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Background: Aberrant Wnt pathway signaling has been implicated in the development of many cancers. Targeting of
low-density lipoprotein receptor-related protein 5/6 (LRP5/6) co-receptors inhibits Wnt signaling and may be a novel
therapy. BI 905677 is an LRP5/6 antagonist that has demonstrated preclinical antitumor activity.
Patients and methods: This (NCT03604445) was a phase I, dose-escalation study evaluating BI 905677 for patients with
advanced solid tumors over two dosing schedules (A: i.v. infusion every 3 weeks, 3-week cycles; B: i.v. infusion every 2
weeks, 4-week cycles). Adult patients were eligible if they had exhausted treatment options and had an Eastern
Cooperative Oncology Group performance status of 0-1. The primary endpoints were the maximum tolerated dose
(MTD) and safety. Other endpoints were pharmacokinetics, pharmacodynamics, and efficacy.
Results: In total, 37 patients received BI 905677 over nine dose cohorts (0.05-3.6 mg/kg/every 3 weeks). Dose-limiting
toxicities were only reported during cycle 1 in the 3.6 mg/kg cohort and the MTD was established at 2.8 mg/kg every
3 weeks. Enrollment for schedule B was not pursued. The most frequently reported adverse events were diarrhea
(35.1%), vomiting (21.6%), and C-telopeptide increase (18.9%). All patients in the 3.6 mg/kg cohort experienced a
dose-limiting toxicity, suggesting a narrow therapeutic index. Paired pre-treatment and on-treatment biopsies, where
available, showed decreased Axin2 expression by reverse transcriptase polymerase chain reaction with treatment,
suggesting target inhibition. Best response observed was stable disease in 14 (38%) patients.
Conclusion: The MTD of BI 905677 was set at 2.8 mg/kg every 3 weeks. BI 905677 was well tolerated but a narrow
therapeutic range and minimal efficacy led to early termination of the trial.
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INTRODUCTION

The Wnt signaling pathway regulates multiple cellular
functions, including proliferation, stemness, migration,
development, differentiation, and tissue homeostasis.1,2

Aberrant Wnt pathway activation is associated with many
cancer types, such as colorectal cancer, endometrial cancer,
non-small-cell lung cancer, hepatocellular carcinoma, and a
subset of triple-negative breast cancer.3-5
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The Wnt signaling pathway is divided into two branches:
b-catenin dependent (canonical) and independent (non-
canonical).2 The canonical Wnt cascade is most widely
studied and plays a key role in embryonic development,
adult homeostasis, and stem cell maintenance.6 In canonical
Wnt signaling, binding of the Wnt ligand to Frizzled (Fzd)
and its co-receptor low-density lipoprotein receptor-related
protein (LRP) (5 or 6) leads to recruitment of Dishevelled
(Dvl) and Axin to the plasma membrane, where they poly-
merize and are activated. Dvl polymers inactivate the
destruction complex involved in b-catenin degradation. As a
result, b-catenin accumulates and translocates into the
nucleus. b-catenin then forms an active complex with
lymphoid enhancer factor and T-cell factor, leading to the
transcription of target genes (Figure 1).2,7

Aberrant activation of Wnt results in persistent accu-
mulation of b-catenin in the nucleus, leading to increased
https://doi.org/10.1016/j.esmoop.2024.103729 1
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Figure 1. Inhibition of the canonical Wnt/b-catenin signaling pathway by BI 905677. Adapted from Hao et al.7 Cancers. 2016;8:54.
Dvl, Dishevelled; LRP5/6, low-density lipoprotein receptor-related protein 5/6; RSPO, R-spondin.
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expression of tumorigenic target genes such as c-myc, Jun,
and Cyclin D1.8 b-catenin activation can lead to defective
recruitment of dendritic cells and antigen-specific T cells,
resulting in an impaired antitumor immune response.9

Furthermore, b-catenin accumulation can lead to
increased secretion of interleukin 10 (IL-10), which results in
immunosuppression through impairment of dendritic cells
and effector T cells.10 This suggests that Wnt signaling can
lead to immune checkpoint inhibitor (ICI) resistance, given
that responses to ICIs are dependent on immune cell infil-
tration.11,12 Furthermore,Wnt signaling has been implicated
in tumorigenesis and chemoresistance. Therefore, therapies
that inhibit this pathway represent an appealing potential
therapeutic option and may overcome ICI treatment resis-
tance.12-14 It has, however, been challenging to effectively
and safely target the LRP5/6 and Wnt pathway, particularly
as inhibition of canonical Wnt signaling leads to decreased
bone mass and strength.15,16

BI 905677 is a novel tri-molecular antagonistic antibody,
comprising two modules binding to distinct domains of both
LRP5 and LRP6 receptors, thus blocking Wnt ligand-
dependent pathway activation, and one module binding
to human serum albumin, to improve the pharmacokinetic
profile by avoiding glomerular filtration. Modules are
derived from single variable domains of camelidae heavy-
2 https://doi.org/10.1016/j.esmoop.2024.103729
chain antibodies (nanobodies). BI 905677 inhibited Wnt/
b-catenin signaling in preclinical models that have ligand-
dependent aberrant Wnt signaling caused by ring finger
protein 43 (RNF43) mutation or R-spondin (RSPO) fusion.
RNF43 and RSPO are additional regulators of the Wnt
pathway. RNF43 is an E3 ligase that reduces Wnt pathway
activation by ubiquitinating LRP5/6 and Fzd receptors. RSPO
induces membrane clearance of RNF43 and zinc finger
protein 3, leading to an increase of cell surface Wnt re-
ceptors.5,17 Patients with mutations in these upstream
regulators of the Wnt pathway are expected to be more
sensitive to LRP5/6 antagonists compared with those with
normal RNF43 or RSPO. In contrast, BI 905677 did not show
blockade of Wnt signaling or impact on cell viability in
RNF43 wild-type tumor models [data on file].

Here, we present the results of a phase I, first-in-human,
open-label, dose-escalation study evaluating BI 905677
(NCT03604445) for patients with advanced solid tumors.

MATERIALS AND METHODS

Study design

This was a phase I, multicenter, open-label, single-arm,
dose-escalation study (NCT03604445) evaluating BI 905677
monotherapy for patients with advanced solid tumors. The
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study aimed to test two dosing schedules of i.v. BI 905677,
either on day 1 of a 3-week cycle (schedule A) or on days 1
and 15 of a 4-week cycle (schedule B). The starting dose of
BI 905677 for schedule A was 0.05 mg/kg. Recruitment into
each dosing schedule was planned to occur sequentially,
with recruitment to schedule B planned for after the
maximum tolerated dose (MTD) of schedule A was
determined.

Dose escalation and cohort size were determined based
on the recommendation of the Safety Monitoring Com-
mittee (SMC), guided by a Bayesian logistic regression
model (BLRM) with overdose control. An escalation with
overdose control design was selected to increase the
chance of treating patients at efficacious doses whilst
reducing the risk of overdose. A minimum of three patients
were treated per dose until the first adverse event (AE) of
Common Terminology Criteria for Adverse Events (CTCAE)
grade �2 occurred during the dose-limiting toxicity (DLT)
evaluation period (defined as the first cycle of treatment),
excluding AEs related to progressive disease (PD) or con-
current illness. Additional patients had to be entered at this
dose, and subsequent dose escalations were restricted to a
maximum of 50% from the previous dose until the MTD was
reached. The size for the next dose-escalation cohort was
recommended by the SMC. Patients continued to receive
treatment with BI 905677 until disease progression ac-
cording to Response Evaluation Criteria in Solid Tumors
(RECIST) or until another reason requiring termination of
treatment. A maximum of one dose reduction was allowed
for an individual patient during the whole study and a
subsequent dose increase was not permitted.

The trial was conducted and reported in accordance with
the Declaration of Helsinki, the International Conference on
Harmonization Good Clinical Practice guidelines, local regu-
lations, and Boehringer Ingelheim standard operating pro-
cedures. The study was approved by the Independent Ethics
Committees and Institutional Review Boards of the partici-
pating sites and all patients provided written informed con-
sent before initiating any trial-related procedures.
Patient eligibility

Eligible patients were �18 years old with a histologically or
cytologically confirmed advanced, unresectable, and/or
metastatic solid tumor (measurable or evaluable lesions
according to RECIST v1.1). Patients were refractory to or not
eligible for standard therapy and had to have exhausted
treatment options. Patients had to have an Eastern Coop-
erative Oncology Group (ECOG) performance status of 0 or
1, adequate organ function, recovered from any previous
therapy-related toxicities, and a life expectancy �3 months
at the start of treatment. Patients had to be willing to un-
dergo mandatory skin biopsy at the time points specified in
the protocol. Genomic information, including any Wnt
pathway alterations (e.g. RNF43 mutations or RSPO fu-
sions), was collected for all patients but eligibility was not
restricted by genomic alterations.
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Exclusion criteria included previous or concomitant ma-
lignancies other than the one treated in this trial within the
last 2 years (except for effectively treated nonmelanoma
skin cancers, carcinoma in situ of the cervix, ductal carci-
noma in situ, and other malignancies that were considered
cured by local treatment). Patients were also excluded if
they had grade �2 osteoporosis, chronic corticosteroid use,
or osteoporotic compression fracture within 12 months
before informed consent. Patients with presence or history
of uncontrolled or symptomatic brain or subdural metas-
tases were excluded, unless considered stable by the
investigator and local therapy was completed.
Endpoints

The primary endpoints were the MTD of BI 905677 for
schedule A and schedule B and the number of patients
experiencing AEs during the entire treatment period. The
MTD was assessed based on the number of patients experi-
encing DLTs, graded according to CTCAE Version 5.0, in the
first cycle of treatment (3 weeks in schedule A and 4 weeks in
schedule B). The MTD was defined as the highest dose with
<25% risk of the true DLT rate being�33%. The definition of
AEs classified as DLTs following review by the SMC, unless
unequivocally due to underlyingmalignancy or an extraneous
cause, are presented in Supplementary Table S1, available at
https://doi.org/10.1016/j.esmoop.2024.103729. The DLT
definition also include any AEs, unless unequivocally due to
underlying malignancy or an extraneous cause, that pre-
vented a patient from starting cycle 2 within 14 days of
completion of cycle 1 for schedule A, and any AE that pre-
vented a patient from starting cycle 2 within 7 days of
completion of cycle 1 for schedule B.

The secondary endpoint was the pharmacokinetic profile
of BI 905677, measured by the maximum concentration of
BI 905677 in serum after first infusion (Cmax) and area under
the serum concentration-time curve over the time interval
from 0 to the last measured time point (AUC0-tz).

Further endpoints included pharmacodynamics and effi-
cacy. Pharmacodynamics were assessed via tissue biopsies.
A total of two skin biopsies were required. The first skin
biopsy had been obtained any time before the first dose. A
second skin biopsy sample was obtained within 48-96 h of
receiving treatment in cycle 2. Efficacy measures included
objective response (OR), defined as complete response (CR)
or partial response (PR) according to RECIST v1.1 as
assessed by the investigator; disease control rate, defined
as CR, PR, or stable disease (SD) according to RECIST v1.1;
and duration of disease control, measured from start of trial
treatment to the date of disease progression for patients
who had CR, PR, or SD during treatment.

Immunogenicity was assessed by the presence of anti-
drug antibodies (ADAs) to BI 905677. Blood samples were
taken on day 1 and at end of treatment. Presence of ADAs
was assessed via a tiered approach using a validated elec-
trochemiluminescence assay. Patients were categorized as
positive or negative per immunogenicity guidelines.
https://doi.org/10.1016/j.esmoop.2024.103729 3
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Table 1. Baseline characteristics

Total
N [ 37

Male, n (%) 24 (64.9)
Race, n (%)
White 24 (64.9)
Asian 11 (29.7)
Black or African American 1 (2.7)
Native Hawaiian or other Pacific Islander 1 (2.7)

Median age, years (range) 56 (32-77)
ECOG performance status 0 at baseline, n (%) 20 (54.1)
Tumor type, n (%)
Colorectal 21 (56.8)
Pancreas 5 (13.5)
Anal 2 (5.4)
Melanoma 2 (5.4)
Othera 7 (18.9)

Number of metastatic sites at screening, n (%)
1 5 (13.5)
2 11 (29.7)
�3 21 (56.8)

Mutations, n (%)
RNF43 mutation 9 (24.3)
RSPO fusion 2 (5.4)

Previous anticancer therapies, n (%)
Chemotherapies 33 (89.2)
Radiotherapy 19 (51.4)
Immunotherapy 8 (21.6)
Molecular targeted therapies 7 (18.9)
Other 5 (13.5)

Median prior lines of chemotherapy, n (range) 4 (1-8)

ECOG, Eastern Cooperative Oncology Group.
aThe histologies for the seven patients with tumor type classified as ‘other’ were
gastrointestinal stromal tumor, neuroendocrine tumor, esophageal tumor, head
and neck cancer, non-small-cell lung cancer, skin cancer other than melanoma,
and small intestine cancer, respectively.
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Statistical analyses

Dose escalation and cohort size were determined based on
the recommendation of the SMC, guided by a BLRM with
overdose control. The screened set included all patients who
had signed the informed consent form and was used for pa-
tient disposition. The treated set included all patients who
received at least one dose of BI 905677 andwas used for both
safety and efficacy analyses, and for baseline characteristics
and demographic summaries. The MTD evaluation set
included all patients in the treated set whowere not replaced
for the MTD determination and was used for the primary
analyses of DLTs and MTD determination. The pharmacoki-
netic analysis set included all patients in the treated set who
provided at least one valid serum concentration value and
was used for all pharmacokinetic analyses. Safety analyses
were descriptive and based on treatment-emergent AEs.
Descriptive statistics were presented for Cmax and AUC0-tz
using non-compartmental analysis (Phoenix WinNonlin�
software version Phoenix 8.1, Certara USA Inc., Princeton,
NJ). All secondary endpoints were analyzed descriptively.

RESULTS

Baseline characteristics

A total of 59 patients were screened between 10 August
2018 and 27 July 2022, and 37 patients were treated with
i.v. BI 905677 every 3 weeks (schedule A; treated set)
(Supplementary Figure S1, available at https://doi.org/10.
1016/j.esmoop.2024.103729). At the time of the database
lock (28 October 2022), all patients were off treatment.
There was one patient in the 0.4 mg/kg dose cohort who
had a protocol deviation due to missing safety information
from cycle 2 onward. Enrollment for schedule B was not
started based on the SMC recommendation.

The median age was 56.0 years (range: 32.0-77.0 years),
64.9% of patients were male, and the majority were
Caucasian (64.9%) (Table 1). Most patients (54.1%) had an
ECOG performance status of 0. Patients had a variety of
different tumor types, with the most frequent being colo-
rectal (56.8%) and pancreatic (13.5%). All patients showed
distant metastatic disease at the time of screening, with
most (56.8%) having three or more metastatic sites. All
patients had prior anticancer therapy, with most patients
having previously received chemotherapy [89.2%; median
of prior lines: 4 (range: 1-8)] and/or radiotherapy (51.4%).
RNF43 mutations were assessed in 11 patients, 9 of whom
had an RNF43 abnormality. Similarly, RSPO fusions were
evaluated in seven patients, two of whom were positive
(Supplementary Table S2, available at https://doi.org/10.
1016/j.esmoop.2024.103729).
Treatment exposure

The median duration of treatment with BI 905677 was
2 cycles (range: 1-10 cycles) (Supplementary Table S3,
available at https://doi.org/10.1016/j.esmoop.2024.
103729). A total of three patients (8.1%) had a dose
reduction at doses 1.6 mg/kg, 2.8 mg/kg, and 3.6 mg/kg.
4 https://doi.org/10.1016/j.esmoop.2024.103729
Maximum tolerated dose and dose-limiting toxicities

All patients across dose-escalation cohortswere evaluable for
DLTs except for one patient in the 2.8 mg/kg dose cohort; as
per protocol, this patientwas excluded from theMTDanalysis
set as their cycle 1 day 15 visit was not carried out due to
hospitalization.The patientwas replaced but not excluded for
evaluation of DLTs in the treated set. No patients in the dose
cohorts ranging from 0.05 to 2.8 mg/kg experienced DLTs
during the MTD evaluation period. All patients (n¼ 3) in the
3.6 mg/kg dose cohort experienced DLTs during cycle 1
(Table 2): diarrhea [n ¼ 2 (66.7%); grade 3], hyper-
bilirubinemia [n ¼ 1 (33.3%); grade 4], and hyponatremia
[n¼ 1 (33.3%); grade 4].Therefore, theMTDof BI 905677was
determined to be 2.8 mg/kg every 3 weeks. During the entire
treatment period, seven patients (18.9%) experiencedDLTs in
the 1.6-3.6 mg/kg dose cohorts. Most DLTs reported beyond
cycle 1 consisted of changes in bone biomarkers, including
four patients (10.8%) with increased C-telopeptide and one
(2.7%) with decreased bone density.

Safety

AEs of any grade were reported in 36 patients (97.3%)
(Table 2). Treatment-related AEs were reported in
27 patients (73.0%); the most frequently reported
treatment-related AEs were diarrhea [n ¼ 13 (35.1%)],
vomiting [n ¼ 8 (21.6%)], increased C-telopeptide [n ¼ 7
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Table 2. Summary of adverse events during the on-treatment period

BI 905677, mg/kg Total
N [ 37

0.05
n ¼ 3

0.1
n ¼ 3

0.2
n ¼ 3

0.4
n ¼ 3

0.8
n ¼ 3

1.6
n ¼ 6

2.4
n ¼ 6

2.8
n ¼ 7

3.6
n ¼ 3

Any AE, n (%) 3 (100.0) 3 (100.0) 2 (66.7) 3 (100.0) 3 (100.0) 6 (100.0) 6 (100.0) 7 (100.0) 3 (100.0) 36 (97.3)
Treatment-related AEs,
n (%)

2 (66.7) 2 (66.7) 1 (33.3) 2 (66.7) 1 (33.3) 6 (100.0) 5 (83.3) 5 (71.4) 3 (100.0) 27 (73.0)

AEs leading to
permanent treatment
discontinuation, n (%)

0 0 0 1 (33.3) 0 0 0 2 (28.6) 3 (100.0) 6 (16.2)

AEs leading to dose
reduction, n (%)

0 0 0 0 0 1 (16.7) 0 1 (14.3) 1 (33.3) 3 (8.1)

Serious AEs, n (%) 1 (33.3) 2 (66.7) 1 (33.3) 2 (66.7) 1 (33.3) 2 (33.3) 4 (66.7) 7 (100.0) 3 (100.0) 23 (62.2)
AEs leading to death,
n (%)

0 1 (33.3) 0 0 0 0 1 (16.7) 0 0 2 (5.4)

DLTs, n (%) 0 0 0 0 0 1 (16.7) 1 (16.7) 2 (28.6) 3 (100.0) 7 (18.9)
DLTs during the MTD evaluation period, n (%)
Diarrhea 0 0 0 0 0 0 0 0 2 (66.7) 2 (5.6)
Hyperbilirubinemia 0 0 0 0 0 0 0 0 1 (33.3) 1 (2.8)
Hyponatremia 0 0 0 0 0 0 0 0 1 (33.3) 1 (2.8)

DLTs during the on-treatment period, n (%)
Increased C-
telopeptide

0 0 0 0 0 1 (16.7) 1 (16.7) 1 (14.3) 1 (33.3) 4 (10.8)

Diarrhea 0 0 0 0 0 0 0 0 2 (66.7) 2 (5.4)
Decreased bone
density

0 0 0 0 0 0 0 1 (14.3) 0 1 (2.7)

Hyperbilirubinemia 0 0 0 0 0 0 0 0 1 (33.3) 1 (2.7)
Hyponatremia 0 0 0 0 0 0 0 0 1 (33.3) 1 (2.7)
Vomiting 0 0 0 0 0 0 0 0 1 (33.3) 1 (2.7)

AE, adverse event; DLT, dose-limiting toxicity; MTD, maximum tolerated dose.
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(18.9%)], and decreased appetite and nausea [n ¼ 6 (16.2%)
each] (Table 3; Supplementary Table S4, available at
https://doi.org/10.1016/j.esmoop.2024.103729). Grade 3
treatment-related AEs were reported in three patients
(8.1%): diarrhea and vomiting [n ¼ 2 (5.4%) each],
abdominal pain, increased alanine aminotransferase,
increased aspartate aminotransferase, increased alkaline
phosphatase, dehydration, increased gamma-glutamyl
transferase, and hypokalemia [n ¼ 1 (2.7%) each]. Grade
4 treatment-related AEs were reported in two patients
(5.4%): hyponatremia, blood electrolytes decreased, and
hyperbilirubinemia [n ¼ 1 (2.7%) each]. There were no
grade 5 treatment-related AEs reported.

A total of three patients (8.1%) experienced AEs that
required a dose reduction, and six patients (16.2%) had AEs
resulting in permanent treatment discontinuation of
BI 905677. Of those who permanently discontinued treat-
ment due to AEs, five received a dose �2.8 mg/kg.

Bone mineral density change of >5% from baseline was
observed in seven patients (18.9%). Of these, four received
treatment for 3 weeks, and the other three patients
received treatment for 1.5, 2.1, and 7.2 months, respec-
tively. The bone mineral density decrease after an interval
of at least 2 months after the first observation of the bone
density change could only be confirmed for one patient.
Pharmacokinetics

Serum concentrations were detectable up to 336 h after i.v.
infusion and increased in proportion to dose.The shape of the
Volume 9 - Issue 11 - 2024
serum concentration-time profiles was similar among the
different dose cohorts. Maximum serum concentrations
(Cmax) of BI 905677 were generally observed at the end of
infusion or within a few hours thereafter (Figure 2A). The
inter-individual variability of BI 905677 serum concentrations
was low to moderate (cycle 1 range: 2.14%-40.1%; cycle 2
range: 2.85%-30.9%), with the exception of a geometric
coefficient of variation value of 158% in the 0.05 mg/kg dose
cohort (cycle 1, 24 h after dose). After the first infusion of BI
905677, geometricmean (gMean) Cmax and AUC0-tz increased
in line with dose. The median time to reach maximum serum
concentration (tmax) ranged from 1.01 to 1.58 h across dose
cohorts (Supplementary Table S5, available at https://doi.
org/10.1016/j.esmoop.2024.103
729).

Dose-normalized individual and gMean Cmax and AUC0-tz
values increased with increasing dose. The last measurable
time point, however, differed across dose groups (Figure 2B
and C; Supplementary Table S5, available at https://doi.org/
10.1016/j.esmoop.2024.103729). As expected for a nano-
body, the gMean volume of distribution during the terminal
phase and clearance (CL) were small and the gMean terminal
half-life (t1/2) generally increased in line with dose. The t1/2
was, however, shorter for 2.8 mg/kg (35.9 h) compared with
that observed for 2.4 and 3.6 mg/kg (40.4 and 52.0 h,
respectively). After the second dose, the exposure of BI
905677, observed as gMean Cmax and AUC0-tz, increased in
line with dose (Figure 2B and C). The AUC0-tz values in the 0.8
and 2.8 mg/kg dose cohorts, however, were lower than the
preceding dose cohort in each case. The median tmax ranged
https://doi.org/10.1016/j.esmoop.2024.103729 5
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Table 3. Treatment-related adverse events of any grade occurring in ‡5%
of all patients during the treatment period or any grade 3 or 4 event

Total
N [ 37

Treatment-related AE, n (%) Any grade Grade 3 Grade 4

Diarrhea 13 (35.1) 2 (5.4) 0
Vomiting 8 (21.6) 2 (5.4) 0
Increased C-telopeptide 7 (18.9) 0 0
Decreased appetite 6 (16.2) 0 0
Nausea 6 (16.2) 0 0
Asthenia 3 (8.1) 0 0
Abdominal pain 2 (5.4) 1 (2.7) 0
Dry mouth 2 (5.4) 0 0
Hyponatremia 2 (5.4) 0 1 (2.7)
Infusion-related reaction 2 (5.4) 0 0
Increased alanine aminotransferase 1 (2.7) 1 (2.7) 0
Increased aspartate aminotransferase 1 (2.7) 1 (2.7) 0
Increased alkaline phosphatase 1 (2.7) 1 (2.7) 0
Increased gamma-glutamyl transferase 1 (2.7) 1 (2.7) 0
Dehydration 1 (2.7) 1 (2.7) 0
Hypokalemia 1 (2.7) 1 (2.7) 0
Decreased blood electrolytes 1 (2.7) 0 1 (2.7)
Hyperbilirubinemia 1 (2.7) 0 1 (2.7)

AE, adverse event.
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from 1.05 to 2.75 h across dose groups.The gMean volume of
distribution at steady state, CL, and t1/2 were in the same
range as in cycle 1. Exposure in cycle 2 was similar to or
slightly lower than in cycle 1, as shown by the accumulation
ratios (RA, Cmax and RA, AUC0-504) presented in
Supplementary Table S6, available at https://doi.org/10.
1016/j.esmoop.2024.103729.
Pharmacodynamics

Assessment of on-target modulation was planned as an
exploratory study. Axin2 expression by reverse transcription
polymerase chain reaction was reduced in paired skin bi-
opsies but no dose dependency was observed.
Immunogenicity

The majority of patients (83.8%) were evaluable for ADAs.
ADA classification was not possible for six patients (16.2%)
due to the availability of only one sample at baseline
(negative sample in all cases). Of those who were evaluable
for ADAs, 1 patient was ADA positive only at baseline
(3.2%), 12 patients (38.7%) were ADA positive-induced,
1 patient (3.2%) was ADA positive non-boosted, and
17 patients (54.8%) were ADA negative. The 12 patients
who were ADA positive-induced were further divided into
two subcategories: persistent [n ¼ 1 (3.2%)] or potentially
persistent [n ¼ 11 (35.5%)]. The median time to ADA
development was 52.5 days (range: 21-155 days). Due to
limited data, no conclusion about the correlation between
pharmacokinetics and ADAs could be made.
6 https://doi.org/10.1016/j.esmoop.2024.103729
Efficacy

No patient had a best overall response of CR or PR.
Therefore, the OR rate was 0%. The best response achieved
across dose cohorts was SD [n ¼ 14 (37.8%)]. The disease
control rate was 37.8%. Median duration of disease control
was 79.5 days (range: 36-213 days). A total of 10 patients
had SD duration of longer than 4 months.

All nine patients with RNF43 mutations experienced
disease progression. Of two patients with an RSPO fusion,
one had SD.
DISCUSSION

This first-in-human, phase I study aimed to determine the
MTD of BI 905677 and investigate its safety, pharmacoki-
netics, and efficacy for patients with advanced solid tumors.
BI 905677 was well tolerated at dose levels up to 2.8 mg/kg
every 3 weeks. All patients (n ¼ 3) at the 3.6 mg/kg dose,
however, experienced DLTs. The SMC decided not to explore
an intermediate dose level of 3.1 mg/kg every 3 weeks,
which was the maximum dose recommended according to
the BLRM. Pharmacokinetic analysis had shown that the
half-life of the molecule was longer than expected for a
nanobody, possibly as a result of the albumin binding ability.
There was an overlap in exposure between the 2.4 mg/kg
and 3.6 mg/kg cohorts. Therefore, it was not expected that
a 10% increase in dose (from 2.8 to 3.1 mg/kg) would be
meaningful from a pharmacokinetic perspective. Conse-
quently, the MTD was determined to be 2.8 mg/kg every
3 weeks. Gastrointestinal AEs and changes in bone bio-
markers and bone densitometry were the most frequently
reported toxicities associated with BI 905677, which is
consistent with other Wnt signaling/b-catenin antago-
nists.18-21 There were some reports of asymptomatic bone
mineral density changes during the trial. This is expected
given the role of the Wnt pathway in bone formation and
remodeling.22 These results must, however, be interpreted
with caution due to the limited follow-up measurements.

The trial was prematurely discontinued after the MTD
was determined for schedule A. Enrollment for schedule B
was not started based on the SMC recommendation. With
AEs and DLTs occurring between days 12 and 14 of cycle 1
(schedule A), patients would not have sufficient time to
recover if receiving doses more frequently, such as in the
2-week schedule planned for schedule B.

The complexity of Wnt signaling and its redundancy has
been a challenge for the development of drugs targeting
this pathway with a favorable riskebenefit profile. This
study is no exception; BI 905677 had minimal efficacy with
regards to tumor response and disease control in this
overall population as a single agent. Wnt inhibitors have
had limited clinical results, as seen in the recent phase
I and phase Ib/II studies evaluating WNT974 and
BI 905681.16,23,24 One explanation for the limited efficacy
may be how heavily pretreated the population was and the
need to enrich the patient population using specific bio-
markers. Of patients included in the trial, 89.2% received
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Figure 2. Pharmacokinetics. (A) Geometric mean drug serum concentration-time profiles of BI 905677 after single i.v. infusion; (B and C) individual and geometric
mean Cmax,norm after one or two cycles; (D and E) AUC0-tz,norm after one or two cycles.
AUC0-tz,norm, area under the serum concentration-time curve over the time interval from 0 to the last measured time point normalized values; Cmax,norm, maximum
concentration of BI 905677 in serum normalized values; gMean, geometric mean.
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prior chemotherapy [median of prior lines: 4 (range: 1-8)],
with 62.2% having received �3 prior lines, and 51.4%
received prior radiotherapy. Further, it may be that target-
ing this pathway is best done in combination with other
therapies rather than as a single agent. Recent Wnt-
targeting methods have focused on combinations with
existing anticancer therapies considering the heterogeneity
and numerous pathways involved in cancer and disease
progression and in order to compensate for the low efficacy
observed with safe-dose Wnt-targeting monotherapy.25

Numerous preclinical studies combining Wnt signaling in-
hibitors with other conventional chemotherapy agents or
Volume 9 - Issue 11 - 2024
targeted inhibitors have revealed synergistic efficacy,
including in patient-derived colorectal, ovarian, pancreatic,
and non-small-cell lung cancer xenograft models.26-28

Furthermore, studies have advanced into phase I and II
clinical trials investigating the safety and efficacy of Wnt
signaling modulator combination therapies in various can-
cer types.29-37

BI 905677 had preclinical efficacy in a tumor line driven
by an RNF43 mutation, but not in those with wild-type
RNF43. Therefore, BI 905677 may be more potent in pa-
tients whose tumors have an RNF43 mutation. This com-
pound was not tested in a population in whom all tumors
https://doi.org/10.1016/j.esmoop.2024.103729 7
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presented an RNF43 mutation or RSPO fusion as this could
present challenges for patient enrollment. Furthermore, it
was beyond the scope of this study to confirm whether the
RNF43 mutations detected were associated with loss of
function and thus enhanced Wnt signaling. Of those with
mutational information available, however, there was only
one reported case of SD in a patient with an RSPO fusion; all
those with a known RNF43 mutation experienced PD.38 This
suggests that relying on individual genomic markers to
evaluate the functional state of a signaling pathway as
complex as this might be an oversimplified endeavor. A
possible way forward could be the combination of RNF43
mutations and RSPO fusion with functional biomarkers for
Wnt activation, such as LGR5 expression.

Wnt signaling remains an important target across different
cancer types, particularly in colorectal cancer, in which a large
proportion of tumors carry a Wnt pathway alteration.
Although targeted therapies have been studied in small,
genomically defined subsets of patients with colorectal can-
cer, there is a great unmet need for treatment options.
Further to this, studies suggest that LRP5 is an important
target.39 Therefore, the development of Wnt pathway in-
hibitors remains important to broadly target this disease.
Conclusion

The MTD of BI 905677 was set at 2.8 mg/kg every 3 weeks
with an acceptable safety profile. Despite BI 905677 having
a generally tolerable safety profile, there was minimal
antitumor activity, which resulted in the trial being termi-
nated early.
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