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Abstract

Purpose The primary objective of this multicentric dose allocation and dose expansion study was to determine the MTD
and the DLTs of the lucitanib (a tyrosine kinase inhibitor of the FGFR/VEGFR/PDFGR pathways)/fulvestrant combination.
Methods Postmenopausal women with ER+/HER2— mBC, who have relapsed during or after treatment with fulvestrant,
were eligible. The study had a dose allocation part to assess the tolerability of the combination followed by a dose expan-
sion part.

Results Eighteen patients with ER+, mBC were enrolled; median age was 66 years, 50% had a PS: 0 and all had received
previous endocrine treatment. The study was prematurely terminated after 18 patients (15 in part 1 and 3 in part 2) based on
preclinical experiments that failed to confirm the hypothesis that addition of lucitanib would reverse sensitivity to endocrine
treatments. Based on data of global lucitanib development, it was decided to stop the dose allocation at 12.5 mg and to start
the dose expansion part at 10 mg/day. The most common grade >3 toxicities (> 10% of patients) were hypertension (78%)
and asthenia (22%). All patients required at > 1 interruption, 13 patients (72%) required > 1 dose reduction. Three patients
(72%) withdrew from the study for AEs (at 10 mg). Three patients achieved a confirmed PR (10 mg n=1; 12.5 mg n=2).
Conclusion Although the combination is feasible it requires close monitoring of the patients for the management of adverse
events. Further investigation is required to better understand the potential role of FGFR inhibition in reversing resistance to
endocrine treatment.
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Introduction
Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s00280-018-03765-3) contains
supplementary material, which is available to authorized users. The fibroblast growth factor receptor (FGFR) family consists
of four, membrane-bound, tyrosine kinase receptors (FGFR
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from stimulation of cell proliferation and survival to growth
arrest, migration, and differentiation [3].

Several different aberrations of the FGFR pathway have
been described in breast cancer. Amplification FGFRI
gene is observed in approximately 7.5-17% of all breast
cancer and in 16-27% of luminal B-type [4-10]. FGFRI
amplification is considered a negative prognostic factor for
metastasis free and overall survival in patients with estro-
gen receptor (ER) positive breast cancer (BC) [10-13].
Similarly, amplification of FGFR2 has been identified
in approximately 4% of triple-negative breast cancers
(TNBCs) [14]. Amplification of FGF ligands located on
chromosome 11q13, including FGF3, FGF4 and FGF19,
has also been observed in 15% of human breast cancers
[15]. It is still not quite clear whether these ligands have
the capacity to act as tumor drivers or if additional onco-
genic changes are required. However, what is clear is that
all of these ligands activate FGFR1 and/or FGFR2, which
are both involved in breast cancer tumorigenesis and pro-
gression [1].

Several preclinical studies have suggested that targeting
FGFRI1 in FGFR1-amplified cell lines leads to anti-tumor
effects. Shi et al. [16] have shown that dovitinib, an FGFR1-3
inhibitor, inhibits proliferation of FGFRI-amplified breast
cancer cell lines, but not the FGFR non-amplified ones.
Similar results were reported in another study showing that
brivanib, another FGFR1 inhibitor, inhibits FGF-induced
cell proliferation in FGFRI-amplified cell lines [17].

Moreover, alterations of the FGFR pathway have been
implicated in mechanisms of resistance to endocrine treat-
ment in breast cancer. Turner et al. have shown that FGFR1
overexpressing and amplified BC cell lines demonstrate
enhanced ligand-dependent signaling, increased activation
of MAPK and PI3K-AKT signaling pathways in response to
FGF2. These cell lines also display basal ligand-independent
signaling, and depend on FGFR signaling for anchorage-
independent growth. FGFRI-amplified cell lines are resist-
ant to 4-hydroxytamoxifen, while silencing of FGFR1 by
small interfering RNA leads to reversal of resistance, an
observation implying that FGFR1 overexpression is involved
in endocrine therapy resistance [18]. Similarly, a case report
by Balko et al. [19] also suggested that resistance to letrozole
could be linked to FGFRI amplification in breast tumor.
Recently, a study by Formisano et al. [20] has demonstrated
that in a cohort of patients with ER 4+ BC that were treated
with letrozole, FGFR1 amplified tumors still sustained their
proliferation despite pharmacological deprivation of estro-
gens. FGFR1 tied with ERa to drive estrogen-independent
transcription of ERa-responsive genes. The coupling of
FGFR1 with ERa was subdued upon transfection with a
FGFR1 mutant that lacked kinase activity and by pharma-
cological inhibition of FGFR1. Finally, double blockage of
FGFR1 and ERa with fulvestrant and FGFR tyrosine kinase
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inhibitors blocked the association of FGFR1 with ERa and
suppressed growth of ER+/FGFRI - amplified PDXs [20].

Lucitanib is a potent, selective inhibitor of the tyrosine
kinase activity of vascular endothelial growth factor recep-
tors, types 1, 2, and 3 (VEGFR1-3); fibroblast growth factor
receptors, types 1, 2, and 3 (FGFR1-3); and platelet-derived
growth factor receptors, types alpha and beta (PDGFRa/p)
[21]. Lucitanib was evaluated in an open-label phase I/Ila
first-in-human study that comprised of a dose-escalation
phase (to determine maximum tolerated dose (MTD), rec-
ommended dose (RD), and pharmacokinetics of lucitanib
in patients with advanced solid tumors), followed by a
dose-expansion phase to get preliminary signs of efficacy
in patients who could potentially experience clinical ben-
efit from treatment [22]. Clinical activity was observed at
all doses tested and in assessable FGF-aberrant BC patients
overall response rate was 50% (6 out of 12 patients) while
median PFS was 40.4 weeks for all treated patients [22].

These data demonstrating the role of FGFR pathway
in the development of endocrine resistance as well as the
encouraging clinical data observed with lucitanib in patients
with ER + BC, form the rationale to evaluate the combina-
tion of lucitanib with fulvestrant in patients with BC resist-
ant to endocrine therapy. The lucitanib/fulvestrant combina-
tion could potentially overcome the endocrine resistance in
this patient population and delay the need for chemotherapy
administration which is associated with more severe toxicity.
The objective of this manuscript is to present the results of
a phase Ib dose allocation study of oral administration of
lucitanib given in combination with fulvestrant in patients
with estrogen receptor-positive and FGFRI-amplified or
non-amplified metastatic breast cancer.

Patients and methods
Study design

This was a multicentric, open, non-comparative, dose alloca-
tion and dose expansion study. A modified Continual Reas-
sessment Method (mCRM) was used for the first part of this
study (dose allocation). The target toxicity rate of 16-33%
(that is the dose for which 16-33% of patients experienced
a DLT) has been chosen between the sponsor and the inves-
tigators. For dose allocation cohorts, a minimum of three
patients who met the eligibility criteria were to be enrolled
at the initial dose level of 10 mg once per day in combina-
tion with fulvestrant. Patients were to be included by groups
of three or six, based on the decision taken at the previous
end of cohort meeting. A minimum of nine patients were to
be included at the MTD. Before testing a new dose level, a
meeting between the Sponsor, the coordinator, the inves-
tigators, safety experts (a nephrologist, a cardiologist, an
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hepatologist) and an independent statistician took place to
discuss the toxicities in terms of DLT, safety and PK data
observed in patients, and to decide jointly the next dose level
to be tested.

The dose allocation part was to be followed by a dose
expansion part. In this second part 2, cohorts were to be
opened: cohort A with 14 FGF amplification positive MBC
patients (receptor or ligand amplified), and cohort B with 14
FGF non-amplified MBC patients.

Study design is presented in Fig. 1.

Patients

Eligible patients for this study were menopausal women,
> 18 years old with an estimated life expectancy
> 12 weeks with histologically confirmed, stage IV, ER
positive, HER2 negative breast adenocarcinoma that have
progressed during or after treatment with fulvestrant.
Patients also have to had ECOG performance status <2
and adequate haematological, hepatic and renal functions.
The presence of an accessible metastatic lesion for biopsy
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monthly + lucitanib
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p monthly + lucitanib
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DLT occurrence and CRM rules

N DOSE LEVEL 1
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~ monthly + lucitanib
N 10 mg daily)

DOSE LEVEL -1
(fulvestrant500 mg
monthly + lucitanib

7,5 mg daily)

was required for participation (expansion cohorts only).
Patients with more than three chemotherapy regimens in
the metastatic/advanced setting were not eligible for this
study, as were patients with active central nervous system
metastases, as indicated by clinical symptoms, cerebral
oedema, and/or progressive growth.

In expansion cohorts, FGFRI and 11ql3 testing was
assessed at a central facility on a newly obtained or avail-
able archived metastatic biopsy during the patient inclu-
sion period. FGFRI and 11q13 amplicon amplification
status was assessed by FISH using probes of ZytoVision
specific for the genomic regions of the FGFRI gene at
8pll and CCNDI, FGF3, FGF4, FGF19 at 11q13. FGFRI
amplification was defined as:

o FGFRI/CENS ratiois >2.0; or
e Average number of FGFRI signals per tumor cell nucleus
is>6

11q13 amplicon amplification was defined when at least
one of the following criteria is met:
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CRM design; at least 9 patients in the MTD cohort

Fig.1 Study design
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e (CCNDI/CENII ratio is >2.0; or
e Average number of CCNDI signals per tumor cell
nucleus is > 6

All patients gave written informed consent to participate
in the study, and the trial was approved by the Ethics and
Scientific Committees of the participating centers. The study
was conducted according to the Helsinki Declaration and
Good Clinical Practice guidelines [23].

Treatment

Eligible patients in both parts of the study patients received
fulvestrant 500 mg intra-muscular once per cycle (28 days)
and lucitanib at their cohort starting dose (7.5 mg, 10 mg,
12.5 mg or 15 mg) orally on a daily basis until unacceptable
toxicity, disease progression or withdrawal of consent. Daily
dose could be reduced down to 5 mg in case of toxicity.

First, fulvestrant dose was administered at C1D1 and then
every 28 days (every cycle), while the first lucitanib dose
was administered on day 15 of cycle 1. For patients who
were not treated with fulvestrant for more than 2 months
prior inclusion, an additional injection of fulvestrant 500 mg
was administered at C1D15.

Objectives

The primary objectives of this study were to determine the
maximum tolerated dose (MTD) and the dose limiting tox-
icities (DLTs) of the lucitanib/fulvestrant combination and
to identify the recommended Phase II dose.

Secondary objectives included the measurement of tumor
response (RECIST v1.1 [24]) and the determination of the
pharmacodynamic (PD) profile of lucitanib.

Assessments

DLTs occurring between C1D15 and C2D15 (first 28 days
of administration of the combination lucitanib + fulvestrant)
were assessed on C2D15 (in both parts of the study). DLT
definition included grade 3 febrile neutropenia or prolonged
grade 4 neutropenia (ANC < 0.5 x 10°/L for more than
5 days), grade 3 thrombocytopenia lasting more than 5 days
or any other grade 4 haematological toxicities. All grade
>3 non-haematologic toxicity (grade 3 increase in AST
and ALT lasting for more than 7 days; hypertension with
SBP > 160 mmHg or DBP > 100 mmHg if not controlled by
antihypertensive therapy within 7 days; grade 3 nausea and
vomiting if not controlled by antiemetic treatment) and grade
2 proteinuria lasting more than 7 days were also considered
as DLT. Finally, administration of less than 75% of planned

@ Springer

doses of lucitanib due to treatment related toxicities was also
considered as a DLT.

For evaluation of tumor response, all patients in both
parts of the study had a baseline tumor evaluation (RECIST
1.1) performed within 28 days before the first administration
of fulvestrant for the study. Radiological and clinical tumor
measurement was then repeated every two cycles.

A metastatic tumor sample was obtained at baseline
(optional in allocation part, mandatory in expansion part)
to analyze predictive biomarkers for response to lucitanib.
FGFRI amplification and 11q13 amplicon amplifica-
tion were evaluated centrally using ZytoVision commer-
cial probes and scored (ratio on centromere, copy num-
bers per nucleus) by a team of independent pathologists.
FGFR1 expression level was evaluated centrally by IHC
(using a rabbit FGFR1 antibody from Abcam), and scored
(H-score—total-membrane—cytoplasm) by an independent
pathologist. A primary tumor sample was optionally col-
lected to perform similar analysis.

Blood samples were also collected at C1D15 (prior
lucitanib first intake) and at C2D1 (predose, on lucitanib
treatment) for analysis of predictive biomarkers for lucitanib
response or lucitanib biological activity: serum FGF2,
FGF23, VEGFA and other markers of angiogenesis.

Statistical analysis

All analyses were performed with SAS (version 9.2; SAS
Institute, Cary, NC) except for the mCRM analysis which
was performed with R (version 2 or later). Descriptive sta-
tistics (continuous data) or contingency tables (categorical
data) were used. The survival functions of the time depend-
ent parameters were estimated via Kaplan—Meier curves.
All analyses were provided by initial dose level and for all
patients. The MTD was determined in patients who received
the right dose assigned and completed the safety evaluation
or discontinued treatment due to a DLT.

For pharmacodynamics analysis, the change from base-
line to C2D1 (after 15 days of Lucitanib treatment) was test
by a Wilcoxon paired test followed by a FDR correction
(Benjamini—Hochberg) to correct for multiplicity.

Results
Patient demographics

From 10th of April 2014 to 6th of March 2017, a total of 18
patients with ER positive, metastatic BC were enrolled into
the study. Patient characteristics are presented in Table 1.
The median age at enrollment was 66 years, median duration
of metastatic BC was 3.5 years and median time since last
progression was 0.8 months. Half of the patients had a PS
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Table 1 Patients’ characteristics 10 mg (N=12) 125mg (N=6)  All (N=18)

Age (years)

Median 64.00 66.50 66.00

Min-max 46.0-78.0 52.0-76.0 46.0-78.0

>65 [n(%)] 6 (50.0) 4 (66.7) 10 (55.6)
Performance status

Nobs 11 5 16

0 6 (54.6) 2 (40.0) 8 (50.0)

1 5(45.4) 3 (60.0) 8 (50.0)
Time since diagnosis of metastatic disease (years)

Median 34 4.4 3.5

Min-max 0.8-7.7 1.5-8.8 0.8-8.8
Time since latest progression (months)

Median 0.8 0.9 0.8

Min-max 0.3-3.9 0.5-1.4 0.3-3.9
Previous endocrine treatment [n (%)] 12 (100) 6 (100) 18 (100)

Previous treatment with fulvestrant [n (%)] 12 (100) 6 (100) 18 (100)
Previous chemotherapy treatment [n (%)] 11 (92%) 6 (100) 17 (94)
FGFR1 amplification®

Nobs 7 1 8

n (%) 3(43) 1 (100) 4 (50)

*FGFR1 pathway amplification (FGFR1 and/or 11q13) on primary tissue and/or metastatic biopsy

of 0. All patients had received previous endocrine treatment,
while almost all (94%) had received previous chemotherapy
and approximately two-thirds had received three or more
previous regimens of treatment for metastatic disease. All
patients were evaluable for toxicity and response.

In September 2015, following a discussion between the
principal investigator and the sponsor it was commonly
decided to prematurely terminate this study after 18
patients (15 in part 1 and 3 in part 2) have been enrolled.
This decision was based on preclinical experiments com-
pleted by the sponsor (Unpublished Data) that failed to
confirm the hypothesis that addition of lucitanib would
reverse sensitivity to endocrine treatments. Moreover, data
from other lucitanib monotherapy studies in breast can-
cer demonstrated moderate activity compared to standard
of care and failed to confirm a predictive role for FGFR
amplification [EudraCT nos. 2013-000288-10 (FINESSE)
and NCT02109016 (US Breast)].

Dose limiting toxicities and recommended dose

During the dose allocation part of the study (part 1), patients
were included by cohort of 3 or 6 patients. In the first cohort
of three patients treated at 10 mg/day, one patient reported
one DLT (grade 3 hypertension: hypertension with SBP
>160 mmHg or DBP > 100 mmHg not controlled to SBP
<160 mmHg and DBP < 100 mmHg by antihypertensive

therapy within 7 days after optimization of antihypertensive
therapy).

According to the mCRM design, one additional cohort of
three patients (cohort no. 2) was included at the same dose
level of 10 mg/day, with no DLT reported in these three
patients. In accordance with the mCRM design and taking
into account clinical information from the 6 patients as well
as accumulating safety data from 135 patients that were
treated at that time in the whole lucitanib clinical devel-
opment program, 1 additional cohort of 3 patients (cohort
no. 3) treated at the 10 mg/day dose level was included for
whom no other DLT was reported.

Since the mCRM recommended the dose of 12.5 mg/day
and taking into account clinical information from the first
nine patients included (cohorts nos. 1, 2 and 3), it was con-
firmed that the dose level of 10 mg/day was well tolerated,
and that the escalation of the next dose of 12.5 mg/day was
appropriate. Therefore, it was decided to include six patients
at the dose level of 12.5 mg/day (cohort no. 4). No new DLT
was reported for those six patients.

Taking into account the DLT information from the nine
patients treated at 10 mg/day and the six patients treated
at 12.5 mg/day of lucitanib in combination with fulves-
trant, the mCRM recommended the dose of 15 mg/day for
the next cohort. However, a pooled analysis, done on data
from five lucitanib studies [EudraCT nos. 2013-000288-
10 (FINESSE), 2010-019121-34 (FIH), 2013-001520-19
(INES) and 2013-003874-29 (Lung) and NCT02109016
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(US Breast)], showed that the 10 mg/day would be a better
tolerated dose (emergent adverse events appeared to be less
frequent at 10 mg, especially grade 3 hypertension). Based
on these safety considerations, it was decided to stop the
dose allocation (part 1 of the study) and to start the dose
expansion part (part 2) at 10 mg/day. The recommended
dose of lucitanib (given in combination with fulvestrant) for
part 2 of the study was determined at 10 mg/day. No new
DLT was observed within the three patients included in the
expansion part.

Treatment exposure

Median duration of lucitanib and fulvestrant treatment
was 28.1 weeks (24.6 weeks in the 10 mg dose level and
44.6 weeks in the 12.5 mg dose level), while the median
treatment duration for lucitanib alone was 25.9 weeks
(22.2 weeks in the 10 mg dose level and 39.1 weeks in the
12.5 mg dose level). The overall median lucitanib rela-
tive dose intensity (RDI) was 77.4% with two-thirds of
patients having a RDI below 90%. The median lucitanib
RDI observed reflects the treatment interruptions and dose
reductions proposed for the management of toxicities in the
study protocol (Table 2).

Table 2 Treatment duration and

compliance (N=18) 10 mg (N=12) 12.5 mg (N=6) All (N=18)
Global treatment duration (weeks)?
Median 24.6 44.6 28.1
Min—-max 8-68 28-83 8-83
> 24 weeks [n (%)] 7 (58.3) 6 (100) 13 (72.2)
Lucitanib treatment duration (weeks)
Median 222 39.1 25.9
Min-max 3-66 25-76 3-76
Lucitanib relative dose intensity (%)
Median 85.8 76.2 774
Min-max 54-100 61-91 54-100
<90% [n (%)] 7 (58.3) 5(83.3) 12 (66.7)
[90-110%] [n (%)] 541.7) 1(16.7) 6 (33.3)

(%): n/Nobs x 100

n number of patient in a class, N number of patients by dose level

4Global treatment duration took into account lucitanib (IMP) and fulvestrant (NIMP) intake duration

Table 3 Dose interruptions and
dose reductions of lucitanib

10mg (N=12) 12.5mg(N=6) All(N=18)
Patients having (at least one) lucitanib interruption
n (%) 12 (100) 6 (100) 18 (100)
Reason for interruption
Adverse event 10 (76.9) 6 (60.0) 16 (69.6)
Dosing error - 1 (10.0) 1(4.4)
Other 2 (15.4) 1 (10.0) 3 (13.0)
Progression of disease - 1 (10.0) 14.4)
Subject non-compliance 1(7.7) 1(10.0) 2(8.7)
Patients having interruption > 14 consecutive days
n (%) 3(25.0) 3(50.0) 6(33.3)
Reason of lucitanib interruption > 14 consecutive days
Adverse event 3 (100) 3 (100) 6 (100)
Patients having (at least one) lucitanib dose reduction
n (%) 7 (58.3) 6 (100) 13 (72.2)
Reasons for dose reduction
Adverse event 7 (100) 6 (100) 13 (100)

n number of patient in a category, N number of patients by dose level
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All the patients required at least one lucitanib dose inter-
ruption, mostly due to adverse events (16/23 interruptions
due to AEs, 69.6%), while 13/18 patients (72.2%) had at
least one dose reduction, all due to adverse events (Table 3).

Safety

A total of 365 emergent adverse events (EAEs) were
observed and all 18 patients experienced at least one EAE.
Overall, 216 out of the 365 total EAEs were considered to be
related to lucitanib or/and fulvestrant (160 EAEs reported in
all patients were considered as related to lucitanib only; 15
EAEs reported in 9/18 patients [50.0%] were considered as
related to fulvestrant only; 41 EAEs in 7/18 patients [38.9%]
were considered as related to both lucitanib and fulvestrant).
EAEs related to lucitanib only or both lucitanib and ful-
vestrant were mostly (85.6%—172/201 EAEs) graded <?2;
12.4% (25/201 EAEs) were graded 3 while three related
EAEs (1.5%—2 cases of hypertensive crisis and 1 case of
neutropenia) were graded 4, as worst grade. No fatal EAE
related to IMP was reported. The most common related
grade > 3 toxicities occurring in more than two patients were
hypertension (78%) and asthenia (22%). EAEs related to
lucitanib only or both lucitanib and fulvestrant and reported
with an overall incidence of more than 20% are presented by
worst grade in Table 4.

Activity

One patient (8.3%) in the 10 mg/day dose group and two
(33.3%) in the 12.5 mg/day dose group achieved a partial
response (PR) for an overall response rate of 16.7%. All
PRs were confirmed at a subsequent timepoint occurring at
least 4 weeks after the first assessment of the response. For
these 3 patients, the duration of response was 4.7, 13 and
14.8 months, respectively (Table 5).

FGFR amplification and PD

The THC and FISH analyses were restricted to the patients
with an available biopsy (archived tumor biopsies at diag-
nosis (optional for all patients) and/or metastatic biopsies
(optional for patients of dose allocation)). In all, IHC and
FISH data were available (i.e., non-missing) for 9/18 patients
and 8/18 patients, respectively (Supplementary Table n°1).

The FGFRI gene was found to be amplified in one patient
(ratio 7.7 and copy number 14.4). This patient who achieved
SD as best overall response also displayed a high level of
FGFR1 expression (global H-score of 150 and a mem-
brane and cytoplasmic H-score of 250 and 50, respectively)
consistent with the amplification of FGFR1. Low FGFR1
expression (global H-score < 50) was observed for all other
patients which were consistent with the absence of FGFRI
amplification (evaluated by FISH).

Table 4 Treatment-related EAEs with an incidence more than 20% by worst grade

Primary SOC/PT Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Any grade
n % n % n % n % n % n %

Vascular disorders

Hypertension - - 1 5.6 14 778 - - - - 15 83.3
Endocrine disorders

Hypothyroidism 1 5.6 13 722 - - - - - - 14 77.8
Gastrointestinal disorders

Diarrhea 4 222 2 11.1 1 5.6 - - - - 38.9

Nausea 4 222 2 1.1 - - - - - - 333

Stomatitis 4 222 - - - - - - - - 22.2
General disorders and administration site conditions

Asthenia 2 1.1 1 5.6 4 222 - - - - 7 38.9

Fatigue 2 1.1 2 1.1 - - - - - - 4 222
Investigations

Weight decreased 1 5.6 2 11.1 1 5.6 - - - - 4 222
Metabolism and nutrition disorders

Decreased appetite 4 222 1 5.6 - - - - - - 5 27.8
Musculoskeletal and connective tissue disorders

Muscle spasms 2 1.1 2 1.1 - - - - - - 4 222
Renal and urinary disorders

Proteinuria 2 11.1 3 16.7 - - - - - - 5 27.8
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Table 5 Activity results

10 mg (N=12) 12.5 mg (N=6) All (N=18)

Objective response rate®

n (%) 1(8.3) 2 (33.3) 3(16.7)

95% CI° [1.49;35.39] [9.68; 70.00] [5.84;39.22]
Clinical benefit rate®

n (%) 4(33.3) 6 (100) 10 (55.6)

95% CI° [13.81; 60.94] [60.97; 100.00] [33.72; 75.44]
Duration of clinical benefit (months)

Median 6.5 16,5 9.2

95% CI [6.4;7.6] [6.8;18.4] [6.4;18.4]

Min; max 6.4;7.6 6.8;18.4 6.4;18.4
Time to first response (months)

Median 1.89 3.59 3.56

Min; max 1.89; 1.89 3.56;3.63 1.89; 3.63
Duration of response (months)

Median 4.7 13.9 13

95% CI [.;.] [13;14.8] [4.7;14.8]

Min; max 4.7, 4.7 13;14.8 4.7, 14.8
Progression free survival (months)

Median 5.5 16.6 6.5

95% CI [1.8;6.5] [6.8; 18.4] [3.7,7.6]

Min; max 1.7;7.6 6.8; 18.4 1.7, 184

“Objective response rate (best overall response=CR or PR)

"Clinical benefit rate (best overall response =CR or PR or stabilization (SD or non CR/non PD) > 24 weeks

or at the end of cycle 6)

“The Wilson method was used to calculate the 95% confidence interval of the estimate

Circulating protein analyses on changes from baseline
were available in 16/18 patients (Supplementary Table
n°2). From baseline to C2D1, a statistically significant high
increase was observed for PIGF (+358% of change com-
pared to median at baseline, adjusted p value =0.0003). In
addition, a statistically significant increase was observed for
VEGF-A (+47%, adjusted p values=0.0114), IL-8 (+36%,
adjusted p value=0.0142) and FGF23 (+30%, adjusted
p value=0.0047), while a trend towards an increase was
observed for VEGF-D (+ 11%, adjusted p value =0.0439).
Because there were too few patients in the dose level of
12.5 mg (N=6) and in the group of responders (N=23), no
conclusion could be drawn regarding results by dose level
or responders.

Discussion

The purpose of this phase Ib study was to evaluate the safety
and tolerability of the combination of lucitanib with fulves-
trant in postmenopausal patients with ER positive/HER-2
negative metastatic breast cancer, who have progressed dur-
ing or after prior treatment with fulvestrant.

@ Springer

According to the design of the study, a dose expansion
part (study part 2) was to follow the dose allocation part
(study part 1). In the dose expansion part, 2 cohorts were
to be opened: cohort A with FGF+ (receptor or ligand
amplified) patients, and cohort B with FGF non-amplified
patients (14 patients were planned in each of these cohorts).
However, this study was prematurely terminated with only
three patients enrolled in part 2. Subsequent to this decision,
the sponsor also decided to discontinue the development of
lucitanib monotherapy in BC.

Based on a strong preclinical rationale, the expectation
was that FGFR amplification would play the role of an
oncogenic driver [3] and therefore selection on the basis of
FGFR amplification could identify patients most likely to
respond. However, recent clinical results do not fully sup-
port the oncogenic role of FGFR and patients with FGFR
amplification respond inconsistently to FGFR inhibitors
[25]. In a phase I studies of dovitinib (TKI of FGFR1-3,
VEGFR 1-3 and PDGFR) [26] and BGJ398 (a selective
FGFR 1-3 TKI) [27], no objective response was observed in
FGFR amplified breast cancer patients. Similarly, moderate
activity was observed with BGJ398 [27] and dovitinib [28]
in FGFR amplified squamous non-small-cell lung cancer.
These observations question the idea of FGFR amplification
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as an oncogenic driver and a predictive factor of clinical
benefit from treatment with FGFR inhibitors.

The role of FGF pathway as an oncogenic driver is further
questioned by the results of a recently reported randomized,
placebo-controlled phase II trial, that evaluated whether the
dovitinib/fulvestrant combination would improve clinical
outcome in ER positive, HER-2 negative advanced breast
cancer that had progressed during or after prior endocrine
treatment [29]. A total of 97 patients were enrolled including
32 presenting FGF pathway amplification (15 in the dovi-
tinib arm and 17 in the placebo arm). This trial failed to
demonstrate any benefit in favor of the combination vs. pla-
cebo. Median PFS was 5.5 months for both, which is quite
similar to the PFS observed in the INES study (28 weeks for
the overall population). The median PFS was 10.9 months
and 5.5 months in the FGF pathway-amplified subgroup and
5.5 months and 5.5 months in the FGF pathway-non-ampli-
fied subgroup for the dovitinib and placebo arms, respec-
tively. However, this difference should be interpreted with
caution given the small number of patients. The interpreta-
tion of the predictive role of FGF pathway amplification is
further complicated by the fact that overall response rate
with dovitinib was higher in the FGF pathway-non-amplified
subgroup (ORRs for dovitinib vs. placebo were 20.0% vs.
12.5% in the FGF pathway-amplified subgroup and 31.3%
vs. 8.8% in the FGF pathway-non-amplified subgroup). An
exploratory analysis yielded no correlation between the
FGFRI copy number and response to dovitinib in the FGF
pathway-amplified subgroup, although patient population
analyzed was small.

Above mentioned clinical data [29] plus preclinical
experiments completed by the sponsor (Unpublished Data)
failed to confirm the hypothesis that addition of lucitanib
would reverse sensitivity to endocrine treatments. Moreo-
ver, data from other lucitanib monotherapy studies in breast
cancer demonstrated moderate activity compared to standard
of care and failed to confirm a predictive role for FGFR
amplification [EudraCT nos. 2013-000288-10 (FINESSE)
and NCT02109016 (US Breast)]. On that basis, a decision
was taken to prematurely terminate the study.

Overall, the majority of treatment-related EAEs were
mild to moderate with the exception of hypertension and
asthenia that were severe (grade >3) in 78% and 22% of
patients, respectively. The AEs reported are known reported
AEs of lucitanib, related to its anti-angiogenic mode of
action [22]. No new toxicities were observed in this study.
Out of nine patients enrolled in the 10 mg/day dose level,
only one patient developed a DLT (grade 3 hypertension)
while none of the six patients enrolled in the 12.5 mg/day
dose level developed a DLT. Based on the mCRM, a dose
level of 15 mg/day should have been tested next. However,
data coming from a pooled analysis of five lucitanib stud-
ies ongoing at the time (EudraCT nos. 2013-000288-10

(FINESSE), 2010-019121-34 (FIH), 2013-001520-19
(INES) and 2013-003874-29 (Lung) and NCT02109016 (US
Breast)], suggested that the 10 mg/day would be a better
tolerated dose (EAEs appeared to be less frequent at 10 mg,
especially grade 3 hypertension). This observation was fur-
ther supported by the fact that all patients required a dose
interruption, mainly due to adverse events. Moreover, 72%
(13/18) of the total patient population and 100% (6/6) of
patients in the 12.5 mg/day dose level required at least one
dose reduction. All these observations highlight the fact that
treatment with the combination requires close patient moni-
toring and intensive management of adverse events. On the
basis of these safety considerations, we decided to stop the
dose allocation (part 1 of the study) and to use 10 mg/day of
lucitanib as the recommended dose (given in combination
with fulvestrant) for part 2 of the study.

Despite the early termination of this study, evidence of
efficacy was observed in this cohort of heavily pretreated
(two-thirds of patients have received >3 previous regimens
for metastatic disease) patients. Indeed ORR was 16.7% and
clinical benefit rate (defined as CR/PR/SD for > 24 weeks)
was 55.6%. Moreover, median duration of response was
13 months, while two of the three responding patients had a
response that lasted more than 1 year. Finally, median PFS
was 6.5 months (and 16.6 months in the 12.5 mg cohort).
The PFS observed in this study is comparable to what is
observed with palbociclib in a similar setting [30], although
results observed in this study should be interpreted with cau-
tion given the premature termination and the small number
of patients included.

A potential explanation is that the clinical activity
observed with lucitanib and dovitinib was due to their anti-
angiogenic mode of action. Indeed, in the first in human
study of lucitanib [22], clinical activity was observed in an
angiogenesis-sensitive cohort of patients (defined as patients
that responded or had stable disease for at least 6 months to
an anti-angiogenic-based treatment, or a tumor type known
to be potentially sensitive to anti-angiogenic therapy).
Complete responses were observed in patients with thyroid
cancer, a tumor type that is considered to be sensitive to
anti-angiogenic treatment. Moreover, the observed toxicity
profile is consistent with the expected toxicity profile of a
potent anti-angiogenic agent, with hypertension, asthenia
and proteinuria frequently observed, adverse events that
are typical of the blockade of the VEGF axis. Lenvatinib, a
FGFR1-4, VEGFR1-3, KIT, RET and PDGF alpha inhibi-
tor with pharmacological properties similar to lucitanib has
reported positive phase III data in thyroid and hepatocellular
cancer, two anti-angiogenesis-sensitive tumor types [31, 32].

In cell assays, lucitanib is highly potent on VEGFR2,
FGFR1-3, PDGFR-a and B. In this study, it has been
observed that lucitanib was able to significantly increase
FGF23 serum levels, indicative of FGFR-1 inhibition [26,

@ Springer
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33]. Because there was too few patients in the group of
responders (N =3), no conclusion could be drawn regarding
FGF23 serum levels as a marker of response. Interestingly
for dovitinib, the level of FGF23 increase was similar in all
groups regardless of FGFR1 or HR status, suggesting that
FGF23 is a surrogate pharmacodynamic marker of FGFR1
signaling inhibition [29]. Statistically significant increases
of VEGF-A as well as others angiogenesis biomarkers (PIGF
and VEGF-D) were consistent with results observed in other
lucitanib studies and with the anti-angiogenic mode of action
of the compound.

Further investigation is required to better understand the
role of FGF pathway as a potential oncogenic driver, and the
potential role of FGFR inhibition in reversing resistance to
endocrine treatment to establish the settings where this class
of drugs can offer a meaningful clinical benefit.
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