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Phase 1 study of single-agent WNT974, a first-in-class
Porcupine inhibitor, in patients with advanced solid tumours
Jordi Rodon 1,12, Guillem Argilés1, Roisin M. Connolly2,13, Ulka Vaishampayan3, Maja de Jonge4, Elena Garralda5, Marios Giannakis6,
David C. Smith7, Jason R. Dobson8, Margaret E. McLaughlin8, Abdelkader Seroutou9, Yan Ji10, Jennifer Morawiak8, Susan E. Moody8 and
Filip Janku11

BACKGROUND: This Phase 1 study assessed the safety and efficacy of the Porcupine inhibitor, WNT974, in patients with advanced
solid tumours.
METHODS: Patients (n= 94) received oral WNT974 at doses of 5–30mg once-daily, plus additional dosing schedules.
RESULTS: The maximum tolerated dose was not established; the recommended dose for expansion was 10mg once-daily.
Dysgeusia was the most common adverse event (50% of patients), likely resulting from on-target Wnt pathway inhibition. No
responses were seen by Response Evaluation Criteria in Solid Tumors (RECIST) v1.1; 16% of patients had stable disease (median
duration 19.9 weeks). AXIN2 expression by RT-PCR was reduced in 94% of paired skin biopsies (n= 52) and 74% of paired tumour
biopsies (n= 35), confirming inhibition of the Wnt pathway. In an exploratory analysis, an inverse association was observed
between AXIN2 change and immune signature change in paired tumour samples (n= 8).
CONCLUSIONS: Single-agent WNT974 treatment was generally well tolerated. Biomarker analyses suggest that WNT974 may
influence immune cell recruitment to tumours, and may enhance checkpoint inhibitor activity.
CLINICAL TRIAL REGISTRATION: NCT01351103.
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BACKGROUND
The Wnt signalling pathway plays an important role in cellular
development,1 and dysregulation of this pathway has been linked
to multiple types of cancer, including colorectal cancer (CRC) and
pancreatic cancer.1–3

Wnt signalling is tightly regulated by a number of different
factors in the pathway (Supplementary Fig. 1). In order to be
functionally active, Wnt ligands require post-translation palmitoy-
lation, mediated by the membrane-bound O-acyltransferase
enzyme, Porcupine.4 Following palmitoylation, Wnt ligands are
secreted and can then bind to co-receptors, Frizzled and low-
density lipoprotein receptor-related protein 5/6 (LRP5/6).5 This
Wnt receptor complex is regulated by ring finger protein 43
(RNF43) and zinc and ring finger protein 3 (ZNRF3), which
ubiquitinate Frizzled for degradation, and by R-spondin (RSPO),
which inhibits RNF43/ZNRF3.1 Therefore, deactivating mutations
in RNF43/ZNRF3 or activating fusions of RSPO can increase levels of
the Wnt receptor complex on the cell surface and so lead to
increased ligand-dependent signalling. As tumour cells harbouring

such mutations remain dependent on Wnt ligands for signalling,
they are predicted to be sensitive to drugs targeting Wnt ligands
such as Porcupine inhibitors.6,7 RNF43 mutations are frequently
found in a number of cancer types, including up to 10% of
pancreatic cancers8,9 and 19% of CRCs. RNF43 mutations are
particularly enriched in colorectal tumours classified as micro-
satellite instability-high (MSI-H) and/or BRAF mutant.10,11 In
addition, RSPO fusions have been reported in ~10% of primary
CRC tumour samples.6

Downstream of the Wnt receptor complex, a number of
additional factors are involved in the regulation of signalling. In
the absence of Wnt ligand binding, a complex of proteins termed
the β-catenin destruction complex, which includes adenomatous
polyposis coli (APC), mediates the degradation of transcriptional
cofactor β-catenin (CTNNB1).1 When Wnt ligands bind to their
receptors, the destruction complex is inactivated, allowing
β-catenin to accumulate in the cytoplasm and translocate to the
nucleus, where it engages the Wnt pathway-related transcription
programmes.1 Tumour cells harbouring deactivating mutations in
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components of the destruction complex, such as APC, or
activating mutations in β-catenin, are no longer dependent on
Wnt ligands for signalling; therefore, they are predicted to be
insensitive to drugs targeting upstream components of the
pathway, such as Porcupine.
WNT974 is a potent, selective, and orally bioavailable first-in-

class inhibitor of Porcupine. WNT974 exhibited preclinical activity
in multiple tumour models, including Wnt-dependent head and
neck cancer and RNF43-mutated pancreatic cancer xenografts.7,12

Furthermore, dysregulated Wnt signalling has been linked to
exclusion of T cells from the tumour microenvironment and
resistance to immunotherapy, prompting the hypothesis that
WNT974 may act synergistically with checkpoint inhibitors.13–16

Here, we report the results of a Phase 1 study investigating single-
agent WNT974 in patients with advanced solid tumours, including
a molecularly selected cohort of patients with sensitising
alterations of the Wnt signalling pathway. Data are presented on
the safety, preliminary efficacy, pharmacokinetics, and pharmaco-
dynamics of WNT974 as a single agent, along with genomic
analyses of serial tumour biopsies.

METHODS
Clinical study design
This was a Phase 1, open-label, multi-centre clinical trial
(NCT01351103), designed and sponsored by Novartis Pharmaceu-
ticals Corporation. The study protocol was approved by an
independent ethics committee or institutional review board for
each centre. The study was conducted according to the principles of
the Declaration of Helsinki and was performed in compliance with
Good Clinical Practice guidelines. Written informed consent was
obtained from each patient. The data cut-off date was 2 March 2017.

Patient selection
Initially, patients with melanoma and breast cancer (including
lobular and triple-negative breast cancer) were enrolled, but the
eligibility criteria were subsequently amended to enrol patients
with tumours harbouring genetic alterations that were hypothe-
sised to predict response to treatment, based on emergent
preclinical data. For the dose-escalation part of the study, this
included BRAF-mutant CRC, pancreatic adenocarcinoma, and other
solid tumours with genetic alterations upstream in the Wnt
signalling pathway. For the dose-expansion part of the study, this
included BRAF-mutant CRC with RNF43 mutation and/or RSPO
fusion, pancreatic adenocarcinoma with RNF43 mutation, and
other solid tumours with genetic alterations upstream in the Wnt
signalling pathway (Supplementary Fig. 2).
Eligible patients had locally advanced or metastatic solid

tumours that had progressed on standard therapy or for which
no standard therapy exists. Patients were aged ≥18 years, with a
World Health Organization performance status of 0–2. For the
escalation part of the study, patients were required to have an
evaluable disease; and for the expansion part of the study,
patients were required to have measurable disease as defined by
Response Evaluation Criteria in Solid Tumors (RECIST) v1.1.17 Key
exclusion criteria included impaired cardiac function (including
prolonged QT interval, clinically significant uncontrolled heart
disease, or myocardial infarction within the last 3 months), an
impaired gastrointestinal function that may significantly impact
the absorption of the drug, inability to swallow pills, and
uncontrolled brain metastases or malignant disease other than
that being treated in the study.

Study objectives
The primary objective of the study was to determine the
maximum tolerated dose and/or recommended dose for expan-
sion (RDE) of WNT974. Secondary objectives included character-
isation of the safety and tolerability of WNT974, assessment of the

anti-tumour activity of WNT974 (response rate and duration of
response), evaluation of the pharmacokinetic characteristics of
WNT974 (including exposure, maximum concentration [Cmax], time
to Cmax [Tmax], half-life, and accumulation), and evaluation of
pharmacodynamic response to WNT974 (AXIN2 mRNA change
from baseline in tumour and/or skin). A key exploratory objective
was to evaluate additional biomarkers and tumour genotypes.

Treatment plan
Patients received orally administered WNT974 in 28-day cycles.
The starting dose of WNT974 was 10 mg once-daily (QD), based on
animal toxicology studies. Alternative dosing schedules of twice-
daily or intermittent dosing (4 days, followed by a 3-day break)
were also employed. Intermittent dosing was explored to
determine whether this may mitigate potential adverse events
(AEs) such as dysgeusia, while twice-daily dosing was also
investigated to determine if this could improve Wnt pathway
inhibition. Dose-escalation decisions were guided by a Bayesian
analysis of dose-limiting toxicities (DLTs), occurring in the first
cycle of treatment. The relationship between dose and the
probability of DLT was modelled using logistic regression. For
each cohort of patients, the posterior distribution for the risk of
DLTs for new patients at doses of interest was evaluated. Dosing
decisions were guided by the escalation with the overdose control
principle.18,19 A dose was used for newly enrolled patients only if
the risk of excessive toxicity at that dose was <25%; dose selection
was also guided by all available toxicity, pharmacokinetic, and
pharmacodynamic data. DLTs were defined as specified AEs or
abnormal laboratory values (detailed in the study protocol)
assessed as unrelated to disease, disease progression, intercurrent
illness, or concomitant medications; the evaluation period was the
first 28 days of treatment. Discontinuation criteria were the
development of progressive disease (PD), unacceptable toxicity,
withdrawal of consent, loss to follow-up, or at the discretion of the
investigator. Dose reduction to a minimum dose of 2.5 mg QD was
permitted, as were dose interruptions ≤21 days. In the dose-
expansion part of the study, patients received WNT974 at the RDE,
which was determined as 10 mg QD.

Safety assessments
Regular safety assessments were performed, based on physical
examination, World Health Organization performance status,
laboratory parameters, and cardiac assessments. AEs as defined
by National Cancer Institute Common Terminology Criteria for
Adverse Events version 4.03 were assessed at every visit.

Response assessments
Efficacy was evaluated using RECIST v1.1, as assessed locally by
the investigator. Tumour assessments were performed at baseline
by computed tomography with intravenous contrast of the chest,
abdomen, and pelvis. Computed tomography imaging of the head
and/or neck was also performed at baseline if there was clinical
evidence of disease in these areas. MRI was permitted if computed
tomography imaging was not adequate. Measurement of skin
lesions and palpable subcutaneous tumours by physical examina-
tion was permitted. Subsequent assessments were performed on
Day 28 of every 2nd cycle up to cycle 6, and then every 4th cycle.
The disease control rate (DCR) was calculated as the proportion of
patients with the best overall response (BOR) of complete
response, partial response, or stable disease (SD), along with the
95% Clopper–Pearson intervals. Median progression-free survival
was calculated for patients in the expansion part of the study
using the Kaplan–Meier method; 95% confidence intervals (CIs)
were computed using Greenwood’s formula.

Pharmacokinetic assessments
Serial blood samples were collected on cycle 1 day 1 and cycle
1 day 15 to characterise the pharmacokinetics of WNT974 and its
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active metabolite, LHA333. Sparse samples were also collected
during treatment up to cycle 6. To evaluate single-dose
pharmacokinetics, the study also included a 3-day pharmacoki-
netics run-in period following a single oral dose and prior to the
initiation of repeat dosing. Plasma concentrations of WNT974 and
LHA333 were determined by liquid chromatography-tandem mass
spectrometry (LC-MS/MS) assay with a lower limit of quantification
of 1.0 ng/mL for both analytes. Pharmacokinetic parameters were
calculated by non-compartmental analysis using Phoenix Version
6.4 (Certara, Princeton, New Jersey). Dose proportionality was
evaluated using a power model for AUC and Cmax on cycle 1 day 1
and cycle 1 day 15.

Pharmacodynamic and genomic analyses
Local or central molecular pre-screening was required for
patients enrolled in the dose-expansion part of the study.
Patients with BRAF-mutant CRC were screened for RNF43
mutation or RSPO fusion, and patients with pancreatic cancer
were screened for RNF43 mutation. Tumour samples used for
pre-screening were further analysed for genetic alterations by
next-generation sequencing, which was performed by Founda-
tion Medicine on archival tumour samples or fresh tumour
samples collected at baseline (n= 20 dose-expansion patients).
In addition, archival or fresh tumour samples from dose-
escalation patients were retrospectively analysed for genetic
alterations by next-generation sequencing at Foundation
Medicine. The Foundation Medicine T7 panel was used, which
detects genomic alterations in 395 known cancer-related
genes and interrogates introns of 31 genes involved in
rearrangements.
AXIN2 mRNA expression was assessed by reverse transcription-

polymerase chain reaction analysis of frozen tumour and skin
samples collected at baseline and during cycle 1 (after at least five
consecutive days of treatment) for patients in both dose-
escalation and expansion.
NanoString nCounter® immune panel gene expression was

measured in remnant RNA from pairs of tumour samples, and
expression of a chemokine signature associated with T-cell
recruitment and of an activated dendritic cell signature was
analysed pre- and on-treatment. The chemokine signature was
based on the expression of the following genes: CCL2, CCL3, CCL4,
CCL5, CXCL9, and CXCL1020; the activated dendritic cell signature
was based on the expression of BATF3, CCR5, CXCL1, ITGAE, CCL3,
IRF8, and CCL4.13

RESULTS
Patient characteristics
A total of 94 patients were enrolled in the WNT974 single-agent
part of the study, with 66 patients in the dose-escalation part and
28 patients in the dose-expansion part (Supplementary Fig. 2).
Patients received WNT974 orally at doses of 5, 7.5, 10, 15, 20, 22.5,
or 30 mg QD, 30 or 45 mg daily intermittently (4 days on, 3 days
off), or 5 mg twice-daily. Patient demographics and baseline
characteristics are shown in Table 1; further information, including
tumour molecular features, for patients in the expansion phase of
the study is shown in Supplementary Table 1.
The median age of patients was 58.5 years (range 28‒77), 54

(57%) were female, and 87 (93%) had a World Health Organization
performance status of 0 or 1. At the data cut-off date (2 March
2017), all patients had discontinued from the single-agent part of
the study, due to disease progression (71 patients, 76%), AEs (12
patients, 13%), withdrawal of consent (8 patients, 9%), death (not
related to study treatment; 2 patients, 2%), or administrative
problems (1 patient, 1%). The median duration of exposure was
4.9 weeks (range 0.1‒27.7 weeks) across all doses. The duration of
exposure for patients receiving WNT974 10mg QD is shown in
Supplementary Fig. 3.

Pharmacokinetics
Pharmacokinetic profiles and parameters of WNT974 and its active
metabolite, LHA333, are provided in Fig. 1 and Supplementary
Tables 2 and 3. Following oral administration, WNT974 was rapidly
absorbed (median Tmax 1–3 h) and had a mean elimination half-life
of ~5–8 h. The accumulation of WNT974 on cycle 1 day 15 was
small (geometric mean accumulation ratio 1.2–1.7 fold) following
continuous daily dosing of 5–30mg. WNT974 exposure was dose
proportional over the dose range of 5–45mg and inter-patient
exposure variability was generally moderate. For the active
metabolite LHA333, the metabolite-to-parent ratio was ~0.5 and
0.3 on cycle 1 day 1 and cycle 1 day 15, respectively.

Safety and tolerability of WNT974
DLTs were experienced by 4/94 patients (4%) in the first cycle of
study treatment. One patient with brain metastases, dosed at 10
mg QD, experienced asthenia and epileptic seizure, 2 patients,
dosed at 5 mg twice-daily and 30mg QD, experienced dysgeusia,
and 1 patient, dosed at 22.5 mg QD, experienced constipation
(Grade 3, resolved after 3 days), all suspected to be related to
study treatment. The RDE was selected to be 10mg QD, based on
the Bayesian logistic regression model, pharmacokinetics, phar-
macodynamics, and safety information. The maximum tolerated
dose was not established.
All patients experienced at least one AE regardless of study drug

relationship (Table 2). AEs suspected to be related to study
treatment were reported for 75 patients (80%), with the most
common (≥20%) being dysgeusia (44 patients; 47%), decreased
appetite (27 patients; 29%), and nausea (23 patients; 24%). Grade
3/4 AEs, regardless of relationship to study treatment, were
experienced by 66 patients (70%; Supplementary Table 4) and 25
patients (27%) had Grade 3/4 AEs suspected to be related to study
treatment. The most frequent treatment-related Grade 3/4 AEs
were fatigue and hypercalcaemia (4 patients each, 4%). Serious
AEs regardless of study drug relationship were reported for 55
patients (59%), and suspected treatment-related serious AEs were
reported for 15 patients (16%).
Of importance, 6 patients (6.4%) experienced seven bone-

related disorders, five of which were suspected to be related to
study treatment. Suspected related bone-associated AEs included
osteoporosis, pathological fracture, and osteopenia, each reported
in 1 patient, and Grade 3 spinal fracture reported in 2 patients.
Bone-related disorders suspected to be related to treatment
began between study days 18 and 181, and the duration ranged
from 2 days to ongoing at the time of the last assessment. Bone-
related AEs not suspected to be related to study treatment were
osteopenia and rib fracture (Grade 1 or 2).
Dysgeusia was the most frequently reported AE and was

reported in 50% of patients. Dysgeusia led to discontinuation of
WNT974 in 1 patient (30 mg QD dose group). Of the 38 patients
dosed at the RDE of 10 mg QD, 16 patients (42%) experienced
Grade 1 or 2 dysgeusia, and none of these events resulted in
interruption or reduction of the WNT974 dose. In the majority of
these patients (9/16), dysgeusia began between study days 15 and
29 (range 1–42), and the duration ranged from 3 days to ongoing
at the time of the last assessment.
AEs leading to discontinuation of study treatment were

reported in 13 patients (14%), none of which occurred in more
than 2 patients. AEs leading to discontinuation in 2 patients were
acute kidney injury, hypercalcaemia, and hypotension. Overall, 18
deaths were reported while on treatment or within 30 days of the
last dose of study treatment, due to malignancy for which they
were on the study (n= 14), disease progression (n= 2), acute
respiratory failure, and pneumonia (each 1 patient, not suspected
to be related to study treatment); three additional deaths were
reported during post-treatment follow-up (>30 days after last
study treatment administration), due to malignancy for which they
were on the study (n= 2) and multiple organ failure (n= 1).
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Preliminary efficacy
All 94 patients were assessed for BOR according to RECIST v1.1. No
complete response or partial response was reported; 15 patients
(16%) had a BOR of SD (median duration 19.9 weeks), and 56
patients (60%) had a BOR of PD. One patient had a BOR of non-
complete response/non-PD, resulting in a DCR of 17% (95% CI
10.1–26.2; Supplementary Table 5). The best percentage change
from baseline in target lesions is shown in Fig. 2. A reduction in
target lesion size from baseline was seen in 4 (6%) of 63 evaluable
patients, in patients with appendiceal goblet cell carcinoma
(26.8% reduction), CRC (11.5% reduction), gastric cancer (5.3%
reduction), and pancreatic cancer (4.8% reduction).
Efficacy data were available for all 28 patients in the expansion

part of the study, comprising 7 patients with pancreatic cancer (6
with RNF43 mutations), 9 patients with CRC (8 with RNF43 and/or
ZNRF3 mutation and 1 with RSPO fusion), and 12 patients with
other solid tumours harbouring Wnt pathway mutations (further
details in Supplementary Table 1). There were no objective
responses; SD was the BOR for 10 patients: 1 patient with
pancreatic cancer, 3 patients with CRC, and 6 patients with other
solid tumours, resulting in a DCR of 35.7% (95% CI 18.6–55.9) in
the dose-expansion part. The median progression-free survival
was 1.8 months (95% CI 1.6–3.3) for all patients treated in the
expansion part of the study and was slightly longer in patients
with BRAF-mutant CRC (4.4 months, 95% CI 1.6–NE), and in
patients with non-CRC/non-pancreatic solid tumours with Wnt
pathway mutations (3.3 months, 95% CI 1.3–5.0) (Supplementary
Fig. 4).

Genetic alterations
Next-generation sequencing was performed on the available
baseline tumour biopsies to determine the nature and frequency

of genetic alterations. Genes in which known or likely cancer-
associated alterations were detected in more than 2 patients were
plotted against the best percentage change from baseline in
target lesions and progression-free survival, shown in Supplemen-
tary Fig. 5. The majority of tumours analysed harboured genetic
alterations in multiple genes implicated in cancer, including
frequent alterations in KRAS, BRAF, and NRAS.
Genetic alterations required for enrolment in the expansion part

of the study, as well as other selected Wnt pathway alterations
detected by next-generation sequencing, are shown in Supple-
mentary Table 1. Of the 4 patients with some reduction in the sum
of target lesion diameters, all had tumours harbouring mutations
in RNF43 (truncating mutation at S41 and frameshift at Y450;
rearrangement of exon 4; truncating mutation at W416; mutation
of L418M), 1 had a mutation in APC (truncating mutation at
R2237), and none had mutations detected in CTNNB1 (see
Supplementary Table 1 for further detail). Of note, the patient
with the greatest reduction in target lesion diameter and longest
progression-free survival had no detectable genetic alterations in
KRAS, BRAF, NRAS, APC, or CTNNB1.

Pharmacodynamic analyses
AXIN2 mRNA expression, a marker of Wnt pathway activity, was
reduced on treatment compared with baseline in both skin and
tumour samples in all studied tumour types (Fig. 3), indicating Wnt
pathway inhibition. This effect was observed at all dose levels;
there did not appear to be a dose-dependent effect, in either
tumour or skin, across the dose range tested in this study. AXIN2
expression was reduced (relative to baseline) in 49/52 (94%)
evaluable patients with paired skin samples, and 26/35 (74%)
evaluable patients with paired tumour samples. Of the 3 patients
in whom AXIN2 levels were increased in the skin sample, the
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percentage change was negligible in 2 patients, and for the 3rd
patient, AXIN2 was decreased in the tumour sample. In all patients
in whom AXIN2 levels did not decrease in the tumour sample,
AXIN2 was decreased in the skin sample.

Baseline tumour genetic information was not available for the
majority of tumours in which AXIN2 mRNA levels did not decrease;
however, a tumour sample from one such patient was found to
harbour β-catenin (CTNNB1) S45F, a known activating mutation

Table 2. Adverse events (any grade, occurring in ≥10% of patients, regardless of study drug relationship) by treatment group.

WNT974
5mg
QD
n= 6

WNT974
7.5 mg
QD
n= 6

WNT974
10mg
QD
n= 38

WNT974
15mg
QD
n= 11

WNT974
20mg
QD
n= 10

WNT974
22.5 mg
QD
n= 6

WNT974
30mg
QD
n= 5

WNT974
30mg
4/7 QD
n= 4

WNT974
45mg
4/7 QD
n= 3

WNT974
5mg
BID
n= 5

All patients
N= 94

Total n (%) 6
(100)

6
(100)

38
(100)

11
(100)

10
(100)

6
(100)

5
(100)

4
(100)

3
(100)

5
(100)

94
(100)

Dysgeusia 1
(16.7)

3
(50.0)

16
(42.1)

5
(45.5)

5
(50.0)

4
(66.7)

3
(60.0)

4
(100)

3
(100)

3
(60.0)

47
(50.0)

Decreased appetite 1
(16.7)

2
(33.3)

18
(47.4)

5
(45.5)

5
(50.0)

4
(66.7)

3
(60.0)

2
(50.0)

2
(66.7)

1
(20.0)

43
(45.7)

Nausea 1
(16.7)

3
(50.0)

9
(23.7)

6
(54.5)

5
(50.0)

4
(66.7)

1
(20.0)

0 2
(66.7)

0 31
(33.0)

Fatigue 0 3
(50.0)

10
(26.3)

4
(36.4)

3
(30.0)

3
(50.0)

3
(60.0)

3
(75.0)

1
(33.3)

0 30
(31.9)

Vomiting 1
(16.7)

2
(33.3)

11
(28.9)

3
(27.3)

4
(40.0)

4
(66.7)

1
(20.0)

1
(25.0)

2
(66.7)

0 29
(30.9)

Anaemia 0 5
(83.3)

13
(34.2)

3
(27.3)

1
(10.0)

1
(16.7)

0 0 0 3
(60.0)

26
(27.7)

Diarrhoea 1
(16.7)

0 10
(26.3)

5
(45.5)

5
(50.0)

2
(33.3)

0 0 1
(33.3)

2
(40.0)

26
(27.7)

Hypercalcaemia 1
(16.7)

0 11
(28.9)

2
(18.2)

0 3
(50.0)

1
(20.0)

1
(25.0)

3
(100)

2
(40.0)

24
(25.5)

Abdominal pain 2
(33.3)

0 10
(26.3)

2
(18.2)

4
(40.0)

1
(16.7)

0 1
(25.0)

0 1
(20.0)

21
(22.3)

Constipation 1
(16.7)

2
(33.3)

7
(18.4)

0 1
(10.0)

4
(66.7)

3
(60.0)

0 2
(66.7)

0 20
(21.3)

Asthenia 0 1
(16.7)

9
(23.7)

2
(18.2)

3
(30.0)

1
(16.7)

0 1
(25.0)

0 2
(40.0)

19
(20.2)

Dyspnoea 4
(66.7)

1
(16.7)

6
(15.8)

2
(18.2)

0 1
(16.7)

1
(20.0)

1
(25.0)

0 1
(20.0)

17
(18.1)

Hypomagnesaemia 0 2
(33.3)

3
(7.9)

2
(18.2)

4
(40.0)

1
(16.7)

0 1
(25.0)

1
(33.3)

3
(60.0)

17
(18.1)

Blood bilirubin increased 0 2
(33.3)

10
(26.3)

1
(9.1)

0 0 0 0 0 3
(60.0)

16
(17.0)

Dehydration 0 0 5
(13.2)

1
(9.1)

3
(30.0)

1
(16.7)

1
(20.0)

0 3
(100)

0 14
(14.9)

Pyrexia 0 1
(16.7)

5
(13.2)

3
(27.3)

4
(40.0)

1
(16.7)

0 0 0 0 14
(14.9)

Musculoskeletal pain 0 0 7
(18.4)

2
(18.2)

0 0 1
(20.0)

1
(25.0)

1
(33.3)

0 12
(12.8)

Weight decreased 0 0 5
(13.2)

1
(9.1)

4
(40.0)

2
(33.3)

0 0 0 0 12
(12.8)

ALT increased 1
(16.7)

0 6
(15.8)

3
(27.3)

0 0 0 0 0 1
(20.0)

11
(11.7)

AST increased 0 0 5
(13.2)

3
(27.3)

0 0 0 0 0 2
(40.0)

10
(10.6)

Back pain 0 0 5
(13.2)

2
(18.2)

2
(20.0)

0 1
(20.0)

0 0 0 10
(10.6)

Blood ALP increased 1
(16.7)

1
(16.7)

5
(13.2)

1
(9.1)

0 0 1
(20.0)

0 0 1
(20.0)

10
(10.6)

Headache 0 1
(16.7)

4
(10.5)

1
(9.1)

3
(30.0)

0 0 0 0 1
(20.0)

10
(10.6)

Hypoalbuminaemia 0 3
(50.0)

2
(5.3)

1
(9.1)

1
(10.0)

1
(16.7)

0 0 0 2
(40.0)

10
(10.6)

Data cut-off: 2 March 2017.
4/7 QD drug administered 4 days on, 3 days off, ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspartate aminotransferase, BID twice-daily.
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that is expected to drive AXIN2 expression downstream of
Porcupine. This patient exhibited a large reduction of AXIN2
expression in the skin sample, but not in the tumour sample.
A subset of these paired samples (n= 8) was also examined for

an association between AXIN2 expression change and change in
immune signature expression (Fig. 4; 5 patients with melanoma, 2
with pancreatic cancer, and 1 with small cell lung cancer). These
preliminary data showed an inverse association between the
change in AXIN2 expression and the change in both a chemokine
signature associated with T-cell recruitment (based on CCL2, CCL3,
CCL4, CCL5, CXCL9, CXCL10) and an activated dendritic cell
signature (based on BATF3, ITGAE, IRF8, CCR5, CCL3, CCL4,
CXCL1).13,20

DISCUSSION
Single-agent WNT974 treatment was generally well tolerated in
this Phase 1 study. The most commonly reported AEs included
dysgeusia, gastrointestinal events, and fatigue, consistent with
what has been seen in other Phase 1 trials targeting Wnt
signalling in patients with advanced solid tumours.21–24 The
occurrence of AEs of special interest, dysgeusia in 47% of patients
and bone-related disorders in 6% of patients, was also consistent
with safety findings reported for other Wnt pathway inhibitors,
and likely represent on-target effects of WNT974. Frequent
occurrence of dysgeusia, in around 30–40% of patients, has been
reported in two Phase 1 studies investigating the Porcupine
inhibitor, ETC-159, and the Frizzled decoy receptor, ipafricept.21,23

Elevation of the bone turnover marker, β-CTX, reflecting bone
loss, has been reported in 15–30% of patients for a number of
agents targeting the Wnt pathway, including ETC-159, ipafricept,
the anti-Frizzled antibody, vantictumab, and the anti-RSPO
antibody, OMP-131R10, in some cases associated with the
occurrence of bone fractures.21–24

Preclinical data support the hypothesis that manipulation of the
Wnt pathway could affect the taste system, impacting taste cell
renewal and taste perception.25 Furthermore, the Wnt/β-catenin
pathway has been identified as an important component of
signalling downstream of semaphorin molecules, which have
been implicated in both the taste system and in osteoprotec-
tion.26,27 Thus, the same mechanism may contribute to both the

high rate of dysgeusia observed in this study and the occurrence
of bone-related disorders. The study, which is ongoing for a
combination arm of WNT974 with the anti-PD-1 agent, spartali-
zumab, has now been amended to add screening for osteoporosis,
osteopenia, and bone fractures, related exclusion criteria including
the presence of bone metastases, and on-treatment bone density
monitoring.
Porcupine inhibitors can often have impaired absorption

characteristics due to their lipophilic nature. WNT974 exhibited
rapid absorption, moderate to fast elimination, and linear
pharmacokinetics with moderate variability and small accumula-
tion following multiple oral dosing. Inhibition of the Wnt pathway
was consistent with the pharmacokinetic exposure and in vitro
potency of WNT974, as the steady-state unbound Cmin of WNT974
following continuous QD dosing of 5–30mg (1.05–7.55 nM on
cycle 1 day 15) was above the in vitro cellular IC50 of WNT974 for
Porcupine (0.4 nM). LHA333 is estimated to be ~10% as active as
WNT974 for Porcupine inhibition at a steady state, suggesting a
minimal contribution to the pharmacologic response, based on
exposure, plasma protein binding (82.6% and 49.7% for WNT974
and LHA333, respectively), and in vitro cellular activity of
Porcupine (IC50 0.4 and 3 nM for WNT974 and LHA333,
respectively).12

Potent inhibition of the Wnt pathway was evidenced by
suppression of AXIN2 mRNA expression in the vast majority of
patient samples. Disparity was observed in some cases between
AXIN2 mRNA biomarker suppression in skin and tumour samples,
and sequencing information available for 1 patient illustrated how
genetic alterations downstream of Porcupine in the Wnt pathway
—in this case, in β-catenin—could prevent AXIN2 down-regulation
even when Porcupine is inhibited. Discrepancies may also result
from tumour heterogeneity and differing biopsy sites of paired
samples.
Exposure–response analyses showed that the probability of

Grade ≥2 dysgeusia increased with increasing WNT974 exposure
over the dose range investigated, and skin AXIN2 reduction
also increased with WNT974 exposure but approached plateau
at higher exposures in the dose range studied. Population
pharmacokinetic simulation showed that 10 mg QD WNT974
was anticipated to yield exposures that balance Wnt pathway
suppression (based on skin AXIN2) and probability of higher-grade

–100

* * * * * * * * * * * * * * * * *
* * * *

–80

–60

–40

–20

0

20

40

60

80

100

B
es

t p
er

ce
n

ta
g

e 
ch

an
g

e 
fr

o
m

 b
as

el
in

e

Patients

5 mg QD 7.5 mg QD 10 mg QD 15 mg QD 20 mg QD

22.5 mg QD 30 mg QD 30 mg 4/7 QD 45 mg 4/7 QD 5 mg BID

PD

PD
UNK

PD

PD

PD
PD PD

SD

PD

PD PD

PD PD PD
PD PD PD PD

PD PD
PD

SD PD PD
SD PD PD PD SD SD

UNK
SD SD SD

SD SD
SD

SD

PD

PD
PD

PD
UNK

PD
SD

PD #

PD

PD

PD

PD SD
PD

PD
PD

SD PD

PD

PD

PD #

PD

PD
UNK

Fig. 2 Best percentage change from baseline in the sum of longest diameters of target lesions (investigator assessed). Best percentage
change is shown for n= 63 evaluable patients. The best overall response is shown above/below bars. *Patient had alteration of RNF43 as
determined by local or central (next-generation sequencing) testing; #Percentage changes from baseline >100% are set to 100%. Data cut-off:
2 March 2017. 4/7 QD drug administered 4 days on, 3 days off, BID twice-daily, UNK unknown.

Phase 1 study of single-agent WNT974, a first-in-class Porcupine. . .
J Rodon et al.

34



dysgeusia in the majority of patients, supporting the selection of
10mg QD WNT974 as the RDE.28

The efficacy of single-agent WNT974 was limited in this Phase
1 study, with no responses as per RECIST v1.1 and a DCR of 17%
for all patients and 36% for patients in the expansion part of the
study. However, this was largely consistent with published data on
other Wnt pathway inhibitors investigated in Phase 1 trials in
patients with advanced solid tumours. ETC-159, an oral Porcupine
inhibitor, achieved the best response of stable disease in 25% of
patients (n= 5), including 2 patients with CRC; no responses were
observed.21 Stable disease was also the best response reported for
single agents targeting other components of the Wnt signalling
pathway, including the anti-Frizzled antibody, vantictumab
(prolonged stable disease, n= 3/23; 13%); decoy receptor,
ipafricept (stable disease, n= 7/26; 27%); anti-RSPO antibody,
OMP-131R10 (stable disease, n= 8/23; 35%); and the CBP/β-

catenin inhibitor, PRI-724 (stable disease ≥4 weeks, n= 6/18;
33%).22–24,29

The limited anti-tumour activity observed with single-agent
WNT974, despite evidence of Wnt pathway inhibition in tumours,
may be attributable to oncogenic co-mutations that limit the
dependence of tumours on Wnt signalling alone. Notably, the
majority of tumours in which targeted exome sequencing was
performed were found to harbour alterations in oncogenic
pathways outside the canonical Wnt signalling pathway, including
in KRAS, BRAF, PIK3CA, and NRAS. In addition, mutations in
canonical Wnt pathway members downstream of Porcupine, such
as APC and CTNNB1, would be expected to maintain expression of
Wnt pathway target genes even in the setting of effective
Porcupine inhibition. Although patient numbers were small, it is
notable that all 4 patients showing some reduction in target lesion
size had mutations or alterations in RNF43 and did not have
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alterations in downstream CTNNB1. In addition, the 3 of these
patients with the largest reductions in lesion size also lacked
alterations in APC. The 4th patient had a truncating mutation in
the C-terminal basic domain of APC; however, it is possible that
this protein could retain some ability to bind and degrade β-
catenin, as has been seen with truncated APC in colon cancer
cells.30 These observations are consistent with the expected
mechanism of WNT974 and support the hypothesis that
molecularly selected populations with mutations upstream in
the Wnt pathway that also lack co-mutations downstream in the
pathway may respond better to Wnt/Porcupine-targeted
treatment.
Spranger et al. described the mechanism by which Wnt

pathway activation leads to T-cell exclusion in melanomas.13

Based on these findings, we used remnant tumour RNA to perform
a focused analysis of gene signatures associated with activated
dendritic cells and with T-cell recruitment, to determine if Wnt
pathway inhibition can lead to an increase in these signatures.
These exploratory immune signature analyses suggested that
WNT974 may promote immune activation in the tumour
microenvironment, supporting the hypothesis that Wnt inhibition
may enhance the activity of checkpoint inhibitors. Care should be
taken interpreting these data given that these analyses were
performed on a small subset of 8 patients. To investigate this
hypothesis further, the second arm of this study is currently
investigating WNT974 in combination with the anti-PD-1 mono-
clonal antibody, spartalizumab (PDR001), including further
immune signature analyses.
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