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Primary sclerosing cholangitis (PSC) is a rare, but serious, cholestatic disease for which, to date, no effective therapy exists to halt disease progression toward end-stage liver disease. Clinical trial design to study drugs that improve prognosis is hampered by the relatively
low event rate of clinically relevant endpoints. To overcome this shortcoming, there is an urgent need to identify appropriate surrogate
endpoints. At present, there are no established surrogate endpoints. This article provides a critical review and describes the results of a
consensus process initiated by the International PSC Study Group to delineate appropriate candidate surrogate endpoints at present
for clinical trials in this frequently dismal disease. The consensus process resulted in a shortlist of five candidates as surrogate endpoints
for measuring disease progression: alkaline phosphatase (ALP); transient elastography (TE); histology; combination of ALP1
histology; and bilirubin. Of these, histology, ALP, and TE came out as the most promising. However, the expert panel concluded that
no biomarker currently exceeds level 3 validation. Combining multiple endpoints is advisable. Conclusion: At present, there are insufficient data to support level 2 validation for any surrogate endpoint in PSC. Concerted efforts by all stakeholders are highly needed.
Novel, promising noninvasive biomarkers are under study and should be incorporated as exploratory endpoints in clinical trials.
(HEPATOLOGY 2016;63:1357-1367)

P

rimary sclerosing cholangitis (PSC) is a progressive cholestatic disease with inflammation
and stricturing of the biliary tree. Liver transplantation (LT)-free survival ranges from 13 to 21
years depending on the patient population under
study.(1) It is a rare disease with prevalence ranging
from 0 to 16.2 per 100,000 inhabitants, whereby it

qualifies for the status of orphan disease. Many immunomodulatory and antifibrotic agents have been studied in PSC, the majority of which did not progress
beyond the pilot phase. The only drug that may have a
role in slowing disease progression is the naturally
occurring bile acid, ursodeoxycholic acid (UDCA).
However, despite two decades of clinical research,
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International Primary Sclerosing Cholangitis Study Group; LOXL2, lysyloxidase-like 2; LSM, liver stiffness measurement; LT, liver transplantation;
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sclerosing cholangitis; RCT, randomized, clinical trial; TE, transient elastography; UDCA, ursodeoxycholic acid.
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there is still no evidence from randomized trials that
UDCA is truly beneficial in improving transplant-free
survival. The 2011 guidelines from the American
Association for Study of Liver Diseases now recommend against the use of UDCA in PSC. The Clinical
Practice Guidelines from the European Association for
the Study of the Liver (EASL) state that the “limited“
database does not yet allow a specific recommendation
for the general use of UDCA in PSC.(2) In 2011, during the Berlin annual EASL meeting, PSC was
declared one of the biggest unmet needs in hepatology.
Since then, not much has changed, which may, in part,
be owing to the low prevalence of the disease. The
largest randomized trial in PSC enrolled 219 patients,
but failed to attain its predefined sample size.(3) This
exemplifies another important hurdle for clinical trials
testing drugs that are supposed to halt disease progression. The occurrence of a sufficient number of solid
clinical endpoints, such as death, end-stage liver failure, or development of cholangiocarcinoma in PSC,
takes too long to achieve in a disease in which the
median period of time to death or transplantation is
12-21 years. The Scandinavian trial employed a
follow-up of 5 years, but despite that, only 11 of 101
patients in the placebo group reached the predefined
coprimary endpoint of death or LT, and the difference
with 7 of 97 UDCA-treated patients was not statistically significant (P 5 0.37).(3) Likewise, the event rates
in terms of solid clinical endpoints such as death, LT,
and complications of cirrhosis in the placebo arm of
the only other large clinical trial as well as in the largest
population-based cohort were also less than 4%.(1,3,4)
Of note, 41% of placebo-treated subjects in the Lindor
trial had baseline Ludwig’s stage of III of IV, meaning
that advanced stages were well represented.(4) An event
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TABLE 1. Hierarchy of (Surrogate) Endpoints(5)
Level 1: a true clinical-efficacy measure
Level 2: a validated surrogate endpoint (for a specific disease setting and
class of interventions)
Level 3: a nonvalidated surrogate endpoint, yet one established to be
“reasonably likely to predict clinical benefit” (for a specific
disease setting and class of interventions)
Level 4: a correlate that is a measure of biological activity, but that has
not been established to be a higher level

rate of 4% implies, for example, that for a clinical trial
in order to have an 80% power to pick up a hazard rate
of 0.50 in a 2:1 active substance versus placeborandomized design, one needs at least 2,775 patientyears of follow-up.
The performance of phase II—but similarly also
phase III—trials that need treatment duration and
follow-up of at least 6 years are not feasible in an
orphan disease such as PSC. Therefore, there is a great
need for robust surrogate endpoints that do reliably
reflect that the therapy under study will have a beneficial impact on disease progression.
In 2005, Fleming proposed a hierarchy of (surrogate) endpoints (see Table 1).(5) Regulatory authorities
usually accept level 2 endpoints for registration purposes. Occasionally, they may grant provisional or
accelerated approval for an investigational product on
the basis of level 3 surrogate endpoint(s), but will likely
require future confirmation of the treatment effect in
long-term follow-up or open-label extension studies.
The International PSC Study Group (IPSCSG) recognizes that given the notion that there is currently no
effective medical therapy for PSC and there is a current
resurgence of interest from the pharma industry for
this orphan disease, there is an urgent need to identify
meaningful surrogate endpoints for clinical trials in
PSC.
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In 1984, Arlene Fink et al. stated that “in this less
than perfect world, consensus studies are intended to
correct for the lack of conclusive data by putting the
knowledge and experience of practitioners and other
experts in touch with the available information”.(6) The
purpose of this article is to critically review currently
and previously used endpoints in clinical as well as
observational studies, identify the most appropriate
candidates at present for clinical trials, and provide recommendations for further validation of these as well as
of other potential future endpoints.

morphometric quantitative collagen on liver biopsy.
LUM001 is an apical sodium-dependent bile acid
transporter inhibitor, which is currently being tested in
an open-label phase II study, using safety and tolerability as well as laboratory parameters, such as serum bile
acids, as outcome measures. The bile acid derivative,
obeticholic acid, is a potent farnesoid X nucelar receptor activator, which is currently under study in a phase
II placebo-controlled design employing decrease in
ALP as primary outcome measure.

Overview of Available
Literature

Consensus Process

Table 2 provides an overview of clinical studies
performed in adult PSC since 1995. As can be
observed, most studies were open-label series, there are
only 4 studies with more than 100 study subjects, and
treatment duration exceeded 1 year in only one third.
Main observations from this table are: (1) alkaline
phosphatase (ALP) was used in all 26 studies and
showed significant improvement in 17 of 26 and in 10
of 26 it was (part of) the primary outcome measure; (2)
histology was used in 12 of 26 studies, significant
improvement was observed in 3 of 12, in one study it
was part of the coprimary endpoint; (3) clinical outcome was used as primary outcome measure in 4 of 26
studies with a median follow-up of 2.2-5.0 years, no
difference was observed in three, and worsening in one
trial; and (4) the Mayo PSC Risk Score was used a secondary outcome measure in nine studies, with (partial)
improvement in two.
At present, there are four industry trials ongoing in
PSC. Nor-UDCA is the C23 homolog of 3a,7b
dihydroxy-C24 UDCA. In contrast to UDCA, norUDCA is barely amidated in liver cells and induces a
bicarbonate-rich hypercholeresis mostly because of
cholehepatic shunting of the unconjugated form.(31) It
is currently being investigated in a randomized,
placebo-controlled phase II trial that employs change
in ALP as the primary endpoint. Simtuzumab is a
monoclonal antibody against lysyloxidase-like 2
(LOXL2). The mechanism of LOXL2 is the induction of collagen (I and III) and elastin cross-linking
making the scar less degradable and ultimately
inducing tissue tension, which is an additional profibrogenic.(32) Results from a randomized, placebocontrolled phase IIb study are awaited. Primary
endpoint in this trial is change from baseline in

A consensus process was initiated by the IPSCSG
applying a hybrid between a Delphi consensus and a
Nominal Group process(6) in analogy to the European
Crohn’s and Colitis Organization guideline development for ulcerative colitis.(33) Panelists were selected
among leading PSC scientists within the IPSCSG,
based on their experience with clinical trials in PSC
and to ensure widespread representation of nationalities and research centers. Three rounds of questionnaires were sent out together with anonymous
feedback of the response to all panelists in order to
identify a shortlist of candidate surrogate endpoints
(Delphi process). All panelists gathered in November
2014 in Boston for further plenary discussion (Nominal Group process) of this shortlist. A review of all
available evidence was presented by the chair, upon
which statements were formulated and revised until
consensus was reached. Consensus was defined as
100% agreement. In the case of disagreement, an item
was deferred for further literature search or agreed to
discard. Levels of evidence and grades of recommendation were based on the 2009 version of the Oxford
Center for Evidence Based Medicine (OECBM;
www.cebm.net) (see Table 3 and Supporting Table 1).
Outcomes were discussed at two plenary IPSCSG
meetings in April 2015 in Vienna.

CANDIDATE BIOMARKERS
At the completion of the Delphi rounds out of a
list of 19 suggested biomarkers (Supporting Fig. 1),
the following shortlist of candidate surrogate endpoints
was agreed upon: ALP; transient elastography (TE);
histology; combination of ALP1histology; and bilirubin (Fig. 1). These five biomarkers were further discussed in the plenary Nominal Group meeting.
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TABLE 2. Overview of Clinical Studies in Adult PSC Since 1995
First Author
(2)

Year of No. of
Duration
Publication Subjects Type (months)

Drug(s)

van Thiel

1995

10

OL

12

Tacrolimus

Olsson(3)

1995

84

RCT 36

Colchicine

Lindor(4)

1997

105

RCT 24

van Hoogstraten(5)

1998

48

RCT 24

Angulo(6)
1999
van Milligen de Wit(7) 1999

8
17

OL
OL

12
12

Schramm(8)

1999

15

OL

41

Angulo(9)

2000

21

OL

12

van Hoogstraten(10)

2000

18

RCT 2

Bharucha(11)

2000

20

OL

Vleggaar(12)

2001

12

RCO 2

Mitchell(13)

2001

26

RCT 24

Harnois(14)
F€
arkkil€a(15)

2001
2004

30
80

OL 12
RCT 36

Talwalkar(16)

2005

30

OL

Olsson(17)

2005

219

RCT 60

Talwalkar(18)
Vleggaar(19)

2007
2008

16
14

OL 12
RCO 3

Hommes(20)

2008

10

RCT 6

Cullen(21)

2008

31

RCT 30

Angulo(22)

2008

30

OL

12

Silveira(23)

2009

16

OL

12

Lindor(24)

2009

150

RCT 60

Martin(25)

2012

23

OL

Tabibian(26)

2013

35

RCT 3
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12

12

12

Endpoints*
ALP, ALT, AST, bilihistology

1st: clinical
2nd: ALP, bili, ALT, albumin
Symptoms
Histology
UDCA
1st: clinical
Histology
2nd: ALP, bili, AST
UDCA TID vs. OD
1st: ALP, bili, AST
2nd: histology
Cholangiography
Mayo risk score
Nicotine
ALP, AST, ALT
UDCA
ALP, AST, ALT, GGT, Ig, PTT
Cytokines
Histology
UDCA/prednisone/azathioprine ALP, AST, ALP, bili,
Cholangiography
Histology
Budesonide
ALP, bili, AST
Histology
Mayo risk score
Budesonide vs. prednisolone ALP, AST, ALT, bili
Symptoms
Pentoxyfylline
ALP
Symptoms
Nicotine
ALP, AST, bili
Symptoms
UDCA vs. placebo
ALP, bili, AST, GGT
Histology
Cholangiography
High-dose UDCA
ALP, ASAT, bili, albumin
UDCA6metronidazole
1st: ALP
2nd: histology
Symptoms
Cholangiography
Mayo risk score
Mycophenolate
1st: ALP, AST, bili
Mayo risk score
UDCA vs. placebo
1st: clinical
2nd: ALP, ALT, bili
Tacrolimus
ALP
Probiotics
ALP, AST, ALT, bili
Symptoms
Infliximab vs. placebo
1st: ALP
2nd: histology
Symptoms
UDCA 10 vs. 20 vs. 30 mg/kg ALP, AST, ALT, gGT, bili
Histology, Mayo risk score
Silymarin
1st: ALP, AST, bili
2nd: Mayo risk score
Minocycline
1st: ALP, bili, AST
2nd: Mayo risk score
UDCA vs. placebo
1st: clinical
2nd: ALP, AST, bili
Histology
Docosahexaenoic acid
1st: ALP
2nd: AST, ALT, bili
ELF
Vancomycin vs. metronidazole 1st: ALP

Results
Improvement†
NS?
No changes
No difference
No changes
No change
No difference
NS
Improvement†
No differences
NS
NS
No difference
NS
Improvement†
NS
No change
Improvement†
No change
Slight Improvement
Varying†
No change
NS
Varying†
Improvement†
No change
No change
NS
NS
Varying†
Improvement†
Improvement†
Improvement†
Improvement†
Improvement
No difference
No difference
Improvement†
Varying†
No change
NS
NS
Improvement†
No differences
No change
NS
No differences
No changes
Varying†
Varying†
No change
Improvement†
Improvement†
Worsening†
Improvement†
NS‡
Improvement†
Varying
No change
Varying†
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TABLE 2. Continued
First Author

Tabibian(27)

Year of No. of
Duration
Publication Subjects Type (months)

2014

16

OL

3

Drug(s)

Rifaximine

Endpoints*

Results

2nd: bili
Varying†
Varying†
Symptoms
Mayo risk score
Varying†
st
1 : ALP
No change
2nd: bili GGT, Mayo riskscore, symptoms No change

*1st: primary endpoint(s); 2nd: secondary endpoint(s); in case the primary endpoint was not defined, then the parameter on which sample size calculation was based if mentioned in the article was designated as such.
†
Statistically significant meaning P < 0.05.
‡
Follow-up biopsies available for only 31 patients owing to early termination of study.
Abbreviations: OL, open label; RCO, randomized crossover; ALT, alanine aminotransferase; bili, serum bilirubin; NS, not statistically
significant; GGT, gamma-glutamyl transpeptidase; Ig, immunoglobulin; PTT, partial thromboplastin time.

ALP
ALP has been employed in all clinical trials in the
past two decades and used as primary endpoint in over
40% of studies (see Table 3). Most trials assessed continuous ALP changes on group level, whereas a few
studies used a predefined response in ALP (e.g., a
decline of at least 50%). Seventeen of twenty-six trials
reported significant improvement of ALP posttreatment. When attempting to correlate changes in
ALP with clinical improvement, only four randomized, clinical trials (RCTs) with a follow-up of 2-5
years are available.(3,4,8,9) In the Scandinavian highdose UDCA study with a follow-up of 5 years, no significant changes in either ALP or clinical improvement
were observed.(3) In the very-high-dose UDCA study
with the same length of follow-up, clinical worsening
in the treated group, despite significantly more
improvement in ALP compared to placebo, was
observed.(4) These outcomes allow, as of yet, no conclusions with regard to the usefulness of ALP as a surrogate parameter for clinical efficacy of UDCA.
Recently, several observational studies have fueled
the notion that ALP is a surrogate marker for
transplant-free survival.(34-38) A post-hoc analysis of
the very-high-dose UDCA trial as reported in the Stanich article on ALP dynamics revealed that those
patients on UDCA as well as the placebo-treated ones
that did normalize their ALP during follow-up had a

better prognosis.(34) Of note, ALP was not a primary
endpoint in this very-high-dose UDCA trial. The
post-hoc analysis of the large Scandinavian UDCA
trial also showed that irrespective of UDCA use, those
patients with a 40% reduction or normalization of their
ALP had a much better survival.(36) These observations suggest that although improvement of ALP is
associated with better outcome, it is not mediated by
UDCA, which, by itself, also lowers ALP levels. It is
apparent from all these studies that ALP is, at the very
least, a useful parameter for stratification of patients in
clinical trials, although thresholds still need to be clarified. The panel concluded that ALP is widely recognized as a clinical measure of cholestasis. Currently,
albeit not formally validated, it is regarded as a potential surrogate outcome parameter [EL4, RGD].

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

TABLE 3. OCEBM Grades of Recommendation
A
B
C
D

Consistent level 1 studies
Consistent level 2 or 3 studies or extrapolations from level 1 studies
Level 4 studies or extrapolations from level 2 or 3 studies
Level 5 evidence or troublingly inconsistent or inconclusive
studies of any level

Reprinted with permission from http://www.cebm.net/oxfordcentre-evidence-based-medicine-levels-evidence-march-2009.

FIG. 1. Ranking of shortlist candidate surrogate (co-)primary
endpoints at completion of Delphi consensus rounds. Shortlist
was determined by any parameter that was chosen as (co-)primary endpoint at least twice by the panelists. Ranking was determined by top three preference of each panelist among all original
19 endpoints.
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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TE
Liver stiffness measurement (LSM) by TE has proven to be a powerful predictor of prognosis in chronic
hepatitis C.(39) Recently, Corpechot et al. showed that
baseline measurements and rate of LSM progression
were strongly and independently linked with patients’
outcomes, suggesting that TE may be an attractive surrogate endpoint.(40) Demonstration of progression to
cirrhosis may be an acceptable intermediate endpoint
for regulatory authorities. An international Prospective
Study of the Prognostic Value of Transient Elastography (FibroScan) in PSC Patients (FICUS Study)
within the IPSCSG will not only identify its use as a
stratifier for trials, but will likely also shed more light
on the correlation of changes in LSM with clinical
events. The panel agreed that TE as a noninvasive
measurement of liver stiffness is a potential surrogate
endpoint of prognosis [EL2b, RGC].

HISTOLOGY/LIVER BIOPSY
Histological assessment of the grade of inflammation and the amount of injury to the liver as measured
by the level of fibrosis has been regarded as the most
direct way to gauge disease severity in many liver diseases, and as such offers face validity. Histology has
been used as an outcome parameter in 12 of 26 studies
in the past 20 years (Table 3). The Ludwig’s score of
fibrosis, which has been the reference standard in
PSC, was used in eight studies with the following stage
descriptors: stage I 5 portal hepatitis; stage
II 5 periportal hepatitis; stage III 5 bridging fibrosis;
and stage IV 5 cirrhosis. In their original article on
developing the Mayo PSC Risk Score, Wiesner et al.
showed that increasing Ludwig stage was associated
with poorer survival.(41) Recent data from Oxford in
123 PSC patients showed that patents with Ludwig
stage 1/2 fared much better than those with stage 3/4
(personal communication, Prof. Chapman). Histology
is regarded as less undulating than serum liver tests,
but can be subject to considerable sampling variability.(42) As an appropriate surrogate endpoint, the Ludwig stage should either be stable or progress within a
reasonable time frame in placebo-treated patients.
Angulo et al. observed the progression in Ludwig stage
in 107 PSC patients with paired liver biopsies, 84% of
which had less than 24 months in between.(43) They
found that at the second biopsy, 53% of stage I-III
PSC patients had progressed, but14% of stage III-IV
patients now had stage I-II. A Markov model based
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on the assumption that histological stage does not
spontaneously regress in PSC estimated that 66% of
stage II patients would progress after 2 years. A recent
study from Amsterdam showed that staging by the
novel Nakanuma system developed for primary biliary
cirrhosis, by Ishak scoring, as well as by the classic
Ludwig scoring, was strongly associated with
transplant-free survival by all three scoring systems in
descending order.(44) A multicenter validation study is
currently underway, and studies looking into changes
in biopsies over time are welcomed. These findings
suggest that sampling error might not be a major drawback of liver biopsy. In hepatitis C, Ishak stage is
clearly associated with long-term clinical outcome, but
not in fragmented biopsies.(45) Increasing the amount
of tissue by taking two passes through the same introduction needle may reduce variability and is not associated with increased risk. Given the regional differences
in PSC, it may also help to sample the follow-up
biopsy from the same area. Recently, more objective
continuous measures of the amount of fibrosis have
been developed, such as collagen proportionate area
(CPA). Morphometric analysis using the CPA system
has demonstrated an excellent positive correlation
between the amount of fibrosis in a cirrhotic liver and
the relative hepatic vein pressure gradient and liver tissue stiffness in liver diseases, such as steatohepatitis
and chronic viral hepatitis.(46) This may substantially
reduce interobserver variability and relative insensitivity
to change, which are associated with ordinal histological scoring systems such as Ishak and Ludwig.
An additional advantage of histology as a surrogate
parameter is that it may offer possibilities to study the
mechanism of action of an investigational drug as well
as providing tissue for safety assessment. Furthermore,
liver biopsy has the advantage of face validity (i.e.,
assessing directly what happens in the tissue of interest). A disadvantage of liver biopsy is that it is an invasive procedure and carries some risk of adverse events.
In a collective number of 1,152 liver biopsies in 541
PSC patients enrolled in the past 20 years in clinical
studies, no mortality has been reported (Table 1). Bile
leakage was reported in <0.2%. In general, mortality
from liver biopsy ranges from 0.09 from 0.3 in 1,000
in 68,276 respective 98,445 biopsies.(47,48) The serious
adverse event rate is reported to be around 0.5% when
biopsy is performed under ultrasound guidance.(49,50)
In addition to its value as an outcome parameter, the
available data indicate that histology seems a proper
stratification tool for clinical trials. The panel concluded that liver biopsy has the potential to be a robust
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surrogate endpoint for clinical trials in PSC [EL2b,
RG B].

ALP1HISTOLOGY
In the absence of a convincing single-surrogate endpoint, combining multiple endpoints is considered
advisable and should be explored further [EL5, RGD].
When there is no validated and accepted biomarker
to gauge the beneficial effects of an investigational
therapy on symptoms or disease course, the combination of two or more endpoints can strengthen evidence
for the treatment effect when used collectively as a
coprimary endpoint. Vice versa, it is generally believed
that if a treatment is ineffective, the chance to show
that the treatment is effective in all coprimary endpoints should be small.(51) As such, a coprimary endpoint can offer more reassurance for a true treatment
effect.
This is opposed to a composite endpoint, which is a
combination of various clinical events, where any one
of those events would count as satisfying the composite
endpoint. Applying a composite endpoint can be very
useful when a particular therapy is deemed to have
similar effects on several related events to achieve
adequate power in diseases where clinical events do not
occur very often. For validation of specific surrogate
endpoints, it is regarded as less suitable.

BILIRUBIN
Serum bilirubin is part of several prognostic scoring
systems including the Child-Pugh-Turcott, the PSC
Mayo Risk Score, and the Model for End-Stage Liver
Disease score. These models generally have a horizon
of only 2-4 years and perform best in predicting
impending liver failure in end-stage liver disease. A
relatively large cohort study from Germany incorporated bilirubin as a dichotomous variable in a prognostic model.(52) The researchers found that a persistently
elevated bilirubin for more than 3 months was significantly associated with poorer survival both in uni- and
multivariate analysis. However, median transplant-free
survival of these patients was only 30 months, indicating that these likely were relatively late-stage patients.
Bilirubin can also acutely rise in the case of acute cholangitis. Treating the suppurative cholangits with
appropriate antibiotics and dilatation of the—often
accompanying—dominant stricture usually results in
lowering of bilirubin level. As such, treating dominant
strictures may have a favorable effect on prognosis,

PONSIOEN ET AL.

although sound evidence for this is still pending. The
temporary rise in bilirubin may likely not reflect longterm outcome in this situation. Hence, although bilirubin has been shown to be a marker of prognosis, the
panel felt that it was unlikely to be suitable for clinical
trials, because it only rises permanently in late-stage
disease [EL2b, RGC].

OTHER EXPLORATORY
BIOMARKERS
The IPSCSG consensus panel recommends to
incorporate serum liver tests (in particular, ALP),
enhanced liver fibrosis (ELF) panel, or other serum
fibrosis markers, imaging, as well as noninvasive measures of liver tissue stiffness as exploratory endpoints in
clinical trials with the purpose of investigating their
future potential as a surrogate endpoint [EL4, RGC].

SEROLOGICAL MARKERS
The ELF panel is a set of three serological markers
of liver fibrosis, that is, hyaluronic acid, tissue inhibitor
of metalloproteinases-1, and propeptide of type III
procollagen. This has been shown not only to correlate
accurately with degree of liver fibrosis in chronic hepatitis C and nonalcoholic fatty liver disease, but also
with prognosis.(53-55) The first promising experience
with ELF in PSC was recently published in this journal.(56) PSC patients stratified by the ELF score tertiles exhibited significantly different transplant-free
survival (P < 0.001), with higher scores associated with
shorter survival, further confirmed in the validation set
stratified by ELF Test tertiles (P 5 0.003). In addition,
the ELF Test distinguished between mild and severe
disease as defined by clinical outcome (transplantation
or death) with an area under the curve of 0.81.

IMAGING
The Amsterdam cholangiographic prognostic model
has adequate predictive power also in earlier-stage disease, but requires an invasive procedure associated with
a much higher risk of adverse events than liver biopsy,
which is undesirable for clinical trials.(57) Recently,
Ruiz et al. reported on their experience with sequential
magnetic resonance imaging (MRI) and magnetic resonance cholangiography (MRC) in PSC.(58) They
showed that 58% of patients showed radiographic
aggravation over a period of up to 4 years. No correlation with clinical outcome was reported. A drawback
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FIG. 2. Proposed roadmap for
developing
validated
surrogate
biomarkers.
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

of using MRC for staging PSC is that there is no
standardization of scanning protocols and, consequently, quite some variation in image quality. Furthermore, the resolution and therefore the sensitivity
to detect subtle caliber changes in the intrahepatic biliary tree are too low. Nilsson et al. recently reported on
dynamic gadoxetate-enhanced MRI for the assessment
of total and segmental liver function and volume in
PSC.(59) They found that liver function was significantly more heterogeneously disturbed in PSC patients
as compared to controls, and segmental function correlated with biliary obstruction. Although still experimental, this approach holds promise because it
provides a functional estimate of the state of the liver
in PSC and is not dependent on high resolution and
observer interpretation.

Discussion
For clinical trials that target disease progression in
PSC, the relative frequency of robust level 1 clinical
endpoints, such as death, LT, and even development
of complications of cirrhosis, is too low. Investigators
will be reluctant to embark on phase III trials that
need >2,500 patient years of follow-up in an orphan
disease indication. Therefore, the field is in great need
of proper level 2 endpoints. Thus far, none of the surrogate endpoints in PSC have exceeded level 3 or 4. In
1989, Prentice stated that any proper surrogate end-
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point should satisfy the requirement that the biological
marker must be correlated with the clinical endpoint.(60) There have been four clinical trials that have
evaluated clinical outcome, with no difference between
active drug and placebo in three, and worsening in
one.(3,4,8,9) It is likely that all four trials were underpowered with regard to clinical events, so it is not possible to draw conclusions regarding correlations
between clinical outcome and change in secondary outcome parameters, such as ALP, aspartate aminotransferase (AST), bilirubin, or histology. Hence, there are
no data to support a level 2 claim for any of the endpoints used in clinical trials to date.
Acceptability of histology as a primary surrogate
endpoint for clinical trials may be hampered by the
fact that it is no longer part of the American and
European guidelines for diagnosing large-duct PSC,
as well as its invasive nature. However, the phase IIb
simtuzumab trial, which assesses change in fibrosis on
liver biopsy, apparently completed recruitment of 235
study subjects within 1.5 years (ClinicalTrials.gov:
NCT01672853).
This consensus process yielded histology, ALP,
TE, and combinations thereof as the most likely candidate surrogate parameters for clinical trial design at
the moment, as well as a few exploratory parameters
that may prove quite useful in the future (e.g., to supplant histology). In this respect, TE, ELF, and MRI
seem promising. The urgent task ahead is to upgrade
these to level 2 validation, such that one or more
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surrogate parameters will become available that is/are
acceptable for regular approval. For this, the IPSCSG
proposes a roadmap as depicted in Fig. 2. A good
example of an observational study is the aforementioned FICUS study. Foremost, close collaboration of
all stakeholders—academia, patients, Pharma, as well
as regulators—is key. As long as there is no cure for
PSC, patient expectations in terms of what any therapy should offer is of paramount importance. In this
respect, the emerging of concept of value-based medicine should play a more prominent role in determining
what aspect(s) of impact of a novel therapy on the disease should be captured by a biomarker. With regard
to endpoints that measure symptoms or quality of life,
it should be mentioned that there are currently no
validated questionnaires to assess patient-reported
outcome measures in PSC. Collaboration with patient
interest groups will be important to identify and validate the most relevant ones in this respect. Validating
the above-mentioned biomarkers will need large, rigorously conducted clinical trials, which can only be
afforded by industry. Studying the impact of novel
therapies on disease behavior and correlating these to
currently available and exploratory biomarkers will
require postmarketing confirmation of treatment
effect in long-term follow-up studies to accrue sufficient solid clinical events. Academia and Pharma
should closely work together to achieve this. Moreover, to adequately analyze the impact of a novel therapy on a biomarker, the natural course and variation in
the comparator group should be assessed. To this end,
collaboration to share information on placebo-treated
patients for example, baseline and change in follow-up
histological staging, ALP dynamics, variation, and
change in TE over time, is vital to accelerate biomarker validation. In the absence of level 2 biomarkers, Pharma companies will seek accelerated
(U.S. Food and Drug Administration; FDA) or provisional (European Medicines Agency; EMA) approval.
The FDA, for instance, may grant approval based on
effects of a surrogate endpoint that is “reasonably
likely, based on epidemiologic, therapeutic, pathophysiologic, or other evidence to predict benefit” on
irreversible morbidity or mortality.(61) “Reasonably
likely” implies that there are no fixed definitions and
approval is currently made on a case-by-case basis.
The same applies to validation by definitive studies
such that a surrogate can be used for traditional
approval. Hence, involvement of regulatory bodies
early in the design of drug development programs, as
well as in level 2 validation efforts is of great impor-
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tance. Both FDA and EMA offer several tools for
biomarker development.*†
Last, biomarkers should also be evaluated on their
stratification properties, given that depending on the
mechanism of action of an investigational compound,
it can be important to recruit early-stage patients with
predominantly inflammation or later-stage patients
with a more advanced fibrosis.

Summary
This IPSCSG consensus process has produced a
number of recommendations that are intended to offer
guidance for drug development programs in PSC.
Based on the available literature, there are only a handful of surrogate endpoints that seem reasonably likely
to predict clinical benefit with regard to preventing disease progression and could serve as stratifier. Histology
appears to have the most robust record currently,
although it does not exceed level 3 validation. The
foremost recommendation is that any drug development program should incorporate assessment of the
above-mentioned (exploratory) surrogate endpoints in
order to yield data that may upgrade one or more of
these to level 2. In the event of provisional/accelerated
approval, postmarketing confirmation of treatment
effect in long-term follow-up studies is highly likely to
be needed. Such studies offer an important opportunity
to validating surrogate endpoints.
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