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OVERVIEW

At the Breast Cancer Clinical Research Unit (BCCRU), we develop
translational research focused on answering questions that can provide
solutions to problems directly relevant to patients. These problems
mostly revolve around improving the therapeutic index, discovering
novel targets, and understanding patient heterogeneity and how that
impacts the differential antitumour or toxicity effects observed with
drugs. This includes research using animal models and patient-derived
models such as organoids or tumoroids, patient sample analysis,
and analyses of large quantities of data. These analyses enable us to
identify biomarkers, pinpoint therapeutic niches, and develop rational
drug combinations and approaches to supportive care treatment;i.e.,
questions related to the patients’ universe—such as the influence of
diet, exercise, mood, or habits on treatment outcomes—for which we
actively engage patients in our research (Patient-Reported Outcomes
(PRO) research). Lastly, we actively engage in launching observational
and therapeutic clinical studies to provide proof of concept of the
impact of our conceptual research.

“This year, we completed
the accrual of the High-
Definition Oncology
cohort, a multimodal,
longitudinal data and
sample collection from
women with advanced
cancers, which will enable
us to construct a Patient
Digital Twin.”
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RESEARCH HIGHLIGHTS

Development of FGFR inhibitors in advanced breast
cancer

FGFR1 and FGFR2 have been explored as targets for this disease.
FGFR1/2 amplification has been described in 10-20% of early breast
tumours and is associated with a poor prognosis and endocrine
resistance. However, FGFR inhibitors have yielded modest activity
to date. Potential reasons for this may include (a) alack of specific/
tolerable compounds; (b) the inclusion of patients not selected
on the basis of FGFR status; and (c) trials being run with FGFR
inhibitors as monotherapy or in combination with endocrine
treatment alone.

In order to determine the best combination for achieving efficacy
and identifying precisely which patient population this combination
could work for, we have conducted a study over the past few years
relying on preclinical models and a co-clinical trial using patient-
derived organoids from women with advanced disease progressing
on first-line endocrine treatment plus CDK4/6 inhibitors.

The main findings are:

- FGFR-amplified models are usually endocrine resistant and
tend to develop rapid resistance to CDK4/6 inhibitors.

- The process of acquiring endocrine resistance usually involves
FGFR amplification or overexpression.

- Either FGFR amplification or overexpression serves as a “baseline
screening” marker for FGFR inhibitor activity, although further
markers are required to pinpoint the patient populations most
likely to derive the highest benefit.

- Preclinical models of endocrine and CDK4/6 inhibitor
resistance require combined inhibition of ER, CDK4/6, and
FGFR to completely abrogate RB phosphorylation and block
cell replication.

- The co-clinical trial using patient-derived organoids resistant
to endocrine treatment and CDK4/6 inhibitors, and the clinical
trial combining palbociclib, fulvestrant, and the FGFR inhibitor
rogaratinib, have demonstrated that, in general, the activity of
the combination is low. However, if patients are sorted by their
mutational landscape, the conclusion is different: patients who
are ESRI- wild-type and PIK3CA-wild-type have a 5-fold higher
benefit than patients (or organoids) with either mutation.

- Insecond-line hormone-positive breast cancer, therapies rarely
exceed the 6-month progression-free survival (PFS) threshold.
Here, however, we have achieved close to 10 months of PFS in
patients with ESR1/PIK3CA wild-type genes. Patients with
mutant tumours did not derive benefit from the combination
(PFS of 2 months).

Altogether, these results define a clear niche for further development
of these inhibitors in breast cancer and underscore the power of
co-clinical trials to streamline clinical development.

FIGURE 1 Rogaratinib in advanced
hormone-positive breast cancer.
(A) Representative patient-derived
organoids according to FGFR status and
common markers of advanced breast
cancer. (B) IC50 curves for rogaratinib
combined with oestrogen and CDK4/6
inhibitors; the only sensitive one,
H12-7, is ESRI/PIK3CA wild-type. (C)
Clinical trial design. (D) Representative
status of FGFR1/2 amplification and
overexpression in a subset of patients.
(E) and (F) Swimmer plots and Kaplan-
Meier plots representing the differential
effect of the combination in PIK3CA- and
ESRI-wild-type or -mutant patients.

Osteopontin - a new immunosuppressive cytokine in
breast cancer

Another long-standing area of research in our laboratory is the
field of resistance against antiangiogenics. In the past, we have
demonstrated that resistance can occur through radically different
evolutions of the tumour microenvironment: correction of hypoxia
orincreased hypoxic abnormality. Correction of hypoxia is followed
by a switch from aerobic glycolysis to mitochondrial respiration—a
switch thatis targetable and yields considerable therapeutic benefit
in both preclinical models and patients.

This year, we have completed the full picture of what happens
when tumours respond to antiangiogenics by increasing hypoxia.

FIGURE 2 Osteopontin in hypoxic
tumours linked to immunosuppression.
(A) Hypoxic tumours overexpress PD-L1
but are refractory to anti-PD-L1agents.
(B) Single-cell RNA-seq experiment

showing that in hypoxic tumours, there
is an increased signalling from epithelial
cells to macrophages mediated through
osteopontin. (C) Osteopontin is a more
powerful chemoattractant of monocytes

In response to initial hypoxia after anti-VEGF exposure, tumour
cells secrete osteopontin, which in turn attracts monocytes
and reprogrammes them into M2-like macrophages. These M2
macrophages trigger a broad immunosuppressive programme,
including T-reg attraction and the exhaustion of T4/T8 cells. In
addition, M2 macrophages further secrete VEGF, which sustains
a feed-forward loop that exacerbates hypoxia and tumour
inflammation. In this context, tumours become refractory to anti-
PD-L1. An anti-osteopontin antibody is able to abrogate hypoxia
development and tumour immunosuppression, thereby eliciting
sensitivity to anti-PD-L1 agents in breast cancer. B

than VEGF. (D) An anti-osteopontin
antibody combined with anti-PD-L1and
anti-VEGF triples overall survival in mice.
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