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1 | INTRODUCTION

Summary

Background: After 1year of ursodeoxycholic acid (UDCA), patients with primary bil-
iary cholangitis (PBC) may have a normal GLOBE score despite high alkaline phos-
phatase (ALP) levels.

Aim: To assess the association between ALP and liver transplantation (LT)-free sur-
vival according to the GLOBE score

Methods: Among patients with a normal or elevated GLOBE score in the Global PBC
cohort, the association between ALP after 1year of UDCA and the risk of LT/death
was assessed. The LT-free survival was compared with that of a matched general
population.

Results: After 1year of UDCA, ALP was associated with the risk of LT/death (aHR
1.31, 95% CI 1.003-1.72, p =0.048) among 2729 patients with a normal GLOBE
score. The 10-year LT-free survival among these patients with an ALP>2.0 x ULN
was 94.0% (95% Cl 90.1-97.9) for those <50years, and 82.6% (95% Cl 76.5-88.7)
for those 250years, which was significantly lower (p =0.040) and similar (p =0.736)
to that of the matched population, respectively. The 10-year LT-free survival in pa-
tients >50years with normal GLOBE score and normal ALP (90.8%, 95% Cl 87.7-93.9)
was significantly higher (p =0.022) than the matched population. Among 1045 pa-
tients with an elevated GLOBE score, ALP was associated with LT/death only in those
<50years (aHR 1.38, 95% Cl 1.06-1.81, p =0.016).

Conclusion: The LT-free survival of patients with PBC with a normal GLOBE score
is optimal in case of normal ALP levels, also in relation to the general population.
Despite their generally favourable prognosis, an elevated ALP level may still indicate

a need for add-on therapy.

I/11, Barcelona and Toronto.®*'"* Since then, continuous models

including additional parameters (such as the GLOBE score) were

Primary biliary cholangitis (PBC) is a chronic cholestatic liver disease
with auto-immune features, histologically characterised by the de-
struction of the small intrahepatic bile ducts. Patients with PBC may
silently progress towards cirrhosis with the risk of liver failure and
hepatocellular carcinoma, resulting in an impaired survival in this
population.l*2 Ursodeoxycholic acid (UDCA) is currently the stan-
dard treatment for PBC.>* Patients with lower alkaline phosphatase
(ALP) and bilirubin levels during UDCA therapy showed an improved
liver transplantation (LT)-free survival. Yet, up to 40% of the patients
are considered to respond incompletely to UDCA.>” For these pa-
tients additional therapy with obeticholic acid (OCA) and/or fibrates
may optimise their prognosis, as randomised controlled clinical trials
showed a decrease in ALP and bilirubin with these drugs.8-1°

To identify patients who could benefit from second-line ther-
apy, the degree of response to UDCA treatment is traditionally de-

termined by dichotomous UDCA response criteria, such as Paris

developed to more accurately predict the prognosis of UDCA-
treated PBC patients.'**> Over the last years, the GLOBE score
is increasingly recognised as a tool to assess the patient's progno-
sis and aid in treatment decisions. For optimal use in daily clinical
practice, however, accurate interpretation of the patient's GLOBE
score is important.

At present, patients with GLOBE scores below their age-specific
threshold are considered to have a normal survival in relation to their
age- and sex-matched peers. Second-line treatment may not be fully
considered in these patients, while patients with low GLOBE scores
may still present with high ALP levels in case the other model param-
eters are favourable. It is ALP normalisation, however, which was
recently shown to be associated with the most optimal survival.*
Therefore, to optimise the interpretation of the GLOBE score, the
aim of this study was to assess the association between ALP or bil-

irubin and the LT-free survival in PBC patients according to their
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GLOBE score response status, also in relation to a matched general
population.

2 | PATIENTS AND METHODS
2.1 | Study population and design

Patients were derived from the Global PBC Study Group data-
base. This database contains individual patient data from long-
term follow-up cohorts from 15 liver units across Europe and
Northern America. All patients had an established diagnosis of
PBC according to the internationally accepted guidelines.3’4 In
this study, only UDCA-treated patients with sufficient follow-up
(>12months and =2 recorded visits) and known dates of clinical
events were eligible for inclusion. Patients with overt overlapping
features of auto-immune hepatitis according to the Paris criteria
were excluded.?

The study was conducted in accordance with the Declaration of
Helsinki. The protocol was approved by the international research
board of the corresponding center and at each participating center,

in accordance with their local regulations.

2.2 | Data collection

Clinical and laboratory data were collected at baseline, which was
the start of UDCA treatment, and during follow-up. Clinical data
included the following: age, gender, details about PBC diagnosis,
baseline anti-mitochondrial antibody (AMA) serological status, liver
histology obtained within 1year from baseline (classified according

1819 treatment and clinical outcome

to Ludwig and Scheuer's criteria
(LT or death). Laboratory data included ALP, alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), total bilirubin, albu-
min and platelet count and was collected at baseline and after 1year.
Biochemical disease stage was classified according to the Rotterdam
criteria.’

Data of the original cohorts were collected through the end
of December 2012. For three centers, which entered the study
group more recently, data collection occurred through the end of

December 2015.

2.3 | Statistical analyses

Data are presented as mean with standard deviation (SD), median
with interquartile range (IQR) or as proportions. In the current study,
patients were categorised according to the age-specific threshold
of the GLOBE score. The GLOBE score was considered ‘normal’ if
below the threshold and ‘elevated’ if above the threshold. At pre-
sent, patients with a GLOBE score below their age-specific thresh-

olds are considered to have a survival comparable with that of the
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age- and sex-matched general population, in contrast with those
with GLOBE scores above the threshold.**?° For visualisation pur-
poses, patients were stratified according to their age at baseline
(<50years and 250years based on a round cut-off close to the av-
erage age in the cohort). For comparisons of categorical and con-
tinuous variables the chi-squared test, students' t-test, one-way
ANOVA or Kruskal-Wallis test were used, where appropriate. The
GLOBE score was calculated with the formula: 0.044378 xage+
0.93982 x LN(bilirubin)+ 0.335648xLN(ALP)+ 2.266708 xalbu-
min + 0.002581 x platelets (per 10°/L)+ 1.216865 (bilirubin and ALP
in ‘times upper limit of normal’ and albumin in ‘times lower limit of
normal’).

The primary outcome of this study was the combined end-
point of LT and all-cause mortality. Patients were followed until LT
or death or censored at their last visit in case no event occurred.
Univariate and multivariate Cox proportional hazards' regression
analyses (hazard ratio [HR] with 95% confidence interval [Cl]) were
performed to assess the association between ALP, bilirubin and the
risk of LT or death. Biochemical variables were log transformed in
case of non-normality. The survival rates were based on the Kaplan
Meier method and compared using the log-rank test. For these anal-
yses, start of follow-up was set at 1year after start of UDCA treat-
ment. To plot the survival, patients were categorised according to
their level of ALP (1.0, 1.0-2.0 and>2.0 x ULN) or level of bilirubin
(0.6, 0.6-1.0 and>1.0 xULN) after 1 year of UDCA therapy. The
lower cut-offs were based on a prior report indicating that the risk
of LT or death starts to increase from these levels onwards.*® As the
relation between ALP or bilirubin and the LT-free survival follows
a log-linear pattern hereafter, it is difficult to define optimal upper
cut-off.?! The upper cut-off for ALP (2.0 x ULN) was arbitrary and
partly driven by the number of patients and events in our cohort,
whereas the upper cut-off for bilirubin (1.0 x ULN) has been repeat-
edly used in the traditional response criteria. The LT-free survival of
each group was compared with the survival of an age-, sex- and cal-
endar time-matched general population using the life table method
and the Wilcoxon (Gehan) test as previously described.* Data of this
matched population were retrieved from a Dutch registry (Statistics
Netherlands, www.cbs.nl). According to the life table data of the
World Health Organisation (http://www.who.int/) the median life
expectancy of the Dutch population at age 60 was similar to the av-
erage median life expectancy of the other represented countries in
our global cohort.

Missing data at baseline and at year 1 of UDCA therapy was
handled by means of multiple imputation using SAS version 9.4 (SAS
Institute Inc.), as in previous reports from our study group.!62%22
Hereto, 10 databases were generated and Rubin's rules were used to
obtain pooled parameters and corresponding standard errors. Only
continuous biochemical values were imputed: ALP, AST, ALT, biliru-
bin, albumin and platelet count. For the cumulative LT-free survival
estimates, patients were categorised in specific subgroups based on
their individual mean GLOBE score and ALP or bilirubin level over
the 10 imputed databases.
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All statistical tests were two-sided, and a p-value <0.05 was con-
sidered to be statistically significant. Statistical analyses were per-
formed in SPSS Statistics V.25.0 (IBM Corp.).

3 | RESULTS
3.1 | Cohort characteristics

In total, 3774 UDCA-treated patients with PBC were included. The
mean (SD) age was 52.2 (11.8) years, and the majority of patients
was female (n = 3431; 90.7%). According to the GLOBE score, 2729
(72.3%) patients had a normal GLOBE score and 1045 (27.7%) pa-
tients had an elevated GLOBE score after 1 year of UDCA treatment.
In both groups, patients <50years showed statistically significantly
higher ALP, aminotransaminases, albumin and platelets at baseline
(Table 1). Patients >50years had more advanced biochemical disease
stage at baseline, especially those with an elevated GLOBE score.
Patients were followed for a median of 7.2 (IQR 3.7-11.5) years, dur-
ing which a total of 253 patients underwent LT and 477 patients
died. The primary endpoint of LT or death occurred in 252 patients
with a normal GLOBE score and in 475 patients with an elevated
GLOBE score. The cumulative 10-year LT-free survival rates were
91.1% (95% Cl 88.4-93.8) versus 53.2% (95% Cl 49.7-56.7) in pa-
tients with a normal GLOBE score and elevated GLOBE score, re-
spectively (p <0.001).

3.2 | Patients with a normal GLOBE score

Of the 2729 patients with a normal GLOBE score, 981 (35.9%) pa-
tients were<50vyears and 1748 (64.1%) were>50years (Table 1)
among which 57 and 195 underwent LT or died, respectively. Overall,
high ALP levels (xULN) after 1 year of UDCA were associated with an
increased risk of LT or death (HR 1.31, 95% Cl 1.04-1.66, p = 0.025)
in patients with a normal GLOBE score. After adjusting for age, gen-
der, year of diagnosis and baseline biochemical liver tests (albumin,
bilirubin, platelet count, ALT and AST), the ALP level remained sta-
tistically significantly associated with LT or death (HR 1.31, 95% CI
1.003-1.72, p = 0.048). There was no statistically significant interac-
tion between ALP and the age category with respect to the occur-
rence of LT or death (p = 0.475).

In patients <50years with a normal GLOBE score, the cumula-
tive 10-year LT-free survival was 97.1% (95% Cl 94.7-99.5) in those
with normal ALP after 1 year of UDCA treatment (n = 352; 35.9%),
96.2% (95% Cl 93.8-98.6) in those with an ALP between 1.0 and
2.0 xULN (n = 428; 43.6%) and 94.0% (95% Cl 90.1-97.9) in those
with an ALP >2.0 xULN (n = 201; 20.5%) (log rank over three cat-
egories: p = 0.090). Compared with an age- and sex-matched gen-
eral population, the LT-free survival among patients <50years with
a normal GLOBE score did not differ statistically significantly from
the matched population in case of ALP <1.0 xULN (p = 0.352) or
ALP of 1.0-2.0 xULN (p = 0.508). However, those who remained
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with ALP levels >2.0 x ULN after 1 year of UDCA had a statistically
significantly impaired LT-free survival compared with the matched
population (p = 0.040) (Figure 1).

Of the 201 patients with a normal GLOBE score and an ALP
>2.0 x ULN after 1 year of UDCA therapy, 193 patients were in fol-
low-up at year 2. At this time, the ALP level remained >2.0 x ULN in
129 (66.8%) patients, of which 105 (81.4%) were still classified as pa-
tients with a normal GLOBE score. The LT-free survival among these
patients was statistically significantly impaired compared with the
matched population (p = 0.009), also when adding the 37 patients
with an increase in ALP from <2.0 x ULN at year 1 to >2.0 x ULN at
year 2 (p = 0.004). Those 64 patients with a normal GLOBE score
and a decrease in ALP from >2.0 x ULN at year 1 to <2.0 x ULN at
year 2 showed an LT-free survival comparable with their matched
population (p = 0.950).

In patients 250years with a normal GLOBE score, the cumulative
10-year LT-free survival rates were 90.8% (95% Cl 87.7-93.9), 87.8%
(95% Cl 84.9-90.7) and 82.6% (95% Cl 76.5-88.7) for those with
an ALP level<1.0 xULN (n = 650; 37.2%), 1.0-2.0 xULN (nh = 847;
48.5%), or >2.0 x ULN (n = 251; 14.4%), respectively (log-rank over
three categories: p = 0.036). While the LT-free survival did not differ
statistically significantly from the matched population in case of an
ALP between 1.0 and 2.0 x ULN (p = 0.102) or an ALP >2.0 x ULN
in patients >50years (p = 0.736), these older patients had a signifi-
cantly better outcome in case of a normal ALP after 1 year of UDCA
therapy compared with the matched general population (p = 0.022)
(Figure 1).

Results were comparable when patients with a normal GLOBE
score were stratified according to their bilirubin levels after 1 year
of UDCA (Figure 2). Only three events occurred among the 18 pa-
tients <50years with a bilirubin >1.0x ULN. Patients 250years with
a bilirubin level <0.6 x ULN (n = 1223) showed a cumulative 10-year
LT-free survival of 90.4% (95% Cl 88.2-92.6), which was statistically
significantly better compared with the matched general population
(p <0.008).

3.3 | Patients with an elevated GLOBE score

Among the 1045 patients with an elevated GLOBE score, 557 (53.3%)
patients were <50years and 488 (46.7%) were >50years. Patients
>50years had a lower median platelet count and more advanced dis-
ease (both biochemically and histologically) compared with younger
patients (Table 1). The primary endpoint of LT or death was reached
by 225 patients <50years and 250 patients 250years. There was
a statistically significant interaction between ALP and the age cat-
egory with respect to the occurrence of LT or death (p = 0.020) in
those with an elevated GLOBE score. Among patients <50years,
the ALP level after 1 year of UDCA therapy was associated with LT/
death (aHR 1.38, 95% CI 1.06-1.81, p = 0.016). In contrast, among
those 250years, there was no statistically significant association be-
tween ALP and the risk of LT or death (aHR 0.98, 95% Cl 0.75-1.28,
p =0.889).
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FIGURE 1 LT-free survival in patients with a normal GLOBE score according to age and ALP categories compared with the age- and
sex-matched general population. The red line represents the observed LT-free survival among patients with PBC. The blue line represents
the LT-free survival of the matched general population per ALP risk category. ALP, alkaline phosphatase; ULN; upper limit of normal; LT, liver
transplantation; PBC, primary biliary cholangitis.
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FIGURE 2 LT-free survival in patients with a normal GLOBE score according to age and bilirubin categories compared with the age- and
sex-matched general population. The red line represents the observed LT-free survival among patients with PBC. The blue line represents
the LT-free survival of the matched general population per bilirubin risk category. ULN; upper limit of normal; LT, liver transplantation; PBC,
primary biliary cholangitis.

The cumulative 10-year LT-free survival rates were 68.4% (95% an ALP level<1.0 xULN (n = 27; 4.8%), 1.0-2.0 x ULN (n = 135;
Cl46.6-90.2), 72.6% (95% Cl 63.8-81.4) and 58.9% (95% Cl 53.4- 24.2%), or >2.0 xULN (n = 395; 70.9%), respectively (Log rank
64.4) for patients <50years with an elevated GLOBE score with over three categories: p = 0.010). For patients >50years with an
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elevated GLOBE score, the cumulative 10-year LT-free survival
was 32.7% (95% Cl 12.9-52.2) in those with normal ALP (n = 43;
9.6%), 49.4% (95% Cl 40.0-58.8) in those with an ALP between
1.0 and 2.0 x ULN (n = 173; 38.6%) and 38.0% (95% Cl 30.9-45.1)
in those with an ALP >2.0 xULN (n = 272; 60.7%), respectively
(Log rank over three categories: p = 0.443). Compared with the
matched general population, the LT-free survival was impaired in
all patients with an elevated GLOBE score, independent of the age
or ALP category (range p-value: <0.001-0.012) (Figure 3). Similar
results were observed when patients with an elevated GLOBE
score were stratified according to their bilirubin levels after 1 year
of UDCA (Figure 4).

4 | DISCUSSION

In this large international cohort of patients with PBC, the level of
ALP after 1 year of UDCA therapy was associated with the risk of
LT or death among those with a GLOBE scores below their age-
specific threshold. Despite a GLOBE score below the threshold,
patients <50years with an ALP level >2.0 x ULN had a statistically
significantly impaired LT-free survival compared with a matched
general population. Although the LT-free survival did not devi-
ate from normal in case of an elevated ALP in patients 250years
with a GLOBE score below the threshold, those with a normal ALP
showed a significantly better survival compared with the matched
population. These results suggest that the previously suggested
dichotomous interpretation of the GLOBE score may require

refinement.

ALP £1.0 (xULN)

AGE <50 YEARS
Transplant-free survival (%)
3
8

» p=0.012

ALP 1.0-2.0 (xULN)
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The GLOBE score is an accurate model to predict the LT-free sur-
vival of individual PBC patients by incorporating five independent
continuous predictors of LT or death: age, ALP, total bilirubin, albu-

min and platelet count.**

As suggested in the original GLOBE score
development study, the score can be interpreted dichotomously
using age-specific thresholds (based on the average prognosis in re-
lation to the survival of the matched general population).’* When
used as such, the GLOBE score parallels the concept of traditional
response criteria.?’ Here, we show that about two-thirds of patients
with a ‘normal GLOBE score’ remain with an elevated ALP level after
1 year of UDCA therapy, which is likely explained by favourable pa-
rameters reflecting their stage of liver disease (albumin, bilirubin and
platelets) (Table 1). These parameters have an important impact on
the models estimates and, if the GLOBE score is taken into consid-
eration for that purpose, on decisions related to second-line ther-
apy.*?% As we present here, it is, thus, important to recognise that
patients with elevated ALP levels had a suboptimal survival despite
GLOBE scores below their age-specific threshold. New treatment
options with proposed clinical efficacy based on their ability to lower
ALP levels should, thus, be fully considered in these patients.

Our findings re-enforce prior analyses from our group, which in-
dicated that a normal ALP level may be the preferred goal of PBC
therapy, as the risk of LT or death started to increase from the ULN
of ALP upwards.“’ We extend this observation with comparisons
with the survival of the general population, as well as the subgroup
of patients with the best predicted outcome (those with low GLOBE
scores). Still, the prognosis of patients with a low GLOBE score can
be considered good irrespective of the ALP level, so that the ab-

solute survival gain of add-on therapy may be modest.?? Especially
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FIGURE 3 LT-free survival in patients with an elevated GLOBE score according to age and ALP categories compared with the age- and
sex-matched general population. The red line represents the observed LT-free survival among patients with PBC. The blue line represents
the LT-free survival of the matched general population per ALP risk category. ALP, alkaline phosphatase; ULN; upper limit of normal; LT, liver

transplantation; PBC, primary biliary cholangitis.
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FIGURE 4 LT-free survival in patients with an elevated GLOBE score according to age and bilirubin categories compared with the
age- and sex-matched general population. The red line represents the observed LT-free survival among patients with PBC. The blue
line represents the LT-free survival of the matched general population per bilirubin risk category. ULN; upper limit of normal; LT, liver

transplantation; PBC, primary biliary cholangitis.

for young patients, however, optimised outcome may be preferred.?*

The expected survival gain with additional therapy should thus
be balanced against potential side-effects and costs of different
second-line treatment options for the individual patient.

Among the 650 patients 250years with a GLOBE score below
their age-specific threshold and anormal ALP in our study, the LT-free
survival was significantly better than that of an age and sex-matched
general population. We suggest that this may have to do with extra-
hepatic comorbidities being an important factor for survival in these
patients. Their PBC-related prognosis is generally good with a strong
response to UDCA. Early detection and treatment of comorbidities
may be eased by frequent medical monitoring. Second, it could be
hypothesized that patients diagnosed with a chronic disease such as
PBC, are more aware of their health behaviour. Favourable lifestyle
changes after the diagnosis of PBC may contribute to a better out-
come than that of non-affected peers.

The LT-free survival of patients with an elevated GLOBE score
after 1 year of UDCA, was impaired compared with the matched
general population irrespective of the ALP level or age category.
This confirms their general need for additional therapy. While im-
proving the prognosis as measured by a decrease in ALP is the main
argument to administer OCA and/or fibrates, ALP was not a statis-
tically significant predictor of LT or death among patients >50years
with an elevated GLOBE score in our study. This may be explained
by the higher proportion of advanced disease in this subgroup.?!
While bilirubin remains a relevant cholestatic surrogate parameter in

these patients, which was suggested to stabilise with OCA or fibrate

therapy, the proposed anti-fibrotic properties of new drugs may rep-
resent an important target mechanism. Both the UK-PBC Group and
the Global PBC Group showed that the degree of fibrosis was in-
deed associated with long-term outcome in PBC, independent of the
biochemical UDCA response.zs'26 Further clinical studies on the ef-
ficacy of farnesoid X receptor agonists and peroxisome proliferator-
activated receptor agonists in halting or reversing hepatic fibrosis
are thus awaited.

Some limitations to our study should be noted. First, the current
analyses were performed in a largely retrospectively constructed
dataset. Long-term prospective follow-up studies are, however, un-
likely to follow considering the course of UDCA-treated PBC, which
is also a relatively rare disease. As a result, adequate data on the
cause of death are lacking. Second, the follow-up of the patients in
our cohort does not extend beyond 2015. While this is not consid-
ered to have had a major influence on the validity of our results,
future studies should evaluate our findings in the setting of com-
bination therapy. Third, despite the respective size of the Global
cohort, we were unable to perform all desired subgroup analyses.
Although we consider that the current data should be interpreted
from a continuous perspective, we had to categorise the patients
according to their age and biochemistry to visualise the results.
The chosen cut-offs are largely in line with prior PBC research, but
can be considered arbitrary to some extent. We lack power to ade-
quately assess optimal age cut-off(s) with respect to the differences
in LT-free survival compared with the normal population. While

further extension of worldwide initiatives could perhaps enable
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such analyses, the clinical consequences of such efforts may be
questioned. Physicians may, for instance, be reluctant to risk PBC
progression while awaiting patients to age above an ‘optimal’ cut-
off related to their outcome versus the normal population, based on
the well-described relation between ALP and prognosis. Fourth, we
were unable to assess the UK-PBC score due to lacking data on the
cause of death. Since the UK-PBC score also comprises objective
disease stage parameters, we would expect that the concept of our
results applies to this prognostic score as well. Last, the majority of
the patients included in this study were treated in tertiary liver cen-
ters, which may have led to a selection bias.

In conclusion, the results of this study indicate that the clinical
outcome of UDCA-treated PBC patients with a GLOBE score below
their age-specific threshold is most optimal in case of normal ALP
levels, also in relation to the matched general population. Thus,
despite a relatively favourable prognosis according to the GLOBE
score, the ALP level may still indicate that add-on therapy to UDCA
should be considered.
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