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1. Summary

Background

Breast cancer is one of the most frequently diagnosed cancers and the leading cause of
cancer-related death among women in industrialized countries. Some breast cancers
are caused by inherited mutations in DNA repair genes, namely BRCA1 and BRCA2,
which causes DNA repair deficiency. Targeted treatments against another DNA repair
protein named PARP, have been developed for these patients, but they sometimes do

not work.

Main objective

We have developed blood tests that help predict response to PARP inhibitors in patients
with BRCA1/2 associated cancers. In parallel, we performed an economic evaluation of
selecting patients for PARPi treatment based on a novel protein-based test developed

by VHIO, compared to current selection criteria.

Sub-aims

Subproject 1:

1.1 To identify mechanisms of resistance to PARPi by sequencing of circulating tumor
DNA and to study the association with PARPi response.

1.2 To establish the status of homologous recombination deficiency (HRD) using
protein-based biomarkers including RAD51 nuclear foci in circulating tumor cells and in

tumor samples, and to study the association with PARPi response.

Subproject 2:
2.1 To perform a cost-effectiveness analysis of selecting for PARPi treatment based on
the RAD51 score compared with current selection criteria.

2.2 To perform a budget-impact analysis.

Study design

Subproject 1:

We have analyzed longitudinal blood and tumor samples from patients with BRCA1/2-
associated metastatic breast cancer treated with a PARPi in the clinic (N=34).Targeted
capture DNA sequencing was performed with an especial focus to identify BRCA1/2

reversion mutations in matched pretreatment and progression blood samples. To



establish the status of protein-based biomarkers of DNA repair deficiency in CTCs we
optimized the RAD51 test that had been developed for paraffin-embedded tumor

samples.

Subproject 2:

An economic decision analytic model populated with data from the literature was
developed to assess the efficiency of treating patients with PARPi based on the RAD51
test compared with current selection criteria (all-comers with BRCA1/2) or based on
genomic scars (another patient stratification biomarker frequently tested in clinical
trials). A budget impact was obtained assuming the incidence figures for breast cancer
from the Health Department of the Catalan Government with a time horizon of 3 years.
To assess the robustness of the results, deterministic and probabilistic sensitivity

analyses (PSAs) were conducted.

2. Results

Subproject 1

ctDNA sequencing identified reversion mutations in 4% of the patients before PARPi
treatment and in 31% of the post-treatment samples. Other genetic mechanisms of
resistance, including alterations in 53BP1, were identified in 4% and 8% of the pre-and
post-treatment samples, respectively. The presence of mutations in the pretreatment
samples was associated with the lack of response to PARP inhibitors. Also, we were
able to optimize the protocol to quantify RAD51 in circulating tumor cells. In 11/24
(46%) samples we were able to detect CTCs and in 6/24 (25%) we were able to
evaluate RAD51.

Subproject 2

The most efficient scenario with respect to the all-comers scenario is the RAD51
scenario, which is dominant (more effectiveness at lower cost). Both the tBRCA
scenario and the genomic HRD scenario save costs compared to the all-comers
scenario, although reducing effectiveness (that is, they are possible alternatives in
cases of disinvestment).The economic benefit of adopting the RAD51 test in the routine
clinical practice is a consequence of an average saving of approximately 1,500 euros

per patient, while increasing the average probability of complete pathological response



to treatment, compared to the all-comers strategy (and compared to the other

screening tests).

3. Relevance and future implications

Doctors can now assess the need to perform a sequencing test (commercial or local)
on liquid biopsy to determine the presence of BRCA1/2 reversion mutations associated
with resistance to PARP inhibitors, which will help them to decide whether this is the
most suitable treatment. In parallel, the RAD51 test can be attempted on circulating

tumor cells to assess the status of functional HRD at VHIO.

In the economic analysis, the strategy based on RAD51 is dominant: higher health
results at a lower cost (the results of the 3-year budget impact show savings of more
than 3.5m euros for the Catalan public health service). Furthermore, its lower cost
(tBRCA and genomic HRD tests are notably more expensive) and ease of use would
facilitate its inclusion in the service portfolio of healthcare centers with few available

resources.
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