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Abstract No data on primary biliary cholangitis (PBC) are
available in Switzerland. We established a national patient
cohort to obtain information on PBC phenotypes and disease
course in Switzerland. Local databases in all university hospi-
tals and in two large secondary centers were searched for case
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finding. In addition, all primary care physicians, gastroenter-
ologists, rheumatologists, and dermatologists were invited to
contribute patients from their own medical records. PBC di-
agnosis was centrally reviewed. Five hundred one PBC pa-
tients were identified, 474 were included in data analysis, and
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449 of them were enrolled by tertiary centers. The catchment
area accounts for approximately one third of the Swiss popu-
lation or approximately 2.8 million inhabitants. The median
age at diagnosis was 53 years, 84% were women, and 86%
were anti-mitochondrial antibody positive. The median
follow-up was 5.4 years, 12.6% experienced a liver-related
endpoint. Splenomegaly was present at diagnosis in one quar-
ter of patients and in half of male patients. Approximately one
third were non-responders to ursodeoxycholic acid (UDCA).
The median transplant-free survival at 10 years was 85%. The
following variables were independently associated with poor
outcome: low platelet count at baseline (HR =0.99,
p<0.0001), elevated alkaline phosphatase at baseline (HR =
1.36, p<0.0001), elevated bilirubin at baseline (HR=1.11,
p=0.001), and elevated alanine aminotransaminase (HR = 1.35,
p=0.04) after 12 months of UDCA therapy. The AUROC
for the UK-PBC risk score at 5, 10, and 15 years was 0.82.
The AUROC for the Globe score at 5, 10, and 15 years was
0.77. Patients included in this study are currently being en-
rolled in a prospective nationwide registry with biobank, tak-
ing advantage of the collaboration network generated by this
study. Our study provides the first snapshot of PBC in
Switzerland, describing a diagnostic delay with one quarter
of patients diagnosed when already in the cirrhotic stage. We
were also able to externally validate the UK-PBC risk score
and the Globe score. The ongoing nationwide prospective
registry will be fundamental to improve disease awareness
and interdisciplinary collaborations and will serve as a plat-
form for clinical and translational research.

Trial registration number: clinicaltrials.gov: NCT02846896;
SNCTP000001870

Keywords Primary biliary cholangitis - Switzerland - Cohort
study - UK-PBCrisk score - Globe score - Prospective registry
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LT Liver transplant

IgG Immunoglobulin G

AIH Autoimmune hepatitis

CRF Case record form

ALP Alkaline phosphatase

ALT Alanine aminotransferase

AUROC  Area under the receiver operating
characteristic curve

ULN Upper limit of normal

CI Confidence interval

HR Hazard ratio

Introduction

Primary biliary cholangitis (PBC) is a cholestatic liver disease,
characterized by chronic inflammation and destruction of
small bile ducts [1]. It is widely accepted that the disease is
immune-mediated, as suggested by the presence of highly
specific autoantibodies and autoreactive T cells [2]. PBC af-
fects mainly women, with a female to male ratio of 9:1 [3].
First-line treatment is ursodeoxycholic acid (UDCA), and
therapy end point is reduction of the biochemical cholestasis,
defined according to international criteria [1, 3]. Second-line
therapy for patients non-responding or intolerant to UDCA is
obeticolic acid [1]. The course of the disease is highly vari-
able: patients with a biochemical response to UDCA, in the
absence of advanced disease, have a normal life expectancy,
while patients not responding to UDCA face an increased risk
of death or liver transplant [ 1]. Recently, continuous models to
predict risk of death or liver transplant (LT) have been devel-
oped from large cohorts of PBC patients [4—6].

PBC diagnosis is based on the presence of two or more of
the following criteria: cholestatic liver biochemistry, compat-
ible or diagnostic liver histology, and positivity for anti-
mitochondrial antibodies (AMA) at a titer > 1:40 [1, 7].
Sensitivity and specificity of the combination of biochemistry
and serology is 95% [8]. AMA are found in 90-95% of PBC
patients [1, 7], and are considered as the most disease-specific
autoantibodies in human autoimmune diseases [9].
Identification of the target antigens of the M2 components,
mainly the E2 subunit of the pyruvate dehydrogenase com-
plex, has allowed the development of enzymatic tests for
AMA detection, which are highly sensitive and specific
[10]. A subgroup of anti-nuclear antibodies (ANA) represent
additional disease-specific autoantibodies: ANA with a rim-
like indirect immunofluorescence staining pattern on HEp-2
cells are mainly directed against the gp210 protein and are
found in 10-40% of PBC patients. ANA showing a
multiple-dots staining pattern on HEp-2 cells are mainly di-
rected against the sp100 protein and are found in 20-40% of
PBC patients. Both are associated with a more severe disease
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course and are helpful diagnostic markers in AMA-negative
PBC patients [11-13].

Due to simple, accurate, and widely available diagnostic
tests, the epidemiology of this complex autoimmune disease,
in theory, is rather easy to investigate. Better understanding of
the epidemiology is undoubtedly a powerful tool for improv-
ing our understanding of the disease, its population-impact,
and risk factors [14]. In particular, epidemiological studies
have provided evidence of local clustering of PBC cases, sug-
gesting the presence of environmental risk factors [15-17]. In
addition, large cohorts of PBC patients allowed the identifica-
tion of risk factors associated with a more severe disease
course [18].

Epidemiological data from different European, American,
and Asian-Pacific countries report a wide difference in disease
frequency [19], ranging from an incidence of 0.9 to 5.8 per
100’000 inhabitants and a prevalence of 1.9 to 40.2 [20]. It
was previously assumed that PBC frequency has a north-south
gradient, but a recent well-designed study from Greece [21]
reported a high prevalence, highlighting that the case-finding
strategy is crucial to obtain reliable epidemiological data.
Differences in reported frequency in epidemiological studies
may be explained by the case-finding and ascertainment
methods, the most reliable being probably based on AMA
positivity [22]. However, even this method is limited by the
need of laboratory expertise, presence of AMA-negative PBC
cases, and the fact that AMA may be found in absence of liver
disease [23, 24].

Data on PBC in Switzerland are lacking. The aim of our
study is to describe the health burden, the clinical phenotype,
and the disease course of PBC in Switzerland and put these
data in the context of current epidemiological studies.

Patients and Methods

Study Area, Population, and Period We conducted a cross-
sectional, observational study of patients with PBC living in
Switzerland. Between January 1, 2005 and December 31,
2015, we searched for PBC cases throughout Switzerland.
The study cohort included patients who had undergone LT
and non-transplanted patients. Detailed clinical information
was collected.

Case Finding Case-finding was performed by searching
local databases in all five Swiss University hospitals, and
in two large secondary centers. Furthermore, in an attempt
to include patients not seen in centers, a survey among all
Swiss gastroenterologists, primary care physicians, rheu-
matologists, and dermatologists was carried out. The latter
categories were involved since up to 60% of PBC patients
have extra-hepatic autoimmune diseases [25—-27]. A total of
6120 physicians were sent a questionnaire by e-mail

(Supplementary Table 1). A small monetary incentive was
offered per included patient.

Data Collection

Detailed clinical information was collected as follows: date of
diagnosis; sex; age at diagnosis; linguistic region of residency
at diagnosis; ethnicity; height and weight at diagnosis; first
and last visits; LT status; laboratory investigations at diagnosis
including status of AMA, ANA, PBC-specific ANA, liver
biochemistry (2 sets of values at least 12 months apart), plate-
let count, albumin, and immunoglobulin G (IgG) levels;
spleen size at diagnosis; hepatic transient elastography at di-
agnosis; UDCA therapy status and dose; histologically proven
and treated autoimmune hepatitis (AIH) overlap; concomitant
autoimmune muco-cutaneous disease; concomitant hepatic
disease; last alive date; and date and cause of death.

The case report form (CRF) was completed by the local
investigators, or suitably trained students and research nurses.

Case-Ascertainment All completed CRFs were centrally
evaluated for ascertainment of PBC diagnosis. The diagnosis
of PBC was based on established diagnostic criteria.
PBC-AIH overlap syndrome was defined as a combination
of PBC, a liver biopsy showing moderate or severe periportal
or periseptal lymphocytic piecemeal necrosis, and treatment
for AIH.

Patients who were AMA-negative by immunofluorescence,
but with antibodies against the major M2 components by en-
zymatic testing, and/or patients positive for PBC-specific
ANA, in absence of a cholestatic biochemical pattern and of a
histological evaluation, were included in the study, since these
are considered specific markers of disease [10, 12, 13, 28].

The project was endorsed by the Swiss Association for the
Study of the Liver. The study protocol conforms to the ethical
guidelines of the Declaration of Helsinki of 1975 and was
approved by all the Swiss Ethics Committees (Comitato etico
cantonale del Canton Ticino, Ethikkommission Nordwest-
und Zentralschweiz EKNZ, Kantonale Ethikkommission fiir
die Forschung Bern, Commission cantonale d’éthique de la
recherche CCER Genéve, Ethikkommission St. Gallen
EKSG, Kantonale Ethikkommission Ziirich, Commission
cantonale d’éthique de la recherche sur 1’étre humain CER-
VD Vaud). Informed consent was obtained from each patient
included in the study.

Statistical Analysis Analyses were performed using the sta-
tistical analysis software Stata statistical software 13.0
(StataCorp, College Station, TX, USA). Data were present-
ed as median and range. Where data were distributed nor-
mally, comparisons were made between groups using un-
paired ¢ tests. Where data were distributed non-normally,
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comparisons were made by the Mann—Whitney U test.
Differences in proportions were determined using the chi-
square test. Rates of survival were estimated by the
Kaplan—Meier method. We performed univariate analysis
of the following variables using Cox’s proportional hazards
regression model: age at diagnosis, gender, body mass in-
dex, date of LT, alkaline phosphatase (ALP), alanine ami-
notransferase (ALT), bilirubin levels at diagnosis and after
12 months of UDCA, albumin and platelet count at diagno-
sis, splenomegaly, AMA and ANA status, and IgG level.
The variables transient elastography, anti-sp100, and anti-
gp210 were not included in the model for the high rate of
missing values. Variables that were statistically significant
at p <0.05 in univariate analysis were included in a multi-
variable Cox model. Liver-related end points were defined
as LT for PBC and liver-related death. Those dying of non-
liver-related causes were censored at the time of death.
Patient data at baseline and after 12 months were used to
calculate the UK-PBC risk score [6] and the Globe score
[5]. To assess discrimination, we calculated the area under
the receiver operating characteristic curve (AUROC) for
each risk score at specific time-frames (5, 10 and 15 years).

Literature Search A systematic search of literature was per-
formed in Medline (search last conducted October 1, 2017).
The search strategy was as follows: (primary biliary cirrhosis)
OR (primary biliary cholangitis) OR (PBC) AND
(epidemiology) OR (incidence) OR (prevalence). References
published after 2007 were included for further screening. Two
authors (JM and BTP) screened the title and abstract of the
articles returned by the search. As in the publication by
Boonstra et al. we included population-based epidemiological
studies which report the incidence of PBC in a geographical
area of at least 100,000 inhabitants and performed an analo-
gous data extraction recording the study area and period, the
number of patients and number of inhabitants, incidence and
prevalence per 100,000 inhabitants, method of case-finding,
and case-ascertainment as well as the male to female ratio.
Atticles in all languages were considered.

Results
Data of 501 patients were collected, 27 were excluded from

data analysis because they did not fulfill the inclusion criteria,
mostly due to lack of data allowing a review of the diagnosis

(Fig. 1).
Patients Enrolled by Secondary and Tertiary Centers
Four hundred seventy-six patients were enrolled by the sec-

ondary and tertiary care centers, accounting for the vast ma-
jority of recruited patients. Twenty-six of them were excluded
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from data analysis because available data were insufficient to
review the diagnosis of PBC.

Survey Conducted Among Physicians Outside Tertiary
Centers

The results of the survey among physicians outside centers are
shown in Table 1. Only 8% of the primary care physicians,
16% of the gastroenterologists, 7% of the rheumatologists,
and 6% of the dermatologists answered the survey; no patient
was enrolled by the latter two categories.

A total number of 88 subjects diagnosed with PBC were
identified across Switzerland using this case-finding system.
Twenty-five of them were included in the study, 14 by primary
care physicians, and 11 by gastroenterologists.

Patient Characteristics

The demographics, clinical, biochemical, and serological
characteristics of the study population are outlined in
Table 2. Eighty-five percent were female; median age at
diagnosis was 53 years. Twenty percent of the patients were
diagnosed before 2000, 40% were diagnosed in the first
decade of this century, and 40% were diagnosed in the fol-
lowing 5 years, pointing to a more frequent PBC diagnosis
in more recent years in Switzerland. This observation is
consistent with data from other countries [20, 29]. Only
11% of patients were recruited from the French-speaking
part of the country, which accounts for 22.6% of the Swiss
population: in this part of Switzerland, PBC patients are
mostly followed up by physicians outside centers, and
therefore were missed by our study. According to the local
clinical practice, only severe cases are referred to tertiary
centers. Indeed, 15% of patients recruited from the French-
speaking part of Switzerland underwent LT, compared to 6
and 10% of patients recruited from the Italian and German
parts, respectively.

Four hundred forty-six patients (94%) were treated with
UDCA. Nineteen (6%) were not treated and considered by
the clinicians as pre-clinical PBC: indeed, the majority had
ALP <2 x ULN, normal albumin at diagnosis, median tran-
sient elastography at diagnosis < 8.1 kPa, and normal platelet
count at diagnosis. Approximately 29% of the patients were
non-responders to UDCA therapy, according to the Paris |
criteria [30], 35% according to the Paris II criteria [31], and
27% according to the Toronto criterion [32].

Data on PBC-specific ANAs were available only in a small
proportion of patients (< 10%), indicating that this test is not
routinely performed in PBC patients in Switzerland.

Seventy patients (17%) were diagnosed with a biopsy-
proven PBC/AIH overlap syndrome, and were on immu-
nosuppressive treatment. We found that 33 patients (7%)
had a concomitant autoimmune muco-cutaneous disease
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Fig. 1 Flowchart of patient

. . . - Case-finding
inclusion. PBC primary biliary N=564
cholangitis, AMA anti- -
mitochondrial antibodies, IF7 Exclusion
indirect immunofluorescence,
ANA anti-nuclear antibodies N=63
Physicians not willing to
Case-ascertainment participate
N=501
Exclusion
N=27
PBC diagnostic criteria not fulfilled
Missing data for diagnosis review n=10
AMA positive by IFl, no cholestasis, no biopsy n=9
474 included

AMA negative, no biopsy or PBC-specific ANA available

with Sjogren’s syndrome having the highest prevalence
(2.4%) (Table 3).

Survival

The median follow-up was 5.5 years (IQR, 2—12). During
follow-up, 60 patients (12.6%) suffered an event, 52 patients
(10.9%) underwent LT, and 8 patients (1.7%) died from liver-
related causes. The overall event-free survival rate was 96% at
5 years, 85% at 10 years, and 75% at 15 years.

Univariate and multivariate Cox proportional hazard re-
gression analyses were performed to identify variables asso-
ciated with long-term outcome. After non-automatic back-
ward selection, the best-fitting Cox model included five vari-
ables: platelet at baseline (hazard ratio (HR)=0.99, CI=
0.98-0.99, p <0.0001), and bilirubin (HR=1.11, CI=1.04—
1.18, p=0.001), ALT (HR=1.35, CI=1.00-1.80, p=0.04)
and ALP after 12 months of therapy with UDCA (HR = 1.36,

n=6
AMA negative, non diagnostic biopsy,
PBC-specific ANA not available n=1
AMA unknown, non diagnostic biopsy, no cholestasis n=1

CI=1.15-1.62, p<0.0001). We then assessed the perfor-
mance of the existing, continuous predicting models of sur-
vival: the AUROC for the UK-PBC risk score at 5, 10 and
15 years was 0.82. The AUROC for the Globe score at 5, 10,
and 15 years was 0.77.

Current PBC Geoepidemiology

The search returned 2084 references. Of these, 11 were includ-
ed based on the abovementioned criteria (Table 4). Of the 11
studies, two report the incidence rates in Asia (Hong Kong
and Korea), four in Europe (Denmark/Lombardia, Greece,
England, Netherlands), and one each in the USA, Iceland,
Israel, and New Zealand. Seven studies relied primarily on
ICD-9/10 medical record databases for case finding; seven
studies included AMA for case ascertainment. The highest
incidence for PBC was described in England with 5.3 per
100,000 while the lowest incidences were found in Hong

Table 1 Number of identified

and recruited patients by Primary care ~ Gastroenterologists ~ Rheumatologists ~ Dermatologists ~ Total

nationwide survey among physicians

physicians outside tertiary centers
Physicians involved 5004 295 372 449 6120
Replies (%) 406 (8) 48 (16) 25(7) 29 (6) 508 (8)
Physicians having 77 36 12 1 126

PBC patients

Still alive patients 116 157 12 1 286
Deceased patients 25 7 0 0 32
Total patients 141 164 12 1 318
Total number of 14 11 0 0 25

enrolled patients
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Table 2 Demographics (2a), clinical and laboratory characteristics (2b) of the study population

Parameter Data
available (%)
a
Date of diagnosis—no. (%) N=473 (99)
Before 2000 93 (20)
1.1.2001-31.12.2009 188 (40)
1.1.2010-31.12.2015 190 (40)
Female (%) 401 (85) N=474 (100)
Age at diagnosis—years
Median (IQR) 53 (45-63) N=470 (99)
Male (IQR) 57 (48-64) N=73(100)
Female (IQR) 52 (44-62) N=397(99)
Region of residency—no. (%)
German speaking 344 (73) N=463 (97)
French speaking 53 (11)
Italian speaking 66 (14)
Ethnicity—no. (%)
White 443 (93.5) N=467 (98)
Asian 10 2.1)
Hispanic 8 (1.7)
Black 1(0.2)
Body mass index—kg/m®
Median (IQR) 25.0 (22.2-29.08) N=352(74)
Liver transplant-no. (%) 52 (10.9) N=473(99)
Male 10 (13.5) N=73(100)
Female 42 (10.5) N=400 (99)
b
Alkaline phosphatase level at diagnosis, U/l
Median (IQR) 1.6 x ULN (1.0-2.9) N=454(96)
>1.67 x ULN (%) 218 (48)
>ULN (%) 339 (75)
Alkaline phosphatase level at 1 year UDCA, U/l
Median (IQR) 1.1 x ULN (0.8-1.7) N=416 (88)
>1.67 x ULN (%) 114 27)
>ULN (%) 234 (56)
Toronto non response overall (male-female) 27% (32-27%) (N=63-353)
Total bilirubin level at diagnosis, pmol/l
Median (IQR) 0.5 x ULN (0.4-0.9)
>ULN (%) 82 (19) N=429 (90)
Total bilirubin level after 1 year UDCA pumol/l
Median (IQR) 0.5 x ULN (0.4-0.89)
>ULN (%) 58 (15) N=391(82)
ALT level at diagnosis, U/l
Median (IQR) 1.5 (1.0-2.7) N=450 (95)
ALT level after 1 year UDCA
Median (IQR) 0.8 (0.5-1.3) N=404 (85)
Platelet count at diagnosis, G/1
Median (IQR) 242 (190-300) N=424 (89)
Male 220 (154-266) N=62 (85)
Female 246 (194-305) N=363 (90)
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Table 2 (continued)

Parameter Data
available (%)

Albumin at diagnosis, g/

Median (IQR) 38 (35-42) N=393 (83)
Male 38 (34-42) N=55(75)
Female 38 (36-42) N=329 (82)
Total IgG at diagnosis, g/l
Median (IQR) 14 (11-17) N=312 (66)
Spleen size at diagnosis by ultrasound, cm> 12 (%) 99 (26) N=382 (81)
Male 27 (45) N=060 (82)
Female 72 (22) N=322(80)
Transient elastography at diagnosis, kPa
Median (IQR) 6.3 (4.6-9-9) N=296 (62)
Male 7.6 (4.6-11.7) N=44 (60)
Female 6.1 (4.5-9.35) N=252(63)
Number of UDCA treated subjects (%) 446 (94) N=465 (98)
UDCA dose, mg/kg/day 13.6 (11.4-15.0) N=375(79)
AMA positive (%) 415 (88) N=458 (97)
ANA >1:80 (%) 261 (63) N=412 (87)
Anti-sp100 positive (%) 38 (56) N=67 (14)
Anti-gp210 positive (%) 19 (39) N=49 (10)
Table 3  Concomitant autoimmune and hepatic diseases conditions Kong and New Zealand with 0.8 per 100,000. The highest

prevalence of 38.3 was reported for Iceland; this study took

Concomitant conditions N (%) Data available advantage of the unique features of the country, being an is-
AlH-overlap 70 (17) N =407 (86) land with AMA tested in one single laboratory.
(biopsy-proven and treated)
Concomitant autoimmune 33%(7) N=467 (98)
muco-cutaneous disease (%)
Sjogren’s syndrome 1124
SJys%emic szlerosis 5 (1(.1)) Discussion
Systemic lupus erythematosus S5(1.1)
Vitiligo 3(0.6) The present study provides the first assessment of the health
Pemphigus 2 (0.4) burden due to PBC in Switzerland. We estimate that we were
Cutaneous lupus erythematosus 2(04) able to identify approximately one third of the Swiss PBC
Dermatitis herpetiformis Duhting 102) population, assuming a prevalence of 15-20 cases per
Psoriasis 1(0.2) 100,000 inhabitants. This estimate is corroborated by the high
Limited scleroderma 102) number of patients recruitec.l from the lta.lian-speaking part of
Raynaud's syndrome 102) the country, Were the coor.dlr?ator center is located, e.md where
Urticaria vasculitis 1(02) the c.as.e-ﬁndmg sjcrategy is hkelly to be more effective due to
Other 102) th§ limited extenS{og of the region, anq close cgntact betwe?en
Concomitant hepatic disease (%) 43 (9) N=472(99) primary care physicians and hepatologists, leading to the high
Non alcoholic fatty liver disease 15(3) referral rate of patients with suspected liver disease. In this
HCV 92) region, accounting for 1/25 of the Swiss population (8.4 mil-
HBV 3(0.6) lion inhabitants), 66 patients were recruited: assuming a sim-
Alcoholic liver disease 2(04) ilar prevalence of PBC across Switzerland, the estimated total
Overlap PSC 2(04) number of PBC patients in the country is 1650, corresponding
Hepatocellular carcinoma 2(0.4) approximately to a prevalence of 20:100,000 inhabitants.
other 7(15) In order to reduce the selection bias due to recruitment from
secondary and tertiary centers, we tried to identify patients
* One patient had two concomitant skin diseases followed in primary care, and in the private healthcare system.
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To do so, we carried out a web-based survey research method.
Unfortunately, primary care physicians proved to be a group
with low survey response rates. Our survey results provide an
example for the challenges faced when conducting healthcare
research where response rates to surveys are often low. Also,
findings from this study suggest that small monetary incen-
tives such as the ones adopted in our study for each enrolled
individual may not be the most appropriate way to increase
response rates.

The epidemiology and geoepidemiology of PBC have been
examined in numerous studies over the last 15 years. Truly
population-based studies are lacking, and thus data come from
analyses of probability samples of reference populations.
Boonstra et al. did compile a comprehensive review of large
epidemiological studies on PBC in 2012 [20]. In their review,
studies that reported incidence and/or prevalence for at least
100,000 adult inhabitants in a defined geographical area were
considered. For the years between 1972 and 2007, there were
23 papers describing the epidemiology of PBC that were
reviewed. The majority of the studies were conducted in
Western countries. Only after 2005 epidemiological data from
outside the USA and Europe were published with papers from
Israel [38], Brunei [41], Singapore, and China [42—44].

We have now extended the review of the epidemiological
literature to 2017 and have included 11 new epidemiological
studies (Table 4).

The cohort of PBC patients described in the present study is
consistent with the cohorts reported in the literature with a female
to male ratio of 9:1, a median age at diagnosis of 53 years, and a
rate of AMA positive subjects of 88%, the majority treated with
UDCA (94%) [5, 18, 29]. Some epidemiological studies reported
a lower female to male ratio [35, 45]: they are based on admin-
istrative data-bases, suggesting that this case-finding method may
lead to inclusion of pre-clinical cases, which are more common
in males compared to clinical cases [24].

Approximately 20% of the female patients and 50% of the
male patients had splenomegaly at diagnosis. This indicates
that the diagnosis is often made after a longstanding disease
course, particularly in men. This is true for those diagnosed
before and after 2000 (data not shown), indicating that even in
recent years the diagnosis has been made at a late disease stage
in a high proportion of the patients. The proportion of patients
who underwent LT is similar to recently described national
cohorts [18] (e.g., 10% in our cohort, 8% in the UK cohort).

When we explored the gender impact on PBC, important
differences were seen between men and women. Men with
PBC presented at an older age, and more frequently have
splenomegaly at diagnosis. The rate of transplanted patients is
higher in men than in women. However, the UDCA response
rate according to different criteria was not different between
females and males. The lack of difference between men and
women in these parameters is probably due to the small number
(73 subjects) of male patients included in our cohort.

PBC-specific ANAs were positive in a high proportion of
patients (Table 2). This might in part be explained by the
characteristics of our cohort with a high rate of patients with
a more severe disease course; indeed, these autoantibodies are
associated with a higher risk of disease progression to jaun-
dice and hepatic failure [11, 46].

We found 33 patients (7%) that presented with a concomi-
tant autoimmune muco-cutaneous disease. The frequency of
Sjogren’s syndrome was low (2.4%), compared to that found
by accurate assessment, being up to 34% [25], probably due to
underdiagnosis/underreporting. Vitiligo and psoriasis, which
are both frequent conditions, affecting 1 and 2% of the popu-
lation in central Europe, respectively, were found only in 0.6
and 0.2% in our cohort, again most probably due to
underreporting by non-dermatologists. We identified a few
cases of unexpected concomitant autoimmune diseases, includ-
ing pemphigus and dermatitis herpetiformis Duhring, which
are both rare conditions and this finding could be due to chance.

Seventy patients (17%) were diagnosed with a biopsy-
proven PBC/AIH overlap syndrome, and were on immuno-
suppressive treatment, the proportion being higher than the
commonly reported frequency of 10% in PBC patients [47,
48]. This is possibly related to a referral bias.

We looked at baseline variables associated with UDCA
response but we could not identify neither sex nor age at
diagnosis as a negative predictor of response [18].

In the current study, we confirmed that the recently devel-
oped long-term prognostic models of PBC, i.e., UK-PBC risk
score and Globe score, are accurate in predicting liver-related
(UK-PBC risk score) and overall survival (Globe score), with
AUROC:s of 0.82 and 0.77, respectively. Efforts should be
made in the future to explore whether there are additional
biomarkers, e.g., PBC-specific ANAs, non-invasive markers,
or pathological features, among others, that can improve
the accuracy of such scoring systems.

Our case-finding strategy is limited by the characteristics of
the Swiss Healthcare System. Switzerland has many uncon-
nected (private and public) laboratories: this fact prevents the
use of the case-finding strategy proposed by Metcalf and
James [22], based on identification of AMA-positive blood
samples. The same is true for a case-finding strategy including
liver pathology reports.

Still the incidence and prevalence found in Switzerland is
in concordance with the data from other recent epidemiolog-
ical studies. These studies from 2007 until 2017 further con-
firm the previously reported wide range of prevalence and
incidence for PBC. The studies from Asia and New Zealand
[33, 49] report the lowest incidences while England, USA,
Greece, and Iceland report the highest incidence rates [21,
34, 37, 39]. Of note, studies reporting the highest disease
frequency include AMA in their case-finding strategy, which,
as mentioned above, is not possible in our country. Like in
Switzerland, several studies report an increase in incidence
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over the observed period, which may in part be due to im-
proved diagnostic tools and awareness as well as registration
of cases. It is interesting to notice that the publication by
Boonstra et al. identified 23 articles describing the incidence
and prevalence of PBC between 1972 and 2007 but there are
an additional 11 articles for the years 2007 to 2017. This
seems to indicate that the interest in and awareness of PBC
as an important health issue has increased drastically.

In order to assess the true incidence and prevalence of PBC,
repeated screening of a well-defined population would be the
best methodology, allowing inclusion of undiagnosed cases. It
could be argued that such a screening in PBC is facilitated by
the presence of serum hallmarks, AMA and PBC-specific
ANA. However, it is well known that these markers can pre-
date liver disease by decades [22, 23], thus hampering their
use as a screening tool. In addition, use of correct laboratory
methodologies is key to achieve high sensitivity and specific-
ity [24]. Given these limitations, we believe that probably the
best way to study PBC epidemiology is based on medical
awareness of the condition, and thus education of primary care
doctors. Diagnosed patients, including those positive for
AMA and/or PBC-specific ANA without liver disease,
should be included in prospective registries with biobank,
in order to generate high-quality, standardized data. We
took advantage of the collaboration networks generated
by the present study to set-up such a registry in our country
(NCT03146910). As mentioned before, our case-finding
strategy was very effective in the region where the coordi-
nator center is located, supporting our hypothesis that dis-
ease awareness and collaborations are key to improve diag-
nosis and treatment of PBC patients.

In conclusion, this study provides a snapshot of PBC in
Switzerland between 2005 and 2015. We described a diagnos-
tic delay in PBC, particularly in male patients. This should be
reflected in the planning and delivery of clinical care.
Moreover, we validated the UK-PBC risk score and the
Globe score as accurate tools in predicting liver-related and
overall survival, respectively, in Swiss patients with PBC. The
running prospective registry will be of fundamental impor-
tance to both improve patient care and serve as a platform
for clinical and translational research.
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