of all the deaths occurred in a hospital, 

50% outside the hospital and 7% unknown. Chronic liver disease is the most frequent 

predecessor of HCC in The Netherlands and will be diagnosed in virtually all patients afflicted. 

HCC will be sought for and detected by alfa-fetoprotein monitoring, imaging (ultrasound, CT 

and MRI) and histopathology. The diagnosis cancer is based in general on imaging and 

histopathology. Autopsy in The Netherlands, which was performed in the period 1980-1993 in 

10% of the patients only (inside a hospital 16% [43]), plays no longer a major role in diagnosing 

HCC. 

Figures of mortality from malignancies and all primary causes of death from a Dutch age- and 

sex-matched control population from 1979-1992 were obtained from the Atlas of Cancer 

Mortality in The Netherlands 1979-1990 (25), the Atlas of Liver Disease Mortality in The 

Netherlands (26) and for 1991-1992 from reports of the CBS (27-29). Hepatocellular carcinoma 

was coded as ICD-155.0 (malignant neoplasm of liver [primary]), cholangiocarcinoma was 

coded as ICD-155 . 1  (intra-hepatic bile ducts) and ICD 1 56. 1 (extra-hepatic bile ducts, as part of 

total malignancies of extra-hepatic bile ducts and gallbladder ICD 1 56. 

Standardised mortality ratios (SMRs) were used for the comparison of mortality rates among 

the PBC population with the Dutch age- and sex-matched control population.(30,3 1 ,32). 

Absolute numbers from the Dutch control population for 'all causes of deaths' , diseases of the 

circulatory system, diseases of the musculoskeletal system I connective tissues and malignancies 

for five year age classes 35 to 85> years from 1979-1992 have been used (25-29) and 

implemented to calculate death rates related to 'deaths from all causes' .  Death rates are 

calculated on the basis of the number per all causes of deaths, because having rates related to the 

control living population would overestimate the influence of malignancies in the population of 

38 



PBC in The Netherlands 

PBC. The latter has only deaths from or with PBC and no prevalent, thus living cases. For both 

the PBC - as the Dutch control population - the primary causes of death were used for 

comparison of causes of death. A difference between SMR.s of the PBC population and the 

Dutch control population was regarded significant at p < 0.001 in order to decrease the risk of a 

type I error (false positive findings), tested by x2 with 1 degree of freedom assuming a Poisson 

distribution. 

In concordance with an earlier study performed by our group, liver transplantation numbers 

for patients with PBC from 1979-1992 were also registered (4). From 1979 to 1992 in The 

Netherlands, in 57 patients (one male, 56 females) with PBC (mean age 51, range 39-64 yr) a 

liver transplantation (LT) was performed. As described in that report (4), LT appeared to have a 

significant effect on mortality rates of age-category 35-59 years with a decrease from 10 persons 

in 1988 to 2 persons in 1992 (data not shown). The frequency of diseases among different age

categories, patients dying from PBC and those dying with PBC was tested using Yates' 

continuity correction and Fisher's exact test where appropriate (a p-value < 0.05 was considered 

significant). 

RESULTS 

Primary and secondary causes of death. 

From 1979 to 1992, 596 persons died from PBC as primary cause of death (n=417) or with 

PBC as secondary cause of death (n=l 79). The age distribution of the PBC population is 

depicted in Figure 1. 
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Figure 1. Age distribution of 596 persons (absolute numbers) registered in The Netherlands who 

died from or with primary biliary cirrhosis (n=596). (Reproduced with permission of Hepato

Gastroenterology 1996;43: 906-913.) 

1 20 r--
-

--
-

----M�ed�la_n ___ � 

r:::;�
t,,. 
�<r_p,

°-' 
t,,.r:::;

i>-
t,,.<r}'

°-'
' <,;,r:::;"1' 

<,;,<r.1
<,;,°-' 

ror:::;� ro<,.}'J
°-'
�r:::; � \<r.1 �

o.,
�r:::;

'li' 
�<,;, -i 

Age-category 

■ Total mortality PBC 

No person died below age 35. The median age at death was 70-74 (males and females alike, 

range 35 - >85). In Figure 2 (panel A-C), primary and secondary causes both for PBC as primary 
and secondary cause of death are given. Persons who deceased from PBC (Figure 2, panel A) 

had predominantly secondary causes of death originating from the circulatory ( cerebrovascular 

disorders and ischaernic heart disease) and respiratory system (pneumonia), digestive tract (non

infective enteritis/colitis) and infections (sepsis). Younger persons (35-59) died more often with 

non-infective enteritis I colitis (p<0.05), infectious and parasitic disorders (predominantly sepsis, 
p<0.0001), injuries and poisoning (complications after surgery p<0.01 and toxicity related to 

irnrnunosuppressive agents p<0.05) compared to older ones. The latter group died more often 
with neoplasms (p<0.05). Persons who died with PBC (Figure 2, panel B), died from primary 

causes of death originating from the circulatory system ( acute myocardial infarction and 

cerebrovascular disorders), digestive tract ( cholelithiasis and diseases of 

oesophagus/stomach/duodenum) and neoplasms (lung/bronchus carcinoma, hepatocellular 

carcinoma, urogenital malignancies and pancreatic neoplasms). The secondary causes of death 

(Figure 2, panel C) in this group originate from the circulatory ( oesophageal varices and 
cerebrovascular disorders) and respiratory tracts (pneumonia and chronic obstructive pulmonary 

disease), and the digestive tract ( cholelithiasis, bleeding digestive tract and cholangitis ). In this 

group, with PBC as secondary cause of death, older persons (2':60) died more often from 

disorders of arteries, arterioles and capillaries (p<0.05) than younger ones. 
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Figure 2. Percentage of primary and secondary causes of persons dying.from (panel A, n=4 l 7) or with (panels B and 

C, n= 179) primary biliary cirrhosis from 1979-1992, separated in major disease groups and PBC related diseases. 

BLD= lymphatic/haematopoetic system, CIRC = circulatory system, CNS = nexvous system, CONG = congenital 

anomalies, CTD = connective tissue and musculoskeletal, DIG = digestive system, ENDO = endocrine, nutritional 

and metabolic diseases and immunity disorders, INF = infectious and parasitic, INJ = injury and poisoning, MENT = 

mental, NEO = neoplasms, RESP = respiratory system, SKIN = skin and subcutaneous tissue, UROGEN = 

genitourinary system 
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PBC related diseases are depicted in Figure 3. Persons deceased from PBC had as secondary 

causes of death oesophageal varices and bleeding from the digestive tract significantly more 

often than those dying with PBC (p<0.0001 and p<0.01). Toxicity from immunosuppressive 

agents occurred more often in younger persons dying from PBC than in older ones (p<0.01). 

Persons with PBC had more often cholelithiasis (p<0.0001) and arthropathy (p<0.01) compared 

to those dying/ram PBC. In the group dying with PBC, younger persons died more often from 
HCC compared to older ones (p<0.05). 

Figure 3. Percentage of primary biliary cirrhosis related diseases for persons dying.from {n=4 l 7) 

or with PBC (n=l 79) from 1979-1992. 
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Of the patients dying with PBC (n=l 79), a total number of 61 deaths (34%) with diseases of 

the circulatory system were registered. From these 61 deaths, 23 persons (13% of n=l 79) died 

from ischaemic heart disease (IBD) with 16 (9% of n=l 79) having an acute myocardial 

infarction. Seven persons died from diseases of the musculoskeletal system (4%). 

The different localisations of the registered malignancies for patients dying from or with PBC 
are depicted in Figure 4, there were no significant differences. 
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Figure 4. Primary sites of malignancies registered for persons dying with (n=l 79) and from 

primary biliary cirrhosis (n=417). No significant differences between both groups were present. 
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In Figure 5, the SMRs for the musculoskeletal system / connective tissue, circulatory system 

and malignancies of the 1 79 persons dying with PBC are presented. Musculoskeletal and 

connective tissue diseases appeared more frequent in the PBC patients (S:MR, 5. 1; p<0.0001). 

Thirty-eight (21 %) persons died ofneoplasms. Hepatocellular carcinoma (S:MR, 25.5; p<0.0001) 

and, for that matter, all intrahepatic malignancies together, was the only malignancy to occur 

more often in the PBC patients. Malignancies in general (S:MR, 0.7), pancreatic carcinoma 

(S:MR, 2.5), breast cancer (S:MR, 0.1), and diseases of the circulatory system (S:MR, 0.8) differed 

but not significantly (p<0.05-0.01). No differences with regard to dying inside or outside a 

hospital for patients dying with PBC were found for diseases of the musculoskeletal 

system/connective tissue, circulatory system, and malignancies ( data not shown). 
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Figure 5. Standardised Mortality Ratios (SMR) for diseases of the circulatory system, 

musculoskeletal system, and of malignancies in 1 79 persons dying with primary biliary cirrhosis 

between 1979-1992 in The Netherlands. The darkened area depicts the range from SMR 0 - 1. 
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Since 1971, several mortality studies have been performed for primary biliary cirrhosis. In 
these, there has been no emphasis on accompanying secondary causes of death other than 

accompanying associated diseases (1-3,5,6,19,22,23,33-35). The current study used mortality 
figures from or with PBC based on death certificates which are controlled routinely by the CBS 

and are registered in 70% of the patients in a hospital-setting which guarantees a high quality of 

the data. Because no difference was found in the frequency of diseases between patients dying 

with PBC inside a hospital and those outside a hospital, the reliability of the data appears 

confirmed. We found that persons who died from or with PBC had secondary causes of death 

related predominantly to the circulatory and respiratory system, the digestive tract and infections. 

Similar to other studies (1,5,6) PBC related disorders were mainly oesophageal varices, bleeding 

of the digestive tract and arthropathies. 
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Little has been reported about the incidence of ischaemic heart disease (IHD). Schaffner (12) 

described 6 cases with ischaemic heart disease in a group of 50 patients with PBC (12). Crippin 

et al. (13) found no difference in a prospective study in the incidence of deaths caused by 

coronary artery disease (5% of 128 patients with PBC) compared to an age and sex-matched 
U.S. control population. Nevertheless, it must be stated that these earlier studies did not provide 

data considering the age- and sex-distribution at the time of death and which therefore could bias 

the results. Therefore, comparisons of percentages of different studies should be interpreted with 

caution. Although our study detected slightly lower standardised mortality ratios of ischaemic 

heart disease and acute myocardial infarction compared to the Dutch control population, it was 

not significant . 

Although cholesterol levels tend to be increased in PBC patients, the explanation for the 

absence of an increased incidence of coronary heart disease in PBC might be found in the 

simultaneously elevated High Density Lipoprotein (HDL) levels and apoprotein E-rich HDL 

(13). Furthermore, a protective effect may be due to the low lipoprotein A levels in PBC patients, 

irrespective of ( elevated) cholesterol levels (14). 

Both in retrospective and in prospective studies, there are conflicting results concerning the 

appearance of malignancies with PBC. Several studies have indicated there is an increased risk 

in the development of neoplasms (15-21). We found a similar number of 'neoplasms in general' 

in the Dutch patients dying with PBC compared to the Dutch control population and also no 

difference in the localisations between patients dying with and patients dying from PBC. A 

higher risk of developing HCC in patients with PBC has been reported (16, 17 ,21 ), but others 

could not establish this (18-20,22). Hepatocellular carcinoma in our study was more frequent 

compared to the Dutch population, and this agrees with Floreani et al. (21) who found a 3.5 times 

increase. The stated excess risk of 4 times for the development of breast cancer in patients with 

PBC (18-20) could not be confirmed, we found no significant difference compared to the 

general population. The theoretically higher risk of developing lymphoma in auto-immune 

diseases ( e.g. rheumatoid arthritis and sicca syndrome) caused by defects in the humoral and 

cellular immuneregulatory functions repeatedly found in PBC (36-39) or malignant 

transformation of lymphocyte subsets (as reported in rheumatoid arthritis) (40-42) could not be 

substantiated. We found a similar occurrence as in the general population of intra- and extra

hepatic cholangiocarcinoma and of malignancies of the extra-hepatic bile ducts and gallbladder, 

pancreatic carcinoma, lung/bronchus, colon/rectum, and genitourinary tract. 

Younger persons (35-59) dying with PBC died more often from HCC, whereas those dying 

from PBC, died with non-infective enteritis/colitis, sepsis, and toxicity related to 
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immunosuppression. Older persons dying from PBC died with neoplasms in general and those 

dying with PBC, from disorders related to arteries, arterioles and capillaries. These results are 

different from those found by Floreani et al. (34) and Lehmann et al. (35), who could not detect 

any differences in primary and secondary causes of death among younger and older PBC 

patients. The higher incidence of auto-immune disorders associated with PBC confirms earlier 

reports (1,5,6). 

Described earlier by our group (4), liver transplantation for PBC showed to have a significant 

positive effect on mortality rates for patients from 35-59 years. Extending the age-limit for LT 

could probably decrease death rates for patients older than 60 years. Nevertheless, mortality from 

PBC occurs predominantly in the older patients, which may ask for a more generalistic approach 

of therapeutic monitoring for this group. 

Although we studied a large PBC population, similar additional studies using independent 

data and standardised mortality ratios in other countries are needed. 

In conclusion, apart from the description of secondary causes of death in patients dying.from 

or with PBC, the use of Standardised Mortality Ratios of primary causes of death of patients with 

PBC has enabled us to obtain insight in the occurrence of disorders in relation to the general 

population. 
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ABSTRACT 

Background/ Aim. A retrospective study of primary biliary cirrhosis (PBC) was performed to 

study the Original Mayo Model for; predicting survival by a Dutch data-set of patients, 

presentation of disease progression; assessment of liver transplantation, prediction of 
post-transplantation survival; and the addition of two laboratory variables to the Original 

Mayo Model. Patients and Methods. Survival of 83 patients, 37 of whom underwent 
transplantation, was studied. Mean follow-up was 6.0 ± 0.45 (SEM) years. Risk score at 

diagnosis, platelet count, and serum sodium were analysed in a Cox model. Results. The 

Original Mayo Model estimated survival for low-, medium-, and high-risk groups accurately, 

and did present disease progression. Baseline Mayo risk score in a Cox model had a 

regression coefficient of 1.01, indicating an excellent predictor (p<0.0001). Platelet count was 

a predictor of survival (p<0.002), whereas serum sodium did not (p=0.67). A new model 

combined of the Original Mayo risk score and platelet count predicted survival in high-risk 

patients somewhat better compared to the Original Mayo Model. With both models, liver 

transplantation had a significant beneficial effect on survival (p<0.001). The scores revealed 

no significant influence (p=0.47) for overall post-transplantation survival. Conclusions. The 

Original Mayo Model remains the model of choice for patients with PBC for prognostication 

from 3-8 years, is a useful tool in the assessment of liver transplantation but not an indicator 

of post-transplantation survival. Platelet count showed to have additional prognostic value. A 

new model combined of platelet count and the Original Mayo risk score did predict survival 
in high-risk groups slightly better compared to the Original Mayo Model. 
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INTRODUCTION 

Orthotopic liver transplantation (OLT) is considered to be life-saving in various 

end-stage liver diseases, including primary biliary cirrhosis (PBC) (1-4). Although it is widely 

accepted as an established therapy, the value of OLT has never been assessed in randomised 

clinical trials, because withholding this treatment would be considered unethical (5,6). Several 

investigators developed mathematical models to predict the probability of survival in patients 

with PBC (7-11,15). The uses of these models include determination of morbidity and so 

prognosis (10-14), improvement of patient management, timing and selection of treatment 

protocols ( e.g. prednisone, azathioprine and OLT [ 15-18]), and assessment of the efficacy of 

OLT (19-23) or ursodeoxycholic acid therapy (24-25). Investigators at the Mayo Clinic 

developed a prognostic model (I 0) that has been used for predicting survival m an 

independent set of PBC patients (26) and in the assessment of liver transplantation (19,22). 

Although the model has been cross-validated in an independent American population (26), 

there is no study performed in Europe that cross-validates this Original Mayo Model for PBC 

patients. 

This retrospective study evaluated the generalizability of the Original Mayo Model in 

an independent European set of PBC patients, the usefulness of the model for disease 

presentation, for differentiation in high-, medium-, and low-risk groups, and the effect of 

inserting platelet count and serum sodium concentration into the Original Mayo Model by 

using a Cox proportional hazards model (27). These two variables were investigated because 

they may be of prognostic importance in end-stage liver disease (portal hypertension and the 

hepatorenal syndrome respectively [28-32]). Finally, the efficacy of liver transplantation (by 

using the Original Mayo Model as a mathematical control group) and the usefulness of the 

Mayo risk score (calculated just before transplantation) as a prognostic indicator for post-OLT 

survival were also investigated. 
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PATIENTS AND METHODS 

Ninety-one patients with PBC seen at the University Hospital of Groningen were 

selected for this retrospective study. The diagnosis of PBC was based on the combination of 

positive tests results for antimitochondrial antibodies and liver histologic findings diagnostic 

for or compatible with PBC (33-35). The date of diagnosis was defined as the time when both 

variables were diagnostic for PBC. A database was established for each patient on 

retrospectively obtained data at entry ( date of diagnosis, baseline measurement) and at yearly 

intervals thereafter. From each patient who was still alive, we obtained informed consent for 

review of the medical records. Evaluation included laboratory and demographic variables: 

total serum bilirubin, albumin, prothrombin time, platelet count, serum sodium, oedema score 

(0, no oedema + no diuretic therapy; 0.5, oedema present + no diuretics or no oedema because 

of diuretics; 1, oedema present despite diuretics), age at diagnosis, sex, date of death, cause of 

death, and date of OLT. Data were collected from medical records at our hospital or by 

sending a standard questionnaire to the patient's physician ( or both). This questionnaire 

included the following subjects: clinical status, last visit, whether the patient was still alive, 

laboratory data mentioned above, and, in case of mortality, cause and date of death. 

The initial group of 91 PBC patients consisted of 39 transplant (OL T) patients and 52 

nontransplant (non-OLT) patients. From this population, eight patients were not eligible 

because of incomplete data sets (two OLT patients and six non-OLT patients). Follow-up data 

were obtained in 83 patients (91 %). This group was the final study population. 

Cross-validation of the Original Mayo Model. For validation of prediction of the 

natural history of PBC, all patients (n=83) were included. Survival time was the time from the 

date of diagnosis until the endpoint of the study, time of death, or transplantation. Patients 

who were still alive at the end of the study or who had undergone transplantation were 

censored at the time of last follow-up or transplantation. Actual survival was calculated by the 

Kaplan-Meier product-limit method (36). The survival without transplantation could be 

predicted from the original five variable Mayo Model as described by Dickson et al. (10). 

Techniques like those from a previous study (26) were used for cross-validation of the model. 

Five variables of the Original Mayo Model measured at the time of a patient's referral 
were used for calculation of the Mayo risk score: age (yr), albumin (g/dl), bilirubin (mg/dl), 

prothrombin time (absolute, s), and the oedema score mentioned before. The following risk 

equation gives the Mayo risk score Rm at the time of diagnosis (baseline) or during 

56 



Dutch application of the Mayo model in PBC 

follow-up. 

Rm = 0.871 x loge (bilirubin, mg/dl) + (-2.533 x loge (albumin g/dl)) + 0.039 x (age, yrs) + 

2.380 x loge (prothrombin time, sec) + 0.859 x (oedema score, 0/ ½ / 1). Rm was used to 

calculate the survival function: 

S(t,X) = [So (t)]exp (R-Ro) 

in which S(t,X) is the probability that a patient with risk score R will be alive t years later. 

S0(t) is the baseline survival function from the Mayo study population with R=R0 . Values up 

to t=7 years were used in the validation (Table 4). 

Differentiation of Risk-groups and Disease Progression. Patients were divided in three 

risk groups based on the Original Mayo risk score, with cut-offs to yield the same number of 

deaths in each group. For each patient, a predicted survival curve was obtained by applying 

the Original Mayo Model to the patient's risk score at the time of diagnosis. Within each of 

the risk groups, all individual survival curves were averaged to get an overall predicted 

survival curve for the group. The predicted curves were compared to the Kaplan-Meier curves 

(36) of the observed survival in the groups both graphically and by the one-sample log-rank 

test (37). 

Disease progression was visualised by calculating the risk score of the Original Mayo 

Model at diagnosis and at yearly intervals thereafter until death or liver transplantation 

occurred. 

Addition of Prognostic Factors. Two variables (platelet count and serum sodium 

concentration) thought to be of prognostic importance were implemented in Cox 

proportional-hazards regression models (27) containing the Original Mayo risk score Rm, in 

order to determine whether they had independent predictive value. The Original five variables 

could not be fitted in a Cox regression model because of insufficient number of events (i.e. 

deaths). Therefore, implementation would cause over-fitting of the data (38). 

Efficacy of OLT I Survival post-OLT. The comparison of the actual post-OLT survival 

with survival predicted by the Original Mayo Model for establishment of the efficacy of liver 

transplantation was based on 37 patients (with 12 patient deaths post-transplantation) 

undergoing transplantation, with the time of transplantation considered to be time zero. The 

covariates used for calculation of survival before transplantation are those measured at the last 

visit preceding transplantation. Efficacy of transplantation was determined by using methods 

similar to those used in previous studies (19,22,40). In order to determine the usefulness of 

the Mayo risk score ( calculated prior to transplantation) for predicting the entire post-OL T 
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survival, a Cox proportional-hazards regression model with the Original Mayo risk score was 

applied. 

Statistical Methods. The modelling technique according to Cox proportional-hazards 

regression analyses was used (27). The actual, predicted, and population survival were 

statistically and graphically compared. Statistical testing of differences between the survival 

probability predicted by the models (pre- and post-transplantation) and the actual survival 

was performed with the one-sample log-rank test (37), as implemented in the SAS Institute's 

supplemental procedure SURVDIFF (39). This test uses the survival curve predicted by the 

model for each patient as a mathematical control for that patient. For the graphic method, the 

individual probabilities for predicted survival were averaged to produce a mean model 

survival curve to be compared with the actual Kaplan-Meier curve. Linear regression analyses 

was used to analyse progression of disease. A p value < 0.05 was considered to be statistically 
significant. 
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RESULTS 

Laboratory and Demographic Data. Demographic and mortality data for the study 

group are depicted in Table I. The data are presented for the transplant (OLT, n=37) and 

nontransplant group (non-OLT, n=46). Of the 83 patients, age at diagnosis was 49.1 ± 1.12 

years (SEM). There were 31 deaths, of which 12 occurred after transplantation. In the OL T 

group, as expected, the causes of death (n=l 2) were mostly OLT-related, whereas in the 

non-transplant (non-OLT) patients the causes of death (n=l 9) were mostly disease related. 

Follow-up for OLT patients was 9.1 ± 0.88 years [SEM] (range 1.1 - 21.6 yr) and non-OLT 

patients 6.5 ± 0.62 years [SEM] (range 0 - 18 yr). For the entire group mean follow-up (with 

censoring at the time of liver transplantation) was 6.0 ± 0.45 (SEM) years (range 0.01- 18.0 

years). 

Table I. Demographic and mortality data for transplant (OLT) and Non-transplant (Non

OL T) patients with primary biliary cirrhosis. 

Demographic 
� 

At Diagnosis 
At OLT 
At Death 
End-point of study 

Sex (F/M) 

Mortality / Cause of death 
Haemorrhagic 
Hepatic artery thrombosis 
Septic 

Systemic 
Local 

Respiratory insufficiency 
Rejection 

End-stage liver disease or failure 
Hepatorenal syndrome (HRS) 
Hepatic Encephalopathy (HE) 
HRS + HE 
Oesophageal variceal bleeding 
Unspecified liver failure 

OLT (n=37) 

42.0 ± 1 .4" 
49.6 ± 1 .2 
52.9 ± 1 .6 (n=12) 
53.4 ± 1 .7 (n=25) 
35/2 

Absolute number 
2 
2 

5 
1 
1 
1 

All data mean ± SEM, Dx=diagnosis 

Non-OLT (n=46) 

53 . 1  ± 1 .4 

56.7 ± 2. 1 (n=19) 
6 1 .7 ± 2.2 (n=27) 
41/5 

Time post-OL T 
during operation 
1 week 

3 weeks - 6 ½ months 
1 1  months 
3 months 
3 ½ years 

Time post-Dx 
4.0±0.7 years (0- 12  yr) 
Absolute number 
1 9  
3 

4 
3 
4 
5 
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Table II shows the laboratory data at the time of diagnosis (baseline measurements). 

Table II. Laboratory data at diagnosis for all patients with primary biliary cirrhosis (n=83). 

Variable 

Age (yr) 

Bilirubin Total (µmol/1, normal <17) 

Albumin (g/1, normal 34-4 7) 

Prothrombin time (sec, normal 1 1- 13) 

Oedema score (number, %) 

0, no oedema/no diuretics 

½, oedema/no diuretics or 

no oedema because of diuretics 

1 ,  oedema despite diuretics 

Platelet count (x109
, normal >1 50) 

Plasma sodium (mmol/1, normal 138-144) 

All data mean ± SEM 

Total group 

49. 1 ± 1 . 12  

23 .9  ± 7.7 

37 ± 1 .4 

12.7 ± 0. 13 

75 (90%) 

6 (7%) 

2 (3%) 

210  ± 10.6 

139 ± 0.3 

Cross-validation of the Original Mayo Model. The total number of pretransplant 

events (19 deaths) in the study was considered too small to refit the five-variables given in the 

Original Mayo Model by Cox regression analyses and to compare individual coefficients. 

Instead, a Cox proportional-hazards model was fit to the pretransplant data (with censoring at 

transplantation) using the calculated baseline Mayo risk score Rm as the single covariate 

(mean 5.0 ± 0.20 [SEM]). The regression coefficient for the risk score in a univariate Cox 

model was 1.01 ± 0.2 [SE] (p < 0.0001). Application of the identical fitting procedure to the 

original Mayo data would yield a coefficient of exactly 1; thus, the overall agreement between 

the Dutch and Mayo natural history experience is excellent. 
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Differentiation of Risk-Groups and Disease Progression. The risk score cut-offs for 

the Original Mayo Model in this dataset (Table III), which define the three groups so that each 
group includes roughly the same number of deaths, were as follows: low-risk (0 - 4.6, 6 

deaths), medium-risk (4.6 to 5.8, 6 deaths), and high-risk (5.8 to 12, 7 deaths). 

Table III. Classification of risk groups pretransplantation by calculated Mayo risk score 

(Rm) Cut-offs* 

Risk group (n), deaths (range of Rm ) 

Low {n=44), 6 deaths (0-4.6) 

Medium (n=19), 6 deaths (4.6-5.8) 

High (n=20), 7 deaths (5.8- 12) 

Mayo Risk Score 

Mean (SEM) 

3 .8  (0. 1 1) 

5. 1 (0.08) 

7.7 (0.33) 

Range 

1 .73-4.57 

4.63-5.67 

5.83- 1 1 .36 

*The total group of patients with primary biliary cirrhosis was used (n=83), with censoring at 

the time of transplantation. 

Figure 1 shows the actual and predicted survival curves based on the underlying 

survival function stated in Table IV for three risk groups with the subjects censored at 

transplantation. There appears to be good agreement between observed survival and survival 

predicted from the Original Mayo Model. None of the predicted survival curves for the three 

risk groups differ significantly from the observed survival curves (log-rank test), although the 

Original Mayo Model seems to underestimate survival in high-risk patients. 
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Figure 1 .  Survival curves calculated by the Kaplan-Meier product-limit method for three risk 

groups with censoring at transplantation, and predicted survival curves by the Original Mayo 

Model ( dashed line is observed survival, solid line is predicted survival). A; low-risk patients 

(Rm=0 - 4.6, 6 deaths), B; medium-risk (Rm=4.6 to 5.8, 6 deaths), C; high-risk (Rrn=5.8 to 12, 

7 deaths). The calculated expected curves did not differ significantly from the observed 

curves. 0 

� 

f � 

0 

� 

Ye&n1 

When the risk score Rm of the Original Mayo Model is calculated at yearly intervals, 

it can be seen in Figure 2 that Rm presents disease progression both for transplanted patients 

(n=37) as for patients who died without a liver transplantation (n=l9). As can be derived from 

both linear regression lines of dead patients, they appeared to have a more progressive 

increase of the calculated Mayo risk score 3 years prior to death (line A versus line C, 

p<0.0001). There is a mean increase of 0.32 units per year from 10 to 3 years before death, 

whereas a significant increase of 1.4 units/year three years prior to death, which represents a 

worsened prognosis (representative for the natural and inexorable progression of the disease). 

The mean Mayo risk score at 3 years prior to death was 5.8 ± 0.92 (SD). A similar pattern can 

be seen for OLT patients; an annual increase of 0.23 units from 1 0-3 years and an increase of 

0.82 units three years prior to death (line B versus line D, p<0.0001). Each increase of the 

Mayo risk score pre-OL T by one unit increased the risk for being transplanted 2.5 fold. 

Between OL T patients and patients who died there is a significant difference for the increase 

of the Mayo risk score in time (line A versus line B, p<0.01 and line C versus line D, 

p<0.0001). One year prior to death or OLT there was a significant difference in the mean risk 

score (deaths (8.5±1.47 (SD) versus OLT (7.0±1.52 (SD) p<0.01). 
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Figure 2. Progression of the yearly calculated Original Mayo Risk Score for transplanted 

(OLT, n=37) patients and for patients who died with primary biliary cirrhosis (n=l9). Lines 

are obtained by linear regression analysis. Line A and B represent the initial progression of 

respectively PBC patients who died and for those transplanted (line A versus B, p<0.01). Line 

C and D represent the significant increase of the risk score 3 years prior to death or OL T ( line 

C versus D / line A versus C and line B versus D, all p<0.0001). 
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Additional Prognostic Factors. Before entering the variables platelet count and serum 

sodium into a Cox regression model, the effect of stratification on Kaplan-Meier survival 
curves was investigated (Figure 3, panel A and B). 

Figure 3. Kaplan-Meier survival curves in patients stratified according to the mean platelet 

count (Figure 3A, platelet count �210 solid line [n=43] and �211 dashed line [n=40] ; log

rank test, p<0.001). In Figure 3B patients are stratified according to their mean serum sodium 

(sodium � 139 mmol/1 solid line [n=45] and � 140 dashed line [n=37]; logrank test, p<0.01). In 

the underlying tables the numbers are given of the patients at risk during follow-up. 
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It becomes clear that both platelet count and serum sodium did have prognostic 

influence by stratification on survival at the mean (log-rank test, respectively p<0.001 and 

p<0.01). Nevertheless, when the covariates platelet count and serum sodium concentration 

were added separately to the model containing the baseline Original Mayo risk score Rm in a 

Cox regression model, serum sodium did not have predictive value (p = 0.67). However, 

platelet count seemed to had have predictive value (regression coefficient = -0.01, p = 0.002) 

above that provided by the Mayo risk score itself (regression coefficient = 1.02, p < 0.0001). 

With the use of both parameters, Rm and platelet count, a new model could be defined; 

Rp = 1.02 * Rm - (0.01 * [platelet count - 210]), 

where Rp is the platelet risk score and Rm is the Original Mayo risk score. 

As can be concluded from the equation, higher platelet counts will have less impact on the 

risk score as compared to lower platelet counts (higher risk score i.e. worse prognosis). In 

Figure 4, the relationship between platelet risk score and Mayo risk score calculated at yearly 

intervals is depicted. 

Figure 4. Correlation between Platelet Count Risk Score (Rplatelet) and the Original Mayo 

Model Risk Score (Rmayo )calculated at yearly intervals for 83 subjects with PBC (Rp1atelet = -

0.311 + (1.134*Rmayo), r2 = 0.773, p<0.0001). 
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In Table IV, the underlying survival function values S0(t) for the Platelet Count 

Model are given for a 'mean' Dutch patient with a platelet risk score R0 of 5.12 (age=S0. 7 yr, 

oedema=0, bilirubin=28.2 µmoVI, prothrombin time=! I sec, albumin=35 g/1, platelet = 

210x109/l) and for the Original Mayo Model with a mean risk score of 5.07 of the original 

Mayo data. 

Table IV. Baseline Survivor Function for the Original Mayo Model and the Platelet Count 

Model 

t (yr) 

So(t) 

Original Mayo Model 

Platelet Count Model 

0.970 

0.999 

2 

0.941 

0.966 

3 

0.883 

0.939 

4 

0.833 

0.891 

5 

0.774 

0.856 

6 

0.72 1 

0 .805 

7 

0.65 1 

0 .776 

S/t) gives the survival probabilities for a patient with risk score 5.07 for the Original Mayo 

Model and of 5 . 12 for the Platelet Count Model, the mean risk scores of both models in the 

Mayo Clinic and Dutch data set. 

When survival predicted by the Original Mayo Model (Figure 1) and that by the 

Platelet Count Model (Figure 5) in three risk groups is compared, there is no significant 

difference between the survival curves as tested with the logrank test. For high-risk patients 

the Platelet Count Model seems to estimate survival somewhat better compared to the 

Original Mayo Model, although they do not significantly differ. 
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Figure 5. Survival curves calculated by the Kaplan-Meier product-limit method for three risk 

groups with censoring at transplantation, and predicted survival curves based on the Platelet 

Count Model ( dashed line is observed survival, solid line is predicted survival). A; low-risk 

(Rp
=0 - 5.2, 6 deaths), B; medium-risk (Rp

=5.3 to 6.6, 6 deaths), C; high-risk (Rµ
=6.7 to 13.0, 

7 deaths). The calculated expected curves of the Platelet Count Model did not differ from the 

observed Kaplan-Meier curves. 
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Efficacy of OLT I Survival post-OLT. Figure 6 shows the results for the OL T group as 

a whole. During the first 18  months, the death rate in the transplant group was slightly higher 

than predicted by the natural history Original Mayo Model, after which it was much less than 

the natural history prediction. Overall, the observed survival exceeded predicted survival (p < 

0.001). Similar results were found with the use of the prementioned Platelet Count Model 

( data not shown). When the Mayo risk score, calculated before transplantation as described 

above, was used in a Cox regression model for the entire post-transplantation survival, it was 

not a statistically significant predictor of survival (regression coefficient = 0. 149, p = 0.47), 

nor did the Platelet Count Model. 
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Figure 6. Actual and predicted survival curves for the total transplant group (n=3 7). The 

predicted survival curve before OL T was obtained with the Original Mayo Model. 

-� Jl 

DISCUSSION 

c:o 
0 

co 
0 

..,. 
0 

N 
0 

0 
0 

Years post transplat 

Several statistical models have been developed for prediction of survival and 

determination of the efficacy ofliver transplantation (7-10,19,22). The model developed at the 

Mayo Clinic (10), which is an easy to use clinical tool based on non-invasive covariates, was 

applied in several studies (19,26,40,41). In the present study the objectives were: 

cross-validation of the model in an independent data set of PBC patients originating from an 

European country, analysis of the model's capability of differentiation of risk groups, 

presentation of disease progression, analysis of the effect of incorporation of two other 

laboratory variables (platelet count, serum sodium concentration) in the Original Mayo 

Model; determination of the efficacy of liver transplantation, and use of the Mayo risk score 

as a prognostic indicator of post-transplantation survival. 

The Original Mayo Model fits well with the actual survival curve of the total patient 

group (transplant and nontransplant patients). The use of the Mayo risk score proved to be an 

excellent predictor of pretransplantation survival in this patient group as determined by Cox 

regression analyses. It also predicts survival well for low-, medium-, and high-risk patient 

groups, although it seems to underestimate survival in high-risk patients. This 

underestimation may be caused by the fact that the Original Mayo Model is based 

predominantly on patients with low or medium risk scores (the mean risk score of the Mayo 
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population is 5.07, range 2.78 to 10.17 [10]). Which is significantly lower compared to 

patients eligible for transplantation (Pittsburgh PBC population; mean risk score 8.24, range 

4.37 to 11.58 [19]) or patients prior to death who reach risk scores above 7 (19,41), as in this 

study with a mean risk score of 8.5. Several investigators have shown that calculation of the 

Mayo risk score in time is useful for means of disease presentation and monitoring of sudden 

deteroriations in PBC patients (12,41). Our data did present similar results both for 

transplanted as nontransplanted patients in terms of disease presentation and progression. 

These results are in close agreement with Klion et al. ( 41 ), who stated that the Original Mayo 

Model is useful as a prognostic indicator for survival beyond 2 years, but a less well suited 

predictor when a patient died within 2 years. Although this study showed a significant 

increase three years prior to death, progression rates are approximately similar ( an annual 

increase of 0.23 from 10-2 years prior to death found by Klion et al. versus 0.32 in this study. 

From two or three years before death both studies found an annual increase of 1.4). One of the 

presumed disadvantages in these models is the lack of time-dependency throughout the 

disease progression of PBC (14,18,42). Nevertheless, the Original Mayo Model, originally 

defined as a time-independent model, shows to present disease progression and deterioration 

well when calculated at yearly intervals. Anyway, a time-dependent model, which means a 

model of disease progression, probably predicts more accurate short-term survival (i.e. 

months) of patients with PBC. Recently, a short-term survival model, i.e. Updated Mayo 

Model, based on repeated patient visits has been developed for predictions of survival for 0-2 

years after a patient visit (12). A study performed by Hughes et al. showed similar results 

(13). 

On the basis of data in the literature (28-32), it was thought that platelet count and 

serum sodium concentration could have a significant effect in the calculation of predicted 

survival. Platelet count did, in contrast to serum sodium, add statistically significant 

predictive value to the Mayo Model. This is probably caused by hypersplenism as a result of 

portal hypertension. In primary biliary cirrhosis, end-stage liver disease and therefore survival 

is predominantly determined by liver-function, portal hypertension and the hepatorenal 

syndrome. In contrast to other liver diseases, patients with PBC can compensate their 

hyperdynamic state and the loss of renal function will become apparent very late in the 

disease process. This is probably the reason why serum sodium did not have enough 

significant predictive power. 

On the basis of platelet count and the Mayo risk score a new prognostic model was 

defined. Nevertheless, when compared to the Original Mayo Model it did not statistically 
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significantly predict survival better, although it estimated survival somewhat better for 

high-risk patient groups. Because of the importance of standardisation of results obtained in 

different centres with the Mayo Model and the excellent fit of the original model in this 

patient population, it is preferable to use the Original Mayo Model for predictions from 3-7 

years and the Updated Mayo Model for 0-2 years. In Figure 7, a nomogram was constructed 

both for the Original Mayo Model (panel A, 3-7 years) and the time-dependent Updated Mayo 

Model (panel B, 0-2 years) on the basis of repeated measured risk scores from our dataset. 
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Figure 7. Nomogram based on calculated survival curves adapted from the yearly calculated Original 

Mayo Risk Scores (panel A, survival probabilities from 3 to 7 years) and Updated Mayo Risk Score 

(panel B, short-term predictions from 0.5-2 years). 

The survival probability of an individual patient can be obtained as follows: 1 st) calculate the Original 

Mayo Risk Score (Rm = 0.87 1 x loge (bilirubin, mg/dl) + (-2.533 x loge (albumin, g/dl)) + 0.039 x 

(age, yr) + 2.380 x loge (prothrombin time, sec) + 0.859 x (oedema score)) or the Updated Mayo Risk 

Score (Ru = 1 .209 x loge (bilirubin, mg/dl) + (-3 .304 x loge (albumin, g/dl) + 0.05 1 x (age, yr) + 2.754 

x loge (prothrombin time, sec) + 0.675 x (oedema score)). 2nd) Draw a vertical line from the 

calculated risk score so the survival probability can be determined at the y-axes for 3-7 or 0.5-2 years. 
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It is concluded that OLT significantly improves long-term survival of patients with 

PBC. These findings agree with those of Markus et al. (19). Our findings differ from those of 

Markus et al. in that the pretransplantation risk score was not a significant predictor of the 

entire post-OLT survival determined by a Cox regression analysis. Nevertheless, the initial 18 

months of survival post liver transplantation was predicted by both the Mayo and Platelet 

Count Model. Most of the deceased patients died within 2 years post liver transplantation, 

with the predominant cause of death systemic sepsis. The prediction of the Original Mayo 

Model remains valid even if deaths > 2 years did not have occurred. Therefore, it is valid to 

conclude that the initial two years post-OLT are partially determined by the underlying 

disease process of PBC and by the procedure itself. A spectrum of these factors that will 

determine the outcome and survival post liver transplantation are; donor/graft factors (massive 

release of cytokines, graft preservation), disease stage and complications of the disease 

process (bone disease, nutritional deficiencies, liver failure), previous medical interventions 

(porto-systemic shunt surgery), and medical therapy (ursodeoxycholic acid, antibiotics, 

immunosuppression, selective bowel decontamination). It remains therefore desirable to 

develop a post-transplantation model for prediction of post-OLT survival in these particular 

patient group. 

We conclude that the Original Mayo Model is useful for patients from different 
centres in the world; it predicted pretransplantation survival well in an independent set of 

PBC patients from an European country. It is capable of differentiating high-, medium-, and 

low-risk groups, and does present disease progression well. Although platelet count did add 

additional predictive power, especially for high-risk patient groups, there was no significant 

substantial improvement above that provided by the Original Mayo Model. In orthotopic liver 

transplantation both models are a useful tool in the assessment of OLT, but are not a good 

predictor for the overall post-transplantation survival. Future studies could use the Original 
Mayo Model for predictions of more than two years, whereas the Updated Mayo Model is 

more accurate for short-term predictions. These two models should be used in combination 

with a future post-transplantation survival model, which could be developed in the same way 

as the Mayo Model but with different covariates. For development of such prognostic models, 
the multicentre approach for obtaining data is advisable in order to get a generalisable model. 

Together, these pre- and post-transplantation models can be used for a more objective method 

in the selection of patients with PBC and timing of OLT. 
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ABSTRACT 

Background/Methods. The progression of primary biliary cirrhosis was studied in 312 

patients who were seen at the Mayo Clinic between January 1974 and Mayo 1984. Follow-up 

was extended to April 30, 1988, by which time 140 of the patients had died and 29 had 

undergone orthotopic liver transplantation. These patients generated 1945 patients visits that 

enabled us to study the change in the prognostic variables of primary biliary cirrhosis (age, 

bilirubin value, albumin value, prothrombin time and oedema) from the time of referral. Also, 

using this database and the Cox proportional-hazards regression model, we developed an 

updated model for primary biliary cirrhosis that can be used to predict short-term survival at 

any time in the course of the disease. This models uses the values of the prognostic variables 

measured at the latest patient visit. Results. Comparison of predicted survival from the 

updated model and the natural history model of primary biliary cirrhosis showed that the 

updated model was superior to the original model for predicting short-term survival. This 

finding applied to both the Mayo Clinic patients and an independent set of 83 Dutch patients. 

Conclusion. The Mayo updated model is recommended for improving the accuracy of 

predictions of survival during the 2 yr after a patient visit. 
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INTRODUCTION 

Primary biliary cirrhosis (PBC) is a chronic liver disease for which there is no totally effective 

treatment other than liver transplantation (1,2). Considerable effort has been devoted to the 

development of models to predict the survival of patients who have the disease in an effort to 

optimise the selection of transplant recipients (3-5). The most common approach has been to 

use Cox proportional-hazards regression (6) to model survival as a function of clinical, 

biochemical and histological variables measured at the time of diagnosis or referral to the 

centre. The Mayo PBC model (5), for example, bases its predictions on a risk score calculated 

from the patient's age, total serum bilirubin value, serum albumin value, prothrombin time 

and presence or absence of oedema and diuretic therapy. This model has been widely used 

and studied in various patient settings (7-11 ). 

Some investigators have modelled the progression of liver disease in an effort to use 

the changing values of clinical variables to improve the accuracy of survival predictions 

(8,12). As originally presented (5), the Mayo PBC model uses referral values of variables to 

estimate the probability of surviving up to 7 yr later. Because most patients with PBC make 

repeated visits to the clinic, it is natural to ask (1) how well the Mayo model predicts survival 

based on measurements determined later in the course of the disease and (2) whether a 

"better" model can be developed that uses updated risk scores to predict short-term survival. 

We approach these questions in much the same way as Hughes et al. (13), whose article 

appeared while ours was in review. 

METHODS 

Patient population and clinical database. We focused on the same 312 patients with PBC 

who were used to develop the first version of the Mayo model (5). (The data set for the final 

version of that model included an additional 106 Mayo patients who had originally been used 

for cross-validation purposes). These 312 patients were enrolled in two clinical trials 

evaluating the use of D-penicillamine for treating PBC (14). Patient accrual took place from 

January 1974 through May 1984. No benefit of D-penicillamine was found, but the patients 

have been followed regularly since the trials ended. 

For the purposes of the current study, follow-up was extended to April 30, 1988. (This 
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data was not extended further to minimise biases introduced by the increasing frequency of 

orthotopic liver transplantation in recent years). By 1988, 140 of the patients had died, 169 

were still alive, and three had been lost to follow-up (last known status was in 1986). Of the 

3 12 patients, 29 had undergone liver transplantation, and seven of these had died by the time 

of last follow-up. As in the earlier Mayo modelling efforts, patients were censored at the time 

of transplantation. 

Most of the 3 12  patients made annual visits to the Mayo Clinic after their initial 

referral. Table I summarises the pattern and frequency of these visits. There were 1945 total 

visits, and the median interval between visits was almost exactly 1 yr 

Table I. Descriptive statistics for the follow-up of 3 1 2  patients with PBC. 

Median Mean Minimum Maximum 

No. of years followed (n=3 12 patients) 6.3 6.4 0. 1 1  1 4.3 

No. of visits per patient (n=3 12 patients) 5 .0 6.2 1 .0 16.0 

No. of years between visits (n=l633 visits) 0.97 0.89 0.13  5.77 

Duration of intervals, yra (n=l945 visits) 0.96 1 .03 0.003 1 1 .85 

a Includes the interval between the last visit and the date of last follow-up. 

A comprehensive database was established on each patient, summarising information on 

clinical, biochemical and demographic risk factors recorded at each visit. Complete data on 

the five risk factors used in the original Mayo model were available for 1718 (88.3%) of the 

1945 patient visits. The variable with the most missing values was prothrombin time ( data 

were lacking for 146 visits). The other prognostic variables were more completely recorded: 

bilirubin data were missing for seven visits, albumin data for 41 visits, and oedema data for 

72 visits. For the purposes of the statistical modelling described later, missing values of a 

variable were estimated from the previously recorded value of that variable. Comparison of 

results obtained this way, with the results based on a data set from which visits with 

incomplete data were omitted, showed a minimal effect of this imputation on modelling 

results. 

We tested the predictions of the Mayo-based models on an independent set of 83 

patients with PBC who were seen at the University Hospital of Groningen, The Netherlands, 
between 1968 and 1991 . Of these patients, 37 eventually underwent transplantation, and 19 
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died before receiving a transplant. Follow-up was extended to January 1991. With censoring 

of patients at the time of transplantation, the median follow-up time was 5.13 yr (range 0.014-

17.99). When individual patients' follow-up was divided into intervals corresponding to 

successive visits, as described earlier, 481 intervals resulted with a median duration of 11.96 

mo (range, 0.033 to 100.2 mo). 

Statistical modelling. The main tool used was the Cox proportional-hazards regression 

model (6). In this model, each patient is given a risk score: 

In which X 1 , X2 • • •  Xk are the levels of k prognostic variables (risk factors, or covariates) and 

P 1 , . . .  pk are regression coefficients. Each coefficient Pi has the interpretation that every unit 

increase in the ith covariate, Xi, increases the risk of dying by the multiplicative factor exp 

(Pi)- High-risk scores correspond to poor prognoses. In particular, if S(t, X) denotes the 

probability that a patient with risk-factor values X = { X 1 , X2 • • •  Xk} and risk score R will be 

alive t years later, and So (t) is the survival function for a hypothetical individual having risk 

score Ro ( corresponding to average values of the covariates X), then it follows from the 

proportional-hazards assumption that: 

S(t, X) = { So (t)} exp (R-Ro) (2) 

Model estimation and assessment were done by computer with the SAS procedure PHGLM 

(15). 

The original Mayo model used a patient's referral, or baseline, values of risk factors to 

predict future survival. For the current study, we used a different kind of modelling procedure. 

Each patient's total follow-up was broken into the number of intervals corresponding to the 

number of visits at which data were recorded. For example, a patient who visited the clinic at 

6 mo and 1 yr after referral and died at 2 yr contributed three intervals: referral to 6 mo, 6 mo 

to 1 yr, and 1 yr to 2 yr Each interval is considered a short period of follow-up for a unique 

patient, and the beginning of the interval corresponds to the a new time zero and the end 

corresponds to the time of censoring (if the patients is alive) or death. Thus, the total time 

since referral is not included in the description of the interval. 

83 



Chapter IV 

Our modelling approach differs somewhat from that used by Christensen et al. (12), 

who studied patients with cirrhosis. They used Cox regression with time-dependent covariates 

( 6), which assumes a baseline hazard that is modified by constantly changing values of the 

predictive variables. By postulating a constant hazard and assuming short-term stability of 

covariates, their application becomes similar to our "time-fixed" approach, which uses 

covariates measured at the beginning of an interval to predict short-term survival. 

Most of our modelling used the five variables in the original Mayo model: loge 

(bilirubin in mg/dl), loge (albumin in g/dl), loge (prothrombin time in seconds), age in years 

and oedema score. The oedema variable was coded O for no oedema and no diuretic therapy; 

0.5 for oedema present without diuretic therapy or oedema resolved with diuretic therapy; and 

1 for oedema despite diuretic therapy. Recently, "international normalized ratio" (INR) has 

replaced prothrombin time at Mayo. Although prothrombin time was used for statistical 

modelling, we present methods for survival prediction using prothrombin time or INR. 

Because a key question is whether a patient's covariate history influences prognosis, we also 

created 6-mo "delta" variables, representing the change in the value of a covariate in the 6 mo 

preceding the focal visit. If a visit had not occurred 6 mo (actually, 5 to 7 mo) before the focal 

visit, an estimated value of the 6-mo change was obtained by linear interpolation from the 

most recent visit. 

The goodness-of-fit of a Cox regression model to observed survival data can be 

assessed by comparing the actual survival with that predicted by the model for groups of 

patients, or patient intervals, with nonoverlapping levels of risk (5). Risk scores were 

computed for each patient using the original Mayo model applied to variables measured at the 

beginning of an interval. The risk scores were then ranked and divided into several groups, 

such that there were roughly equal numbers of deaths in each group. The average predicted 

survival curve for each group was found by computing the estimated survival function for 

each patient and then taking the arithmetic average of these functions within groups. The 

actual group survival experience was computed by the Kaplan-Meier method (16) and 

compared graphically with the average predicted curve. One-sample logrank tests (17) were 

used to compare individual patients' predicted survival with their observed survival, and a 

separate test was done for each risk group. 

We used this method to assess the goodness-of-fit of the updated model in conjunction 

with a "data-splitting" approach (18). The data set was randomly divided into two portions: a 

model-building set consisting of 973 intervals (62 of them ending in death and 10 in 

transplantations), and a validation set consisting of 972 intervals (61 deaths and 10 
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transplantations). A Cox model with the usual five covariates was fit to the first set of data, 

and the predictions of this model were compared with the observed survival in four groups 

formed from the validation data set, as explained earlier. 

This general method was also used to determine how well the Mayo update model 

predicted survival of the 83 Dutch patients. 

RESULTS 

Progression of risk score. Figure 1 illustrates the progression of risk score in mutually 

exclusive cohorts of the 312 Mayo patients with PBC. the cohorts are based on the time of the 

patient's last visit and on the patient's last recorded status. For example, the solid line that 

ends at 6 yr represents the average risk score among the 27 patients whose last visit occurred 

between 6 and 8 yr after referral and who were alive at the time of last follow-up. The dotted 

lines denote similarly defined cohorts of patients who died during the study. As pointed out 

by Christensen et al. (19), presenting data separately for these different cohorts avoids the 

biases inherent in a plot of average-risk score vs. time for the entire data set, in which the 

summaries at successive time points pertain to different subpopulations of patients. 
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Figure 1. Progression of Mayo risk score in cohorts based on time of last visit. Solid lines indicate average risk scores, 

interpolated at yearly intervals, for groups of patients who were alive at last follow-up (F-U) (cohort sizes are given at bottom 

of plot). Dashed lines indicate groups of patients who were dead at last follow-up ( cohort sizes are provided at top of plot). 

The cohorts were as follows: only one visit (x = dead at last follow-up; + = alive at last follow-up); last visit O to 1 yr after 

referral; last visit I to 2 yr after referral; 2 to 4 yr; 4 to 6 yr; 6 to 8 yr; 8 to 1 0  yr; and last visit more than I O  yr after referral. 
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Several important conclusions can be drawn from Figure 1. (1) There was a 

progressive increase in risk score among all patients, reflecting increasing disease severity and 

poorer prognosis with time. (2) Risk scores were generally higher for the patients who died 

than for those who were still alive at study closure, as would be expected. (3) The rate of 

change of risk score (slope of curve) appears higher among patients who died, a finding 
suggesting that deterioration may accelerate as the disease progresses. (4) Patients with the 

longest follow-up tended to be those with the lowest risk scores at referral. All of these points 

suggest that the Mayo risk score consistently reflects the severity of illness as PBC progresses 

and that the Mayo model - or some variant of it - might be useful for predicting survival based 

on covariates measured at any stage of disease, not just the time of referral. 

Statistical modelling. A new survival model was based on the 1945 intervals of 

patients experience, as explained in the Methods section. Survival was modelled as a function 

of the same five variables used in the original Mayo model. Because only 107 of 1945 
intervals were longer than 2 yr, we based the model only on the 123 deaths occurring within 2 

yr of a visit; patients surviving longer than 2 yr were censored at that time. Thus our survival 

predictions are only to 2 yr. 

Table II shows the regression coefficients for the new model, along those from the 

original Mayo model for comparison. The biggest differences in regression coefficients 
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between the models were for bilirubin and albumin; in both cases, the coefficient from the 

update model is more extreme that that from the original Mayo model. The standard errors of 

the regression coefficients are roughly comparable between models. 

Table II. Regression coefficients and standard errors for covariates in the updated model and 

the original Mayo model. 

Updated model Original Mayo model 

Variable Coefficient Standard error Coefficient Standard error 

Age 0.05 1 0.01 1 0.039 0.008 

Log bilirubin 1 .209 0. 12 1  0.871 0.083 

Log prothrombin time0 2.754 0.583 2.380 0.767 

Log albumin -3.304 0.474 -2.533 0.648 

Oedema score 0.675 0.235 0.859 0.27 1 
0 If INR is used instead of prothrombin time, 6.843 + 1.020*log INR should be used in place 
of the coefficient for prothrombin time. 

Three pieces of evidence suggest that current covariate values, when used in the updated 

model, capture much of the information needed to predict short-term survival. First a variable 

for time from referral is not statistically significant when added to the updated model (� = -

0.044, p=0.11). Second, changes in covariates in the 6 mo preceding a visit do not provide 

additional predictive power; none of the regression coefficients for "delta" variables added 

one at a time to the five-variable model was statistically significant. Third, a plot of So (t), 

using the Breslow (20) estimator, showed a linear decrease of log So (t) vs. time from referral. 

Thus, there is no statistical evidence, at least, that the relationship between risk score and 

prognosis depends substantially on the history of the disease process in the individual patient. 

To use the updated model to calculate S(t), a patient's probability of surviving t years 

beyond the present, (I)  combine the regression coefficients in Table II with the patient's 

covariate values to obtain the risk score, R, as explained in the Methods section (Equation 1 ) ;  
(2) obtain the baseline survivor function, So (t), from Table III; and (3) calculate 

S(t, X) = { So (t}Vxp (R-6. 1 19) (3) 
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Table III. Baseline survivor function for the updated model. 

t (mo) 0 3 6 9 12 1 5  18  2 1  24 

So (t) 0.996 0.992 0.99 1 0.989 0.986 0.980 0.980 0.978 

So (t) is the expected survival probability for a patient with an updated-model risk score of 

6.119. 

Table IV gives an illustration of using the updated model for a patient who visited the clinic 

seven times. The patient visited on Dec. 14, 1974 at which time the patient was 42.5 yr old. 

The total serum bilirubin was 3.2 mg/dl, the prothrombin time was 11 sec, the albumin value 

was 3.08 gm/dl, and the oedema score was 0.0. The risk score was calculated to be 6.46, as 

follows: 0.051 *42.5 + 1.209*loge 3.2 + 2.754*loge 11.0 - 3.304*loge 3.08 + 0.675*0.0 = 6.46. 

If INR is used, the risk score is calculated as 6.843 + 0.051-42.5 + 1.209*loge 3.2 + 

l .020*loge 0.791 - 3.304*loge 3.08 + 0.675*0.0 = 6.46. The probability of surviving for the 

next 6 mo is 99%: 0.992exp(6.46 - 6 · 1 1 9> = 0.99. Table IV shows the gradual decline in the 

probability of surviving the next 6 mo until the year before death, when a sharp decline 

occurs. 
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Table IV. Example of prediction of short-term survival in a patient with primary biliary 

cirrhosis who visited the clinic from December 14, 1 974, to March 10, 1 98 1 ,  and died on July 

10, 1 98 1 .  

Clinic Visit 

Parameters 1 2 3 4 5 6 7 

Visit date 1 2/14/74 6/1 6/75 12/ 1 0/75 12/6/75 1 0/6/77 1 0/ 10/78 3/1 0/8 1 

Age (yr) 42.5 43.0 43.5 44.5 45.3 46.3 48.7 

Bilirubin (mg/di) 3.2 7.0 4.2 13 .5 12.0 16.2 14.8 

Prothrombin time (sec) 1 1 .0 12.5 1 1 .2 14. 1 1 1 .5 1 1 .5 1 3 .0 

Albumin (gm/di) 3.08 3.64 3 . 1 0  2.87 2.96 2.99 2.4 1 

Oedema score" 0.0 0.0 0.0 0.0 0.0 0.5 1 .0 

Risk scori 6.46 7.23 6.87 9.22 8.46 9. 1 7  1 0.57 

Probability of surviving next 6 mor 0.99 0.98 0.98 0.84 0.92 0.84 0.5 

a 0 for no oedema and no diuretic, 0.5 for oedema present without diuretic or oedema resolved with 

diuretic therapy, 1 .0 for oedema despite diuretic therapy. 

b Risk score: 0.05 1 *42.5 + l .209*loge 3.2 + 2.754*1oge 1 1 .0 - 3 .304*loge 3 .08 + 0.675*0.0 = 6.46. 

Risk score with INR: 6.843 + 0.05 1 -42.5 + l .209*loge 3 .2 + l .020*loge 0.79 1 - 3 .304*loge 3 .08 + 

0.675*0.0 = 6.46. 

c Probability of surviving next 6 mo: 0.992exp(6.4
6 

-
6
·
1 1 9> = 0.99. Note: Maintain decimal accuracy until 

final rounding. 

Figure 2 shows predicted survival curves for three patients (risk scores), calculated with both 

the updated model and the original Mayo model. For healthier patients, the updated model 

makes more optimistic survival predictions than does the original Mayo model. For more 

severely ill patients, the predicted survival curves are similar. The confidence intervals for the 

survival curves, computed by the method of Tsiatis (21 ), appear to be narrower for the 

updated method for two of the three patients in Figure 2. 
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Figure 2. Predicted survival, and 95% confidence interval, for three patients, calculated 

according to the updated model (left) and the original (Orig) Mayo model (right). The updated 

model and original Mayo risk scores, respectively, are 8.90 and 7 .58 for patient 1; 10.39 and 

8.50 for patient 2; and 11. 17 and 9.48 for patient 3. The curves are based on the complete 

baseline survivor function (having a step at each failure time), a summary of which is given in 

Table III. 
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Validation. Figures 3 and 4 show the results of the validation based on data splitting. 

For each of four sets of patient intervals in the validation set, grouped according to Mayo risk 

score, we compared the observed survival with that predicted from the starting covariate 

values either by an updated model fit to the building data set (Figure 3) or by the original 

Mayo model (Figure 4), as explained in the Methods section. The updated model yielded 

excellent agreement between predicted and observed survival, whereas the plot and logrank 

tests for the original Mayo model (Figure 4) showed statistically significant underestimation 

of survival probabilities for the lowest-risk group and over-estimation of survival probabilities 

for the highest risk group. 
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Figure 3. Observed "survival" of 972 randomly chosen intervals (lines with steps) compared with survival 

predicted by an update model fit to the other 973 intervals (smoother curves). The validation intervals were 

divided into four risk groups, each including 1 5  or 16 deaths. the number of intervals, range of Mayo risk scores, 

and logrank p value for comparing observed to predicted survival, are ( 1 )  (lowest risk) 85 1 intervals, risk scores 

1 .28 to 7.42, p=0.73 ; (2) 73 intervals, risk scores 7.43 to 8.49, p=0.35; (3) 28 intervals, risk scores 8 .50 to 9.09, 

p=0.77; and (4) (highest risk) 20 intervals, risk scores 9 . 10 to 1 1 .62, p=0.9 1 .  
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Figure 4. Observed "survival'' of 972 randomly chosen intervals (lines with steps) compared with survival 

predicted by the original Mayo model (smoother curves) for the same risk groups described in the legend to 

Figure 3. Logrank p values for the four groups, from lowest to highest risk, are 0.01 1 ,  0. 12, 0.2 1 ,  and 0.0025, 

respectively. 
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We also compared the performances of the two models on an independent data set 

derived from 83 Dutch patients with PBC. Figure 5 shows observed survival for 471 patient 

intervals divided into two risk groups and predicted survival curves based on the original 
Mayo model and the new updated model. Both models make adequate predictions for the 

higher-risk group, but the original Mayo model underestimates survival for the lower-risk 

group. 

A final comparison of the models can be made based on the Dutch patient data, rather 

than the visit data. In Figure 6, a validation is done on patient's whole experiences rather than 

intervals between visits; that is, survival for each of the 83 patients is predicted from his or 

her covariate values at referral, with censoring at the time of transplantation. The numbers are 

too small to allow meaningful statistical comparisons, but the updated model again appears to 

make more accurate predictions than the original Mayo model. Whether we analyse intervals 

between visits or intervals between referral and last follow-up, the updated model better 

predicts short-term survival of the Dutch patients than does the original Mayo model. 

Figure 5. Observed "survival" of 48 1 Dutch patient intervals (lines with steps) compared with predicted 

survival (smoother curves) for two risk groups of intervals having 9 to 10 deaths each. Predicted curves are from 

the original Mayo model (M) and the updated model ( U). The number of intervals and range of risk scores are 

( 1 )  for the low-risk group, 464 intervals, risk scores 1 .73 to 8.72; and (2) for the high-risk group, 17 intervals, 

risk scores 8 .84 to 1 1 . 5 1 .  Logrank p values for comparing observed with predicted survival are 0.27 (low risk) 

and 0.20 (high risk) for the updated model and 0.0026 (low risk) and 0.98 (high risk) for the original model. 
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Figure 6. Observed survival of 83 Dutch patients (lines with steps) compared with survival predicted from 

covariates at referral (smoother curves) for two risk groups with three deaths each. Predicted curves are from the 

original Mayo model (M) and the updated ( U). The number of patients and range of risk scores are ( I )  for the 

low-risk group, 75 patients, risk scores 1 .73 to 7.54; and (2) for the high-risk group, 8 patients, risk scores 8.26 

to 1 1 .37. Logrank p values for comparing observed to predicted survival are 0.56 (low risk) and 0.28 (high risk) 

for the updated model and 0.36 (low risk) and 0.59 (high risk) for the original Mayo model. 
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The original Mayo model for PBC (5) uses data collected at the time of referral to 

predict deaths that may occur many years later. It seems prudent to use data from subsequent 

patient visits to refine survival predictions, as suggested by Christensen (22) and Neuberger et 

al. (23) and, in fact, the Mayo model is almost certainly being used in that way in current 

clinical practice. It is therefore important to determine whether variables measured at any 

stage of disease can be used to make accurate survival predictions and whether details of the 

patient's recent clinical history add to our ability to predict survival. 

Data from the repeated visits by the 312 Mayo Clinic patients clearly show 

progressive deterioration in the clinical variables composing the Mayo-model risk score. 

Because the risk score gradually increases over time (Figure 1 ), it could be a useful predictor 

of survival at any stage of disease. This possibility is supported by the statistical modelling, 

which failed to demonstrate a significant effect of time from referral when it was added to the 
updated Cox model. There are suggestions from Figure 1 that (1) within cohorts, the rate of 
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change of risk score increases with time from referral, as shown by K.lion et al. (8), and (2) the 

mean risk score appears to increase at a faster rate in patients who died than in those who 
were still alive at last follow-up - findings that suggest that a patient's clinical history could 

be informative for prognosis. This possibility was not supported by the modelling, however, 

in which none of the "delta" variables ( changes in risk factors during the preceding 6 mo) 

added significant predictive power to the updated model. 

Our new updated model makes more accurate predictions of short-term survival than 

does the original Mayo model, for both the original Mayo patients with PBC (Figure 3 

compared with Figure 4) and for an independent set of Dutch patients with PBC (Figures. 5 

and 6). The main shortcoming of the original Mayo model seems to be an underestimation of 
the survival probabilities for relatively low-risk patients. Because only 53 of the 418 patients 

(1 3%) used to construct the final version of the original Mayo model died within 2 yr of 

referral (the "time zero" for that modelling), it is not surprising that the model is less well 

suited for prediction of short-term survival than is the updated model. We recommend that the 

updated model be used for predictions up to and including 2 yr and that the original Mayo 

model be used for predictions of 3 yr and beyond. For low-risk patients, this switching of 

models can result in an inflection of the survival curve between 2 and 3 yr, but for higher-risk 

patients, the discontinuity between models is hardly noticeable (Figure 7). 
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Figure 7. Predicted survival for the same three patients (1 ,2, and 3) as in Figure 2, using the 

updated model for O to 2 yr (solid lines) and the original Mayo model for 2 to 7 yr (dotted 

lines). We recommend that the updated model be used for O to 2 yr, and the original Mayo 

model be used for 3 yr and beyond. 
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In conclusion, the original Mayo model remains the tool of choice for prediction of 

survival for 3 yr and beyond, but for periods up to and including 2 yr, the updated model 

should provide more accurate and precise estimates of survival probabilities for patients with 

PBC. 
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ABSTRACT 

Background. One of the prognostic methods for survival in primary biliary cirrhosis (PBC) is 

the Mayo model, with a time-scale limited to 7 years. Aim. The aim of our study was to 

assess how major clinical events, signs, several severity assessment methods and Mayo 

survival probabilities fit in the patients' actual survival, by using yearly observations until 0.5 

years before death of patients dying from PBC. Methods. Data of 32 patients dying from 

PBC were collected prior to death at -0.5, -1, -2 etc. years (median -5 years, range -16 - -0.5 

yr). Major events: first occurrence of either ascites, upper gastrointestinal bleeding or 

manifest hepatic encephalopathy: Signs: first observation of spider naevi or purpura. Severity 

assessment methods (all with scores and classes): Mayo (M), Child-Campbell (C), Pugh

Child (P), Pugh-Child-PBC (PP), 'Child-Pugh' (CP) and Ascites Nutritional State-Child 

(ANS). Fifty percent survival estimates were calculated from M scores. Severity assessment 

method variables were: ascites (C,P,PP,CP,ANS), encephalopathy (C,P,PP,CP), nutritional 

state (C,ANS), oedema (M), age (M), serum albumin (M,C,P,PP,CP), bilirubin 
(C,M,P,PP,CP), and prothrombin time (M,P,PP,CP). Results. In 27/32 a major event occurred 

always between -6 and -0.5 yr, median -1 yr, and never between -16 and -7 yr (p<0.0001). A 

sign was first observed in 31/32 between -14 - -0.5 yr, median -2 yr Compared to the total 

population a sign and even more an event indicated shorter survival (p=0.004 and p=0.0002 

respectively). The 50% estimated survival (Mayo) fitted the actual survival from -6 to -0.5 yr 

(r= -0.7, p<0.00001), but not from -16 to -7 yr (r= -0.1, p=0.4). All -6 to -0.5 years severity 
scores correlated p<0.0001 both with actual survival (M,C,P,PP and CP r=0.7, ANS r=0.5) 

and with estimated M 50% survival (C,P,PP, CP r= -0.9; ANS r= -0.6; M score r=-0.99) but 

none with actual survival from -16 to -7 years, except M slightly (r=0.3, p=0.04). A 

nomogram for mean C, CP, M and ANS scores related to actual survival was constructed for 

the -6 to -0.5 year period. The C and CP classes A, B, and C did not appear to distinguish 
sufficiently into actual survival, whereas the M classes did. Conclusions. The occurrence of a 

major event appeared to exclude survival over 6 years. In these final 6 years Child-Campbell, 

Mayo and Pugh scores correlated equally well with actual survival and better than 

Ascites/Nutritional State score. In our PBC patients Campbell was an excellent alternative for 

Pugh, for Pugh the original Child-Turcotte variable limits were fully sufficient. 
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INTRODUCTION 

Primary biliary cirrhosis (PBC) is a chronic, progressive cholestatic liver disease with an 

autoimmune origin, which has not been elucidated completely sofar (1-5). The disease affects 

predominantly women (80%) at their middle-ages. PBC has a progressive course which varies 
from 5 to 20 years {l ,2,6,8, 17). The clinical course of PBC has been modelled into several 

statistical models to predict the natural history of disease in the absence of effective therapy 

(6-14). These models have been cross-validated in different centres and different geographical 

areas (15-1 7). There still is no definitive therapy except liver transplantation, and thus there 

will always remain older patients with the disease who are not eligible for LT because of their 

age (18), also then patients need monitoring and (symptomatic) therapy, for which prediction 

is of importance. Although there are minor differences between populations, the disease PBC 

seems to consists of a homogeneous group. Klion et al. (17), with an actual follow-up of 

patients from 0 to 10 years prior to death, found the Mayo model and its 50% estimated 

survival to be particular of value more than 2 years prior to death. They did not study the 

relationship of the first occurrence of major clinical events, nor did they analyse in detail the 

period from 10 to 7 years. 

The original Mayo model and its time-dependent variant were recently cross-validated 

in our PBC population (13,16). In the Mayo model major clinical events such as manifest 

hepatic encephalopathy, ascites and upper gastrointestinal bleeding and signs such as spider 

naevi and purpura were not selected by multivariate regression analysis. We recently 

attempted to affix the Mayo risk score to the Pugh-Child score for PBC (19), which includes 

two of these events, in a transversal study of 143 Euricterus PBC patients (20). The Child

Campbell score (21 ), and the recently proposed Ascites Nutritional State-Child score (ANS 

[22]), also contain some of these parameters (i.e. hepatic encephalopathy, ascites and 

nutritional state). We performed the present study in order to gain insight in the long-term 

time-relationship between the first occurrence of three major events and of two signs and of 

the risk score severity assessment methods in relation to death from PBC. 

101 



Chapter V 

PATIENTS AND METHODS 

In an initial population of 120 patients with primary biliary cirrhosis of the then 
section of Hepatology of the University Hospital Groningen seen from 1969 until 1989 with 

antimitochondrial antibodies and histology compatible with PBC according to Scheuer stages 

I-IV (23), 29 lacked sufficient follow-up. Data from 83 patients were used earlier for cross

validation of the Mayo prognostic model and development of a time-dependent model 

(13,16). For the analysis of the natural history of disease in relation to events and prognostic 

indices only patients who died from PBC were used (n=32), The causes of death were hepatic 

failure in 28 and variceal bleeding in 4. Other patients underwent liver transplantation (n=41) 

or were alive at the end of follow-up (n= l 7) and one patient died from another cause 

(gangrene of the gallbladder with pulmonary complications post-operatively). For the present 

study, the total group consisted of 30 females (94%) and 2 males (6%). The median age was 

52 years (range 35-79 years). 

Data were collected on a computerised pre-programmed standard format from both the 

medical files and from the referring physician. This format started from 0.5 to n years prior to 

death. Half a year prior to death (actual median -0.3, range -0.7 - -0.2) was chosen as the first 

observation in order to avoid interference of immediately death-related events such as 

multiple organ failure on the natural course of the disease and because one-third of PBC 

patients die outside the hospital (18). Yearly measurements were defined at ± 6 months 

(actual median ± 0.1 yr). Registered were longitudinally: laboratory variables, major events, 

signs, therapeutic interventions, severity assessment scores and their parameters: original 

Mayo (M) risk score (9), Child-Campbell (C) score (21), Pugh-Child (P) score (19), Pugh
Child-PBC (PP) score (19), 'Child-Pugh' score (CP,a variant of Pugh using the original 

Child-Turcotte variable limits (21)) and ANS-Child score (Ascites Nutritional State [22]). 

The severity assessment variable limits, scores and classes are found in Table I. The P and PP 

variable limits exclude patients with a bilirubin < 17µmol/l and patients with ascites more 

than moderately severe. These patients have been compensated for by adapting the variable 

limits. 
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Table I. Variables, variable limits, scores and classes of Child variants and the Mayo model 

(M). C: Child-Campbell; CP: 'Child-Pugh'; PC:Pugh-Child; PP: Pugh-Child-PB; 

ANS:Ascites/Nutritional State (NS)-Child. 
In P and PP the originally published variable score limits are for bilirubin 1 and 2:17-34 and 

17-68 respectively and for ascites 2 and 3: detected, moderate (19). 

VARIABLES 

Severity scoring methods 

C CP p pp ANS 

C CP p 
pp 

C CP 
p pp 

CP p pp 
C CP p pp ANS 
C CP p pp 
C ANS 

Mayo risk score variables 

SCORES 
C, CP, P, PP 5-15 ,  5 variables each 1 -3 

Variables 

Bilirubin µmol/1 

Bilrubin µmol/1 
Albumin g/1 
Albumin g/1 
Prothrombin time (+ sec) 
Ascites 
Encephalopathy 
Nutritional state 

log. bilirubin (mg/di) 
log. albumin (g/dl) 
log. prothrombin time (sec) 
oedema score: 
0 no oedema, no diuretics 
½ oedema without diuretics, 

no oedema with diuretics 
I oedema despite diuretics 
age (years) 

ANS 1 -9, 1 -3 :ascites I ;  4-6: ascites 2; 7-9:ascites 3 / 
1 ,4,7: NS excellent: 2,5,8: NS good; 3,6,9: NS poor 

<34 
<68 
>35 

�4 

1 -3 
none 
none 
excellent 

Mayo 0-1 5, calculation of the score and estimated 1 -7 year survival: see Methods 

CLASSES 
C 
CP, P, PP 
ANS 
Mayo 

A 5-8, B 9- l l , C  12- 15  
A 5-6, B 7-9, C 10- 15  
1 -3, 4-6, 7-9 
Low Risk 0-5.36, Intermediate Risk 5.37-6.40, High Risk 6.4 1 -8.67, Very High Risk >8.67 

Variable Limits 

2 3 

34-51 >51 
68-1 71  >171  
30-35 <30 
28-35 <28 
4-6 >6 
easy to control difficult to control 
minimal advanced 
good poor 
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The survival probability S of a patient is calculated from the Mayo risk score R: 

R = 0.871 *loge(bilirubin, mg/dl) + -2.53*loge(albumin, g/dl) + 2.38*loge(prothrombin time, 
sec) + 0.039*(age, years) + 0.859*(oedema score, 0/ ½ I 1). S is the probability that the 

patient will be alive after t (1-7) years based on R: S(t,5) = [So(t)rP (R-Ro) in which So(t) is the 

estimated base-line survival function which gives the survival probability for an individual 

with the mean R from the data-set (9). R is the risk score of the patient and Ro the mean risk 

score of the original Mayo Clinic study population (Ro=5.07). 

Major clinical events were defined as the first occurrence of either manifest hepatic 

encephalopathy, ascites, or upper gastrointestinal bleeding (variceal and ulcer bleeding, 

melaena or haematemesis ). Based on an earlier report two signs spider naevi and purpura, 

apart from jaundice, appeared to be of prognostic relevance in a univariate regression analysis 

(9), and thus the first observations of these two signs have been included in this study. 

Major treatments in the study population 

For the underlying disease PBC fifteen patients were treated in 13% of the observation 

years with prednisolone, penicillamine, ursodeoxycholic acid, azathioprine, and cyclosporine, 

alone or in combination, between -16 and -0.5 years (median 5 years). There was no 

difference in survival between those who received treatment and those who did not (p=0.3, 

logrank test). Between -16 and -7 years 5% of the observation years were treatment years and 
between -6 and -0.5 years this was 32% (p<0.0001). For portal hypertension eight patients 

were treated (2 prior to bleeding, for 2% of the observation years with J3-blockers, 

vasopressine, sclerotherapy, bending and surgery alone or in combination. Between -16 and -7 

years this was 0% and between -6 and -0.5 years 7% (p<0.0001). Patients treated for portal 

hypertension had a significant shorter survival (n=8, median 1.2 years, range 0.02-5.2) than 

those who were not (n=24, median 5.5 years, range 0.44-16.4, logrank test p=0.0001). 

Electronic data collection and statistical methods 

Data were collected with the use of a DBASE® data-entry program (24) and analysed 

by the SPSS® for Windows™ statistical package (25). For comparison of the observed 

frequencies of events in different time periods, the x2 test for an r x c table was used (Fisher's 

exact test was applied when necessary). The two sample t-test (for normality) or the Mann

Whitney U test / Wilcoxon (non-normality) was used for comparison between (un-)related 

groups where appropriate. Progression of variables in time were analysed by (non-) linear 

regression analyses, with the most appropriate mathematical model fitted on the basis of R 
square and statistical significance of the regression coefficients. This method delivers mean 
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and 95% confidence intervals, not medians. For analysis of survival, cumulative survival 

curves were used, for comparison of groups the logrank test was used. 

Actual survival was compared to predicted survival similar to Klion et al. (17), by 

defining the predicted survival estimated by the original Mayo risk score as the length of 

survival for a survival probability of 50%. A p value < 0.05 was considered to be statistically 

significant, whereas p values �0.05 - < 0.1 were regarded a trend. 
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RESULTS 

Figure 1. First occurrence (A) of any of the major events manifest hepatic encephalopathy, 

upper gastrointestinal bleeding or ascites in 32 patients ultimately dying from PBC, -16 to -

0.5 years before death. First observation (B) of any of the two signs spider naevi and purpura 

in 32 patients ultimately dying from PBC, -16 to -0.5 years before death. Cumulative survival 

curves (C) of the 27 patients from the first occurrence of a major event of 5 patients who 

never had a major event , 31 with the first observation of any sign and of the total group. 
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Figure IA depicts the first occurrence of any of the three major events related to years 

before death in the 32 patients. These events occurred exclusively in the period -6 to -0.5 

years (median -1 year, mean -0.5, +2SD= -0.2 yr and -2SD= -4.8 yr). The difference between 

the intervals -6 to -0.5 and -16 to -7 years before death (without events) is highly significant 

(p<0.0001). Figure 1B shows the first observation of either spider naevi or purpura. These 

signs were observed from -14 to -0.5 years before death., median -2 years (mean -1.8 yr, 

+2SD= -0. l  1, -2SD= -8.7). There was a significant difference between the intervals -16 to -7 

years and -6 to -0.5 years (p<0.001) for any of the two signs. Figure IC  shows the cumulative 

actual survival of the 31 patients in whom a sign was first observed (median 2.5 years, range 

0.2 - 14.2), compared to patients with an event (n=27, median 0.8 years, range 0.2-6.5) and to 

all patients (n=32, median 5.3 years). There were significant differences between the three 

groups. The median survival of patients without an event was 11.3 years, range 0.01-16.4 

(data not shown). In Table II, the separate events and signs are specified. 

Table II. First occurrence of major events and first observation of signs during follow-up of 

32 patients dying from primary biliary cirrhosis, -16 to -0.5 years before death. 

First occurrence of major event / first Patients - 16  to -0.5 years - 16  to -7 years versus 

observation of a signs n (%) median (range) -6 to -0.5 years, 

p-value 

Ascites 23 (72%) -0.5 (-6 - -0.5) <0.0001 

Upper gastrointestinal (GI) bleeding 19 (59%) -1 (-5 - -0.5) 0.0002 

- Variceal bleeding 17 (53%) -1 (-5 - -0.5) 0.0002 

- Haematemesis 15 (47%) -1 (-5 - -0.5) 0.0008 

- Melaena 1 3  (41%) -0.5 (-5 - -0.5) 0.0004 

- Ulcer bleeding 8 (25%) -0.5 (-3 - -0.5) 0.04 

Manifest hepatic encephalopathy (HE) 18 (56%) -0.5 (-2 - -0.5) 0.0002 

Ascites and/or GI bleeding and/or HE 27 (84%) -1 (-6 - -0.5) <0.0001 

Spider naevi 30 (94%) -2 (-14 - -0.5) <0.001 

Purpura 22 (69%) - 1 (-8 - 0.5) <0.0001 

Spider naevi and/or purpura 30 (94%) -2 (- 14 - -0.5) <0.0001 

The actual survival against the estimated 5 0% survival as derived from the Mayo risk 

scores is shown in Figure 2. 
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Figure 2. Actual survival and estimated 50% survival (based on the Mayo model) in 32 

patients ultimately dying from PBC, with mean and 95% confidence intervals. 

Estimated 50% survival vs. adual suivival 
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Cubic non-linear regression is concordant with a plateau phase for -16 to -7 years, and 
a fall from -6 to -0.5 Separate regression lines from -16 to -7 years (r=0.1, p=0.4) and from -6 

to -0.5 years (y=l .1 + -0.911 *x, r=0.7, p<0.0001) showed the same results. The estimated 

50% survival in the period -6 to -0.5 years correlated with all severity assessment scores (M, 

as expected, r= -0.99; C, CP, P, and PP r= -0.9; ANS r= -0.6, all p<0.0001). 

Figure 3 shows the M, C, CP and ANS scores against actual survival. P and PP are 

omitted as they are closely correlated with CP (respectively r=0.99 and r=0.96, both 

p<0.0001), which like Campbell has the original Child-Turcotte variable limits. C correlated 

closely with CP (r=0.96, p<0.0001). The same plateau until -7 years followed by a rise 

thereafter was found for all five scores (non-linear cubic regression analysis, all p<0.0001). 

The -6 to -0.5 years actual survival correlated (all p<0.0001) with M, C, CP, P, and PP r=0.7 

and with ANS r=0.5. Between -16 to -7 years, except M which showed a small increase 

(r=0.3, p=0.04), no score showed a difference over time (all r<0.3 [p�0.1]). Mayo Very High 

Risk patients were only found at -0.5 years, while in the -16 to -7 years period patients were 

Low and a few, only intermittently, Intermediate or High. After any of the major events, the 

Mayo risk score increased intermittently ( data not shown) and the same occurred with the C, 

CP, P, PP and ANS scores. 
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Figure 3. Severity assessment methods in 32 patients ultimately dying from PBC, 

longitudinally connected in the period - 16 to -0.5 years before death (actual survival) with 

means and 95% confidence intervals. A. Mayo risk score, B. Child-Campbell score, C. Child

Pugh score, D. Ascites/Nutritional State-Child score. Dotted lines in panel A present limits for 

Low, Intermediate, High and Very High Risk groups, in panel B, C, D dotted lines present the 

original A, B and C classes. 
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Figure 4 shows a nomogram based on actual survival over the period -6 to -0.5 years 

in this population against the mean C, CP, ANS and M scores as calculated by non-linear 
cubic regression analysis. After computing the severity score of a patient the estimated mean 

predicted survival expressed as years prior to death can be read from the figure. 
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Figure 4. Nomogram of severity assessment scores: mean values against actual survival in 32 

patients ultimately dying from PBC: Child-Campbell, Child-Pugh, ANS-Child and Mayo risk 

scores. 

Nomogram of severity scores 

mean survival astimatas 

Ill 
CD 

10 

8 8 en 

� 8 

! 5 
� 4 
:z:. ·c: 
: 2 
en 

i 

I 
0 
-7 

DISCUSSION 

I I i ,�----
I � .... .... .. . · · �- �- -· · · · · · · 

� :-:.c:-: ... -+-··· · ·
· 

I I I �·' 
I I -�----1 

_ _L ___ _:....------
I I 

-5 -3 -2 -1 

actual survival (years before death) 

Campbell-Child score 

'Child-Pugh' score 

Mayo risk score 

ANS-Child score 

The size of our study population was of the same order of magnitude as reported by 

Christensen et al. (29) (36 deaths out of 236 patients) and Klion et al. (17) (27 deaths), but the 

observation period was longer. Because she did not die from liver disease one patient was 

excluded, which is a rare event also according to the literature (26-28). There is a bias, 

however. Our patients were referred for treatment of liver disease, but death rates in this 

country (The Netherlands) showed that 70% of those afflicted with PBC had an other disease 
leading to death (30). In countries with liver transplant programs, few patients in the younger 

age groups will die from PBC anymore. Still, more than 70% of the patients die from PBC at 

age 65 or older (18) and most of these will not be eligible for transplantation. 

In our population the last six years before death contained the three major clinical 

events of end-stage liver disease and most of the first observations of the signs spider naevi 

and purpura. Events differentiated better than signs between the last six years and the earlier 

period. Compared to the total population a sign indicated a shorter and an event an even 

shorter survival. Within the final 6 years severity assessment scores, requiescent at their 

lowest level until then, increased continuously. Unlike found in other causes of cirrhosis (22), 

intractable ascites (i.e. ANS 7-9) was rare. 

In the decade before the final period (i.e. -16 to -7 years) the various Child severity 
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assessment scores could not be influenced by the presence of ascites, encephalopathy and 

poor nutritional state (because these were not yet present) and therefore only laboratory 

abnormalities could bring a patient in a score over 5 (the minimum). These variable scores 

appeared to be in balance as no significant change was noted during these period. Only the 

Mayo score, which includes oedema and age showed a small increase. The conclusion is that 

only for the last six years survival estimates on a yearly basis can be derived from the severity 

assessment scores and for the earlier period only a '7 year' survival estimate. This 

corresponds with the Mayo survival model which delivers 1-7 years survival estimates. These 

findings confirm our earlier results of affixing the Mayo risk score to the Pugh-Child PBC 

score (20). The first occurrence of any of the three major clinical events is for the individual 

patient a hallmark of the final period. The scores of the Pugh variants correlated closely and 

therefore we propose to retain CP only, which apart from prothrombin time employs all 

original Child-Turcotte variables and limits. This Child-Pugh modification correlated closely 

with the Campbell scoring (which uses all Child variables and limits), which is comparable to 
the results of Reisman et al. (22). It therefore appears that institutional preference may 

determine which scoring system is used. 

It would be logical to adapt the A, B and C classes of Child-Campbell and Child-Pugh 

to estimated survival. When A was to be confined to the period 16 to 7 years before death, 

occurrence of any of the major events should exclude a patient to be classed as A, regardless 

of the score. B could then be used for 6 to 3 and C for 2 years or less estimated survival years 

(which agrees with the Mayo model with earlier studies (15-17)). In contrast to the Mayo 

model the two main Child variants Campbell and Pugh need more refinement to allow for 

useful classes A, B, C based on actual survival estimates. Therefore, we constructed a 

nomogram based on scores only, delivering mean survival estimates. 
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ABSTRACT 

Background. In a long-standing disease such as primary biliary cirrhosis (PBC), 

prognostication is important. We and others found that the final deterioration encompasses a 

period of 6 years, in which the major events ascites, encephalopathy and upper 

gastrointestinal bleeding occur. We also found that the 10 years before this final phase, using 

current cirrhosis assessment methods, could be regarded as steady state. Aim. To investigate 

whether routine clinicochemical parameters could contribute to the identification of risk 

factors for death from PBC or for first occurrence of major events compared with body 

measurement parameters, signs and severity assessment results. Patients and Methods. Data 

of 32 patients dying from PBC were collected prior to death at -0.5, -1, -2, -n years (median -

5, range - 16 - -0.5). Investigated were: total period, -16 - -7 (steady state), -6 - -0.5 (final 

phase) and -2 - -0.5 years (terminal phase). Twenty-two clinicochemical parameters, 5 body 

measurement parameters, first occurrences (11 parameters) of 3 signs and of the major events 

ascites, manifest hepatic encephalopathy and upper gastrointestinal bleeding (variceal 
bleeding, ulcer bleeding, haematemesis, melaena), 29 parameters derived from 4 severity 

assessment scores (Mayo model (M), Child-Campbell (C), Child-Pugh (CP), Ascites 

Nutritional State-Child (ANS) scores and their 25 variable scores, were registered totalling 67 

items. Statistics. (Non-)linear regression and time-dependent Cox regression analyses. 

Results. Already at first observation, erythrocyte sedimentation rate (ESR) and IgM were 

(and remained) elevated in all investigated patients, and ALP, ALT, AST, cholesterol, and 

serum IgG in most. Total period. Fifteen clinicochemical parameters had a p< 0.0001 (non-) 

linear relationship to survival. Multivariate Cox (p<0.05) risk factors, clinicochemical: 

AST/ALT ratio, bilirubin, platelets and albumin; first occurrence of signs and events: 

encephalopathy, purpura, haematemesis, ulcer bleeding, and ascites; severity: M-, C- and HE 

scores; all 67 variables: M- , and HE scores. Steady state (-16 - -7 years). (Non-) linear, 

p<0.0001: platelets. Multivariate Cox, clinicochemical: cholesterol, platelets; first occurrence 

of signs and events: deep icterus; severity: C- and oedema scores; all 67 variables: C-score, 

temperature and platelets. Final phase (-6 - -0.5 years): (non-) linear, p< 0.0001: 10 

clinicochemical parameters. Multivariate Cox, clinicochemical: plasma sodium, prothrombin 

time; first occurrence of signs and events: encephalopathy, deep icterus; severity: HE- and M

scores; all 67 variables: M-score and urinary sodium. Terminal Phase (-2 - -0.5 years), 

multivariate Cox, all 67 variables: bilirubin and ANS score. Multivariate Cox risk factors for 
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first occurrence of major events, ascites: M-score, plasma sodium; hepatic encephalopathy: 

M-score; upper gastrointestinal bleeding and separately variceal bleeding: whole blood 

water; ulcer bleeding: bilirubin; any major event: urinary sodium, serum IgA. A time 

dependent probability nomogram for the first occurrence of these events was constructed. 

Conclusions. Not only the first occurrence of major clinical events and increasing severity 

assessment scores but also the laboratory parameters showed a clear division between the 

steady state and the last 6 final years. Prognostic risk factors could be identified for both first 

occurrence of major clinical events and survival. As ESR and IgM already were elevated in 

all patients at entry in this study, onset and early PBC could not be defined. 
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INTRODUCTION 

In liver disease, prediction of survival is of clinical importance (1 ). In the last decade several 

prognostic models have been developed in diverse populations of patients with liver disease 

(2-4). ) For use in primary biliary cirrhosis (PBC), seven time-fixed and three time-dependent 

models (5-14) have been reported. These models use clinical, laboratory and/or histologic 

variables. On the basis of the first occurrence of the clinical events ascites, hepatic 

encephalopathy, and gastrointestinal bleeding the course of PBC could be characterised by a 

'steady state' phase which varies from 16-6 years before death and thereafter a more 

progressive deteriorating final phase from 6 years to death (5,6). The frequently used Mayo 

model, by definition predicts survival for not more than 7 years (8,15,16) and thus can not fit 
both phases together. Platelet count has been reported to be an independent prognostic marker 

for survival (14), and also for variceal haemorrhage (17). 

In a primary biliary cirrhosis long-term historical cohort study we have investigated 

whether and how a set of routine clinicochemical parameters correlated with survival and with 

first occurrence of major events (manifest hepatic encephalopathy, ascites, upper 

gastrointestinal bleeding, and separately variceal and ulcer bleeding) and furthermore how 

these compared with body measurements, clinical findings and severity assessment scores. 

PATIENTS AND METHODS 

In an initial population of 120 patients with primary biliary cirrhosis ( 6) of the then 

section of Hepatology of the University Hospital Groningen seen from 1969 until 1989 with 

antimitochondrial antibodies and histology compatible with PBC according to Scheuer stages 
I-IV (19), 29 lacked sufficient follow-up. Data from 83 patients were used earlier for cross

validation of the Mayo prognostic model and development of a time-dependent model 

(12, 14). For the analysis of the natural history of disease in relation to clinicochemical 

variables, events and prognostic indices only patients who died from PBC were used. This 

group consisted of 32 patients (2 males, 6%), median age 52 (range 35-79 years). The causes 

of death were hepatic failure in 28 and variceal bleeding in 4. 

Data were collected on a computerised pre-programmed standard format from both the 

medical files and from the referring physician. This format started from 0.5 to n years prior to 
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death (6). Half a year prior to death was chosen as first observation to avoid interference of 

immediately death-related events with the natural course of the disease and because one-third 
of PBC patients die outside the hospital (19). For this study we retrieved the results of 22 

clinicochemical parameters, 5 body measurement parameters, 11 parameters from first 

observation of signs and first occurrence of major events, 4 severity assessment scores and 

their 25 variable score parameters. The maximum number of variables used in the statistical 

analyses thus was 67. 

The 22 clinicochemical parameters were: ALT (U/1), AST (U/1), AST/ALT ratio, 

alkaline phosphatase (ALP, U/1), albumin (g/1), bilirubin (µmol/1), cholesterol (cholest., 

mmol/1), creatinine-clearance ( creat.cl., ml/min), erythrocyte sedimentation rate (ESR, mm/ 1 

hr), haemoglobin (Hgb, g/1), platelet count (x109/l), prothrombin time (protime, sec), serum 

IgA (mg/dl), serum IgG (mg/dl), serum IgM (mg/dl), plasma sodium (sodium, mmol/1), total 

protein (TProt, g/1), triglycerides (TriGly, mmol/1), urinary sodium (sodiumu, mmol/1), white 

blood cell count (WBC, x109/l). Plasma water (PW, mass%) and whole blood water (WBW, 

mass%) were calculated from the respective total protein and haemoglobin levels (20). PW = 

-0.09*TProt (g/1) + 97.6 and WBW = -0.09*Hgb (g/1) + 91.7. 

The five body measurement parameters were: weight, height, temperature, body mass 

index (BMI, kg/m2), resting energy expenditure (REE) (21): Women REE = 655 + 

(9.6*weight[kg]) + (1.8*height[cm]) - (4.7*age [yr]) I Men REE = 66 + (13.7*weight) + 

(5*height - (6.8*age). 

The first observations of the 3 signs deep jaundice, purpura and spider naevi were 

included because of their reported (8) prognostic significance. First occurrences of ascites, 

manifest hepatic encephalopathy (HE), and upper gastrointestinal (GI) bleeding (variceal and 

ulcer bleeding, melaena, haematemesis) and the combination of them ('any major event') 

delivered 8 parameters, totalling 11 for all signs and events. V ariceal and ulcer bleeding were 

analysed separately because platelets have been reported to be a prognostic factor (17) for 

variceal bleeding. The first observation of signs and first occurrence of major clinical events 

were at (n, median and range) years before death: purpura 22/32, -1, -8 - -0.5; spider naevi 
30/32, -2, -14- -0.5; deep icterus 19/32, -1, -8 - -0.5; any event 27/32, -1, -6 - -0.5; ascites 

23/32, -0.5, -6 - -0.5; manifest hepatic encephalopathy 18/32, -0.5, -2 - -0.5; upper 

gastrointestinal bleeding 19/32, -1, -5 - -0.5, and (separately) variceal bleeding 17/32, -1, -5 - -

0.5, ulcer bleeding 8/32, -0.5, -3 - -0.5. Spider naevi were observed earlier (p<0.0001) than 

the other signs and events, and spider naevi, purpura and deep icterus earlier than 

encephalopathy and ascites (p<0.05). Between the major events there was only one significant 
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difference: ascites occurred earlier than encephalopathy (p<0.05). 

The severity assessment methods used were: Mayo (M) risk score (8), Child-Campbell 
(C) score (22), Child-Pugh score (CP, using the original Child-Turcotte variable limits 

(22,23)) and ANS-Child score (Ascites Nutritional State [24]) and their 25 variable scores 

(Table I). 

Table �- Variables, variable limits, scores and classes of Child variants and the Mayo model 

(M). C: Child-Campbell; CP:Child-Pugh; ANS:Ascites/Nutritional State (NS)-Child. 

VARIABLES 

Severity scoring methods 

C CP ANS 

C CP 
C CP 

CP 
C CP ANS 
C CP 
C ANS 

Mayo risk score variables 

Variables 

Bilirubin µmol/1 
Albumin g/1 
Prothrombin time ( + sec) 
Ascites score 
Encephalopathy score 
Nutritional state score 

loge bilirubin (mg/dl) 
loge albumin (g/dl) 
loge prothrombin time (sec) 
oedema score: 
0 no oedema, no diuretics 
½ oedema without diuretics, 

no oedema with diuretics 
1 oedema despite diuretics 
age (years) 

SCORES 
C, CP 
ANS 

5- 15, 5 variables each 1-3 
1 -9, 1 -3 :ascites 1 ;  4-6: ascites 2; 7-9:ascites 3 / 

<34 
>35 
1 -3 
none 
none 
excellent 

1 ,4,7: NS excellent: 2,5,8: NS good; 3 ,6,9: NS poor 

Variable scores 

2 
34-5 1 
30-35 
4-6 
easy to control 
minimal 
good 

0-15, calculation of the score and estimated 1-7 year survival: see Methods 

A 5-8, B 9-1 1 ,  C 12- 1 5  
A 5-6, B 7-9, C 10- 1 5  
1 -3, 4-6, 7-9 

3 
>5 1 
<30 
>6 
difficult to control 
advanced 
poor 

Mayo 

CLASSES 
C 
CP, P, PP 
ANS 
Mayo Low Risk 0-5.36, Intermediate Risk 5.37-6.40, High Risk 6.4 1-8 .67, Very High Risk >8.67 
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The course of PBC was divided in a period from -16 to -7 years (steady state) and 

from -6 to -0.5 years (final phase) in which all major events took place and the severity 

assessment scores increased continuously. The terminal two years before death (-2 - -0.5 yr) 

were investigated as well. 

Electronic data collection and statistical methods 

Data were collected with the use of a DBASE® data-entry program (25) and analysed 

by the SPSS® for Windows™ statistical package (26). Progression of variables in time were 

analysed by (non-) linear regression analyses, with the most appropriate mathematical model 

fitted on the basis of R square and statistical significance of the regression coefficients. This 

method delivers mean and 95% confidence intervals. Regression models used were: linear (Y 
= ho + b 1 t); logarithmic (Y = ho +  b1ln(t)); inverse (Y = ho + (b 1/t)); cubic (Y = bo + bi t + b2t2 + 
b3t3); power (Y = b0(l1)); S regression (Y = ib0 +blltJ); exponential (Y = b0(ilt)). With: b0=a 

constant, bn= regression coefficient, t=years before death, ln=natural log(base e ), e=natural 
log base. 

For analysis of survival, cumulative survival curves were used, for comparison of 

groups the logrank test was used. Variables of prognostic value for actual survival and first 

occurrence of the clinical events were analysed in a time-dependent Cox regression analysis 

(26) (the event(s) to be analysed not being implemented in the Cox regression) . Requirements 

for these analyses (proportional hazards functions) were fulfilled. After univariate time

dependent Cox analysis all significant variables were implemented in multivariate time

dependent Cox regression analyses. Both forward as backward selection procedures were 

used to derive the same set of predictive variables with p<0.05 as the significance level for a 

variable to be included in the model. Variables were ranked on the basis of their pR-value (the 

partial correlation of each independent variable with the dependent variable). 

A p value � 0.05 was considered to be significant and a p value > 0.05 - < 0.1 a trend. 
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RESULTS 

The 22 clinicochemical parameter values are shown for the whole period in Figure 1. 

Figure 1. Actual values and (non-)linear correlation over the -16 - -0.5 years period to death 
of 22 clinicochemical parameters and 5 body measurement parameters. Correlation coefficient 

r, number of patients n, significance level p and type of (non-) linear regression, mean and 

95% confidence intervals where appropriate. 
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Clinicochemical and other parameters related to survival and events in PBC 

Erythrocyte sedimentation rate (n, median, range) 21/21, 62, 30-112 and serum IgM (12/12, 

700, 298-1700) were elevated at first observation in all investigated patients , and ALP (9/13, 

523, 283-1500), ALT (24/28, 62, 40-285), AST (22/28, 68, 40-325), cholesterol (15/21, 6.9, 

5.2-20.8), and serum lgG (9/12, 2395, 1060-4250) in most. Of the 22 clinicochemical 

parameters, 18 were significantly related to survival (15 parameters at p<0.0001 level), 3 

showed a trend whereas ALT showed no significant correlation. In Table II, the correlations 

of the clinicochemical parameters with actual survival over the whole period (-16 - -0.5) and 

from -16 - -7, -6 - -0.5, and -2 - -0.5 years are given. The uni- and multivariate Cox analysis 

results are shown in Table III. 
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Table II. (Non-)linear correlations (r) between 22 clinicochemical parameters and actual 

survival in 32 patients (n) dying from primary biliary cirrhosis, p<0. l only. See also Figure I 

for the actual values. 

Period to death, years 

- 16 - -0.5 -16 - -7 -6 - -0.5 -2 - -0.5 

r, p n r, p n r, p n r, p n 
bilirubin 0.654 257 albumin -0.684 1 60 
albumin -0.634 240 bilirubin 0.654 169 

sodiumu -0.544 66 sodiumu -0.564 59 Hgb -0.594 155 
protime 0.524 213  albumin -0.544 1 85 WBW 0.594 155 
sodiump -0.5 14 220 bilirubin 0.544 1 97 TProt -0.564 148 
Hgb -0.5 14 226 protime 0.544 1 60 PW 0.564 148 
WBW 0.5 14 226 sodiumu -0.564 53 

sodiump -0.534 148 
protime 0.534 138 
ALP 0.5 14 69 

TProt -0.494 213  platelet -0.484 54 TProt -0.464 163 IgM -0.484 80 
PW 0.494 213  PW 0.464 1 63 AST/ALT 0.454 1 56 
AST/ALT 0.424 229 sodiump -0.454 1 76 creat. cl. -0.444 60 
IgM -0.424 158 AST 0.364 157 
ALP 0.404 99 

AST 0.354 230 Hgb -0.384 1 75 cholest. -0.344 1 1 8 
cholest. -0.344 17 1  WBW 0.384 1 75 platelet -0.334 157 
WBC 0.294 213  cholest. -0.374 1 26 

IgA 0.323 1 1 8 IgA 0.423 80 
creat. cl. -0.352 74 
ESR 0.2 12 158  

cholest. -0.48 1 45 creat. cl. -0.36 1 65 TriGly 0.28 1 148 

AST/ALT 0.39 1 53 WBC 0.26 1 1 64 ESR 0.24 1 1 03 
AST 0.23 1 1 77 

TriGly 0.2 1° 81  IgM -0.34° 39 AST/ALT 0. 1 8° 176 
IgG -0. 17° 1 1 8  Hgb -0.33° 51  
platelet -0. 17° 

1 1 8  WBW 0.33° 51  
sodiump -0.32° 44 
albumin -0.27° 55 
bilirubin 0.26° 60 

PW=plasma water, sodiump ,u= plasma, urinary sodium, WBW=whole blood water. Other 

abbreviations: see Methods section, p-value: 0 p=0.06, 1 p<0.05., 2 p<0.01, 3 p<0.001, 
4 p<0.0001 
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Table III. Uni- and multivariate time-dependent Cox regression analyses (p<0.05) for 22 

clinicochemical parameters related to survival in 32 patients dying from primary biliary 
cirrhosis. pR=partial correlation coefficient. 

Period to death, years 

-16 - -0.5 - 16 - -7 -6 - -0.5 -2 - -0.5 

pR pR pR pR 
Univariate 

AST/ALT ratio 0. 1 5  cholesterol 0.24 log sodiumu -0. 12  log bilirubin 0.09 
log Hgb -0. 14  log platelet -0. 17  log TProt -0.08 
log albumin -0. 14  log albumin -0. 13  PW 0.08 
log platelet -0. 1 2  protime 0.06 
WBW 0. 1 2  AST/ALT ratio 0.06 
log IgM -0. 1 1 
log bilirubin 0.1 1 
TProt -0.08 
PW 0.08 

Multivariate 

AST/ALT ratio 0. 1 7  log platelet -0.23 log sodiumu -0. 17  log bilirubin 0.09 
log platelet -0. 1 3  cholesterol 0.20 protime 0.09 
log albumin -0. 1 2  
log bilirubin 0. 1 0  

PW=plasma water, sodiumu=urinary sodium, WBW=whole blood water. Other abbreviations: 

see Methods section. 

The body measurement values are also depicted in Figure 1 and the correlations w�th 

survival as well as the Cox regression analysis in Table IV. Only temperature showed to be of 

prognostic value in the -16 - -7 years interval, being normal in the steady state. 
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Table IV. (Non-) linear correlations (r), p<0. l only, and uni- and multivariate time-dependent 

Cox regression analyses (p< 0.05) between 5 body measurement parameters and survival in 

32 patients (n) dying from primary biliary cirrhosis. See also Figure I for the actual values. 

pR = partial correlation coefficient. 

Period to death, years 

Non-linear regression 

BMI 
weight 
REE 
temperature 
Uni- and Multivariate Cox regression 

-16 - -0.5 
rP n 
-0.554 62 
-0.534 152 
-0.402 62 
0.242 1 24 

- 16 - -7 

n.s. 
n.s. 
n.s. 
n.s. 

pR 
none temp. 0.22 

BMI= body mass index and REE= resting energy expenditure. 

-6 - -0.5 
rP n 
-0.584 50 
-0.324 107 
-0.40 1 50 
0.33 1 104 

none 

p-value: 1 p=0.06, 2 p<0.05, 3 p<0.001, 4 p<0.0001; n.s. = not significant, p>0.l .  

-2 - -0.5 
rP n 
-0.544 41 
-0.394 106 
-0.46 1 41 
0.25 1 94 

none 

Uni- and multivariate Cox results for the first occurrence of signs and major events are 

presented in Table V, and for severity assessment scores and score variables in Table VI. In 

Table VII Cox results are shown using all 67 investigated parameters. 
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Table V. Uni- and multivariate time-dependent Cox regression analyses (p<0.05) for first 

occurrence of signs (3) and of major clinical events, totalling 11 variables, related to survival 

in 32 patients dying from primary biliary cirrhosis. pR=partial correlation coefficient. 

Period to death, years 

- 16 - -0.5 - 16  - -7 -6 - -0.5 -2 - -0.5 

pR pR pR pR 
Univariate 

encephalopathy 0. 1 0  deep icterus 0.09 encephalopathy 0.09 ascites 0.07 
any event 0.07 deep icterus 0.06 deep icterus 0.05 
ascites 0.06 
deep icterus 0.05 
GI-bleeding 0.05 
haematemesis 0.05 
purpura 0.05 
ulcer bleeding 0.05 
variceal bleeding 0.05 
melaena 0.03 

Multivariate 

encephalopathy 0.08 deep icterus 0.09 encephalopathy 0.09 deep icterus 0.05 
purpura 0.06 deep icterus 0.06 
haematemesis 0.05 
ulcer bleeding 0.04 
ascites 0.04 

GI-bleeding=ulcer bleeding and/or variceal bleeding and/or haematemesis and/or melaena, 

encephalopathy=manifest encephalopathy 
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Table VI. Uni- and multivariate time-dependent Cox regression analyses (p<0.05) for 

severity assessment scores (4) and variable scores (25) totalling 29 variables, related to 

survival in 32 patients dying from primary biliary cirrhosis. pR=partial correlation coefficient. 

Period to death, years 

- 16 - -0.5 - 16  - -7 -6 - -0.5 -2 - -0.5 

pR pR pR pR 

Univariate 

Child-Campbell 0.2 1 Child-Campbell 0. 13  HE score 0. 13  Child-Campbell 0.09 
Child-Pugh 0. 17  oedema score 0.07 Mayo risk score 0. 10  Mayo risk score 0.08 
HE score 0 .13 Child-Campbell 0.06 ascites score 0.08 
ANS score 0. 12 ANS score 0.06 
Mayo risk score 0. 12 oedema score 0.05 
oedema score 0. 12 
nutrition score 0. 10  
ascites score 0.09 

Multivariate 

Mayo risk score 0. 1 1  Child-Campbell 0.14 HE score 0. 1 0  Mayo risk score 0.08 
Child-Campbell 0.07 oedema score 0.09 Mayo risk score 0.09 
HE score 0.05 

ANS score = Ascites Nutritional State-Child score, HE score = hepatic encephalopathy score 

Table VII. Multivariate time dependent Cox regression analyses (p<0.05) for all 22 

clinicochemical parameters, 5 body measurement parameters, 11 variables for the first 

occurrence of signs and major events, 4 severity assessment scores and their 25 variable 

scores, totalling 67 items related to survival in 32 patients dying from primary biliary 

cirrhosis. pR=partial correlation coefficient. The univariate Cox prognostic indicators are 

found in Table III, IV, V and VI. 

Period to death, years 

- 16 - -0.5 - 16  - -7 -6 - -0.5 
pR pR 

Multivariate 

Mayo risk score 0.28 Child-Campbell 0.33 Mayo risk score 
ascites score 0.24 temperature 0.30 log sodiumu 

encephalopathy 0. 1 9  log platelet -0.26 
log IgM -0. 13  
deep icterus 0.08 

ANS = Ascites Nutritional State score, sodiumu=urinary sodium. 
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The correlation of the 22 clinicochemical parameters as well as all 67 parameters to the first 

occurrence of ascites, manifest hepatic encephalopathy, upper gastrointestinal bleeding, 

variceal bleeding, ulcer bleeding and any major event by uni- and multivariate Cox analysis is 

shown in Tables VIII and IX. 

Table VIII. Uni- and multivariate time-dependent Cox regression analyses (p<0.05) for all 22 

clinicochemical parameters related to first occurrence of major clinical events: ascites, 

manifest hepatic encephalopathy, upper gastro-intestinal bleeding, variceal bleeding, ulcer 

bleeding and any of these events in 32 patients dying from primary biliary cirrhosis. pR = 

partial correlation coefficient. 

First occurrence of: 

Ascites 

Univariate 
log total protein 
log urinary sodium 
plasma water 
log albumin 
haemoglobin 
whole blood water 
bilirubin 
erythrocyte sedimentation rate 
log plasma sodium 
white blood cell count 

Multivariate 
bilirubin 

First occurrence of: 

Variceal Bleeding 

Univariate: 
log haemoglobin 
whole blood water 
log albumin 
log total protein 
plasma water 
log platelet 
bilirubin 

Multivariate 
whole blood water 

pR 

-0.30 
0.26 
0.26 

-0.25 
0.23 
0.23 
0.2 1 
0.20 

-0. 10  
0. 1 0  

0.32 

pR 

-0.36 
0.33 

-0.28 
-0.26 
0.26 
-0. 19  
0 . 14 

0.24 

Encephalopathy 

log AST/ALT ratio 
serum lgA 
ALT 
white blood cell count 
log albumin 
log total protein 
prothrombin time 
plasma water 
haemoglobin 
whole blood water 
cholesterol 
log platelet count 

log albumin 
prothrombin time 

Ulcer Bleeding 

bilirubin 
log ALT 
haemoglobin 
whole blood water 

bilirubin 
whole blood water 

pR 

0.22 
0.2 1 

-0.2 1 
0.20 

-0. 19  
-0. 1 8  
0. 16  
0. 1 6  

-0. 1 5  
0. 1 5  
0. 12  

-0. 1 1  

-0.23 
0. 17  

pR 

0.38 
-0.23 
0.20 
0.20 

0.29 
0 . 17  

Upper GI-bleeding 

log haemoglobin 
whole blood water 
plasma water 
bilirubin 
log platelet count 
log serum lgA 
log AST/ALT ratio 
log cholesterol 
log albumin 
ALT 

whole blood water 
bilirubin 

Any Event 

log urinary sodium 
log haemoglobin 
log total protein 
whole blood water 
bilirubin 
plasma water 
log albumin 
serum lgA 
log AST/ALT ratio 
cholesterol 
log platelet count 

log urinary sodium 
serum lgA 

pR 

-0.36 
0.3 1 

-0.28 
0.28 

-0.22 
0 . 19 
0. 1 6  

-0. 1 5  
-0. 1 5  
-0. 1 2  

0.25 
0.24 

pR 

-0.30 
-0.30 
-0.27 
0.26 
0.25 
0.25 

-0.20 
0. 1 8  
0. 1 6  

-0. 1 5  
-0. 14  

-0.25 
0.25 
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Table IX. Uni- and multivariate prognostic indicators of first occurrence of ascites, manifest 

hepatic encephalopathy, upper gastrointestinal bleeding (separately variceal bleeding and 

ulcer bleeding) or any of these events in PBC. Analyses (Cox, p<0.05) using 22 

clinicochemical parameters, 5 body measurement parameters, first occurrence of signs and of 

major events ( except the investigated event), and 29 severity assessment and variable scores -

totalling 67 -1 event = 66 items - in 32 patients dying from primary biliary cirrhosis. 

Univariate indicators using the 22 clinicochemical parameters only: Table VIII. pR = partial 

correlation coefficient. 

First occurrence of: 

Ascites pR Encephalopathy pR Upper GI-bleeding pR 

Univariate 
Mayo risk score 0.29 Mayo risk score 0.24 Child-Campbell 0.26 
HE score 0.2 1 ANS score 0.21 nutrition score 0.26 
oedema score 0. 19 ascites score 0.20 log ANS score 0.24 
nutrition score 0. 19  log nutrition score 0. 13 Mayo risk score 0.23 
melaena 0. 17  purpura 0.22 
variceal bleeding 0. 1 3  deep icterus 0.20 

Child-Pugh 0. 1 8  

Multivariate 
Mayo risk score 0.3 1 Mayo risk score 0.2 1 whole blood water 0.27 
log plasma sodium -0. 14 

First occurrence of: 

Variceal Bleeding pR Ulcer Bleeding pR Any Event pR 

Univariate: 
melaena 0.24 Mayo risk score 0.33 Mayo risk score 0.25 
Mayo risk score 0.22 Child-Campbell 0.30 nutrition score 0.23 
Child-Campbell 0.22 nutrition score 0.29 oedema score 0. 1 8  
deep icterus 0.20 ANS score 0.24 purpura 0 . 14 
log ANS score 0. 1 9  deep icterus 0. 1 8  deep icterus 0. 13  
purpura 0. 19 
nutrition score 0. 1 8  
oedema score 0. 14 

Multivariate 
whole blood water 0.24 bilirubin 0.42 log urinary sodium -0.25 

serum lgA 0.24 

ANS score = Ascites Nutritional State score, HE score = Hepatic Encephalopathy score, 
Child-Campbell = Child-Campbell score, Child-Pugh=Child-Pugh score. 
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On the basis of the prognostic factors for the first occurrence of ascites, hepatic 

encephalopathy and upper gastrointestinal bleeding three time-dependent nomograms were 

constructed (Figure 2A-C). On the basis of the calculated score a probability can be derived 

for the first occurrence of a major event for the next 0.5-5 years varying per event. 

Figure 2. Nomogram for calculating the probability of the first occurrence of ascites (A), 

manifest hepatic encephalopathy (B) and upper gastrointestinal (GI) bleeding (C). First, the 

risk score is calculated, then the probability of first occurrence can be read from the figure 
varying from 0.5-5 years. 
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DISCUSSION 

The elevated ESR and lgM at first observation showed that the disease already was 

well under way at the start of this study. The majority of them also had other laboratory 

abnormalities. The steady state may have lasted longer than our observation period and the 

characteristics of onset and early disease (27,28) do not apply to our study. 

The (non-)linear regression analysis of clinicochemical parameters against survival 

showed a large number of highly significant correlations over both the whole period and the 

final phase, and especially the last 2 years. In the steady state (-16 - -7 years) only 3 

clinicochemical parameters (platelet count, cholesterol, and AST/ALT ratio) correlated with 

survival and of these only cholesterol and platelet count appeared in the multivariate analysis. 

We earlier reported platelets (as marker of portal hypertension) to be an independent 

prognostic indicator of survival in primary biliary cirrhosis (14), but apparently this is most 

important for the steady state. Multivariate analysis of the clinicochemical parameters resulted 

for the final 6 years in urinary sodium and prothrombin time as independent indicators and 

these are well-known markers of increasing liver failure (29,30). Over the two terminal years 

bilirubin, marking increasing cholestasis and earlier reported to be the main indicator of 

survival in PBC (31 ), emerged as the sole variable. Over the whole sixteen years period, 

elements of portal hypertension (platelet count), increasing cholestasis (bilirubin), decreasing 

synthesis function (albumin) and decreasing disease activity (AST/ALT) were the 

multivariate risk factors. The increase in AST/ALT ratio was also found to be prognostic in 

the Euricterus PBC population (32), and the (univariate) decrease in serum lgM related to 

survival was reported earlier (5,11,33) in multivariate analyses. 

All body measurements, except height, correlated with survival both over the total 

period and over the final 6 years, but none in the steady state, indicating that nutritional 

deprivation or disturbed metabolism are primarily final phase markers. There was only one 
uni- and multivariate variable: normal temperature in the steady state. 

The analysis of the first occurrence of signs and major events related to death 

delivered for the whole period five risk factors: purpura, deep icterus, ascites, encephalopathy, 

haematemesis and ulcer bleeding. Deep icterus was the only multivariate variable in both 

steady state and final phase and the prognostic importance of jaundice has been highlighted 

earlier (31 ). 

In the analysis of both the severity assessment and variable scores, the Mayo risk score 
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was one of the variables in both total period and final phase ( and the only one in the last 2 

years before death), which differs from the findings ofKlion et al. (15). In the steady state the 

Child-Campbell score was the main indicator. Thus, Mayo fits best with the final phase and 

Campbell with the steady state. Both scoring methods include markers of cholestasis, liver 

synthesis function and portal hypertension, and it is therefore not surprising that in the 

univariate analysis Child-Campbell appears in all and Mayo in three of the four periods 

studied. 

When all 67 parameters together were related to survival, the multivariate analysis 

showed over the whole period Mayo risk score, first occurrence of ascites and of 

encephalopathy, serum IgM and deep icterus to be the main prognostic independent 

determinants. Between steady state and final phase there were clear differences: Child

Campbell score, normal temperature, and platelet count were prognostic indicators in the 

steady state and Mayo risk score and urinary sodium in the final six years. Bilirubin appeared 

as a prognostic indicator over the last two years together with the ANS score. 

The prognostic variables for the first occurrence of the major events based on 

clinicochemical parameters only included (alone or in combination) in the multivariate 

analysis albumin, bilirubin, prothrombin time and urinary sodium - indicators of survival as 

well - and furthermore whole blood water (WBW) and serum IgA. Increased WBW may be 

due to water overload ( e.g. caused by impaired renal water excretion in liver failure) creating 

a diminished concentration of haemoglobin and other solids by dilution. It also may be 

compensatory for a primarily decreased concentration of haemoglobin and in patients with 

liver disease both mechanisms may be simultaneously operational. Serum IgA already has 

been described 15 years ago to be elevated in PBC and to increase with progression of disease 
(35). Employing a set of clinicochemical parameters, Plevris et al (17) found in their 

multivariate analysis platelet count to be an indicator of first occurrence of variceal bleeding. 
In our study platelet count was an univariate risk factor. 

Using all 67 parameters, the Mayo score was an adverse multivariate risk factor for the 

first occurrence of ascites (plasma sodium being the other) and the only one for 

encephalopathy. V ariceal bleeding dominated the first occurrence of upper gastrointestinal 

bleeding and presumably therefore both had the same risk indicator, whole blood water. Gores 

et al. (36), found Child-Pugh-PBC to be an indicator of first variceal bleeding. Although in 

our patient group Child-Pugh (delivering the same results as Child-Pugh-PBC (23)) did not 

appear in the univariate analysis, it's constituent elements were represented as variables of 
other severity assessment scores. 
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Conclusions. Related to survival, there were differences between the final 6 years and 

the preceding 10 years steady state. The multivariate independent prognostic indicators were 

in part related to two of the severity assessment scores (Child-Campbell and Mayo) and their 

variables and in part related to solitary laboratory parameters. For the first occurrence of 

major events, the Mayo score was the sole risk factor for ascites and hepatic encephalopathy, 

as were solitary laboratory parameters for upper gastrointestinal bleeding ( and variceal and 

ulcer bleeding separately) and also for first occurrence of any of these events 
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ABSTRACT 

Background. It has been both reported and doubted that antimitochondrial antibody subtypes 
and subtype combinations (profiles) can serve as prognostic markers in primary biliary 

cirrhosis (PBC). We and others have shown that the course of this disease could be divided in 

the final 6 years characterised by disease progression and in a steady state lasting at least ten 

years before the final stage and we have identified clinicochemical and clinical prognostic 

variables for both periods. Aim. To investigate how antimitochondrial antibody subtypes 

could contribute further to the identification of prognostic risk factors related to survival, and 

first occurrence of major events. Patients and Methods. Antimitochondrial antibody 

subtypes: anti-M2 a-e, anti-M4, anti-MS, anti-M9 I and II (CFT, ELISA and/or Western Blot) 

and IgG, IgM anti-M2,4,8,9; subtype profiles A-D were determined. Furthermore, a general 

non-organ specific antibody panel. Data of 29 patients dying from primary biliary cirrhosis, 

studied over -16 - -0.5 years to death (median -5) were used. The antibody parameters (55) 

were studied alone and integrated with those of the earlier investigation: 22 clinicochemical 

and 45 clinical items (including body measurements and severity assessment scores). 

Investigated periods: total period (-16 - -0.5 years), steady state (-16 - -7), final phase (-6 - -

0.5) and terminal phase (-2 - -0.5). Statistics. (Non-)linear regression, Kaplan-Meier survival 

and time-dependent Cox regression analysis. Results. Antibody presence ( any method, total 

277 samples): anti-M2: 29, M4: 28, M8: 20, M9: 2 patients. Profile A: 0, B: 2, C: 12 and D: 

15 patients. Correlation with survival. (Non-)linear regression, r>0.9, p<0.(0)001, total, 

terminal and final period: M2a and M2c. Multivariate Cox (p<0.05), antibodies, Total period: 

presence of anti-M2 (IgM) and anti-MS (CFT), Steady state presence of anti-MS (CFT), Final 

phase log anti-MS (CFT) titer, and Terminal none. Antibodies plus 22 clinicochemical 

parameters, Total period: AST/ALT ratio, log bilirubin, anti-M2 (IgM) titer, log platelet 

count, whole blood water and log albumin; Steady state: anti-M8 (CFT) presence / log 

albumin; Final (terminal) phases: no antibodies. Antibodies combined with 67 

clinicochemical and/or clinical parameters. Total period, Steady state, final phases: no 

antibodies. Multivariate Cox, first occurrence of major clinical events: no antibodies. 
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Conclusions. Antimitochondrial antibody subtypes were, when analysed in combination with 

clinicochemical parameters, independent (favourable) risk factors of survival for the total 

period (anti-M2) and steady state phase (anti-MS). When tested also including clinical 

findings, only clinico( chemical) indicators emerged. Onset and early PBC was not part of our 

study and this probably was reflected by the low incidence of anti-M9. 

INTRODUCTION 

Since the early eighties, prognosis in primary biliary cirrhosis (PBC) has been subject of 

investigation (1,2) and several prognostic models were developed (3-12). Recently, 

mitochondrial antibody subtypes were reported prognostic (13-17), but in one report (31 ), 

doubt was cast over their prognostic properties. Four antibody subtypes are distinguished 

(15,18); anti-M2, -M4, -M8, and M9. The antigen M2 contains the five epitopes relevant for 

the diagnosis of PBC: i.e. the subunits of the 2-oxoacid-dehydrogenase complex: the 

pyruvate-dehydrogenase complex (PDC, type M2a), protein X (type M2b ), 2-oxoglutarate 

dehydrogenase (type M2c), the E la-subunit (type M2d) and the E l �-subunit of the pyruvate 

dehydrogenase complex (type M2e) [18,19]. Antigen M4 and M9 are associated with the 

mitochondrial intermembrane space enzyme sulphite oxidase and the cytoplasmic enzyme 

glycogen phosphorylase, respectively. The antigen M8 is associated with the outer 

mitochondrial membrane, enriched in kidney and trypsine sensitive. Both the presence of anti

M4 and anti-MS antibodies were reported to be representative of a more active and 

progressive course of the disease, whereas anti-M2 and anti-M9 (early PBC[20]) were 

indicative of a more benign course. Based on these observations four antibody profiles were 

defined and tested in three retrospective and one prospective study (13,14,16). They showed a 

positive relationship with progression of disease as measured by histology, bilirubin, alkaline 

phosphatase and serum IgA and IgG, but the data were not subjected to Cox regression 

multivariate survival analysis. 
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We wanted to investigate the prognostic relevance of mitochondrial antibody subtypes 

and subtype profiles using multivariate analysis in a long-term cohort study (-16 - -0.5 yr 

prior to death) of PBC patients. We earlier identified two stages of disease progression: steady 

state (-16 - -7) and final phase (-6 - -0.5), with a terminal phase from -2 to -0.5 years. For all 

periods, using time-dependent multivariate analysis, we found independent risk factors based 

on clinicochemical parameters alone or in combination with clinical parameters (22,23). In 

the present study we aimed at investigating the prognostic relevance related to survival and 

first occurrence of major events of mitochondrial antibody subtypes and subtype profiles, 

alone or in combination with the previously used parameters. 

PATIENTS AND METHODS 

In an initial population of 120 patients with primary biliary cirrhosis (22) of the then 

section of Hepatology of the University Hospital Groningen seen from 1969 until 1989 with 

antimitochondrial antibodies and histology compatible with PBC according to Scheuer stages 

I-IV (21), 29 lacked sufficient follow-up. Data from 83 patients were used earlier for cross

validation of the Mayo prognostic model and development of a time-dependent model 

(11, 12). 

Of those patients, 32 died from PBC. This subpopulation has been studied with regard 

to severity assessment scores and first occurrence of major events over a 16 years time span 

before death (22) and also for prognostic indicators derived from clinicochemical parameters, 

body measurements, first observation of signs and first occurrence of major events (23 ). From 

the start of this study in 1969 serum or plasma samples were collected and stored deepfrozen. 

Coded samples were investigated in Tiibingen (Germany) for antimitochondrial antibodies 

and other general antibodies. As samples of 3 patients lacked, the study population consisted 

of 29 patients (2 males, 7%), median age 52 (range 40-79 years), in whom 277 samples 

were obtained. 

Data were collected on a computerised pre-programmed standard format from both the 

medical files and from the referring physician. This format started from 0.5 to n years prior to 

death. Half a year prior to death was chosen as first observation to avoid interference of 

immediately death-related events with the natural course of the disease and because one-third 

of PBC patients die outside the hospital (24). For this study were retrieved the results of: 55 
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antibody parameters, 22 clinicochemical parameters, 45 clinical parameters ( 5 body 

measurement parameters, 11 parameters for first observation of signs and first occurrence of 
major events, 4 severity assessment scores and their 25 variable scores. The maximum 

number of variables used in the statistical analyses was 122. 

The 55 antibody parameters consisted of antimitochondrial antibody subtypes, profiles 

consisting of subtype combinations and a general antibody panel, Table I. Methods: tissue 

immunofluorescence on cell cultures and cryostat sections, enzyme linked immunosorbent 

assay (ELISA), complement fixation test (CFT), and Western Blot (WB) analysis. The 

(longitudinal) test results were used as 'presence' or titer level ('titer') and subjected to (non-) 

linear regression, uni- and multivariate Cox regression analysis and tested alone and 

integrated with 22 clinicochemical (23) and also with 67 combined clinicochemical alone or 

combination with clinical parameters. Clinicochemical: ALT, AST, AST/ALT ratio, alkaline 

phosphatase, albumin, bilirubin, cholesterol, creatinine-clearance, erythrocyte sedimentation 

rate, haemoglobin, platelet count, prothrombin time, serum IgA, serum IgG, serum IgM, 

plasma sodium, total protein, triglycerides, urinary sodium, white blood cell count. Plasma 

water and whole blood water were calculated from the respective total protein and 

haemoglobin levels (24). Plasma water = -0.09*total protein (g/1) + 97.6 and whole blood 

water = -0.09*haemoglobin (g/1) + 91.7. Clinical parameters, body measurements: weight, 

height, temperature, body mass index, resting energy expenditure (25). First observations of 

the 3 signs deep jaundice, purpura and spider naevi. First occurrences of ascites, manifest 

hepatic encephalopathy, and upper gastrointestinal bleeding (variceal and ulcer bleeding, 

melaena, haematemesis) and any major event (8 parameters). Severity assessment methods: 

Mayo (M) risk score (4), Child-Campbell (C) score (27), Child-Pugh score (CP, using the 

original Child-Turcotte variable limits (27,28)) and ANS-Child score (Ascites Nutritional 

State (29]) and their 25 variable scores, totalling 29 parameters. 

The course of PBC was divided in a period from -16 to -7 years (steady state) and 

from -6 to -0.5 years (final phase) in which all major events took place and the severity 

assessment scores increased continuously. The terminal two years before death (-2 - -0.5 yr) 

were investigated as well. 
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Electro11ic data collection and statistical methods 

Data were collected with the use of a DBASE® data-entry program (30) and analysed 

by the SPSS® for Windows TM statistical package (31 ). Progression of variables in time were 

analysed by (non-) linear regression analyses, with the most appropriate mathematical model 

fitted on the basis of R square and statistical significance of the regression coefficients. This 

method delivers mean and 95% confidence intervals. Regression models used were: linear (Y 
= b0 + b 1 t); logarithmic (Y = ho + b1ln(t)); inverse (Y = ho + (b1/t)); cubic (Y = ho + bi t + b2t2 + 

b3t3); power (Y = b0(l1)); S regression (Y = /bO +bllt)); exponential (Y = b0(i1')). With: b0=a 

constant, bn= regression coefficient, t=years before death, ln=natural log(base e ), e=natural 

log base. 

For analysis of survival, cumulative survival curves and Kaplan-Meier curves were 

used, for comparison of groups the logrank test was used. Variables of prognostic value for 

actual survival and first occurrence of the clinical events were analysed in a time-dependent 

Cox regression analysis (31) ( the event( s) to be analysed not being implemented in the Cox 

regression) . Requirements for these analyses (proportional hazards functions) were fulfilled. 

After univariate time-dependent Cox analysis all significant variables were implemented in 

multivariate regression analyses. Both forward as backward selection procedures were used to 

derive the same set of predictive variables with p<0.05 as the significance level for a variable 

to be included in the model. Variables were ranked on the basis of their pR-value (the partial 

correlation of each independent variable with the dependent variable). 

A p value � 0.05 was considered to be significant and a p value > 0.05 - < 0.1 a trend. 

All results were tested against actual survival, separately their prognostic value was also 

tested against the first occurrence of major clinical events (23) i.e. ascites, hepatic 

encephalopathy, upper gastrointestinal bleeding alone or in combination. 
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RESULTS 

The presence of antibodies and profiles in the 29 patients is found in Table I. Between profiles 

C and D there was no difference in survival (Kaplan-Meier, p=0.4, median 15 and 12 years 

respectively). The (non-)linear correlations of antibodies to survival (and the number of 

determinations showing the presence of antibody) are shown in Table II and the Cox 

univariate regression analysis in Table III. In Table IV multivariate time-dependent regression 

analyses are shown between survival and antibodies alone, antibodies and clinicochemical 

parameters and antibodies and clinicochemical plus clinical parameters. Antibodies, 

prognostic for first occurrences of major events (ascites, hepatic encephalopathy, upper 

gastrointestinal bleeding or any event, univariate analysis (p<0.05): none. Multivariate 

analysis was therefore excluded. 
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Table I. Antimitochondrial antibody subtypes, general antibodies and antimitochondrial 

profiles, methods and total numbers in 29 patients dying from primary biliary cirrhosis. AMA 

was positive in all (IF-cryostat sections and cell cultures). 

Variable (technique) Total number of patients 

anti-M2 a (WB) 

anti-M2 b (WB) 

anti-M2 c (WB) 

anti-M2 d (WB) 

anti-M2 e (WB) 

anti-M2 IgG (ELISA) 

anti-M2 lgM (ELISA) 

anti-M2 (CFT) 

anti-M2 (any method) 

anti-M4 IgG (ELISA) 

anti-M4 lgM (ELISA) 

anti-M4 (CFT) 

anti-M4 (any method) 

anti-MB lgG (ELISA) 

anti-MB IgM (ELISA) 

anti-MB (CFT) 

anti-MB (any method) 

anti-M9 type I (WB) 

anti-M9 type II (WB) 

anti-M9 lgG (ELISA) 

anti--M9 lgM (ELISA) 

anti-M9 (any method) 

Profile A: anti-M9 present in ELISA and WB 

12  

9 

1 2  

7 
4 

29 

2 1  

2 1  

29  

28  

16  

16  

28  

20 

1 0  

1 0  

20 

2 
2 

B: anti-M2 present by CFT and/or ELISA' 

Antibody Panel 

ACA 

ANA 

anti-ENA 

anti-ER 

anti-LKM 

ND 

nucleoli 

NM 

anti-SMA 

thyroid MAB 

thyroid CAB 

anti-H2B lgA 

anti-keratin 

any of these antibodies 

C: anti-M2 and anti-M4 and/or anti-MB present in ELISA' 

D: anti-M2 and anti-M4 and/or anti-MB present in ELISA and CFT' 

IF cryostat IF cell 

6 

5 6 

2 

3 

4 

1 1  

12  

4 

12  6 

Total number of 

patients 

6 

6 

2 

3 

4 

I I  

2 

2 

1 2  

4 

12  

0 

2 
1 2  

1 5  

CFT = complement fixation test, ELISA = enzyme linked immunosorbent assay, WB = Western Blot, IF

cryostat= Immuno Fluorescence cryostat, ACA = anticentromere antibody, AMA = antimitochondrial antibody, 

ANA = antinuclear antibody, anti-ENA = extractable nuclear antigen antibody, anti-ER = anti-endoplasmatic 

reticulum, , anti-LKM = anti-liver kidney micrsomal antibody, ND =  nuclear dot pattern of ANA, , nucleoli = 

nucleoli pattern of ANA, NM = nuclear membrane pattern of ANA, SMA = anti-smooth muscle antibody, 

thyroid MAB = thyroid microsomal antibody, thyroid CAB = thyroid colloid antibody, H2B-IgA = anti-histone 

type 2B lgA. 

• irrespective of the presence or absence of anti-M9 

146 



Antimitochondrial antibody subtypes and actual survival in PBC 

Table II. Presence of antibodies and (non-)linear correlations (r) between these and actual 

survival from -16 to -0.5 years before death in 29 patients dying from primary biliary 

cirrhosis, in 277 tested samples, 'Any': using any antibody - subtype method. Antibodies not 

listed were negative or only measured positive once in any sample. 

Period to death, years 

- 1 6 - -0.5 - 16  - -7 -6 - -0.5 -2 - -0.5 
(n=277) (n=66) (n=2 1 1 )  (n=l l 8) 

r P n rP n rP n rP n 
M2a -0.934 23 M2-lgM -0.341 37 M2a -0.934 1 7  M2a -0.924 8 
M2c' -0.934 1 6  M2-CFTt -0.32 1 36 M2c' -0.934 1 5  M2c' -0.924 8 
M2-CFT' -0.554 98 M4-CFTt -0.31 1 22 M2-IgG' -0.694 77 M4-IgG' -0.624 37 
M2-IgG' -0.554 1 1 5 M8-CFT0 -0.401 1 7  M4-IgG' -0.644 75 M2b' -0.963 6 
M4-IgG' -0.444 1 10 any-M2 -0.02q' 38 M2-CFT0 -0.474 62 M2-IgG' -0.683 39 
M2-IgGt -0.354 1 1 5 any-M4 -0. 14q, 36 M2-IgGt -0.454 77 M2-IgGt -0.503 39 
M2-lgM' -0.354 90 any-MB -0.04q' 32 M4-CFT0 -0.41 4 45 M4-CFT' -0.462 1 8  
M4-IgGt -0.323 1 10 profile c· -0.27q, 14  M4-lgGt -0.403 75 M4-IgGt -0.432 1 8  
Cell ANA' -0.51 2 3 1  profile o· -0.24q, 23 M4-CFTt -0.332 45 M4-CFTt -0.43 1 1 8  
M2-CFTt -0.322 1 1 5 M8-JgG' -0.06q, 27 profile ot -0.302 46 cell NM' -0.85 1 6 
M4-CFT' -0.352 1 12 M4-IgG' -0.03'1' 35 cryo ANA' -0.97 1 4 cryo SMA' -0.66 1 1 5  
M4-CFTt -0.322 10 198 M4-IgGt 

-0. 1 7q, 35 cell NM' -0.74 1 9 MB-IgGt -0.51 1 26 
M8-CFT0 -0.3 1 2 67 M8-lgM' -0. 14q, 5 cell ACA' -0.72 1 6 M2-CFT' -0.34 1 26 
Any-M2 -0. 192 67 M2-IgMt 37 cell ANA' -0.57 1 1 3  M8-CFT0 -0.33 1 1 3  
Any-M4 -0. 1 82 47 Cryo -0. l Oq, 7 M4-IgM' -0.34 1 26 MB-CFTt -0.29° 1 3  
Any-MB -0. 162 69 ANA' -0.57q, 5 M2-CFTt -0.33 1 62 any-M2 -0.0Bq' 39 
Profile ot -0.9i 7 M8-IgMt -0. 12q' 1 8  M8-CFT0 -0.30 1 30 any-M4 -0. 1 0<1> 38 
Cell ACA' -0.72 1 1 6  cell ANA' -0.35q, 36 M8-lgGt -0.22 1 53 any-MB -0. 1 3q' 34 
M2b' -0.46 1 47 M2-CFT0 -0. 14q, 3 MB-CFTt -0.25 1 30 any-M9 -0. 1 6q, 2 
MB-CFTt -0.29 1 46 H2B-JgAt -0.28q, 1 7  M8-lgGt -0.22° 53 profile ct -0.35q, 1 9  
M4-IgM' -0.20 1 37 MB-CFTt -0.28q' 38 profile ct -0.22° 30 profile ot -0.98q, 1 9  
Cryo SMA' -0.30° 44 M2-IgG' -0.30q' 38 any-M2 -0. l 0q, 77 M8-IgMt 

-0. l 0q' 1 0  
Profile ct -0. 17° 80 M2-IgGt -0.28q, 22 any-M4 -0. 12q, 76 MB-JgM' -0. 1 3q, 1 0  
MB-IgG' -0. 1 6° 5 M4-CFTt -0. 19q, 27 any-MB -0. l l q, 69 M4-IgM' -0. 1 3'1' 1 3  
Any-M9 -0.0003q' 2 M8-IgGt -0 . 19'1' 20 any-M9 -0.0Bq' 4 M2-IgMt 25 
Cell LK.M' -0.65q' 4 M4-IgMt -0.30q' 20 H28-lgAt -0. 1 3q, 28 M2-IgM' -0.20q, 25 
Cell ND' -0.42q' 3 M4-IgM' -0.33q' cell ND' -0.92'1' 4 cell ANA' -0.21 4' 4 
M9-J' -0.51 '1' 46 M8-JgM' -0. 1 1 '1' 3 H28-JgAt -0.72q, 

1 8  
M4-IgMt -0.084' 3 1  M2d -0.35q, 7 M2-CFTt -0.57q, 26 
H28-JgAt -0. 1 8q, 3 M2-IgM' -0. 1 8q, 53 M8-CFT

0 -0.26q, 26 
Cryo NM' -0.74q, 8 M2-IgMt 

-0. 16q, 53 cell ACA' -0.25q' 5 
M2d' -0.36q, 1 3  M4-IgMt 

-0.424• 26 -0.71 4' 
Cryo ANA' 20 cryo SMA' 32 
MB-IgM' -0.49'1' 

9 M2b' -0.28q, 12 
Cell NM' -0. 1 3q, 90 M8-lgMt -0.444' 1 5  
M2-IgMt -0. 14q, 80 M8-IgG' -0.20q' 53 
M8-JgGt -0. 1 5q, 20 -0.20q, 
M8-lgMt -0. 1 5q, 

-0. 15q, 

ANA = antinuclear antibody, anti-ENA = extractable nuclear antigen antibody, anti-ER = 
anti-endoplasmatic reticulum, ' anti-LKM = anti-liver kidney micrsomal antibody, ND = 
nuclear dot pattern of ANA, , nucleoli = nucleoli pattern of ANA, NM = nuclear membrane 
pattern of ANA, SMA = anti-smooth muscle antibody, H2B-IgA = anti-histone type 2B lgA. 

= present, t = titer. 
p-value: <I> = � 0. 1 ,  O p=0.06, l p<0.05., 2 p<0.01, 3 p<0.001, 4 p<0.0001. 
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Table III. Univariate time-dependent Cox regression analyses {p<0.05) for 18 

antimitochondrial subtypes, 4 subtype profiles A-D, 29 general antibody tests (totalling 55 

parameters) related to survival in 29 patients dying from primary biliary cirrhosis. pR=partial 

correlation coefficient. 

Period to death, years 

- 16 - -0.5 - 1 6 - -7 -6 - -0.5 -2 - -0.5 

pR pR pR pR 

Univariate 

M2-lgM• -0. 1 6  log M4-CFTt -0.24 log M8-CFTt -0. 16 none 

ANA• -0. 1 1  M2-lgM• -0.20 M4-IgM• -0. 1 1  

M2-CFTt -0.08 M8-CFT• -0. 1 8  M2-CFT• -0.08 

M8-CFT• -0.08 log M8-IgGt 0. 1 6  M2-IgM• -0.07 

log M8-IgGt -0.08 M4-CFTt -0. 14 

M4-IgM• -0.06 M8-CFTt -0. 1 2  

M8-CFTt -0.06 M2-CFTt -0. 1 1 

M4-CFTt -0.05 M2-IgGt -0. 1 1  

ANA = anti-nuclear antibodies, CFT = complement fixation test, = present, 1 = titer. 
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Table IV. Multivariate time-dependent Cox regression analyses (p<0.05) for 

antimitochondrial subtypes and profiles and for other autoantibodies (55 parameters), for 
antibodies plus clinicochemical parameters (77 items) and for antibodies, clinicochemical and 

clinical parameters (122 items) related to survival in 29 patients dying from primary biliary 

cirrhosis. pR=partial correlation coefficient. 

Period to death, years 

16 - -0.5 
Multivariate, antibodies 

M2 IgM• 
M8 CFT• 

- 16 - -7 

pR 

- 0.33 M8 CFT• 
- 0. 12  

Multivariate, antibodies and clinicochemical 

AST/ALT ratio 
log bilirubin 
M2-IgM• 
log platelet count 
whole blood water 
log albumin 

0. 15  M8-CFT• 
0. 1 1  log albumin 

- 0. 1 1  
- 0.08 
0.06 

- 0.05 

-6 - -0.5 -2 - -0.5 

pR pR pR 

- 0. 15  log M8-CFT titert -0. 1 6  none 

- 0.22 log urinary sodium -0. 17  log bilirubin 0.09 
- 0.22 prothrombin time 0.09 

Multivariate, antibodies, clinicochemical and clinical 

Mayo score 0.28 Campbell 
ascites score 0.24 temperature 
encephalopathy 0. 19  log platelets 
log IgM - 0. 13 
deep icterus 0.08 

0.33 
0.30 

- 0.26 

Mayo score 
log urinary sodium 

0. 13  log bilirubin 
- 0.09 ANS score 

0. 1 3  
0.08 

CFT = complement fixation test, ANS = Ascites Nutritional State Score, • = present, t = titer. 
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DISCUSSION 

Anti-M9, associated with early disease (20) was found in less than 10 percent of our patients 

and this is in accordance with the state of disease in our population in which all patients at 

entry had elevated erythrocyte sedimentation rate and serum IgM and most of them, other 

laboratory disturbances (23). Anti-M2 and anti-M4 were present in (nearly) all patients and 

anti-M8 in the majority, which is according to the literature (13,14,17). Of the general 

antibody panel, anti-histone type 2B IgA and smooth muscle antibodies were found in one 

third of the patients and anticentromere antibodies and antinuclear antibodies in one fifth. 

Forty percent of all patients had any non-organ specific antibody and this fits PBC (18,33-35). 

In the (non-) linear regression analysis M2a (pyruvate dehydrogenase complex) and 

M2c (2-oxoglutarate dehydrogenase) had a strong negative correlation with survival in all 

periods, except the steady state. Unfortunately, only 12 patients (40%) had either a or b and 
the impact is therefore limited. In the univariate analysis a number of mitochondrial antibody 

subtypes was represented in all periods except the terminal phase and in the multivariate 

analysis between antibodies and survival anti-M2 IgM was a positive (favourable) risk factor 

for the whole period, and anti-MS CFT (favourable) for all periods, except the terminal phase. 

After combination of antibodies and clinicochemical parameters anti-M2 IgM was still a risk 

factor for the whole period and anti-M8 CFT for the steady state. While we found a negative 

correlation between anti-M2 and survival, the literature reports a positive relationship 

between anti-M2 titres and disease progression (36). When clinical parameters were added, 

together with or including clinicochemical variables, these were the only remaining risk 

factors as to survival. 

Conclusion: antimitochondrial antibody subtypes anti-M2 and anti-M8 had 

independent (favourable) prognostic properties in our patient group. When clinical 

parameters, including severity assessment scores, were included in the analysis, these 

however appeared superior. 
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ABSTRACT 

Background. Liver transplantation (LT) is the only definitive treatment in eligible primary 

biliary cirrhosis (PBC) patients. The timing of LT remains subject to discussion. In our 

database, comparable longitudinal data of both a group of patients dying from PBC as well as 

a group of PBC patients whose timing of LT was done on clinical judgement are available. 

Aim. To establish where on the actual timeline to death from PBC the LT group had their LT. 

Patients and Methods. Yearly database data were used 1-6 years to death (32 patients) or to 

LT (41 patients). They comprised first occurrences of major events (ascites, hepatic 

encephalopathy, upper gastrointestinal bleeding including variceal and ulcer bleeding, any of 

these events); severity assessment scores (Mayo, Child-Campbell, Child-Pugh, Child Ascites

Nutritional State) and earlier reported prognostic laboratory parameters (bilirubin, 

prothrombin time, urinary sodium, plasma water and AST/ALT ratio). Timeline differences 

were determined for assessment scores and laboratory variables by factorial analysis of 

variance. Projection on the timeline to death was done by slideruling first occurrences of 

major events, assessment scores and laboratory parameters 1 year before LT against the same 

data 1-6 years before death. Mayo survival probabilities were calculated at two years before 

death and at the corresponding interval to LT. Results. There was a significant timeline 

difference for all assessment scores and laboratory parameters except prothrombin time and 

plasma water. In the LT group, first occurrences of events only took place in the last five 

years before LT, compared to 6 years before death in the other group. Slideruling showed the 

best fit between 1 year before LT and 2 years before death for all first occurrences of events 

(p 0.7-1.0) and for the assessment scores (p 0.2-0.7) and no conclusive results for the 

laboratory parameters. The Mayo survival probabilities two years before death did not differ 

from the results 1 year before LT, and they were too optimistic in both groups. Conclusions. 

LT, timed on clinical judgement, could be projected on results from 1 year before death from 

PBC. Prognostication of survival over the last two years using the Mayo survival probabilities 

would have led to erroneously optimistic results. The explanation may for some patients have 

been in part be that the accelerated worsening of disease had not yet started two years before 

death or one year before LT, and in part that major clinical events are not part of the Mayo 

model. 
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Liver transplantation on the timeline of death from PBC 

In patients with primary biliary cirrhosis (PBC), a long steady state phase lasting a 

decade or more, is followed by a final phase of six years prior to death (1,2). In these final 

years the major clinical events ascites, hepatic encephalopathy and upper gastrointestinal 

bleeding have their first occurrence and severity assessment scores increase concurrently. The 

last two of these six years - the terminal phase - show an accelerated worsening (1-3). 

Liver transplantation (LT) is as yet the only definitive therapy for PBC. 

Ursodeoxycholic acid, reported to improve histology and biochemistry ( 4-10), has its effect 

on the steady state and may delay death and liver transplantation. The timing of LT for PBC 

has been subject of several studies (11,12-16). The Mayo model provides calculation of a 

mean survival probability from a risk score which is derived from a few laboratory and 

clinical parameters (17-19). Recently, we have shown that other assessment methods deliver 

comparable results (3, 18). 

We were in the position to compare longitudinal data from the final phase in patients 
dying from PBC with those of patients receiving LT, timed on clinical judgement. Using a 

sliderule method we have tried to determine where on the timeline to death of the one group 

the other group had received their new liver. Furthermore, we have investigated discrepancies 

between the Mayo model survival interval to probabilities in individual patients and actual 

survival (or LT) two years before death and at the corresponding LT. 

PATIENTS AND METHODS 

From a database of 120 patients with PBC seen between 1969 and 1989, 73 patients 

had follow-up data to death from PBC (n=32) or to LT (n=41) and were included in this 

study. The median age 1 year prior to death was 5 6 ( 44-7 4) and 1 year prior to LT 4 7 (3 9-63 ), 

p=0.005. Of the total 73 patients, 69 (95%) were females. 

From an electronic pre-programmed standard format (1,3) data from 1 to 6 years 

before death or LT were used. The follow-up data employed in this study were four severity 

assessment scores; five laboratory parameters which had been shown to be prognostic in the 

uni- or multivariate analysis over the final period (3); and five major clinical events (1,3). The 

longitudinal data of the assessment scores and laboratory parameters were analysed for 
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differences between patients dying from PBC and LT patients. Only for parameters showing a 

difference, the results obtained 1 year before LT were slideruled against those 6-1 years 

before death in search of the best comparability. The same was done with the first occurrences 
of major events. There were in total 267 measurements for LT patients and 277 for patients 

dying from PBC. In addition, data 0.5 years before LT or death are shown in Figure 1 and 2. 

The data of the patients two years before death and the corresponding interval for LT 
patients, obtained with the above methodology, were investigated for discrepancies between 

actual survival or LT and the survival probability using the Mayo model. 

The severity assessment scores used were the Mayo score [18] (M 0-14, which also 

delivers a 1-7 year survival probability); the Child-Campbell score [21] (CC 5-15); the Child

Pugh score [22] (CP 5-15, using the original Child-Turcotte variable limits); the Child Ascites 

Nutritional State score [23] (ANS 1-9). The variables used in the scores are alb(umin) g/1, 

(M, CC, CP); bili(rubin) µmol/1 (M, CC, CP); pro(thrombin) time sec (M, CP); ascites score 

1-3 (CC, CP, ANS); hepatic encephalopathy score 1-3 (CC, CP); nutritional state score 1-3 

(CC, CP); oedema score 0, ½, 1 (M) and age yr (M). These, including the reference laboratory 

values, have been dealt with previously (1,3). The Mayo risk score (M) has 4 risk groups 

with 1-7 year survival probabilities. The risk score group ranges with 1 and 2 year survival 

probabilities are: Low Risk M 0-5.37, 1 year 100-96%, 2 years 100-92%; Intermediate Risk 

M 5.37-6.42, 1 yr 96-89%, 2 yr 92-79%; High Risk M 6.42-8.67, 1 yr 89-31 %, 2 yr 79-11 %; 

Very High Risk M 8 .67-14, 1 yr 31-0%, 2 yr 11-0%. A recommended score range for LT 
referral is 7.5-9.0, 1 yr 71-22%, 2 yr 50-5% (12,17). 

The laboratory parameters found prognostic for survival in the uni- and multivariate 

analysis over the last six or the last two years prior to death were (3): increasing bilirubin (last 

2 years), increasing prothrombin time, decreasing urinary sodium (Nau, mmol/1), increasing 

plasma water (PW, mass¾) and increasing AST/ALT (ratio). 

First occurrences of major events (1,3) were listed cumulatively at the yearly intervals 

before death or LT. All events had occurred in the final 6 years before death or 5 years before 

LT. The 6 items were: first occurrence of ascites, of hepatic encephalopathy, of upper 
gastrointestinal (GI) bleeding (and separately of variceal bleeding and of ulcer bleeding) and 

of any of these events. 
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Electronic data collection and statistical methods 

Data were collected with the use of a DBASE® data-entry program (24) and analysed 

by the SPSS® for Windows TM statistical package (25). Progression of variables in time were 

analysed by (non-) linear regression analyses, with the most appropriate mathematical model 

fitted on the basis of R square and statistical significance of the regression coefficients. This 

method delivers mean and 95% confidence intervals. For comparison between regression 

lines between patients dying from PBC and LT patients factorial analysis of variance was 

used. 

Cumulative curves for the occurrence of a major event were used for time-related 

events, for comparison of groups the logrank test was used. Differences between groups were 

tested were appropriate by the Chi-square test or the Mann-Whitney U test. A p value � 0.05 

was considered to be statistical significant and a p value > 0.05 - < 0.1 regarded a trend. The 

null hypothesis was defined to be no difference between LT patients and deaths, therefore a p

value �0.05 indicates that this hypothesis can be rejected. 

RESULTS 

Timeline differences (Figure 1) were found between the LT group and the death from PBC 

group for all severity assessment scores (M and CC p<0.0001, ANS p=0.01, CP p=0.02), bili 

(p=0.001), Nau (p=0.01), and AST/ALT (p=0.03). No timeline differences were found for PW 

(p=0.95) and protime (p=0.5), which therefore were not further investigated. 

Slideruling (Table I) the severity assessment scores and laboratory parameters showed 

comparability between 1 year before LT and 2 years before death for the assessment scores, 

the difference being 1 year. The laboratory parameters did not have this clear-cut result. The 

(cumulative) first occurrences of events showed identical results between 1 year before LT 

and 2 years before death and for most items comparable results at other intervals. The actual 

values of the investigated parameters 2 years before death and 1 year before LT are also 

shown in Table I. 
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Figure 1. Longitudinal course of severity assessment scores: Mayo risk score (A), Child

Campbell score (B), Child-Pugh score (C), and Ascites Nutritional State Score (D), and of 
prognostic laboratory variables: bilirubin (E), urinary sodium (F), AST/ALT (G), plasma 

water (H), and prothrombin time (I), in patients who underwent liver transplantation (LT, 

n=41) and patients who died from primary biliary cirrhosis (n=32). 
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Liver transplantation on the timeline of death from PBC 

Table I. First occurrences of major events, severity assessment scores and laboratory 

variables one year before liver transplantation, slide ruled against the results 1-6 years before 

death from PBC, p-values. Parameter results are shown for the best fit. H, L: LT higher, lower 

(p<0.05); [HJ, [L]: trend (0.05<p<0.1). Otheiwise: p-value stated. To the right percentual data 

from 41 LT patients and 32 patients dying from PBC. 

Period to LT, years 

death, years 

Difference, years 

Events, first occurrence 

ascites 

hepatic encephalopathy 

upper GI-bleeding 

variceal bleeding 

ulcer bleeding 

any event 

Assessment Methods 

Mayo risk score 

Child-Campbell 

Child-Pugh 

ANS 

Prognostic variables 

Bilirubin 

Urinary sodium 

AST/ALT ratio 

-1  - 1  - 1  

- 1  -2 -3 

0 2 

1 00%: LT n=41 ;  death n=32 

[L] 1 .0 [H] 

0.7 0.7 H 

0.4 1 .0 0.8 

0.6 0.8 0.3 

0.7 0.7 1 .0 

0.2 1 .0 0.2 

L 0.4 H 

L 0.7 H 

L 0.2 H 

L 0.7 H 

H H H 

H 0.2 0.2 

L L L 

- 1  - 1  - 1  - 1  

-4 -5 -6 -2 

3 4 5 0 

LT / death 

[H] [H] [H] 1 7% / 1 6% 

H H H 1 0% / 6% 

0.5 [H] H 20% / 22% 

0.3 [H] H 20% I 1 6% 

0.5 0.5 0.5 5% I 9% 

[H] H H 32% I 3 1 %  

median 

LT / death 

H H H 5.3 1 5.5 

H H H 6 6 

H H H 6 6 

H H H 

median 

LT / death 

H H H 37 I 2 1  

0.3 0.4 0.4 124 / 86 

L 0. 1 0.1  0 .9 1  I 1 .23 
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Mayo 1 and 2 year survival probabilities calculated one year before LT or two years 

before death are for every patient shown in Figure 2A and 2B. 

Figure 2. Mayo survival probabilities two years before death from primary biliary cirrhosis 
(A, n=l8) and one year before LT (B, n=24). Medians and ranges; 1 year A 87% (44 - 99%), 

B 86.5% (43 - 99%), p=0.97; 2 years A 75% (20 - 99%), B 75 (18 - 99%), p= 0.9. 
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The median 2 year survival probability was for LT patients 76% (range 18-99%) and 
for those dying from PBC 75% (range 20-99%), p=0.7. There were 11 patients (26%) with a 

survival probability �90%, 7 with LT (29% of 24 at 2 years before LT) and 4 of those who 

died (22% of 18 at 2 years before death. Characteristics of the individual patients are found in 

Table II. Only five patients, 4 dying from PBC (22%) and 1 (4%) with LT had a 2 years' 

survival probability of 50% or less (18-47%), corresponding to the recommended Mayo LT 
referral score of 7.5 or higher. One year before death there were still only 7 patients (39%) 

with a score 7.5 or higher. Half a year before death or LT 63% (20 patients) of those going to 
die and 49% (20 patients) of those to receive LT had the referral score of 7.5 or higher 

(p=0.3). 
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Table II. Characteristics of patients 2 years before death from PBC or one year before LT with a Mayo model 2 year survival probability of 90% 

or higher, including first occurrences of major clinical events (ascites, hepatic encephalopathy, variceal and ulcer bleeding). 

Patients Expected Mayo Event M cc CP ANS Bili Albu Protime Na. PW AST/ALT Oedema score Age 
survival (%) ratio 0 
l yr / 2 yr  5 5 l $ )7  �40 1 1 - 13  <92.l < 1 .2 

One year before LT Cause of LT I yr later 
99 / 99 ascites 2 3.3 6 5 4 8 42 1 1 .0 9 1 .6 0.9 0 48 ascites 3 

2 99 / 98 none 4.1 5 5 I 10 42 12.0 56 90.0 1 .0 0 57 hepatic failure 
99 / 98 none 4.2 5 5 I 1 3  43 14.0 90.8 2.4 0 45 fatigue 

4 98 / 96 ascites 2 4.6 6 7 4 1 6  32 1 7.2 46 90.1 0.8 0 39 ascites 3 
5 98 / 95 none 4.9 6 6 I 2 1  35  1 2.5 62 90.6 0.9 0 46 fatigue/itching 
6 96 / 93 none 5.3 5 5 I 3 1  36 1 3.2 1 24 90.5 1 .0 0 47 fatigue/itching 
7 96 / 93 ascites 2 5.3 7 7 4 48 37 I 1 .2 90.6 0.8 0 50 ascites 3/ variceal bleeding 

Median 98 / 96 4.6 6 5 I 1 6  37  1 2.5 59 90.6 0.9 0 47 
Range 96-99 I 93-99 3.3-5.3 5-7 5-7 1 -4 8-48 32-43 1 1 - 17.2 46-124 90.0-91 .6 0.82.4 0 39-57 

Two years before death Cause of death 2 yr later 
99 / 98 none 3.7 5 5 I 6 50 1 1 .2 90.9 I . I  0 73 hepatic failure 

2 98 / 95 none 4.8 5 5 I 23 4 1  1 2.0 9 1 .6 1 .0 0 55 massive variceal bleeding 
3 98 / 95 ascites 2 / HE 4.8 6 6 4 22 50 1 3.0 90.7 1 .5 0.5 5 1  hepatic failure 
4 96 / 91 none 5.5 28 40 1 3.4 0.5 48 hepatic failure 

Median 98 / 95 4.8 5 5 I 22.5 45.5 1 2.5 90.9 I . I 0.3 53 
Range 96-99 1 91 3.7-5.5 5-6 5-6 1 -4 6-28 4 1 -50 1 1 .2-1 3.4 90.9-91 .6 1 .0-1 .5 0-0.5 48-73 

Expected survival probability calculated for I and 2 years (Mayo model), Ascites score (1-3), M=Mayo risk score, CC=Child-Campbell score, 

CP=Child-Pugh score, ANS=Child Ascites Nutritional State score, bili=bilirubin (µmol/1), albu=albumin (g/1), protime=prothrombin time (sec), 

Nau=urinary sodium (mmol/1), PW=plasma water (mass%), oedema score (0-1).  
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DISCUSSION 

In our patients, one year before liver transplantation appeared to correspond to two 

years before death, a difference of one year. In the LT patients all major clinical events 

occurred in the last 5 years before LT, compared to 6 years in the patients dying from PBC, 

also indicating a one year difference. The clinical judgement with regard to the timing of LT 

appears to have been adequate, both in view of the rapid worsening found 0.5 years before LT 

and of the excellent long-term results of LT for PBC (11,12,17,19). Six months before LT or 

death two thirds of the patients were in or over the Mayo LT referral range of 7.5-9.0. 

Two years before death or one year before LT, the Mayo model survival probabilities 

were more optimistic than realistic. Eleven - a quarter - of the investigated patients (LT and 

death) at two years before (projected) death had a 2 year survival probability of 90% or over. 

Four of them had experienced a major clinical event and these events may act as a warning 

signal, especially manifest hepatic encephalopathy which heralds death within two years (1,3). 

Interestingly, hepatic encephalopathy was excluded from one prognostic model because of the 

same close relationship to death (2). It is disturbing that even half a year before death ( or LT) 

some patients have normal or only slightly deranged assessment scores. For many PBC 

patients progression to death thus appears to be rapid. Also Grambsch (26) and Klion et al 

(27) found that the Mayo model less satisfactory predicted survival in the last two years 

before death. A Mayo model with frequent updates proved to be of somewhat more value in 

prognostication two years ahead throughout the course of disease (20), and recently it was 

pointed out by Neuberger (28), that accelerated progression can be better modelled by using 

updated scores. 

The recommended Mayo score range for LT referral, 7.5-9.0 (12,29) encompassed 

only a few of our patients two years before death from PBC or one year before LT: the 

majority had lower scores. Thus, additional parameters, especially related to pending hepatic 

failure appear needed. 

Conclusions. More parameters than delivered by the severity assessment scores and 
the Mayo model survival probabilities are needed to determine the timing of liver 

transplantation. In our patients, clinical judgement has been able to project LT one year before 

LT on the timeline to death two years before death, and the occurrence of major clinical 

events certainly has played a role in the decision process. 
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ABSTRACT 

Background. Disturbances in sodium handling in cirrhotic patients herald shortened survival, 

and this especially is true for so-called 'dilutional hyponatraemia', defined by a plasma 

sodium (Nap) <130 mmol/1. Less is known about the prognostic aspects of blood water 

concentrations. Aim. To investigate hydraemia and hyponatraemia in a longitudinal study of 

primary biliary cirrhosis (PBC) patients. Patients and Methods. Data of 73 patients (32 

dying from PBC and 41 receiving liver transplantation (LT) were collected from a database 

containing yearly data over a 16 year period (including -0.5 yr) to death or LT. Whole blood 

water (WBW) and plasma water (PW), mass% were calculated from haemoglobin and total 

protein respectively. WBW, PW, plasma Nap data were related to death in a 3-dimensional 

plot. Combined LT/death data were used to relate interval to LT or to death, severity 
assessment scores (Mayo, Child-Campbell, Child-Pugh, Child Ascites Nutritional State), 

Mayo survival probabilities and 7 prognostic laboratory variables with: 3 sodium scores (1: 

� 1 38, 2: 130-137, and 3: <130 mmol/1); presence or absence of hyperhydraemia (WBW>82 

mass%); 3 hydraemia scores ( 1 :  WBW<80, 2: WBW 80-82 and 3: WBW>82 mass%). 

Statistics. Spearman rank-correlation, Mann-Whitney U test, logrank test, Cox regression 

analysis. Results. Patients dying from PBC: both WBW and PW (p<0.0001) and also plasma 

sodium (p=0.02) were prognostic of survival over the 16 - 0.5 yr period. Combined LT/death: 

WBW/Nap r=-0.26 {p<0.0001), PW/Nap r=-0.12 (p=0.03). Between the 3 sodium scores, 

between presence and absence of hyperhydraemia (WBW), and between the 3 hydraemia 

scores existed significant differences: in interval to death; in all severity assessment scores; in 

survival probabilities and in most laboratory parameters. The interval to LT was equal 

between sodium scores 2 and 3, but otherwise the same differences as to death were found. 

The score 3 sodium (Nap<l30) with a median survival of 0.5 years, was only in 60% (6/10 

patients ) associated with hyperhydraemia (WBW score 3), but on the other hand never with 

WBW score 1 .  Conclusions. Hyperhydraemia (WBW or PW) was a prognostic factor and 

related to death in this group of patients with PBC. 'Dilutional hyponatraemia' was associated 

with a very short prognosis and in only in a small majority of the patients accompanied by 

hyperhydraemia. 
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INTRODUCTION 

Dilutional hyponatraemia in cirrhosis has been defined by the plasma sodium concentration 

(Nap) and in a recent report it was suggested to use this expression for patients with a Nap less 
than 130 mmol/1 (1). The implicitly present dilutional hyperhydraemia is however not 

included in this definition and should be addressed as well. The molar weight of water is 

55.55 (being the water standard, 100 mass%) and the mean water concentrations of whole 

blood water (WBW), plasma water (PW) and erythrocytes are roughly 43, 50 and 34 mol/kg 

i.e. 78, 90 and 62 mass% (2). The respective intravascular water concentrations expressed in 

mol are several hundred times higher than the sodium concentrations expressed in mmol. 

There is a variety of methods for direct measurement of the water concentration, the 

gravimetric method being relatively easy to perform (2). Of direct clinical relevance is our 
earlier finding, in direct comparison with the gravimetric method, that whole blood water, 

mass% can be calculated from haematocrit or haemoglobin concentration (both r=-0.95) and 

plasma water, mass% from the plasma total protein concentration (r=-0.85) [2,3]. This makes 

it possible to decide on simple parameters whether a low sodium concentration is dilutional, 

i.e. accompanied by an elevated intravascular water concentration. 

In an earlier preliminary study it was demonstrated that hyponatraemia in patients with 

ascites due to cirrhosis only in a part of them was accompanied by hyperhydraemia and that in 

all patients with ascites due to ovarian hyperstimulation syndrome had normohydraemia in the 

presence of more or less severe hyponatraemia (4). Furthermore, we have demonstrated that 

in a cohort of primary biliary cirrhosis patients whole blood water was a univariate variable 

prognostic for the first occurrence of major clinical events (including ascites, hepatic 

encephalopathy and variceal bleeding) and plasma water for survival in the -6 - -0.5 year 

period before death (5). 

In this study we wanted to investigate in a cohort of patients dying from primary 

biliary cirrhosis how sodium and water related to survival and in a combined group of patients 

dying from PBC or receiving liver transplantation how disease severity characteristics related 
to hyponatraemia and to hyperhydraemia. 
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PATIENTS AND METHODS 

From a database of 120 patients with PBC seen between 1969 and 1989, 73 patients 

had follow-up data to death from PBC (n=32) or to LT (n=41) and were included in this study. 

The median age 1 year prior to death was 56 years (44-74) and 1 year prior to LT 47 (39-63), 

p=0.005. Of the total 73 patients, 69 (95%) were females. From an electronic pre-programmed 

standard format (5,6) yearly data from 16 - 0.5 years before death were used. The follow-up 

data employed in this study were WBW, PW and Nap, four severity assessment scores and 

seven (including PW) laboratory parameters which had been shown to be prognostic (5). 

Design. Plasma water (PW) / plasma sodium (Nap) and whole blood water (WBW) / 
Nap pairs in the patients dying from PBC were related to survival (-16 - -0.5 years before 

death). The WBW /Nap pairs of the combined death and LT group were distributed over three 

sodium scores: 1. Nap 138-144 (reference) and over, 2. Nap 130-137 (below normal), 3. 

Nap<l30 mmol/1 ('dilutional hyponatraemia'). Water was divided into presence (WBW>82) 

and absence (WBW�82 mass%) of hyperhydraemia. Each of the three sodium scores and the 

hyperhydraemia classes were investigated for differences in survival or interval to LT, 

severity assessment scores and the 7 laboratory parameters. On the basis of the results, WBW 

was further divided into 3 scores: l .WBW<80, 2. WBW 80-82, 3. WBW>82, and related to 

all parameters as mentioned above. Incidentally, WBW 80 is the upper limit of normal in 

males. 

Laboratory parameters. PW and WBW were calculated from plasma total protein and 
from haemoglobin respectively; PW mass% = -0.09*TProt {g/1) + 97.6 and WBW mass% = -

0.09*Hgb (g/1) + 91.7. Reference values: PW females 88.7-92.1, males 90.2-92.0; WBW 

females 76.9-82.0, males 77.6-80.4 (3). Hyper- and hypohydraemia: over and below the 

female reference limits. Plasma Nap: reference limits 138-144 mmol/1. Prognostic laboratory 

parameters for the final six years were (univariate): bilirubin <17 µmol/1, prothrombin time 

11-13 sec, PW, urinary sodium (Nau), AST/ALT (ratio) 0.5-1.2, cholesterol <5.5 mmol/1, and 

platelet count >150 x109/l. Laboratory methods in references (3,5). The severity assessment 

scores used were the Mayo score [7] (M 0-14, which also delivered the 1-7 year 50% survival 

probabilities); the Child-Campbell score [8] (CC 5-15); the Child-Pugh score [9] (CP 5-15, 

using the original Child-Turcotte variable limits); the Child Ascites Nutritional State score 

[10] (ANS 1-9). The variables used in the scores are albumin, (M, CC, CP); bilirubin (M, CC, 

CP); prothrombin time (M, CP); ascites score 1-3 (CC, CP, ANS); hepatic encephalopathy 
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score 1-3 (CC, CP); nutritional state score 1-3 (CC, CP); oedema score 0, ½, 1 (M) and age 

(M). 

Electronic data collection and statistical methods 

Data were collected with the use of a DBASE® data-entry program (11) and analysed by the 

SPSS® for Windows™ statistical package (12). Spearman rank-correlation was used for 

correlation relationships. Differences between groups were tested by the Mann-Whitney U 

test. For comparison of subgroups the logrank test was used for survival differences. 

Variables of prognostic value for actual survival were analysed in a time-dependent univariate 

Cox regression analysis (12) . Requirements for these analyses (proportional hazards 

functions) were fulfilled, variables with p<0.05 as the significance level for a variable were 

included in the model. A p value � 0.05 was considered to be statistical significant and a p 

value > 0.05 - < 0. 1 regarded a trend. The null hypothesis was defined to be no difference 

between groups, therefore a p-value ::;0.05 indicates that this hypothesis can be rejected. 

RESULTS 

Whole blood water or plasma water and plasma Na related to survival. 

In Figure IA and B the WBW/Nap and PW/Nap pairs are shown three-dimensionally 

over time to 0.5 year before death from PBC. Although not identical, WBW/Nap and PW/Nap 

time-relationships follow the same pattern. The WBW /Nap plot will be described. In the first 4 

years (-16 to -13 to death) Nap was fully normal (138-141) and WBW did not exceed 80.2 

mass¾ (n=9 pairs). Between - 12  and -8 WBW rose slowly to 81.9, not exceeding the upper 

reference limit of 82 and most Nap levels remained within the reference limits (133-149, 

median 138.5, n=30 pairs). Thereafter a continuous rise in WBW and dispersion of Nap values 
to lower than normal levels was observed. Only in the last 2 years before death Nap levels 

below 130 were found (the corresponding WBW being 80.3 - 84.8, median 82.2, n=12), but in 

the majority Nap was higher (130-137 n=43 and 138-145 n=41). Of the 32 patients who died 

from PBC, 10 (31 %) ended with Nap levels <130 at 0.5 year before death. Of the 32 patients 

who died from PBC, there were 20 (63%) with hyperhydraemia (WBW>82) at 0.5 year before 

death. WBW/PW and Nap ranges, survival and medians, high-low differences, WBW/Nap and 

PW/Nap correlations and Cox regression analysis results are shown in text in Figure I A  and 

B. 
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Figure 1. Three-dimensional contour plots of whole blood water (A), plasma water (B) and 

plasma sodium and years before death from primary biliary cirrhosis in 32 patients. 
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Combined results LT and death from PBC. 

There were 362 WBW/Nap pairs and 332 PW/Nap pairs. Medians, and ranges and 

numbers of the parameters employed (units in Methods section): WBW 80.9 (76.2-88.4, 

n=362); PW 90.9 (86.6-95.3, n=332); Nap 139 (120-149, n=363); bilirubin 33 (2-1220, 

n=359); prothrombin time 12.5 (10-26.4, n=318); urinary sodium 60 (1-790, n=134); 
AST/ALT 1.2 (0.3- 23.5, n=347); cholesterol 6.3 (1.2-34.2, n=287); platelet count 142 (3-556, 

n=347). Scores: Mayo 5.9 (2.3-11.5, n=310); Child-Campbell 7 (5-14, n=338); Child-Pugh 7 
(5-14, n=310); Child-ANS 1 (1-9, n=355). 50% survival probabilities predicted by Mayo 

model, median 6 yr (1-7, n=310). 

There were no significant differences between the death from PBC and LT groups for 

WBW, PW and Nap (p=0.12-0.5). WBW correlated with Nap r=-0.26, n=362, p<0.0001 
(Figure 2A) and PW with Nap r=-0.12, n=332, p=0.03 (Figure 2B). The WBW/PW correlation 

was 0.37, n=368, p<0.0001. 

Figure 2. Whole blood water (A) and plasma water (B) plotted against plasma sodium in 362 

(A) and 332 (B) determinations from 32 patients dying from primary biliary cirrhosis and 41 

patients receiving liver transplantation totalling 73 patients. 
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Table I shows the three Na scores and absence or presence of hyperhydraemia related 
to interval to death or LT, severity assessment scores, 50% Mayo survival probabilities and 

prognostic laboratory parameters, including PW. The same relationships are shown in Table II 

after subdivision of absence and presence of hyperhydraemia within each of the three Nap 

scores in Table III after division of the WBW values in 3 hydraemia scores. 
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Table I. Plasma sodium (Nap) in 3 score ranges and absence or presence of hyperhydraemia 

(WBW) related to death or LT, severity assessment scores, 50% survival probabilities, and 

(prognostic) laboratory parameters (medians). 

Plasma Sodium, mmol/1 Whole Blood Water, mass% 

'dilutional' Below Reference Hyperhydraemia 
normal and Presence Absence 

over 
< 130 �138 >82 �82 

Ranges 120- 129 130-137 1 38-1 55 82. 1 -88.4 76.2-82.0 
Sodium score 3 2 

n (observations) 20 120 222 100 262 
p p p 

Median interval (Y!} to: 
Death 0.5 4 1 .7 4 3 .4 0.8 4 3 .5  
LT 0.5 ns 0.6 4 2.3 0.6 4 2.2 

Scores, medians 
Mayo 9.2 4 6.6 4 5.4 7.4 4 5.4 
Child-Campbell 1 1  4 8 4 6 9 4 6 
Child-Pugh 1 1  4 7 4 6 9 4 6 
Child-ANS 5 4 2 1 1 2 4 1 

50% survival 12robabili!Y, Mayo, years 
1 4 3 4 7 2 4 7 

Laborato!}'. 12arameters, medians 
Bilirubin 247 4 55.5 4 24 66 4 26 
Prothrombin time 14.7 2 12 .9 (ns) 12.5 1 3 .6 4 12 .5  
Nau 8 2 54 (ns) 74 50 (ns) 64 
PW 9 1 .6 ns 9 1 .0 ns 90.8 9 1 .5 4 90.8 
AST/ALT 1 .2 ns 1 .2 (ns) 1 .2 1 .5 4 1 . 1  
Cholesterol 4.2 (ns) 6.3 1 6.5 5.2 4 6.7 
Platelet count 1 63 ns 1 63 1 129.5 144 ns 140 
WBW 82. 1  (ns) 8 1 .4 3 80.6 82.9 4 80.4 
Nap 125 4 1 36 4 140 137 4 139 

P-values : ns : p�0. 1 ,  (ns): 0.05<p<O. l ,  1 :  p<0.05-0.0 1 ,  2:p<0.0 1 -0.001 ,  3 :p<0.001 -0.0001 ,  

4:p<0.0001 .  Abbreviations: see Methods. 
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Table II. Presence and absence of hyperhydraemia (WBW >82 mass%) within 3 plasma 

sodium score ranges related to death or LT, severity assessment scores, 50% Mayo survival 

probabilities and (prognostic) laboratory parameters (medians). 

Plasma sodium <130 130-137 2::138 
mrnol/1 
Sodium score 3 2 

WBW >82 :=:;;82 >82 :=:;;82 >82 :=:;;82 
Ranges (82. 1 - (80.3- (82.1- (76.2- (82.2- (77.7-

84.8) 8 1 .8) 88.4) 82.0) 86.8) 82.0) 

n (observations) 1 1  9 44 76 45 177 
p p p 

Median interval (vr) to: 
Death 0.5 0.5 ns 0.7 3.2 4 2.2 4. 1 4 

LT 0.5 0.5 ns 0.6 0.6 ns 0.7 2.8 4 

Scores, medians 
Mayo 9.4 9. 1 ns 7.5 6.1 2 6.8 5 . 1  4 

Child-Campbell 10 1 1  ns 9 7 2 9 6 4 

Child-Pugh 10.5 1 1  (ns) 9 7 3 8 5.5 4 

Child-ANS 5 4 ns 2 1 (ns) 2 1 4 

50% survival 12robabili!Y, Mayo, years 
1 1 ns 2 5 2 3 7 4 

Laborato!}'. 12arameters, medians 
Bilirubin 325 209 ns 94 38 J 44 22 I 
Prothrombin time 14.2 1 5  (ns) 13.6 12.5 2 13.3 12.2 3 
Na0 10 8 ns 52 61 ns 78 70 ns 
PW 92. 1 90.8 (ns) 9 1 .5 90.8 2 91 .5 90 4 

AST/ALT 1 .4 1 .2 ns 1 .4 1 . 1  I 1 .5 1 . 1  4 

Cholesterol 4 5.6 ns 5.4 6.4 ns 5.3 6.9 4 

Platelet count 169 105 ns 169 158.5 ns 1 15 138 ns 
WBW 83 .2 8 1 .3 3 82.9 80.5 4 83.0 80.4 4 

Nap 1 25 1 27 ns 135 136 2 140 140 ns 

P-values: ns: p�0. l ,  (ns): 0.0S<p<0. l ,  1 :  p<0.05-0.01, 2:p<0.01-0.001, 3:p<0.001-0.0001, 

4:p<0.0001. Abbreviations: see Methods. 
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Table III. Hydraemia (whole blood water, WBW) in three score ranges, related to death or 

LT, severity assessment scores, 50% survival probabilities and (prognostic) laboratory 

parameters (medians). 
Whole Blood Water, mass% 

Hydraemia score 

n (observations) 

Interval to (yr) median 
Death 
LT 

Scores, medians 
Mayo 
Child-Campbell 
Child-Pugh 
Child-ANS 

50% survival 12robabili!Y, Mayo, years 

Laboratory 12arameters, medians 
Bilirubin 
Prothrombin time 
Na0 
PW 
AST/ALT 
Cholesterol 
Platelet count 
WBW 
Nap 

>82 
3 

1 00 
p 

0.8 4 
0.6 4 

7.4 4 

9 4 

9 4 
2 4 

2 4 

66 2 
1 3 .6 3 
50 ns 

91 .5 4 
1 .5 3 
5.3 3 
144 (ns) 
82.9 4 
137 3 

P-values: ns: p>0. l ,  (ns): 0.05<p<0.l ,  1: p<0.05-0.01, 

4:p<0.0001. (<) = lower. Abbreviations: see Methods. 
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80-82 <80 
2 1 

1 69 93 
p 

2.5 4 5 
1 .3 4 4.2 

6.0 4 4.7 
7 4 6 
7 4 5 
1 3 1 (<) 

5 4 7 

40.5 3 20 
12.5 2 12.5 (<) 
60 1 96 

90.9 2 90.6 
1 .2 4 0.9 
6.6 (ns) 7. 1 
1 26 3 1 66 
80.8 4 79.4 
1 39 1 1 39 (<) 

2:p<0.01-0.001, 3:p<0.001-0.0001, 
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DISCUSSION 

In the group of patients dying from PBC, hyperhydraemia (i.e. increased WBW), was 

regardless of the Nap score associated with decreased survival and the same was found for the 

two sodium scores below normal. The latter is in accordance with the literature (13,14,15) and 

another warning signal in our patients were the differences in urinary sodium concentrations 

found between the Nap scores. Sodium score 3 (Nap <130), which is equivalent to the 

'dilutional hyponatraemia' definition, showed hyperhydraemia only in a small majority of the 

WBW/Na pairs, although no WBW values were in score I .  'Dilutional' hyponatraemia with 

its short interval to death appears in the first place due to disturbances in sodium handling 

while the hydraemia factor needs further investigation. Although interrelated, there are 

distinct differences between sodium (16,17) and water regulating mechanisms (18,19). The 

weak (but significant) correlation between Nap and WBW (or PW) present in this study, was 

also found in reference groups, in patients with non-PBC cirrhosis and in other diseases 

(2,3,4). Over the whole 16 year observation period to death the changes in Nap and WBW or 

PW were gradual until the last two years before death. In this terminal phase, all 'dilutional 

hyponatraemia' (Nap score 3) sodium values were found, but then there were still many more 

sodium values in scores 2 and 1. The prognostic relevance over the whole period was, in the 

time-dependent Cox regression analysis, found for both WBW and PW and for Nap. 

Between the 'liver transplant' and the 'dying from PBC' results, there were no 

significant differences for PW, WBW and sodium. LT depends on an active decision based on 

several aspects of disease and is qualitatively different from death, which is the (passive) 

ultimate event. This difference was apparent between the sodium scores 2 and 3: the interval 

to death differed, but not the interval to LT. Between the WBW scores no such differences 

between LT and death were apparent (Tables I and III). 

The severity scores, Mayo survival probabilities and most laboratory parameters 
showed, most often highly significant, differences between the Nap scores, between presence 

and absence of hyperhydraemia (WBW) and between the three hydraemia scores (Tables I 

and III). Within the sodium score ranges, hyperhydraemia had shorter intervals to both LT and 

death only in sodium score 1 (Nap �138), while severity assessment scores, survival 

probabilities and most laboratory results also differed in score 2. Clearly, as also observed 

before (20) there are more elements in deciding LT or leading to death from PBC than can be 

encompassed by the parameters used in this (and other) studies (7,21-29). 
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Although both PW and WBW were addressed in this study, the main emphasis has 

been on WBW. In part this was to avoid duplicatures, but also are haemoglobin concentration 

or haematocrit (for calculation of WBW) more widely used than the total protein (for 

calculation of PW). Furthermore, the correlation with haemoglobin and haematocrit is so 

strong (r=-0.95) that it replaces the direct WBW determination, while the correlation of total 

protein with PW, although sufficient (r=-0.85), has more room for errors. Of course in 

prospective studies the direct gravimetric method can be used, but certainly for WBW this is 

unnecessary. 

The water and the sodium relationships to survival ( or LT) and to severity of disease 

parameters only apply to our group of PBC patients. There are several causes of 

hyponatraemia and several causes of increased intravascular water concentration (the 

commonest being anaemia). A decreased haemoglobin concentration can however also 

(temporarily) be produced by an oral waterload (30) and intravascular water retention may 

produce the same phenomenon (17). In more chronic conditions the situation becomes 

complex because of fluid changes between the intra- and extravascular spaces and (for PW) 

between plasma and erythrocytes. 

Conclusions. In our PBC patients, hyperhydraemia (and independently hyponatraemia) was 

associated with impaired survival, Our investigations should be extended to larger PBC 

populations and other cirrhosis categories. Whole blood water scoring presumably is a 

valuable component in cirrhosis severity assessment (as is plasma Nap already). Whether 

severe hyponatraemia (<130) is dilutional is debatable but also in our patients it was 

associated with a short interval to death. 
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SUMMARY 

The focus in this thesis is on prognostic factors in primary biliary cirrhosis (PBC). The 

patients who were subject of this study all came from a single Dutch centre and although the 

methodology employed to reach conclusions could be sophisticated, the substrate most often 

consisted of bedside findings and routine laboratory investigations. 

The main object of prognosis in this chronic disease is forecasting the interval to death, 

enabling interventions at a timely interval before this ultimate event. Much can be learned 

from those who died from PBC or had PBC as a secondary cause of death and this thesis 

therefore starts with an analysis of PBC mortality figures in The Netherlands. 

In Chapter 1, mortality figures from The Netherlands Central Bureau of Statistics were 

analysed for death from PBC (417 persons) and with PBC (179 persons), totalling 596 

persons (6.3 per million inhabitants of 35 years and over). The female/male ratio was with 

4.2, smaller than compared with the literature. In the South of the country there were 

significantly fewer deaths and in the North significantly more. The median age class at death 

was 70-74 and no person died below 35. In 1992, liver transplantation (LT) had nearly 

eliminated death from PBC in the age category 35-59. It was concluded that mortality from 

PBC mainly occurs in the old and very old, which asks for a more general approach and 

management and that LT had been effective in eliminating death from PBC at younger age. 

In Chapter 2, the mortality data were analysed for the secondary causes of death, including 

diseases usually associated with PBC, cardiovascular risk and malignancies. The secondary 

causes of death originated from the circulatory, digestive and respiratory tracts and from 

malignancies. A 25-fold higher than expected incidence of hepatocellular carcinoma (more in 

persons under 60) and a 5-fold increase in diseases of the musculoskeletal system was found. 

There were no significant differences for malignancies or for diseases of the circulatory 

system, including ischaemic heart disease (which is important as hypercholesterolaemia is 

common in PBC). It is concluded that the study of mortality data led to findings which are 

important for diagnosis and management in the still living patients with PBC. 
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In Chapter 3, the Mayo model is validated in 83 Dutch PBC patients. In 1989, the Mayo 

Clinic developed a prognostic model for PBC which is based on routine clinicochemical 

parameters (serum albumin, serum bilirubin and prothrombin time), one clinical finding 

(oedema score) and age only. It has become the most widespread prognostic model for PBC. 

The Mayo model proved able to predict survival within low-, medium- and high-risk score 

groups and testing of the individual risk scores in a Cox regression model showed excellent 

results. Plasma sodium and platelet count were investigated for survival predicting properties 

in PBC: plasma sodium failed and thrombocytes passed. In high-risk patients a combination 
of the Mayo Model and platelet count could predict survival somewhat better than the original 

Mayo model. Using both the original and the modified models as mathematical background, 

liver transplantation (performed in a number of patients) was shown to have a beneficial effect 

on survival, but the models could not be used to predict before LT the length of survival post

transplantation. It is concluded that the Mayo model was successfully validated, and that the 

predicting role of platelet count should be further investigated. 

In Chapter 4, a time-dependent Mayo model, based on updated risk score results in PBC 

patients was developed to predict short term survival at any time in the course of the disease, 
using the prognostic Mayo variables of the latest patient visit. This was felt needed as the 

Mayo model underestimated survival in the high-risk group of patients. In this study the 

updated model was tested using 1945 patient visits from 312 PBC patients admitted to the 

Mayo Clinic and independently 481 intervals from the earlier mentioned 83 Dutch PBC 

patients. The update model was superior to the original model for predicting short-term 

survival in both patient sets. It was concluded from this cross-validated study that the Mayo 

update model can be recommended for improving the accuracy of survival prediction during 

the two years after a patient visit. 

In Chapter 5, the first occurrences of clinical findings (signs and major events), Mayo 

survival probabilities as well as the course of four cirrhosis severity assessment scores (Mayo, 

Campbell, Pugh and Ascites/ Nutritional State (ANS)) were studied 16-0.5 years prior to 

death in 32 Dutch PBC patients dying from PBC. Eighty-four percent (n=27) experienced a 

major clinical event, always in the period 6 years (median 1) prior to death. Signs were 

observed for the first time as early as 14 years before death but most often in the final 6 

years. The prognosis of patients in whom a sign was detected and the more so in those who 

had had an event was significantly shorter than the overall outlook. Actua_l survival plotted 
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against estimated Mayo 50% survival was concordant with a plateau phase from -16 to -7 

years before death falling off from -6 to -0.5. The estimated 50 % survival rate in the period -6 

to -0.5 years correlated with all severity assessment scores (Mayo best with Campbell and 

Pugh). Based on clinical findings and severity assessment scores it was concluded that a 

steady state (lasting at least 10 years) was followed by a final phase (the last 6 years before 

death), which was marked by the appearance of events, and worsening of severity assessment 

scores which all showed a clear correlation to the Mayo survival estimates. 

In Chapter 6, the additional prognostic value of clinicochemical parameters and body 

measurements was investigated in the 32 patients dying from PBC. Erythrocyte sedimentation 

rate and serum IgM were already elevated at the initial observation of all patients, indicating 

that our observation period did not encompass early PBC. Several laboratory parameters 

showed increased worsening in the last two years before death, which was coined the terminal 

phase. Sixty-seven items: clinicochemical variables, body measurement parameters, severity 

assessment scores, first observations of signs and first occurrences of major events were 

analysed by time-dependent Cox regression analysis for prediction of survival and of major 

events. Multivariate independent predictors of survival were for the steady state phase (-16 to 

-7 years) Campbell score, temperature and platelet count, for the final phase (-6 to -0.5) Mayo 

score and urinary sodium and for the terminal phase (-2 to -0.5) serum bilirubin and ANS

score. Independent predictors for the first occurrence of events were for ascites: Mayo risk 

score and plasma sodium, for hepatic encephalopathy: Mayo risk score, for upper 

gastrointestinal bleeding (and separately variceal bleeding) : whole blood water and for any 

event: urinary sodium and serum IgA. It is concluded that four disease phases can be 

identified: early PBC (not in our patients), steady state (up to six years before death), a final 

phase (six years before death) and as part of this the terminal phase (the last two years). 

Independent predictors of survival could be identified for all phases present in our patients as 

well as for the major clinical events. 

In Chapter 7, the (additional) prognostic value of antimitochondrial antibody subtypes was 

investigated in the 32 patients dying from PBC. Antimitochondrial antibodies are diagnostic 

for PBC and it has been proposed that their subtypes (and subtype profiles) are indicators for 

the progression of disease. A search for prognostic indicators of survival was done for the 

whole observation period, and the three disease phases (steady state, final and terminal) 

separately. When only the 55 auto-antibody parameters were subjected to Cox regression, 
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multivariate predictor in the steady state phase and the final phase was M8 (favourable), over 

the whole period M2 and M8 (favourable) and in the terminal phase none. When the subtypes 

were tested in combination with the clinicochemical parameters, they (together with 

clinicochemical parameters) appeared in the multivariate analysis over the whole period (M2) 

and the steady state (M8) but not in the final and terminal phases. In combination with the 67 

clinicochemical and clinical parameters, mitochondrial antibody subtypes or profiles did not 

appear as predictors in the multivariate analysis in any phase of the disease. It was concluded 

that in this patient population and study design, M2 and M8 subtypes had prognostic 

significance, but that the prognostic relevance of severity assessment variables and scores, 

clinical findings and routine clinicochemical laboratory parameters was greater. 

In Chapter 8, the timing of liver transplantation in a group of 41 PBC patients was projected 

on the timeline to death of the 32 patients dying from PBC, using the clinical and laboratory 

parameters as described in previous chapters. The LT timing had been done on clinical 

judgement. The method used was to sliderule the variables and score results one year before 

LT against the same data 1-6 years before death. The best fit was for first occurrences of 

major events and for assessment scores between 1 year before LT and 2 years before death, 

the difference being one year. This was also reflected in the first occurrences of events which 

all took place in the last 5 years before LT, compared to 6 years before death from PBC. The 

laboratory results were inconclusive. The Mayo survival probabilities 2 years before death 

and 1 year before LT did not differ between both groups and were too optimistic. It was 

concluded that clinical judgement had been adequate and that in addition to survival estimates 

and severity assessment scores, other parameters such as first occurrences of major events 

should be taken into account for the timing of LT. 

In Chapter 9, the relations of plasma sodium and of whole blood - and plasma water to death 

from PBC were investigated in the 32 patients dying from PBC. A severely decreased plasma 

sodium is known to be associated with shortened survival (Nap< l30 mmol/1: 'dilutional' 

hyponatraemia), but less is known about hydraemia as a prognostic factor. Over the whole 16 

year period before death, whole blood water, plasma water and plasma sodium were 

independent prognostic indicators. The water and sodium observations of the 32 patients 

dying from PBC and the 41 LT patients then were pooled, and score ranges for plasma 

sodium and whole blood water were made, 1-3 from better to worse. Between the 3 sodium 

scores and between the 3 hydraemia scores significant differences existed in intervals to: 
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death or - in most instances - LT, all severity assessment scores, Mayo survival probabilities 

and most laboratory parameters. Plasma sodium <130 was in a large minority not associated 

with hyperhydraemia and the term 'dilutional hyponatraemia' therefore is debatable. It was 

concluded that hyperhydraemia was a prognostic factor in our patients with PBC and that the 

well-known short survival in patients with severe hyponatraemia could be confirmed. 

Conclusions. 

Prognostication in primary biliary cirrhosis has reached a level of certainty that is helpful to 

the clinician. Still, there are patients in whom severity assessment methods or survival 

probabilities do not signal impending danger. This field should be investigated further. Some 

important prognostic parameters are difficult to include for a general survival probability 

method. An example is the very bad outlook for the relatively few, but easily identifiable 

patients with a very low sodium. The shortened survival in hyperhydraemic PBC patients 

should be validated. In the timing of liver transplantation, over-all clinical judgement proved 

to be adequate. 
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SAMENVATTING 

Dit onderzoek richt zich op prognostische factoren bij primaire biliaire cirrose (PBC). De 

patienten uit deze studie kwamen allen uit een Nederlands centrum en ofschoon de gebruikte 

methoden ten dele geavanceerd waren bestond het substraat uit klinische waamemingen en 

routine laboratoriumbepalingen. Het primaire doel van het meten van prognose bij deze 

chronische leverziekte is het voorspellen van de resterende tijd tot overlijden, zodat 

interventies op het juiste moment gebruikt kunnen warden. Veel kan worden geleerd van het 

natuurlijk ziekteverloop bij diegenen die overleden door PBC of waarbij PBC de tweede 

doodsoorzaak was en daarom begint dit onderzoek met een analyse van de sterftecijfers bij 

PBC in Nederland. 

Deel l Sterftecijfers van PBC in Nederland. 

In Hoofdstuk 1 werden de sterftecijfers van het Centraal Bureau voor de Statistiek nader 

geanalyseerd voor sterfte door PBC (417 personen) en sterfte met PBC ( 1 79 personen), in 

totaal 596 personen (6,3 per miljoen inwoners van 35 jaar en ouder). De vrouw/man ratio was 

met 4,6 lager dan vergeleken met de literatuur. In het Zuiden van Nederland waren er door 
PBC significant minder doden en in het Noorden significant meer. De gemiddelde 

leeftijdscategorie was 70-74 jaar en niemand overleed op jongere leeftijd dan 35. In · 1 992, 

kwam, als gevolg van het effect van levertransplantatie (LT), sterfte door PBC in de 

leeftijdscategorie 35-59 bijna niet meer voor. De conclusie was dat sterfte als gevolg van 

PBC in het algemeen optrad bij oude en zeer oude personen, hetgeen vraagt om een meer 

algemene benadering en specifiek geriatrisch management. Bovendien werd duidelijk dat LT 

effectief is geweest in het elimineren van sterfte aan PBC op jongere leeftijd. 

In Hoofdstuk 2 werden de sterftecijfers van PBC als tweede doodsoorzaak geanalyseerd, 

inclusief die ziekten die over het algemeen geassocieerd zijn met PBC, met daamaast het 

risico op hart- en vaatziekten en kwaadaardige nieuwvormingen. Hieruit bleek dat de tweede 

doodsoorzaken voomamelijk voortkwamen uit het hart- en vaat-, maagdarm- en 

ademhalingsstelsel en uit kwaadaardige nieuwvormingen. Het voorkomen van hepatocellulair 

carcinoom was 25 maal hoger dan te verwachten bij de totale bevolking ( en wel bij personen 

jonger dan 60 jaar) en er werden 5 maal zoveel ziekten van het houdings- en 

1 9 1  



Samenvatting 

bewegingsapparaat gevonden. Er waren geen significante verschillen voor wat betreft 

kwaadaardige nieuwvormingen of ziekten van het hart- en vaatstelsel, inclusief ischemische 

hartziekte (wat belangrijk is omdat een verhoogd cholesterolgehalte veel voorkomt bij PBC). 

De conclusie was dat het onderzoek naar sterftecijfers tot ontdekkingen leidde die belangrijk 

zijn voor diagnose en management bij de nog levende patienten met PBC. 

Deel II. Geschatte overlevingskansen bij primaire biliare cirrose: het Mayo model. 

In Hoofdstuk 3 werd het Mayo model gevalideerd aan de hand van 83 Nederlandse PBC 

patienten. In 1989 ontwikkelde de Mayo Clinic een prognostisch model gebaseerd op routine 

klinisch-chemische parameters (serum albumine, serum bilirubine en protrombine tijd), een 

klinische bevinding ( oedeem score) en de leeftijd. Het werd het meest wijdverspreide 

prognostische model voor PBC. Het Mayo model bewees in staat te zijn om overleving te 

voorspellen in de lage-, gemiddelde- en hoge-risico score groepen. Tevens liet het testen van 

de individuele scores in een Cox regressie analyse uitstekende resultaten zien. Plasma natrium 

en het aantal bloedplaatjes werden onderzocht op hun voorspellende kansen voor overleving 

bij PBC: dit bleek voor plasma natrium in dit onderzoek niet het geval en wel voor 

bloedplaatjes. Een combinatie van het Mayo model en het aantal bloedplaatjes voorspelde de 

overleving mogelijk iets beter bij patienten met een 'hoge-risico' score dan het 

oorspronkelijke Mayo model. Wanneer zowel het oorspronkelijke als het model waaraan 

bloedplaatjes waren toegevoegd werden gebruikt als wiskundige controlegroep bleek dat de 

bij een aantal patienten verrichte levertransplantatie een gunstig effect op de overleving gehad 

had. De modellen konden echter niet worden gebruikt voor het voorspellen v66r LT van de 

lange-termijn overleving na de ingreep. 

In Hoofdstuk 4 werd een tijdsafhankelijk Mayo model ontwikkeld dat gebaseerd is op 

herhaaldelijk 'opgedateerde' risico-score resultaten van PBC patienten met als doel de korte 

termijn overleving op ieder moment in het verloop van de ziekte te kunnen voorspellen en 

waarbij de prognostische Mayo variabelen van het laatste patientenbezoek worden gebruikt. 

Dit leek nodig omdat het Mayo model de overleving in de hoge-risico patientengroep 

onderschatte. In deze studie werd dit zogenaamde 'opdaterings' -model getest waarbij gebruik 
gemaakt werd van 1945 patientenbezoeken van 312 PBC patienten opgenomen in de Mayo 

Clinic en onafhankelijk daarvan 48 1 intervallen van de eerder genoemde 83 Nederlandse 

PBC patienten. Het 'opgedateerde' model was beter in het voorspellen van korte termijn 

overleving dan het oorspronkelijke Mayo model en wel onafhankelijk van elkaar in beide 
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patientengroepen. De conclusie van dit zogenaamd kruis-gevalideerde onderzoek was dat het 

Mayo 'update' model aanbevolen kan worden voor het verbeteren van de 

overlevingsvoorspelling gedurende twee jaar na het laatste patientenbezoek. 

Deel III. Primair biliaire cirrose in verschillende ziektestadia: prognostische aspecten 

gerelateerd aan klinische bevindingen en laboratorium parameters. 

In Hoofdstuk 5 zijn de prognostische waarde van het eerste voorkomen van belangrijke 

klinische bevindingen (lichamelijke kenmerken en grote klinische gebeurtenissen bij 

leverziekte ), de Mayo overlevingskansen, vier indicatoren van emst van de ziekte (Mayo 

model, Child-Campbell, Child-Pugh en Child-Ascites Voedingstoestand score (ANS)) 

gedurende de observatie periode van 16 tot 0.5 jaar voor overlijden bij 32 Nederlandse 

patienten die stierven door PBC. Vierentachtig procent (n=27) ervoer een belangrijke 

klinische gebeurtenis (ascites, hepatische encephalopathie, hoge tractus digestivus bloedingen 

[apart varices bloedingen en ulcus bloedingen] en voor welke gebeurtenis dan ook), die altijd 

plaats vond in de laatste 6 jaar voor overlijden (mediaan 1 jaar). Lichamelijke kenmerken 

(spinne- en purpervlekken) werden voor het eerst geobserveerd 14 jaar voor sterfte, maar 

voomamelijk in de laatste 6 jaar. De prognose bij patienten met een lichamelijk kenmerk maar 

meer nog bij degenen die een belangrijke klinische gebeurtenis hadden, was slechter dan in de 

totale groep. De werkelijke overleving, vergeleken met de geschatte 50% overlevingskans 

door het Mayo model, was in overeenstemming met een plateaufase in de ziekte van -16 tot -7 

jaar, gevolgd door een verergering van 6 tot 0.5 jaar. De geschatte 50% overlevingskans in de 

eindperiode (6 tot 0.5 jaar) voor sterfte correleerde met alle indicatoren voor emst van de 

ziekte (Mayo risico score het best, gevolgd door Child-Campbell en Child-Pugh). De 

conclusie was dat er sprake is van een stabiele fase van minimaal 10 jaar gevolgd door een 

eindfase ( de laatste 6 j aar voor sterfte ), welke met name gekaraktiseerd werd door het 

voorkomen van klinisch belangrijke gebeurtenissen en een verslechtering van de indicatoren 

voor emst van de ziekte. De laatste correleerden goed met de geschatte Mayo 

overlevingskansen. 

In Hoofdstuk 6 werd de ( additionele) prognostische waarde van klinisch-chemische 

bepalingen en lichaamsmetingen bij de 32 patienten die stierven door PBC onderzocht. 

Bloedbezinkingssnelheid en serum IgM waren reeds bij alle patienten verhoogd ten tijde van 

het eerste onderzoek, waaruit geconcludeerd werd dat in de observatieperiode van deze groep 

PBC patienten (zeer) vroege PBC niet voorkwam. Diverse laboratoriumparameters 
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verslechterden in de laatste 2 jaar voor het overlijden, welke periode werd gedefinieerd als de 
terminale fase. Zevenenzestig onderdelen: klinisch-chemische parameters, lichaamsmetingen, 

indicatoren voor de emst van de ziekte, eerste waameming van lichamelijke kenmerken en 

belangrijke gebeurtenissen werden geanalyseerd in een tijdsafhankelijke Cox regressie 

analyse voor het voorspellen van overleving of belangrijke klinische gebeurtenissen. 

Multivariate onafhankelijke voorspellers voor overleving waren voor de stabiele fase (-16 tot -

7 jaar) de Child-Campbell score, temperatuur en de hoeveelheid bloedplaatjes. Voor de finale 

fase (-6 tot -0.5 jaar) waren dat de Mayo risico-score en de urinenatrium concentratie, en voor 

de terminale fase (-2 tot -0.5 jaar) serum bilirubine en de Ascites Voedingstoestand Score 

(ANS). Onafhankelijke voorspellers voor het voorspellen van een belangrijke klinische 

gebeurtenis waren: voor ascites de Mayo risico-score en plasma natrium concentratie, voor 

hepatische encephalopathie de Mayo risico-score, voor hoge tractus digestivus bloeding ( en 

apart varices bloeding) totaal bloedwater, en voor welke dan ook van de gebeurtenissen 

urinenatrium en serum lgA. Geconcludeerd wordt dat vier ziektestadia geidentificeerd kunnen 

worden: vroege PBC (niet aanwezig in de onderzochte populatie), stabiele fase (tot 6 jaar voor 
sterfte), eindfase (6 jaar en korter voor sterfte) en als onderdeel van de eindfase de terminale 

fase (de laatste 2 jaar voor overlijden). Onafhankelijke voorspellers van overleving konden 

geidentificeerd worden voor alle fases die in deze populatie aanwezig waren alsook voor de 

belangrijke klinische gebeurtenissen. 

In Hoofdstuk 7 wordt de ( additionele) prognostische waarde bestudeerd van subtypes van 

mitochondrien antistoffen bij de 32 patienten die overleden zijn door PBC. Mitochondrien 

antistoffen zijn diagnostisch voor PBC en beschreven is <lat de subtypen een indicator zouden 

zijn voor de progressie van de ziekte. Een analyse werd verricht naar immunologische 

prognostische indicatoren voor overleving in de gehele observatieperiode en de daarin 

voorkomende stabiele-, eind-, en terminale-fase apart. Wanneer alleen de 55 autoantistoffen 

geanalyseerd werden naar hun prognostische betekenis met behulp van een Cox multivariate 

regressieanalyse, dan bleek subtype M8 een onafhankelijke voorspeller van een gunstig 

beloop in de stabiele fase en in de eindfase te zijn en over de gehele periode subtypes M2 en 
M8. In de terminale fase was geen van de autoantistoffen een onafhankelijke voorspeller. 

Dezelfde procedure uitgevoerd in combinatie met de klinisch-chemische parameters gaf aan 

dat naast enkele klinisch-chemische parameters M2 en M8 prognostische indicatoren waren 

voor de totale observatie periode en voor de terminale fase (resp. M2 en M8), maar niet voor 

de eindfase of de terminale fase. In combinatie met 67 klinisch-chemische en klinische 
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parameters bleken mitochondrien antistofsubtypes of profielen niet voorspellend in welk 

ziektestadium dan ook in de multivariate analyse. De conclusie was dat in deze onderzochte 

patientengroep en met deze onderzoeksopzet bleek dat mitochondrien antistofsubtypes M2 en 
M8 een (gunstige) prognostische betekenis hadden, maar dat de prognostische relevantie van 

de indicatoren voor de emst van ziekte samen met de klinische bevindingen en de routine 

klinisch-chemische bepalingen groter was. 

In Hoofdstuk 8 werd de keuze van het tijdstip voor levertransplantatie (LT) in een groep van 

41 patienten geprojecteerd op de tijdslijn voor sterfte van de eerder besproken 32 patienten die 

overleden door PBC. Hierbij werd gebruik gemaakt van de eerder beschreven klinisch

chemische parameters en klinische bevindingen. De indicatie voor LT was gedaan op basis 

van het klinisch oordeel. De parameters en scores 1 jaar voor LT werden als een rekenliniaal 

geplaatst tegenover de resultaten bij de overleden patienten 1-6 jaar voor hun overlijden. De 
beste overeenkomst tussen LT en overledenen bleek te bestaan voor zowel het eerst 

voorkomen van een belangrijke klinische gebeurtenis als voor de indicatoren voor de ernst 

van ziekte op 1 jaar voor LT versus 2 jaar voor sterfte, oftewel een verschil van I jaar. Dit 

verschil herhaalde zich in de volgende waameming: alle belangrijke klinische gebeurtenissen 

vonden plaats in de laatste 5 jaar v66r LT vergeleken met de laatste 6 jaar v66r sterfte. Een 

dergelijk consistent beeld was niet aanwezig voor de gebruikte laboratoriumparameters. De 

geschatte Mayo overlevingskansen 2 jaar voor sterfte en 1 jaar voor LT verschilden niet van 

elkaar en waren te optimistisch. De conclusie was dat de keuze van het moment voor LT 

uitsluitend op basis van klinische beoordeling adequaat was geweest en dat in aanvulling op 

geschatte overlevingskansen en indicatoren voor de emst van de ziekte, andere parameters 

zoals het voor het eerste voorkomen van een klinisch belangrijke gebeurtenis van belang 

kunnen zijn bij de keuze van het tijdstip van LT. 

In Hoofdstuk 9 wordt de relatie tussen plasma natrium en totaal bloed- en plasmawater bij de 

32 patienten overleden door PBC bestudeerd. Het is bekend dat een emstig gedaald plasma 

natrium {Na<130 mmol/1); 'verdunningshyponatriemie') geassocieerd is met een kortere 

overleving, maar weinig is bekend over hydremie, het bloedwatergehalte, als prognostische 

factor. Over de 16-jaars observatieperiode tot de dood bleken totaal bloed- en plasmawater en 

plasma natrium onafhankelijke prognostische indicatoren. De gekoppelde water en natrium 

observaties bij 32 overleden patienten en die van de eerder beschreven 41 LT patienten 

werden samengevoegd en voor zowel plasma natrium als totaal bloedwater werden scores 
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gedefinieerd (1-3 van beter tot slecht). Tussen de drie natriumscores onderling en de drie 

hydremiescores onderling bestond een significant verschil met betrekking tot het interval tot 

sterfte en - in de meeste gevallen- tot LT. Verder was er een significant verschil voor: de 

indicatoren voor de emst van de ziekte, geschatte Mayo overlevingskansen en de meeste 

laboratorium parameters. Een natrium concentratie < 130 ging in een grote minderheid niet 

samen met hyperhydremie en de term 'verdunningshyponatriemie' is daarom discutabel. De 

conclusie was dat hyperhydremie een prognostische factor was in deze patientenpopulatie en 
dat de reeds bekende korte overleving bij emstige hyponatriemie kon worden bevestigd. 

Conclusies. 

Het maken van voorspellingen bij patienten met primair biliaire cirrose heeft een niveau 

bereikt dat van nut is in de klinische praktijk. Toch waren er patienten bij wie de gebruikte 

indicatoren voor de emst van ziekte bij de geschatte overlevingskansen niet waarschuwden 

voor naderend onheil. Bij deze groep patienten dient aanvullend wetenschappelijk onderzoek 
te worden verricht naar mogelijke additionele factoren die hierbij wel tot steun kunnen zijn. 

Sommige belangrijke prognostische factoren zijn moeilijk in te passen in (algemene) 

overlevingsschattingsmethoden. Een voorbeeld hiervan is de slechte prognose bij de relatief 

weinige patienten met een extreem laag natrium. De verkorte overleving bij 

hyperhydremische patienten dient gevalideerd te worden. Tenslotte: het klinisch oordeel bleek 

voor de 'timing' van levertransplantatie adequaat te zijn geweest. 
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