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Abstract

Background: Primary sclerosing cholangitis is a progressive inflammatory

liver disease characterized by biliary and liver fibrosis. Vascular adhesion

protein-1 (VAP-1) is important in the inflammatory process driving liver

fibrosis. We evaluated the safety and efficacy of VAP-1 blockade with a
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monoclonal antibody (timolumab, BTT1023) in patients with primary

sclerosing cholangitis.

Methods: BUTEO was a prospective, single-arm, open-label, multicenter,

phase II trial, conducted in 6 centers in the United Kingdom. Patients with

primary sclerosing cholangitis aged 18–75 years had an alkaline phospha-

tase value of > 1.5 times the upper limit of normal. The dose-confirmatory

stage aimed to confirm the safety of timolumab through the incidence of

dose-limiting toxicity and sufficient trough levels of circulating antibody to

block VAP-1 function. The primary outcome of the dose-expansion portion of

the trial was patient’s response to timolumab at day 99, as measured by a

reduction in serum alkaline phosphatase by 25% or more from baseline to

day 99.

Results: Twenty-three patients were recruited: 7 into the initial dose-con-

firmatory stage and a further 16 into an expansion stage. Timolumab (8 mg/

kg) was confirmed to be safe for the duration of administration with sufficient

circulating levels. Only 2 of the 18 evaluable patients (11.1%) achieved a

reduction in alkaline phosphatase levels of 25% or more, and both the

proportion of circulating inflammatory cell populations and biomarkers of

fibrosis remained unchanged from baseline.

Conclusions: The BUTEO trial confirmed 8 mg/kg timolumab had no short-

term safety signals and resulted in sufficient circulating levels of VAP-1

blocking timolumab. However, the trial was stopped after an interim

assessment due to a lack of efficacy as determined by no significant change

in serum liver tests.

INTRODUCTION

Primary sclerosing cholangitis (PSC) is a progressive
inflammatory liver disease characterized by progressive
biliary fibrosis, seen across all ages, and frequently in
association with inflammatory bowel disease (IBD). PSC
has an incidence of between 0.5 and 1.0/100,000 annually,
and a prevalence of at least 16.2 per 100,000.[1–5]

More than 50% of patients require liver transplantation
within 10–15 years of symptomatic presentation,[6,7]

reflecting the failure of medical therapies to sufficiently
impact clinical outcomes. Progression to end-stage
cirrhosis and/or hepatobiliary malignancies is considered
to be driven by a chronic inflammatory response and
immune cell–mediated injury to medium-large bile ducts.[8]

Studies have demonstrated that the 170-kDa homo-
dimeric transmembrane sialoglycoprotein, vascular
adhesion protein-1 (VAP-1), is constitutively expressed
on human hepatic endothelium, and plays an important
role in the inflammatory process that drives fibrogenesis
in liver disease.[9] VAP-1 functions as an adhesion
molecule mediating the transmigration of leukocytes
from the blood through the endothelial lining into

surrounding tissues.[10] VAP-1 is also a copper-depen-
dent semicarbazide-sensitive amine oxidase which
catalyzes the oxidative deamination of exogenous and
endogenous primary amines resulting in the generation
of aldehyde, ammonia, and hydrogen peroxide. These
products activate NFκB-dependent chemokine secre-
tion and adhesion molecule expression in liver
endothelium.

Concentrations of VAP-1 in hepatic tissue, and soluble
(s)VAP-1 in serum, are elevated in chronic liver diseases
and correlate with histological fibrosis.[11,12] Moreover,
in vivo data demonstrate that blocking VAP-1 function
with an anti-mouse VAP-1 antibody significantly allevi-
ates inflammation in mouse models of arthritis and lung
inflammation. Treatment with an antibody against VAP-1
also prevents hepatic fibrosis in murine models of liver
injury, with loss of VAP-1 enzyme activity or antibody
blockade leading to a reduction in the recruitment of
immune cells into inflamed tissue.[13]

Timolumab (BTT1023) is a fully human, monoclonal,
anti-VAP-1 antibody, which blocks the adhesion function of
VAP-1 thereby diminishing leukocyte entry into sites of
tissue inflammation, without affecting its semicarbazide-
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sensitive amine oxidase activity toward small molecular
substrates (Biotie Therapies, unpublished data). Timolu-
mab appears to be safe and well-tolerated in humans
having been given in doses up to 8 mg/kg in patients with
rheumatoid arthritis and psoriasis after oral premedication
(cetirizine and ibuprofen). In addition, timolumab appears to
be safe and well-tolerated when administered through
repeated i.v. dosing at 2 weekly intervals, with no cytokine
release syndrome experienced by patients. With no current
medical therapy shown to be effective in altering the
progression of PSC, the aim of the BUTEO trial (a single-
arm, two-stage, multicenter, phase II clinical trial investigat-
ing the safety and activity of the use of BTT1023, a human
monoclonal antibody targeting vascular adhesion protein
[VAP-1], in the treatment of patients with PSC) was to
evaluate the short-term biochemical safety and efficacy of
VAP-1 blockade by timolumab in patients with PSC.

METHODS

Study design

The BUTEO trial was a single-arm, open-label, two-stage
phase II clinical trial recruiting patients from 6 hospitals in
the United Kingdom. The study protocol (ultimately
Version 5.0 dated July 31, 2018) was conducted in
accordance with both the Declarations of Helsinki and
Istanbul as reflected in a priori approval by the National
Research Ethics Committee East Midlands—Derby (Ref:
14/EM/1272) and local institutional review boards and
ethical committees. Written consent was given in writing
by all subjects. The BUTEO trial protocol has already
been published[14] and is included in Supplemental
Appendix 1, http://links.lww.com/HC9/A865. Therefore,
only key and/or updated information has been included.

BUTEO was prospectively registered at EudraCT
(Number: 2014-002393-37); ISRCTN (Number: 11233255);
Clinicaltrials.gov (Identifier: NCT02239211).

Study drug

Timolumab (BTT1023) is a fully human, anti-VAP-1,
modified IgG4 monoclonal antibody developed by Biotie
Therapies Ltd and manufactured under Good Manu-
facturing Practice by Rentschler Biopharma SE. The
investigational drug was supplied to the study consor-
tium by Biotie Therapies.

Patients

Clinician investigators identified eligible patients from
ambulatory hepatology clinics. Participants were aged
18–75 years and had a clinical diagnosis of PSC, as
evidenced by chronic cholestasis of more than 6 months

duration with either an MRI or liver biopsy consistent
with PSC and in the absence of a documented
alternative etiology. Alkaline phosphatase (ALP) values
were required to be at least 1.5 times the upper limit of
normal (Clinical Laboratory Services, Queen Elizabeth
Hospital, Birmingham, UK).

Pregnant and breast-feeding women were excluded
and those with reproductive potential were required to
use effective methods of contraception, defined as at
least one the following methods for heterosexual
intercourse: combined (estrogen and progestogen
containing) hormonal contraception associated with
inhibition of ovulation; progestogen-only hormonal
contraception associated with inhibition of ovulation;
intrauterine device; intrauterine hormone-releasing sys-
tem; bilateral tubal occlusion; vasectomized partner;
and/or sexual abstinence. Female participants must
also undergo pregnancy tests before treatment.

All patients gave written informed consent. Patient
registration into the trial by the treating clinician was by
telephone to the central registration service at the
Cancer Research UK Clinical Trials Unit (CRCTU) at
the University of Birmingham for the dose-confirmation
phase and through an electronic remote data capture
system for the dose-expansion phase.

Interventions and procedures

Patients attended clinical research sites and were cared
for by registered nurses. Following premedication with
cetirizine 10 mg and ibuprofen 400 mg orally (in the
absence of any contraindications) plus i.v. hydro-
cortisone 100 mg, 1–2 hours preinfusion, all registered
patients received timolumab through i.v. infusion at
8 mg/kg body weight. Up to a maximum of 7 doses were
given during outpatient hospital visits; the first dose was
infused over 120 minutes, with subsequent doses
infused over 60 minutes. Doses were given on days
1, 8, 22, 36, 50, 64, and 78 (±3 d). Follow-up data were
collected on days 99 and 120 (± 3 d) after treatment
initiation. All patients received 1-dose level and no dose
reductions were permitted.

Pretreatment parameters recorded included Mayo
PSC Risk Score (the established risk score at the time
of BUTEO’s inception[15]), Model for End-Stage Liver
Disease score,[16] and a Fibroscan, which were
repeated at day 99. In addition, a LiverMultiscan MRI
was performed[17] where possible. This was repeated
on day 120.

All adverse events according to NCI-Common
Terminology Criteria for Adverse Events (CTCAE)
v4.0[18] were recorded.

Quality of life questionnaires (EQ-5D 5L,[19] Fatigue
Severity Scale,[20] pruritus visual analog score[21]) were
administered by research nurses, preinfusion of the first
and fourth doses of treatment and on day 99 of follow-
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up. If a patient had IBD, an IBD diary was given to them
within the screening visit, to be completed before their
first and fourth treatment visits as well as before the day
99 follow-up visit. All questionnaires and diaries were
completed independently by patients.

Trial outcomes

For the dose-confirmatory portion of the trial, outcomes
were incidence of dose-limiting toxicities (DLTs), where
the acceptable level was 1 in 6 patients (~17%) in line
with a 3+3 design, and timolumab activity level, as
ascertained through trough levels of timolumab. The
stipulated acceptable trough levels of timolumab were
set at 3 µg/mL free circulating timolumab at 8 weeks
from the first infusion, which is ~100-fold the dissocia-
tion constant (Kd) of timolumab from VAP-1 resulting in
target occupancy of ~90%.

A DLT was defined as an adverse event that meets
the criteria of grade 3 cytokine release syndrome or
grade 4 or 5 for any criteria, as defined in the NCI-
CTCAE v4.0,[18] and considered to be at least possibly
related to timolumab treatment. The DLT reporting
period was defined as the treatment period from the
first treatment dose (day 1) to day 99 after treatment.

The primary outcome measure was the patient’s
response to treatment at day 99, as measured by a
reduction in serum ALP levels by 25% or more from
baseline to day 99. If a patient’s day 99 ALP sample is
missing, they are treated as a nonresponder. Serum
ALP was analyzed at a central laboratory in Birming-
ham, UK to reduce between-laboratory analytical
variability and ensure all samples were analyzed using
the same equipment and procedures.

Secondary outcome measures of safety and tolerability
are detailed in Supplemental Appendix 2, http://links.lww.
com/HC9/A865. Additional, nonprotocol-defined explora-
tory outcomes included measuring circulating markers of
inflammatory cells, extracellular matrix degradation,
fibrotic tissue remodeling, and fibrogenesis/fibrolysis.

Biological procedures

Measurement of circulating timolumab, sVAP-
1, circulating markers of fibrosis, and amine
oxidase activity

Circulating concentrations of timolumab and sVAP-1
were measured for visits 3 to 11 by Envigo. Novel
circulating markers of fibrosis development and remod-
eling were analyzed by Nordic Bioscience using
validated competitive ELISAs. See Supplemental
Appendix 2, http://links.lww.com/HC9/A865 for details.
Serum amine oxidase activity was measured using an
Amplex UltraRed-based assay to detect the evolution of

hydrogen peroxide as described in Supplemental
Appendix 2, http://links.lww.com/HC9/A865.

Determination of circulating immune cell
populations by flow cytometry

Peripheral blood mononuclear cells were isolated with
inflammatory cell populations and were analyzed by
flow cytometry as described in Supplemental Appen-
dix 2, http://links.lww.com/HC9/A865.

Statistical analysis

Phase I: Dose confirmation

The BUTEO trial incorporated a conventional 3+3
cohort design to confirm the therapeutic dose of
timolumab, with decisions regarding continuation based
on toxicity and pharmacokinetic data. The first 6
patients registered received the starting dose (8 mg/
kg). Recruitment was then paused to await the results of
trough blood serum levels of circulating timolumab from
all patients after receiving their seventh dose (day 50)
and until the DLT reporting period (day 99).

Phase II: Simon’s 2-stage minimax design

Once a dose had been confirmed, the trial’s design
permitted expansion up to a total of 37 patients
receiving the confirmed dose of timolumab. Statistical
analyses were carried out on a modified intention-to-
treat basis in which only patients who have received at
least 1 infusion at the confirmed dose of timolumab
were analyzed. Those patients not receiving the
confirmed dose were not included in the final
analyses.

The sample size for the phase II expansion was
calculated based on a single-arm Simon’s 2-stage
minimax design[22] with lower and upper acceptability
bounds of 15% and 30%, respectively, and error rates
of α= 0.1 and β= 0.2 and inflated for ~10% patient
drop out. A response was a patient experiencing a
reduction in cholestasis as indicated by a reduced
serum ALP by 25% or more when comparing baseline
to day 99.

Additional statistical considerations are described in
Supplemental Appendix 2, http://links.lww.com/HC9/A865
with the trial Statistical Analysis Plan included in Supple-
mental Appendix 3, http://links.lww.com/HC9/A865.

Descriptive statistics are presented as mean and SD or
median, IQR, and minimum and maximum range for
numerical variables (dependent on distribution), with
frequency and percentage given for categorical variables.

Analyses were carried out using R, version 3.6.0.
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Consented and screened prior to
eligibility assessment (n=35)

ALP changed by more than 25% between
screening visit 1 and screening visit 2 (n=3)
Withdrawal of consent (n=1)

Positive T-Spot test (n=1)

Registered to BUTEO trial
(n=23)

Parotid lump warranting oncology referral
(n=1)

Elevated bilirubin (n=1)
Cholangitis (n=1)
ALT levels high (n=1)
Elevated ALP (n=1)
Lack of availability (n=1)

Failed Screening (n=12)
♦

♦
♦
♦
♦
♦
♦
♦

♦

Total patients recruited across both phases (n=23)

Analysed for interim assessment (n=18*)

Patients in the safety population (n=22)
Patients in the mITT population (n=22)

* Interim assessment is based on the first 18 evaluable

Registered to dose confirmatory phase: (n=7)

Received allocated intervention (n=6)
Withdrew consent to intervention (n=1)

Allocated 8mg/kg (n=7)
♦
♦

Recruited to phase II expansion (confirmed dose
8mg/kg) (n=16)

Withdrew consent to intervention (n=1)
Found to be ineligible post-registration (n=1)

♦
♦

F IGURE 1 BUTEO trial profile. CONSORT diagram of the BUTEO trial. One patient was registered and then found to be ineligible; they are
therefore counted as both a screen failure and as a patient recruited. Abbreviations: ALP, alkaline phosphatase; mITT, modified intention-to-treat.
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Biological procedures

Data were plotted and analyzed using GraphPad Prism
(v9.2.0). Shapiro-Wilk analysis was used to test for normal
distribution and data were subsequently analyzed by
Kruskal-Wallis test with Dunn multiple comparison test.

Role of the funding source

Funding came from the Efficacy and Mechanism Evalua-
tion (EME) Programme, a Medical Research Council

(MRC) and National Institute for Health and Care Research
(NIHR) partnership. The trial was initiated and conducted
independently by the trial investigators. The funder had no
role in trial design, data collection, data analysis, data
interpretation, or writing of the report. The corresponding
author had full access to all the data in the trial and had final
responsibility for the decision to submit for publication.

RESULTS

Participants

Between April 14, 2015, and June 19, 2018, 35 patients
were screened for the BUTEO trial with a total of 23 patients
registered (Figure 1). Seven patients were recruited into the
phase I, dose confirmation stage; 1 patient withdrew after 1
dose of timolumab andwas replaced. Sixteen patients were
recruited into the first stage of the phase II dose expansion
of which 1 patient was found to be ineligible after
registration and was excluded from all analyses, with a
second withdrawing consent having received 5 doses of
timolumab who, as they had received at least 1 timolumab
infusion, were evaluable for analysis and provided both
samples required for the primary analysis (Supplemental
Appendix 4, http://links.lww.com/HC9/A865).

Baseline patient characteristics are described in
Table 1. The median age for patients in the trial was
45.3 years (range: 22–69), with 19 (83%) male, a mean
age of PSC onset of 36.6 years (range: 17–65), and 14
(61%) with a history of IBD.

Dose confirmation

Six patients evaluated in the dose confirmation phase
received the 7 scheduled 8 mg/kg dose of timolumab.
No DLTs were observed in any of the patients and the
circulating concentrations of timolumab at 8 weeks after
the first infusion exceeded the minimum requirement of
3 μg/mL for all patients (Supplemental Appendix 5,
http://links.lww.com/HC9/A865). Therefore, the dose of
timolumab was confirmed and deemed safe at 8 mg/kg,
and the trial expanded into the phase II stage.

A further 12 patients were recruited into the dose-
expansion phase to determine whether there was any
evidence of treatment efficacy; 1 patient missed 1
timolumab dose, and 1 withdrew and discontinued
treatment after 5 doses (Supplemental Appendix 4,
http://links.lww.com/HC9/A865).

No change in ALP was observed over the
duration of the study

During the interim assessment, 9 of the 18 patients
(50.0%) recruited experienced a reduction in ALP

TABLE 1 Patient characteristics

Patient baseline characteristics, n (%) N= 23

Age (y)

Mean (SD) 45.3 (13)

Range 22–69

Sex

Male 19 (83)

Female 4 (17)

Ethnicity

White 20 (87)

South Asian 2 (9)

Unrecorded 1 (4)

ALP values at the screening visit (IU/L)a

Median (IQR) 450.77 (311, 566)

Range 215–1075

Age at PSC onset (y)

Mean (SD) 36.6 (13)

Range 17–65

Diagnosis of disease

Established 12 (52)

New 8 (35)

Not known 3 (13)

UDCA at screening

No 11 (48)

Yes 12 (52)

Disease diagnosis

Small duct PSC 6 (26)

Large duct PSC 17 (74)

Fibroscan in the cirrhotic rangeb

No 11 (48)

Yes 11 (48)

Unknown 1 (4)

History of inflammatory bowel disease

No 8 (35)

Yes 14 (61)

Not known 1 (4)

aALP at screening was unreported for 1 patient; thus, based on 22 patients.
bAs defined as a Fibroscan result of > 14.4 kPa.[23]

Abbreviations: ALP, alkaline phosphatase; PSC, primary sclerosing cholangitis;
UDCA, ursodeoxycholic acid.
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levels, with 8/18 (44.4%) experiencing an increase
(Figures 2A, B). One patient was missing their day-99
follow-up data but was still included in the interim
analysis data set. Only 2 of the 18 evaluable patients
(11.1%) achieved a reduction in ALP of 25% or more,
meaning that the BUTEO trial failed to reach the
minimum requirement to continue recruitment. The
trial was, therefore, stopped early due to a lack of
efficacy.

Four patients were recruited into the trial during
the interim assessment (Supplemental Appendix 4,
http://links.lww.com/HC9/A865); therefore, data col-
lected from all patients during the trial were
analyzed together, resulting in a total sample
size of 22. None of these additional patients
achieved a reduction in ALP of ≥ 25% resulting in a
total of 2/22 patients (9.1%) who achieved a response
(Supplemental Appendix 6, http://links.lww.com/HC9/
A865).

Secondary outcomes

Serum liver tests and liver inflammation and
fibrosis Multiscan scores remained unchanged
using a safely identified dose of timolumab

Liver biochemistry remained unchanged when com-
paring pre-timolumab and post-timolumab treatment
(Figures 2B–D, Supplemental Appendix 6, http://links.
lww.com/HC9/A865, and Supplemental Table S6A,
http://links.lww.com/HC9/A865), as did liver inflamma-
tion and fibrosis Multiscan scores (Supplemental
Appendix 6, http://links.lww.com/HC9/A865 and Sup-
plemental Table S6B, http://links.lww.com/HC9/A865).
In addition, no deaths or DLTs were reported during
the trial. A total of 1133 adverse events were reported,
affecting all 22 registered patients (Table 2). There
were 4 severe adverse events affecting 4 patients
(18.2%); these included 2 suspected unexpected
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serious adverse reactions that were due to a
hypersensitivity response and requirement for a
transplant earlier than anticipated pre-trial.

Unchanged quality of life and acceptable
adherence to timolumab

No apparent changes were observed in disease-
related symptoms when questionnaire scores were
compared pre- and post-timolumab treatment
(Table 3). Nineteen patients (83.4%) were fully
adherent with treatment visits (Supplemental
Appendix 4, http://links.lww.com/HC9/A865). The rea-
sons for nonadherence included withdrawal from the
study (2 patients) and 1 missed treatment cycle for
unknown reasons (1 patient).

Timolumab reduced serum sVAP
concentrations

Administration of timolumab led to a significant reduc-
tion in sVAP-1 protein concentration, suggesting suc-
cessful target engagement of the antibody (p< 0.0001,
Figure 3A). This was maintained until the final
timolumab dose (visit 9) after which the concentration
began to rise in all patients. Furthermore, the enzymatic
activity of circulating VAP-1 (measured by amine
oxidase activity toward the primary amine
benzylamine) was significantly reduced (p<0.001) in
patients having received all scheduled timolumab
treatments (Figure 3B).

Variable numbers of circulating inflammatory
cell subtypes were observed

Despite reductions in sVAP-1 concentration and enzyme
activity, circulating proportions of inflammatory cell popu-
lations commonly associated with VAP-1 activity remained
unchanged from baseline during and following treatment;
proportions were variable in patients, pre-timolumab
treatment (mean pretreatment/on-treatment/posttreatment
values for CD3+ cells 45.4/49.1/50.4%, for CD3+CD4+
cells 69.7/72.0/73.5%, for CD3+CD8+ cells 20.8/19.6/
19.1%, for NK cells 10.8/10.0/9.1%, for Treg 6.2/6.4/6.8%,
for classical monocytes 38.9/36.9/36.2%, for intermediate
monocytes 57.8/60.9/62.3%, and for nonclassical mono-
cytes 3.7/2.3/1.6%) (Figure 4). Similar results were also
seen for other inflammatory cell subtypes that may
contribute to PSC pathology (Supplemental Appendix 7,
http://links.lww.com/HC9/A865).

No change in markers of liver fibrosis/stiffness
was observed

No clinically meaningful changes were observed in liver
fibrosis when measured by the enhanced liver fibrosis
score (median [range]: pretreatment 10.2 [8.6–17.3],
posttreatment 10.4 [8.6–12.7]) or Fibroscan (median

TABLE 2 Summary of safety data

Safety data N=22 (%)

Serious adverse events

Incidence 4

Patients affected 4 (18.2)

Category

Unrelated SAE 2

SAR 0

Nonfatal/life-threatening SUSAR 2

Fatal/life-threatening SUSAR 0

Reason

Death 0

Life-threatening 0

Hospitalization 2

Disability 0

Congenital anomaly 0

Other 2

Event

Infusion-related reaction 1

Diarrhea 1

Blood bilirubin increased 1

Colitis 1

Grade

1 0

2 0

3 3

4 1

5 0

Dose-limiting toxicity

Incidence 0

Patients affected 0

Adverse events

Incidence 1133

Patients affected 22 (100.0)

Grade

1 828

2 221

3 74

4 11

5 0

Relatedness

Unrelated 864

Unlikely to be related 126

Possibly related 108

Probably related 24

Definitely related 12

Abbreviations: SAR, serious adverse reaction; SUSAR, suspected unexpected
serious adverse reaction.
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difference: 0.31, IQR: −0.04 to 0.75) pre- and post-
timolumab treatment (Table 4 and Supplemental
Appendix 8, http://links.lww.com/HC9/A865 and Sup-
plemental Figures S8A, B, http://links.lww.com/HC9/
A865). In addition, using a more sensitive approach to
determine the impact of timolumab administration on
fibrogenesis and fibrolysis, no significant differences
were observed between the concentration of serum
extracellular matrix turnover biomarkers measured at
baseline and those taken during and/or following
treatment (Supplemental Appendix 8, http://links.lww.
com/HC9/A865, and Supplemental Figures S8C, D,
http://links.lww.com/HC9/A865). Baseline concentra-
tions of fibrogenesis and fibrolysis markers, and
enhanced liver fibrosis score reported during the
BUTEO trial were comparable to those reported
previously (Table 4).

DISCUSSION

Treatment trials in PSC remain challenging, based on a
limited understanding of disease pathophysiology,
coupled with a heterogeneity of patient outcomes.
Furthermore, the disease remains rare, and validated
surrogate biomarkers of outcome are lacking. We sought
to evaluate the biochemical safety and efficacy of VAP-1
blockade by timolumab in patients with PSC, premised
on preclinical data supporting the role of VAP-1 in
pathophysiology. The trial concluded that an 8 mg/kg
dose of timolumab was safe over the short-term use
studied in all patients treated and resulted in biologically
relevant circulating concentrations of timolumab above
3 µg/mL. However, the trial was stopped early after an
interim assessment on the grounds of futility and a lack of
biochemical efficacy as evaluated by serum liver tests.

The heterogeneity of PSC along with its rare orphan
disease status poses challenges in trial design. ALP

TABLE 3 Quality of life scores

Questionnaire Pretreatment visit 3 Posttreatment visit 10 Difference

EQ-5D 5L

Median (IQR) 1 (0.88, 1) 1 (0.85, 1) 0 (−0.084, 0)

Range (0.77, 1) (0.23, 1) (−0.48, 0.17)

EQ-VAS

Median (IQR) 83 (75, 95) 82.5 (64.5, 90) 0 (−10, 5)

Range (75, 95) (64.5, 90) (−10, 5)

FSS

Median (IQR) 34 (24, 46) 38 (20.25, 49.25) −1 (−4, 3)

Range (24, 46) (9, 58) (−10, 10)

Pruritus VAS

Median (IQR) 29 (12, 38) 24 (13, 30) −9 (−14.25, 4.25)

Range (2, 92) (1, 78) (−53, 51)

Abbreviations: EQ-5D 5L, EuroQol-5 Dimension, 5 Levels; EQ-VAS, EuroQol visual analog scale; FSS, fatigue severity scale.
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Abbreviation: sVAP-1, soluble vascular adhesion protein-1.
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values are prognostic and identify patients at risk of
disease progression. However, while ALP has tradition-
ally been used in early-phase PSC trials as an efficacy
marker (historically because therapies focused on the
biliary tree), ALP values fluctuate during the natural

course of the disease, which limits its usefulness as a
primary endpoint. While we adopted a traditional study
design looking at ALP values, we added exploratory
markers of liver fibrosis, recognizing that in a pilot safety
and dose-finding study this would remain a limitation to

F IGURE 4 Proportions of circulating inflammatory cell populations that have been shown to be recruited into vascular beds by VAP-1.
Cryopreserved peripheral blood mononuclear cells were thawed and immunophenotyped using flow cytometry for (A) CD3+, (B) CD4+, and (C)
CD8+ T cells, (D) CD3-CD56+ NK cells, (E) regulatory T cells (Treg), and (F) classical (CD14+CD16−), (G) intermediate (CD14+CD16+), and (H)
nonclassical (CD14−CD16+) monocyte populations. Aggregated data collected during pretreatment (visits 1–3: screening visits 1 and 2, pre-first
infusion visit 3 [day 1]), treatment (infusion visits 4–9: days 8, 22, 36, 50, 64, and 78), and posttreatment (follow-up visits 10–11: days 99 and 120)
groups. There were no significant differences between groups (Kruskal-Wallis test with Dunn multiple comparison test). Median± IQR. Abbre-
viation: VAP-1, vascular adhesion protein-1.

TABLE 4 Concentrations of markers of fibrogenesis and fibrolysis at baseline compared to selected published liver injury data and healthy
controls

BUTEO trial (this study) Nonadvanced PSC Advanced PSC Healthy controls Advanced NASH

Vesterhus et al[24] Kehlet et al[25] Lou et al[26]

Collagen synthesis

ProC3

Median 19.5 13.3 42.2 7.9 24.6 (F3 fibrosis)
23.5 (F4 fibrosis)

Range 8.6–60.5 6.8–84.7 11.7–104 4.0–27.3 NA

ProC5

Median 344.6 808.0 795.9 NA 345.1 (F3 fibrosis)
262.5 (F4 fibrosis)

Range 0–1289 359.5–2990.2 56.1–3035.2 NA NA

Collagen degradation

C3M

Median 15.5 10.7 12.8 9.7 8.4 (F3 fibrosis)
8.2 (F4 fibrosis)

Range 8.4–22.6 5.6–31.4 7.2–48.9 5.0–22.7 NA

C4M2

Median 27.2 27.2 29.4 18 22.6 (F3 fibrosis)
22.0 (F4 fibrosis)

Range 8.9–51.2 15.0–73.4 14.6–65.7 9.3–59.4 NA

P4NP7S

Median 229.0 NA NA 203.4 151.2 (F3 fibrosis)
137.4 (F4 fibrosis)

Range 52.3–548.8 NA NA 89.7–593.9 NA

ECM degradation/synthesis

C3M/ProC3

Ratio 0.7 0.7 0.3 NA NA

ELFa

PRE Test cohort

Median 10.2 10.1 NA NA

Range 8.6–12.3 7.3–14.3

POST Validation cohort

Median 10.4 9.7 NA NA

Range 8.6–12.7 7.1–15.7

Note: Data for ProC3, ProC5, C3M, C4M2, and P4NP7S are presented as ng/mL.
aReference ELF data are taken from Day et al[27]: < 7.7 excludes significant fibrosis; ≥ 7.7 and < 9.8 moderate fibrosis; ≥ 9.8 and < 11.3 severe fibrosis; ≥ 11.3
cirrhosis.
Abbreviations: ECM, extracellular matrix; ELF, enhanced liver fibrosis; NA, not available; POST, post-last infusion of timolumab (BTT1023), Visit 10 in the BUTEO trial;
PRE, prior to infusion of timolumab (BTT1023), Visit 3 in the BUTEO trial; PSC, primary sclerosing cholangitis.
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drug evaluation. While a longer placebo-controlled
study would have been desirable, funding was not
forthcoming for such a design.

While our study did not confirm the benefit, the
results are nevertheless important for several reasons.
The trial design incorporated a dose-confirmatory and
safety stage (based on the traditional 3+3 design), then
followed by a phase II Simon’s 2-stage design. It
aligned routine trial conduct with an effort to translate
laboratory research into a proof-of-concept clinical trial.
Accepting the limitations of standard serum liver tests, it
also included emerging biomarkers to assess extrac-
ellular matrix synthesis and turnover.

While our study demonstrated no apparent safety
concerns for VAP-1 blockade, equally we did not see
immediate efficacy; a residual challenge in developing
any therapy for PSC is to understand when in the
disease course utility is predicted to be greatest. In that
regard, one consideration for future studies of this, and
similar agents, is designing trials, with appropriate
biomarkers, that can evaluate efficacy in earlier-stage
patients.

The limitations are clear and include a small cohort of
patients with established diseases studied over a short
time frame. Clinical benefits on liver fibrosis may require
more sustained treatment; the optimal duration for a trial
testing impact on liver fibrosis in PSC is not clearly
known. Clinical trials are inherently expensive, and
discourse is needed to decide if fewer longer/larger
studies might better serve patients. PSC can have a
natural history of over 20 years and hence a 3-month
study is a small disease snapshot. The use of a placebo
would have been clearly advantageous but required
additional funding that was not available; equally at the
outset, the study had a dose-finding component to it. As
is evident, all the markers measured were variable in
nature when measured and our data highlight a key
rate-limiting step for future PSC trials, the ongoing
absence of stable, robust, and clinically confirmed
surrogates of disease.

We hypothesized that timolumab may block inflam-
matory cell migration, leading to an increased preva-
lence of certain immune cell populations in the
circulation. There were no indicators that VAP-1
blockade was having either a beneficial or detrimental
impact on the patient’s immune response. Previous
animal models suggested a role for VAP-1 in the
progression of hepatic fibrosis. Circulating biomarkers
of fibrosis (including enhanced liver fibrosis) and
Fibroscan data were unchanged both during and after
administration of timolumab. Furthermore, it is possible
that efficacy requires blockade of the enzymatic
function of VAP-1 which antibody treatment does not
deliver. We were unable to obtain longitudinal liver
biopsy material from these patients, preventing us from
evaluating any changes in the intrahepatic immune cell
populations or pathological fibrosis scores arising from

timolumab administration. That said if liver biopsy was
considered important for a study such as this, it would
have necessitated a much longer study duration/
treatment exposure. Of note, in the small number of
patients studied, VAP-1 blockade did not appear to
impact their IBD.

In conclusion, the BUTEO trial confirmed that 8 mg/
kg timolumab was safe over the duration of administra-
tion and resulted in sufficient circulating levels of
timolumab in patients with PSC. However, the trial
was stopped after the interim assessment due to a lack
of efficacy. Future studies of this and related molecules
likely require longer duration administration and more
specific and less labile surrogate markers of disease
activity.
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