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INTRODUCTION: In primary biliary cholangitis (PBC), bilirubin and alkaline phosphatase (ALP) are widely established as

independent predictors of prognosis. Current treatment goals do not aim for normalization of surrogate

markers because their association with survival has not been defined.

METHODS: The patient cohort from the GLOBAL PBC Study Group was used, comprising of long-term follow-up data

from European and North American centers. Ursodeoxycholic acid-treated and untreated patients with

bilirubin levels £13 upper limit of normal (ULN) at baseline or 1 year were included. The association of

normal ALP with transplant-free survival was assessed in a subgroup with ALP £1.673 ULN at 1 year.

Optimal thresholds of bilirubin and ALP to predict liver transplantation (LT) or death were evaluated.

RESULTS: Therewere2,281patients included in the time zero cohort and2,555patients in the1-year cohort. The

bilirubin threshold with the highest ability to predict LT or death at 1 year was 0.63ULN (hazard ratio

2.12, 95%CI 1.69–2.66, P < 0.001). The 10-year survival rates of patients with bilirubin £0.63ULN

and >0.63ULN were 91.3% and 79.2%, respectively (P < 0.001). The risk for LT or death was stable

below the bilirubin levels of 0.6 3 ULN, yet increased beyond this threshold. Ursodeoxycholic acid-

induced reduction in bilirubin below this threshold was associated with an 11% improvement in 10-

year survival. Furthermore, ALP normalization was optimal, with 10-year survival rates of 93.2% in

patients with ALP £ 13 ULN and 86.1% in those with ALP 1.0–1.67 3 ULN.

DISCUSSION: Attainingbilirubin levels£0.63ULNor normal ALPare associatedwith the lowest risk for LT or death in

patients with PBC. This has important implications for treatment targets.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/AJG/B408
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INTRODUCTION
Primary biliary cholangitis (PBC) is an autoimmune cholestatic
liver disease that is characterized by chronic nonsuppurative in-
flammation of the small intrahepatic bile ducts (1). The disease
usually has a slow progressive course, whichmay eventually lead to
cirrhosis and ultimately liver failure or premature death in the
absence of liver transplantation (LT). However, the prolonged
number of years it may take for patients to develop such clinical
outcomes poses a significant obstacle in randomized controlled
trials that aim to evaluate the clinical benefit of therapeutic inter-
ventions. Owing to these feasibility concerns, various surrogate
markers have been evaluated for their prognostic value on clinical
outcomes (2). Such surrogate markers can allow risk stratification
of patients without the need for an extended follow-up and can be
implemented by healthcare providers or in clinical trials to
promptly assess the need and benefit of a therapeutic agent.

It is established that bilirubin is an independent predictor of
prognosis in both ursodeoxycholic acid (UDCA)-treated and un-
treated patients with PBC (2–4). The normalization of bilirubin
prompted by UDCA has been associated with improved
transplant-free survival (4). Furthermore, bilirubin and alkaline
phosphatase (ALP) have been established as surrogate endpoints
that are “reasonably likely to predict clinical benefit,” and the
widely accepted thresholds are 13 the upper limit of normal
(ULN) and 1.67 3 ULN, respectively. Normal bilirubin is also
a component of multiple response criteria, such as the Rotterdam,
Paris-I, and Paris-II criteria (5–7). Abnormal bilirubin levels are
observed during later stages of PBC and are indicative of impaired
liver function (8). Over the past decades, however, there has been
an increase in the proportion of patients who present with normal
bilirubin levels, and this group now represents most patients with
PBC (9). Because bilirubin is usually not elevated above the ULN
until later stages of the disease, it is considered to be an inadequate
marker for risk stratification in early stage PBC. The prognostic
value of bilirubin andALP below the ULN has not been previously
assessed. We sought to evaluate whether bilirubin or ALP levels
within the normal range (#13ULN) are associated with survival
in patients with PBC to optimize treatment goals and the number
of patients who may benefit from second-line therapy.

PATIENTS AND METHODS
Population and study design

We used the GLOBAL PBC Study Group database to study the
predictive value of normal bilirubin for survival in PBC. The Global
PBC Study Group is an international collaboration of 17 centers
across Europe and North America that includes long-term follow-
up data of patients with PBC. During the time frame analyzed, no
patients were on obeticholic acid. We included UDCA-treated and
untreated patients diagnosed with PBC according to the in-
ternationally accepted guidelines and whose bilirubin levels were
normal (#13ULNasdefinedby each local center) at time zeroor 1
year (8,10,11). Those with short follow-up (,6 months for time
zero cohort; ,1 year for 1-year cohort), UDCA discontinuation,
unknown clinical event dates, autoimmune hepatitis overlap, or
other concomitant liver diseases were excluded from the study.
Patients were allocated to 2 independent cohorts based on the time
point(s) at which their bilirubin levels were normal (time zero and 1
year) in which inclusion is not mutually exclusive. This study was
conducted in accordancewith the 1975DeclarationofHelsinki. The
protocol was approved by the institutional research board at all
participating centers as per local regulations.

Data collection

Time zero (study entry) is defined as the date UDCA was ini-
tiated in treated patients and the date of the first visit in
untreated patients. At study entry, the following data were
available: sex, age at diagnosis, antimitochondrial antibody se-
rological status, liver histology, biochemical disease stage
(Rotterdam criteria (5)), andUDCA therapy. Three biochemical
disease stages, mild, moderately advanced, and advanced, were
defined by normal bilirubin and albumin, abnormal bilirubin or
albumin, and abnormal bilirubin and albumin, respectively. As
per standard of care, the following laboratory parameters were
collected every 6–12 months: total bilirubin, ALP, albumin,
aspartate aminotransferase, alanine aminotransferase, and
platelet count (8,11). Histological data obtained from liver bi-
opsies were staged according to the criteria of Ludwig et al. and
Scheuer (12,13).

Statistical analysis

The primary endpoint was a composite of LT and all-cause mor-
tality. Survival was defined as an absence in LT and all-cause
mortality. Patients without an event at the end of follow-up orwho
were lost to follow-up were censored at their last visit. The survival
rates across quartiles corresponding to each cohort were estimated
with a Kaplan-Meier curve and compared with a logrank test.
Multivariable Cox proportional hazards’ regression (hazard ratio
[HR] with 95%CI) analyses were performed to adjust for potential
confounding variables.

To test the hypothesis of a threshold and to determine the
optimal threshold for bilirubin within the normal range, 2
approaches were followed: (i) bilirubin at baseline and 1 year were
dichotomized according to various thresholds ranging from0.3 to
0.9 3 ULN in 0.01 increments. Multivariable Cox proportional
hazards’ regression analyses were used to estimate the risk for LT
or death associated with each threshold. The C-statistic was cal-
culated to evaluate the performance of each threshold in pre-
dicting survival and the threshold with the best performance was
determined by the highest C-statistic. (ii) To assess bilirubin on
a continuous spectrum and test the hypothesis that the risk for LT
or death increases at the predetermined bilirubin threshold, bil-
irubin was analyzed as a restricted cubic spline function with 4
knots. Patientswith abnormal bilirubinwere included to illustrate
their risk for a poor prognosis relative to those with normal bil-
irubin. The restricted spline function was repeated with crude
bilirubin levels (mg/dL).

Sensitivity analyses of the predetermined bilirubin threshold by
multivariableCox regressionwere performed in subgroups: bilirubin
ULN (75th percentile: 1.2 mg/dL [21.0 mmol/L]), age at study entry
(#45, 46–55, 56–65, and.65 years), sex, UDCA treatment, histo-
logic stage (I/II and III/IV), and ALP (#1.673ULN and.1.673
ULN).Of note, sensitivity analyses according to histologic stagewere
conducted in a subset of patients with available histologic stage at
baseline. Furthermore, sensitivity analyses were performed for bili-
rubin at 2–5 years after the start of follow-up.

Kaplan-Meier analyses were conducted to illustrate the sur-
vival rates associated with bilirubin at baseline and 1 year (normal
bilirubin [#/. the threshold] and abnormal bilirubin [reference
purposes]). The distribution of the clinical events (LT, liver-
related death, or liver-unrelated death) at 10 years within each
bilirubin group was also evaluated. Of interest was the impact of
bilirubin change inUDCA-treated patients with normal bilirubin
at baseline, which was assessed after 1 year.
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The pattern of bilirubin (mean and 95% CI) over the first 5 years
was evaluated in patients with normal bilirubin at time zero and
stratified on whether they experienced a late clinical event (LT or
death from 5 to 10 years) or no clinical event in the first 10 years of
follow-up.

The association ofALPwith survivalwas assessed in a subgroup
of UDCA-treated patients with ALP # 1.67 3 ULN at 1 year by
dichotomization according to thresholds ranging from 0.5 to 1.63
ULN. ALP was assessed at 1 year to maximize the number of
patients and emphasize the developmentof thresholds as treatment
targets. The risk for LT and death for each threshold was estimated
with Cox regression analyses.Within the normal range of ALP, the
survival associated with quartiles was also emphasized.

Multiple imputation was conducted by using the Markov
chain Monte Carlo method for missing data with Statistical
Analysis System (SAS) version 9.4 (SAS Institute, Cary, NC). Ten
imputed data sets for missing biochemical values were generated
to reduce sampling variability of the laboratory results (14). Im-
putation was performed based on the assumption that data were
missing at random, in which variables predicting outcomes and
outcomes themselves were included in the imputation model.
Rubin’s rules were used to estimate the parameter and SE (15,16).

All multivariable analyses were adjusted for age at study
entry, sex, year of diagnosis, UDCA therapy, ALP, and geo-
graphical region. Biochemical markers that were not normally
distributed were log transformed. A P value less than 0.05 was
considered statistically significant. All analyses were 2-sided
and were performed using IBM SPSS Statistics for Windows,
version 25.0 (IBM Corp., Armonk, NY) and SAS version 9.4
(SAS Institute).

RESULTS
Study population characteristics

At baseline, there were 2,545 adult PBC patients with normal bili-
rubin, of whom 264 met exclusion criteria (54 for autoimmune
hepatitis overlap, 76 for UDCA discontinuation, and 134 for short
follow-up). Similarly, from 2,797 adult patients with PBC with
normal bilirubin at 1 year, 242 were excluded (64 for autoimmune
hepatitis overlap, 47 for UDCA discontinuation, and 131 for short
follow-up).Overall, a total of 3,059 patientswith normal bilirubin at
baseline or one year were included and 2 cohorts were constructed:
time zero cohort (n 5 2,281) and 1-year cohort (n 5 2,555). An
overlap of 1,777 patients exists between these cohorts. There were
297 and 344primary endpoints according to each respective cohort.
Patient characteristics per cohort are presented in Table 1.

Normal bilirubin quartiles are associated with survival

In patients with normal bilirubin at time zero, the cumulative 10-
year survival rate decreased with higher bilirubin quartiles and
was 93.3%, 89.9%, 87.7%, and 81.3% fromquartiles 1–4 (Q1–Q4),
respectively (Figure 1). In pairwise comparisons, Q4 was signif-
icantly different fromQ1–Q3 (all P, 0.005). In addition, Q1 was
significantly different from Q3 (P 5 0.04). Similar results were
obtained in the Kaplan-Meier analysis of the 1-year cohort, in
which the 10-year survival rates with increasing bilirubin quar-
tiles were 92.0%, 92.3%, 86.1%, and 78.2%. Q3 and Q4 were sig-
nificantly different from one another and from the remaining
quartiles (all P, 0.01). In multivariable Cox regression analyses
of the time zero cohort, the risk for LT or death increased with
higher bilirubin quartiles: Q1 (reference), Q2 (HR 1.12, 95% CI
0.73–1.72, P5 0.61), Q3 (HR 1.34, 95% CI 0.89–2.01, P5 0.16),

Table 1. Characteristics of patients with PBC in each normal bilirubin cohort

Parameter Time zero cohorta,b (n 5 2,281) 1-year cohort (n 5 2,555)

Follow-up time, y, median (IQR) 7.9 (4.3–12.7) 7.3 (3.7–11.5)

Age at study entry, mean 6 SD 55.3 6 12.0 54.6 6 11.8

Female, no. (%) 2,086 (91.5) 2,354 (92.1)

AMA-positive, no. (%) 2,036/2,222 (91.6) 2,273/2,485 (91.5)

Year of diagnosis, median (range)c 1998 (1961–2014) 1997 (1961–2013)

UDCA-treated, no. (%) 1,979/2,223 (89.0) 2,345/2,523 (92.9)

Laboratory parameters, median (IQR)d

Total bilirubin, 3ULN 0.53 (0.40–0.70) 0.50 (0.38–0.67)

ALP, 3ULN 1.99 (1.27–3.32) 1.26 (0.88–1.96)

Albumin, 3LLN 1.17 (1.09–1.26) 1.17 (1.09–1.26)

AST, 3ULN 1.30 (0.93–1.93) 0.87 (0.65–1.20)

ALT, 3ULN 1.51 (0.98–2.35) 0.83 (0.58–1.33)

Platelet count, 3109/L 255 (207–308) 250 (202–304)

Bilirubin ULN (mg/dL), median (IQR)e 1.1 (1.0–1.2) 1.17 (1.0–1.2)

AMA, antimitochondrial antibody; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; IQR, interquartile range; LLN, lower limit of
normal; PBC, primary biliary cholangitis; UDCA, ursodeoxycholic acid; ULN, upper limit of normal.
aHistological disease stage at study entry available for 898 patients (39.4%)—stage I/II: 686 patients (76.4%), stage III/IV: 212 patients (23.6%).
bBiochemical disease stage at study entry available for 1,809 patients (79.3%)—mild: 1,670 (92.3%), moderate: 139 (7.7%), and advanced: 0 patients.
cYear of diagnosis was available for 2,279 in the time zero cohort and 2,554 patients in the 1-year cohort.
dLaboratory parameters other than bilirubin were not available for all patients:
Time zero cohort: ALP (n5 2,119), albumin (n5 1,809), AST (n 5 2,023), ALT (n 5 1937), platelet count (n5 1,627).
1-year cohort: ALP (n 5 2,413), albumin (n 5 1,678), AST (n5 2,138), ALT (n5 2,142), and platelet count (n5 1,201).
eThe upper limit of normal for bilirubin was variable per center.
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and Q4 (HR 1.83, 95% CI 1.24–2.71, P5 0.003). A similar trend
was observed in the 1-year cohort: Q1 (reference), Q2 (HR 0.97,
95%CI 0.65–1.45, P5 0.88), Q3 (HR 1.46, 95%CI 1.02–2.10, P5
0.04), and Q4 (HR 2.20, 95% CI 1.56–3.10, P , 0.001).

Bilirubin threshold within the normal range to predict survival

On exploration of the optimal threshold of bilirubin within the
normal range at 1 year, all bilirubin thresholds (0.3–0.93 ULN)
were significant predictors of survival in that patients with bili-
rubin above each threshold had an increased risk for LT or death
(see Table 1, Supplementary Digital Content 1, http://links.lww.
com/AJG/B408). The bilirubin threshold at 1 year with the
highest ability to predict LT or death was 0.63 ULN (C-statistic
0.7429, 95% CI 0.7144–0.7713). The 10-year survival of pa-
tients with normal bilirubin #0.6 3 ULN, normal bilirubin
.0.63ULN, and abnormal bilirubin at 1 year were 91.3%, 79.2%,
and 37.3%, respectively (P, 0.001) (Figure 2a). At baseline, the
10-year survival rates were 91.7%, 85.6%, and 49.5% (P, 0.001).
Discordant survival rates were also observed at 15 years (see
Table 2, Supplementary Digital Content 1, http://links.lww.com/
AJG/B408). We evaluated the distribution of clinical events from
the 10-year survival rates associated with each bilirubin group.
Clinical events in patients with bilirubin from 0.6 to 1.0 3 ULN
were characterized by a significantly increased proportion of LT
and liver-related deaths, alongside a decreased proportion of
liver-unrelated deaths as compared to patients with bilirubin
#0.6 3 ULN (P , 0.001) (see Figure 1, Supplementary Digital
Content 1, http://links.lww.com/AJG/B408). Of 1,934 UDCA-
treated patients with normal baseline bilirubin, 1-year bilirubin
was available for 1,644 (85%). A UDCA-induced reduction in
bilirubin (#0.6 3 ULN) at 1 year was associated with a 10.5%
improvement in 10-year survival (93.7% vs 83.2%) and 17.1% in
15-year survival (86.5% vs 69.4%) as compared to bilirubin that
remained above the threshold (Figure 2b).

The threshold was evaluated in various subgroups of patients
who had normal bilirubin at 1 year, all of which confirmed that
patientswithbilirubin.0.63ULNhave an increased risk for LTor
death (Figure 3). Surpassing the bilirubin threshold of 0.63 ULN
was associated with an increased risk for LT or death according
to histologic stage but demonstrated a trend for significance (stage

I/II: P 5 0.05; stage III/IV:P 5 .07) that may be because of the
limited availability of baseline histologic stages in our cohort. The
association remained when patients in whom theULNwas defined
as$1.2mg/dL (21.0mmol/L)were excluded from the analyses (HR
2.10, 95% CI 1.54–2.85, P, 0.001). In addition, the threshold was
a significant factor in a subgroup (n 5 495) with known UDCA
dosage$13 mg/kg (HR 1.85, 95% CI 1.02–3.34, P5 0.04). There
wereno significant interactions between the bilirubin threshold and
the variables explored in subgroup analyses (Figure 3).

The risk for LT or death increases at bilirubin levels of 0.63ULN

We assessed bilirubin on a continuous spectrum with a restricted
spline function to evaluate whether the predetermined threshold is
thepoint atwhich theHR forLTor death increases. The reference in
each cohortwas the predetermined threshold of 0.63ULN. In both
cohorts, the risk for LT or death remained stable below 0.63ULN
(Figure 4).However, beyond this threshold, a linear relationshipwas
observed between bilirubin and the risk for LT or death that con-
tinued past the normal range. The test for curvature that establishes
a significant deviation from a linear relationship was significantly
different for the time zero (P5 0.03) and 1-year cohorts (P5 0.05).
As sensitivity analyses, the restricted spline function was repeated
usingcrudebilirubin levels (mg/dL) andwithnormalbilirubin levels
from 2 to 5 years (see Figures 2 and 3, Supplementary Digital
Content 1, http://links.lww.com/AJG/B408).

Patients who remain below 0.63ULN over time have good long-

term prognosis

To assess how the trajectory of bilirubin over time may be related
with the development of LT or death, bilirubinwas evaluated over
5 years in patients with normal bilirubin at time zero. Patients
were stratified according to whether they developed a late clinical
event from 5 to 10 years (n 5 103) or did not develop a clinical
event in thefirst 10 years of follow-up (n5 848). Patientswhohad
no clinical event within 10 years presented with a mean bilirubin
level of 0.55 3 ULN (95% CI 0.54–0.56) that remained stable
(below 0.6 3 ULN) over 5 years (see Figure 4, Supplementary
Digital Content 1, http://links.lww.com/AJG/B408). By contrast,
patients who reached a clinical endpoint presented with slightly

Figure 1. Survival estimates of bilirubin quartiles in patients with normal bilirubin. Kaplan-Meier estimates of bilirubin quartiles from (a) time zero and
(b) 1 year.
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highermean bilirubin levels (0.613ULN, 95%CI 0.57–0.65, P5
0.01) and exhibited a gradual increase within the normal range
that precluded the occurrence LT or death.

ALP normalization is associated with improved survival

In a subgroup of patients with ALP#1.673ULN from the normal
bilirubin cohort at 1 year (n5 1,523), the optimal ALP threshold was
1.03ULN(C-statistic 0.7552, 95%CI0.7151–0.7953).TheHRforLT
or death was 1.44 in those with ALP.13ULN (95% CI 1.04–2.00,
P5 0.03). PatientswithALP#13ULNhad the highest survival rate
(93.2% at 10 years and 84.1% at 15 years), which was significantly
different from thosewithALPbetween 1.0 and 1.673ULN (86.1% at
10 years and 76.4% at 15 years) and ALP.1.673ULN (85.4% at 10
years and 73.8% at 15 years), P, 0.005 (see Figure 5, Supplementary
Digital Content 1, http://links.lww.com/AJG/B408). Survival between
the group with ALP 1.0–1.67 3 ULN and that with ALP .1.67 3
ULNwas similar (P50.64).Quartileswithin thenormal rangeofALP
(n5 773) were not associated with survival.

ALP normalization and bilirubin levels below 0.6 3 ULN

Implementing both ALP and bilirubin thresholds established, the
prognosis of patients with bilirubin.0.63ULN was dependent
on ALP normalization (see Figure 6, Supplementary Digital
Content 1, http://links.lww.com/AJG/B408). Given normal ALP
levels, their survival rates were similar to those with bilirubin
#0.6 3 ULN; however, if ALP was 1.0–1.67 3 ULN, their sur-
vival was diminished to 74.2% at 10 years and 63.4% at 15 years (P
, 0.001 compared with the remaining groups).

DISCUSSION
This study reports that bilirubin levels within the normal range are
associated with the risk for LT or death in patients with PBC. We
demonstrated that bilirubin levels #0.6 3 ULN at baseline and 1
year were associated with a decreased risk for LT or death as
compared to patients with bilirubin above this threshold. Although
the risk for LT or death was stable when bilirubin levels were below
0.63ULN, beyond this threshold, a positive linear relationshipwas
observed between bilirubin and the risk for a clinical event. In
patientswith alreadynormal bilirubin at baseline, a reduction below
this threshold after 1 year of UDCA therapy was associated with an

11% improvement in10-year survival. These resultswereconfirmed
in several subgroups of patients. These findings suggest that the
interpretation of not being at risk if bilirubin is within the normal
range needs to be revised. In addition, ALP normalization was also
associatedwith prolonged survival. Thismight have implications in
the number of patients eligible for inclusion in clinical trials for
novel second-line therapies because ALP.1.673ULN/abnormal
bilirubin are common eligibility requirements. These results are in
linewith the change in criteria for disease remission in autoimmune
hepatitis. Previously, one of the requirements for disease remission
was transaminase levels below twice the ULN. However, the defi-
nition for disease remission now includes normal transaminases
(17,18) because failure to normalize these liver enzymes is associ-
ated with an increased risk for relapse after treatment withdrawal
(19,20), histological worsening or progression to cirrhosis (19,21),
and poor clinical outcomes (21–23).

Although the ULN of bilirubin is reported as the most pre-
dictive for survival in patients with PBC (2), we found that the risk
for LT or death is already increased when bilirubin is above 0.63
ULN. The optimum bilirubin cutoff associated with survival has
been previously suggested to be lower than the ULN (24). The
current ULN of bilirubin represents the 97.5 percentile cutoff in
the general population, yet this may not be the best approach to
determine an optimal threshold because levels below this
threshold are not reflective of an absence of increased risk (25).
Thismay partly be explained by the high percentage (3%–10%) of
individuals with Gilbert’s syndrome in the general population
(26). In addition, the current ULNof bilirubinmay be suboptimal
for risk stratification in PBC because of the female predominance
of the disease, whereas sex differences in bilirubin are present in
the general population (27). An American study based on the
Third National Health and Nutrition Examination Survey
assessed the serum bilirubin levels in 16,865 adults from the
general population and reported that the mean serum bilirubin
levels are significantly lower inwomen (0.52mg/dL6 0.003) than
in men (0.72 mg/dL 6 0.004) (25). Consequently, the 97.5 per-
centile cutoff was 0.5 mg/dL higher in men. Other studies have
reported similar sex differences in bilirubin levels in the general
population (28,29). Thus, the overall ULN of bilirubin may be
skewed higher because of the inclusion of both men and women.

Figure 2. Survival estimates in patients with normal bilirubin (stratified by 0.6 3 ULN threshold) and abnormal bilirubin. (a) Kaplan-Meier estimates of
survival rates in patientswith normal bilirubin (stratified by 0.63ULN threshold) and abnormal bilirubin at 1 year. (b) Additional analysis of the survival rates
in ursodeoxycholic acid-treated patients with normal bilirubin levels at baseline and stratified according to the change in bilirubin from baseline to 1 year.
ULN, upper limit of normal.
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These considerations suggest that theULN for bilirubinmay need
to be stratified by sex, as has been previously implemented for
aspartate aminotransferase (30,31).

We found that the predictive value of the bilirubin threshold of 0.6
3 ULN was irrespective of age, UDCA treatment, and ALP levels.
Importantly, it remained significantly predictive at various in-
dependent time points. Furthermore, inUDCA-treated patients with
normal bilirubin levels above 0.6 3 ULN at treatment initiation,
a reductionbelow0.63ULNwas associatedwith prolonged survival.
This suggests that besides the predictive value of bilirubin within the
normal range, a treatment-induced reduction of bilirubin within the
current normal range is beneficial for long-term prognosis, which
could have important implications for current patient care, but also
for the design and interpretation of future clinical trials of potential
second-line therapies in PBC. Although recent clinical trials have
often included normalization of bilirubin as a primary endpoint, it
might be preferable to aim for lower bilirubin levels (32,33).

The pattern of bilirubin over timemay also be relevant because
there was an overall increase of 0.473ULN in the mean bilirubin
after 5 years in patients who reached a clinical endpoint after an
extended follow-up. Although rapid increases in bilirubin have
been shown to preclude death in untreated patients, these results
suggest that there is an association between the trajectory of

bilirubin and clinical outcomes, even within the normal range (3).
The finding that mean bilirubin levels of patients who did not
experience a clinical event remained below 0.6 3 ULN over time
further supports an incentive to aim for bilirubin levels below our
proposed threshold of 0.63ULN and emphasizes the importance
of continuous bilirubin evaluation even in early stage disease.

A robust analysis of the predictive value of bilirubin within the
normal range would not be possible without the large number of
patients and extended follow-ups available from the Global PBC
Study Group cohort. Furthermore, bilirubin was assessed at mul-
tiple independent time points to confirm that bilirubin levels
obtained during a random follow-up assessment could also be used
for risk stratification.Nonetheless, some study limitations should be
noted. Whereas total serum bilirubin levels in healthy patients are
primarily composed of unconjugated bilirubin, it is predominantly
of conjugated form in patients with PBC (34). Therefore, evaluating
the influence of solely the conjugated form could be of interest.
However, the real-world nature of our cohort only allowed us to
evaluate total bilirubin, since independent measurements of the
conjugated andunconjugated formsarenotpart of routine standard
of care in most laboratories. The methodological limitations to
determining accurate conjugated bilirubin measurements need
consideration because direct bilirubin alsomeasures delta bilirubin.

Figure 3.Subgroupanalyses based on thebilirubin threshold of 0.63ULN inpatientswith normal bilirubin at 1 year.HR for LTor death (95%CI) obtained from
multivariableCoxproportionalhazards regressionanalyses inpatientswithnormalbilirubin invarious subgroups.Thehazard ratios correspond tobilirubin levels
.0.63ULN (vs bilirubin#0.63ULN). TheP value for interaction corresponds to an interaction between the bilirubin threshold andassociated variable. ALP,
alkaline phosphatase; CI, confidence interval; HR, hazard ratio; LT, liver transplantation; UDCA, ursodeoxycholic acid; and ULN, upper limit of normal.
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In addition, some patients may also be affected by Gilbert’s syn-
drome and can potentially lead to an underestimation of the asso-
ciation of bilirubin above 0.63UN with survival, albeit this is not
expected to play a major role because of the large sample size.

Although bilirubin was analyzed based on the ULN defined by
local centers, which ranged from 0.6 to 1.7 mg/dL, sensitivity
analyses were performed to address this. The analyses with crude
bilirubin levels (mg/dL) and the one excluding patients with an
ULN above 1.2 mg/dL (21.0 mmol/L) confirmed our initial
findings and exclude the possibility that patients with bilirubin
levels above 0.6 3 ULN have worse survival because of the uti-
lization of high ULNs.

In this multicenter international follow-up study of patients
with PBC, bilirubin levels below the current ULNwere shown to
be predictive of survival and 0.6 3 ULN was established as the
threshold fromwhich point on the risk for LT or death increases.
In addition, treatment-induced reduction of normal bilirubin
below 0.6 3 ULN was associated with prolonged survival. By
contrast, ALP normalization was the established threshold for
improved survival. Our proposed thresholds of 0.6 3 ULN for
bilirubin and normalization for ALP represent a refinement of
previous criteria with an aim to optimize survival and identify
patients at risk for poor outcome. Moreover, their imple-
mentation can broaden the patient population included in in-
tervention studies who may benefit from therapeutic agents.
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Study Highlights

WHAT IS KNOWN

3 Bilirubin and ALP are surrogate markers of survival in PBC.
3 Bilirubin is believed to be a poor predictor of prognosis in early

stages of disease.
3 Current treatment targets include normal bilirubin and ALP

below 1.673 ULN.

WHAT IS NEW HERE

3 Bilirubin below the normal threshold and ALP below 1.67 3
ULN were associated with improved survival.

3 Attaining bilirubin levels of 0.6 3 ULN and normalization of
ALP are ideal.

3 An UDCA-induced decrease in normal bilirubin below 0.63
ULN was associated with an 11% improvement in 10-year
survival.

3 Treatment goals in PBC should emphasize normalization of
these surrogate markers.
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