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ARTICLE INFO ABSTRACT

Keywords: Background: Alterations in the PI3K/AKT/mTOR signaling pathway represent a mechanism of resistance to
HR-+/HER2— breast cancer endocrine therapy in advanced HR+/HER2-breast cancer. The identification of activating mutations in PIK3CA
PIK3CA

has gained therapeutic relevance, guiding the use of PIK3CA-targeted inhibitors such as alpelisib and inavolisib.
Methods: A multidisciplinary panel of Italian experts conducted a structured consensus process to develop shared
recommendations for molecular testing of PIK3CA in advanced HR+/HER2-breast cancer, addressing pre-
analytical, analytical, and clinical-therapeutic areas of concern.

Results: A total of 23 out of 29 statements reached complete agreement (100%). The resulting recommendations
encompass sample selection, analytical methodologies, sensitivity thresholds, result reporting, and clinical
interpretation and integration. Additional guidance is provided for the management of non-canonical gene
variants and for other genes involved in the PI3K/AKT/mTOR pathway.
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Conclusions: This consensus document provides operational and interpretative guidelines aimed at standardizing
PIK3CAtesting and assessing related genes in clinical practice. These recommendations promote a harmonized
approach to patient care, in line with the latest scientific evidence.

Abbreviations

AKT protein kinase B
CDK4/6 cyclin dependent kinases 4/6

cfDNA  cell-free DNA

CI confidence interval
ClinVar Clinical Variants

CNV copy number variations

COSMIC Catalogue of Somatic Mutations in Cancer

ctDNA  circulating tumor DNA

EDTA ethylenediaminetetraacetic acid

ERD estrogen receptor degrader

ESCAT ESMO Scale for Clinical Actionability of Molecular Targets

ESMO  European Society for Medical Oncology

ESR1 estrogen receptor 1

HGNC  HUGO Gene Nomenclature Committee

HGVS Human Genome Variation Society

HR hazard ratio

HR-+/HER2 hormone receptor-positive/human epidermal growth
factor receptor 2-negative

IHC immunohistochemistry
LOD limit of detection
mTOR  mammalian target of rapamycin

NCCN  National Comprehensive Cancer Network
NGS next-generation sequencing

OncoKB Oncology Knowledge Base

ORR objective response rate

(O overall survival

PFS progression-free survival

PI3K phosphoinositide 3-kinase (also known as

phosphatidylinositol 3-kinase)
PI3SK/AKT/mTOR phosphatidylinositol 3-kinase/protein kinase B/
mammalian target of rapamycin

PIK3CA phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic
subunit alpha

PTEN phosphatase and tensin homolog

qRT-PCR quantitative Reverse Transcription Polymerase Chain
Reaction

SC steering committee

SERD selective estrogen receptor degrader

TCGA  The Cancer Genome Atlas

VAF variant allele frequency

Glossary

cfDNA  circulating cell-free DNA refers to short DNA fragments
released into the bloodstream from normal and
pathological cells that can be analyzed for diagnostic,
prognostic, and monitoring purposes

ctDNA circulating tumor DNA is the fraction of cell-free DNA in

the bloodstream that originates from tumor cells and
carries tumor-specific genetic and epigenetic alterations

LOD Limit Of Detection is the lowest variant allele fraction of a
tumor-derived molecular alteration in ctDNA/cfDNA that
an assay can reliably detect with a predefined level of
confidence, reflecting the analytical sensitivity of the
method

NGS Next-Generation Sequencing, a high-throughput
sequencing technology that enables the simultaneous,
massively parallel sequencing of millions of nucleic acid
fragments with high sensitivity and scalability

1. Introduction

Breast cancer is one of the most prevalent and widely studied cancers
in women worldwide. Over the past few decades, the gradual imple-
mentation of precision oncology has profoundly transformed both the
prognosis and therapeutic approach for this disease. Within this
evolving landscape, the phosphatidylinositol 3-kinase/protein kinase B/
mammalian target of rapamycin (PI3K/AKT/mTOR) signaling pathway—
a key regulatory node for cell survival and proliferation-has emerged as
a critical axis in breast cancer pathogenesis, progression, and resistance
to endocrine and targeted therapies.

Among the molecular alterations affecting this pathway, activating
mutations in the PIK3CA gene, which encodes the p110a subunit of
PI3K, represent the most frequent event, particularly in hormone
receptor-positive/human epidermal growth factor receptor 2-negative
(HR+/HER2-) breast cancer. Therefore, these mutations constitute
both a therapeutic target and a potential predictive biomarker of
response to PI3K inhibition.

Molecular characterization of intracellular signaling pathways has
profoundly influenced the management of advanced HR+/HER2-breast
cancer. The PI3K/AKT/mTOR pathway, in addition to being subject to
mutations in PIK3CA, is also commonly altered through mutations in
AKT1, and loss of function of the tumor suppressorPTEN [1-3].

Clinically, the presence of PIK3CA mutations has been correlated

with an increased likelihood of response to PI3K inhibitors in patients
with HR+/HER2-metastatic breast cancer, consolidating the importance
of genetic testing for identifying eligible patients for targeted therapy
[4].

PIK3CA mutations are detected in approximately 35-40% of HR+/
HER2-tumors and, in addition to their potential prognostic value, serve
as predictive biomarkers for the use of specific PI3K inhibitors, such as
alpelisib and, more recently, inavolisib, in combination with endocrine
therapy [5-7].

Advances in next-generation sequencing (NGS) and liquid biopsy
techniques have enabled a more comprehensive and dynamic assess-
ment of the tumor mutational profile, even in advanced or treatment-
refractory settings. Traditionally, PIK3CA testing has relied on DNA
extracted from biopsy or surgical tissue, which allows direct typing of
mutations with high sensitivity and specificity, provided that the sample
is of sufficient quality. However, tissue-based testing has inherent lim-
itations, including intratumoral heterogeneity, the availability of ma-
terial — particularly in metastatic or relapsed disease — and the inability
to capture the temporal molecular evolution of the tumor.

To overcome these limitations, liquid biopsy, especially the analysis
of circulating tumor DNA (ctDNA), has emerged as a complementary or
alternative approach. This minimally invasive technique enables serial
monitoring and offers the potential to reflect the dynamic clinical evo-
lution of the tumor, including the emergence of resistance mechanisms.
Recent studies have demonstrated the feasibility of detecting PIK3CA
mutations in ctDNA, which show good concordance with tissue results
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and predictive value for treatment response and prognosis. In accor-
dance with the European Society for Medical Oncology (ESMO) guide-
lines, testing for circulating mutations (e.g., PIK3CA and ESRI) is
already recommended in selected clinical cases [8].

Despite the availability of international recommendations, substan-
tial variability persists in the application of molecular testing, particu-
larly in preanalytical procedures, sample selection, and reporting
standards. To address these critical issues, a national multidisciplinary
panel of pathologists, molecular biologists, and oncologists convened to
develop a consensus document based on the latest scientific evidence
and the collective experiences of Italian reference laboratories.

This article presents 23 expert recommendations aimed at providing
practical, harmonized guidelines for the analysis of PIK3CA in advanced
HR+/HER2-breast cancer, thereby supporting the implementation of
personalized diagnostic and therapeutic approaches in clinical practice.

2. Methods

This research project employed a modified Delphi method -a struc-
tured, interactive approach designed to achieve expert consensus [9,10],
involving a panel of pathologists, molecular biologists, and oncologists
specializing in breast cancer to establish a consensus on unresolved is-
sues regarding the role of PIK3CA testing in the diagnosis and man-
agement of HR+/HER2-metastatic breast cancer.

The panel comprised two supervisors (one oncologist and one
pathologist), a steering committee (SC) (two oncologists and one mo-
lecular pathologist), and 11 nationally and internationally renowned
breast cancer experts affiliated with tertiary care centers. Experts were
selected based on predefined criteria, including recognized clinical or
research expertise in breast cancer, authorship of peer-reviewed publi-
cations, and experience in the management of HR+/HER2— metastatic
breast cancer. Efforts were made to ensure geographic diversity. All
participants were invited by the supervisors and agreed to participate
voluntarily.

During the initial meeting (March 2025), the SC drafted and vali-
dated a set of research questions that formed the basis for the literature
review. The outputs of these analyses, combined with the SC's clinical
experience, formed the basis for the first draft of the statements. A total
of 29 preliminary statements were generated and subsequently reviewed
by the supervisors.

Between June and September 2025, two Delphi rounds were con-
ducted to evaluate and refine the statements, using an anonymised,
blinded electronic voting platform (e-survey) (summary in Supplemen-
tary Table 1).

Consensus was defined a priori as at least 80% of responding Delphi
panelists rating a statement as ‘agree’ or ‘strongly agree’ (score >7 on a
9-point Likert scale where 1 = no agreement, 9 = complete agreement).
Statements that scored a median of 7 or above in the first round without
any comments were considered approved. Statements that did not reach
this threshold were amended based on participant feedback. Qualitative
feedback provided by participants was systematically reviewed by the
steering committee. Statements were revised iteratively to improve
clarity and address areas of disagreement. Revised statements were
redistributed in subsequent rounds for re-evaluation. Amended state-
ments scoring 7 or above in the second round, receiving no further
comments, were deemed to have reached consensus. All invited panel-
ists participated in both Delphi rounds.

A virtual consensus meeting was held on October 1, 2025, to discuss
the results of the second Delphi round. Statements that did not achieve
consensus in the second round were amended in real time as needed
before a final round of voting.

All statements that successfully reached a consensus are included in
the final list.

No statements were excluded due to lack of consensus among pan-
elists (see Supplementary Table 1). However, during the iterative Delphi
process, some statements were removed because they were deemed
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redundant or overlapping with other statements after refinement and
discussion.

A schematic summary of the entire process is presented in Fig. 1, and
detailed voting results from each Delphi round are provided in Supple-
mentary Table 1.

3. Results
3.1. Statement 1

Question: In patients with advanced HR+/HER2-breast cancer,
what is the clinical relevance of PIK3CA mutations in relation to prog-
nosis and response to endocrine therapy?

3.1.1. Recommendation

The presence of PIK3CA mutations has been associated with
decreased efficacy of endocrine therapy in certain studies, reflecting
their role in endocrine resistance. However, with the advent of PI3K
pathway inhibitors, these mutations have acquired a positive predictive
value, serving as clinically actionable biomarkers that identify patients
who are most likely to benefit from targeted therapeutic interventions.

3.1.2. Comment

Activating mutations in PIK3CA represent an early event in breast
tumorigenesis, conferring a proliferative advantage through AKT and
mTOR activation. Although initially associated with endocrine resis-
tance and poor prognosis, the availability of selective PI3K inhibitors,
such as alpelisib and inavolisib, has transformed these alterations into
clinically actionable predictive biomarkers [1-3]. Their detection is
crucial for optimizing patient selection for combination therapies tar-
geting the estrogen receptor and PI3K pathways.

3.2. Statement 2

Question:  Which matrix should be used

forPIK3CAtesting?

biological

3.2.1. Recommendation

Tumor tissue is the biological material of choice for PIK3CA testing;
however, liquid biopsy may be a valid alternative method. In the case of
a negative liquid biopsy result, a tissue-based analysis is recommended.

3.2.2. Comment

Tumor tissue remains the preferred matrix because it generally
provides a higher DNA quantity and quality. Nonetheless, liquid biopsy
offers a minimally invasive and repeatable option, particularly when
tumor tissue is unavailable or unrepresentative. This approach enables
dynamic monitoring of disease evolution and the emergence of resistant
clones [6,7]. Given that a negative plasma result does not rule out the
presence of PIK3CA mutations, whenever possible, tissue confirmation is
mandatory in accordance with the international guidelines [11].

3.3. Statement 3

Question: Is it necessary to identify PIK3CA variants in both bio-
logical matrices (i.e., tissue and liquid biopsy)?

3.3.1. Recommendation

The identification of an activating PIK3CAmutation in at least one of
the matrices (tissue or liquid biopsy) is sufficient to confirm the presence
of molecular alterations.

3.3.2. Comment

The results obtained from tissue and plasma analyses are generally
concordant; however, discrepancies may occur due to tumor heteroge-
neity or differences in analytical sensitivity between methods. The
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Fig. 1. Consensus flow.

detection of a PIK3CA mutation in either matrix is clinically significant
and sufficient to determine eligibility for treatment with PI3K inhibitors
[11].

3.4. Statement 4
Question: Which regions of the PIK3CA gene should be analyzed?

3.4.1. Recommendation

Although activating mutations occur mainly in exons 9 (E542K,
E545K) and 20 (H1047 R/L), activating variants have also been
described in exons 1, 2, 5, and 7. Therefore, analytical methods that
cover the entire coding sequence of PIK3CA (exons 1-20) are preferable.

3.4.2. Comment

Broadening the analytical target is crucial for maximizing the clinical
sensitivity of the assay. Non-canonical variants, such as PIK3CA p.R88Q
or p.N345K, are functionally activating in clinical databases (Catalogue
of Somatic Mutations in Cancer (COSMIC), The Cancer Genome Atlas
(TCGA), Oncology Knowledge Base (OncoKB) [12-14]. In the registra-
tion trials, PIK3CA analyses were performed using: i) in the SOLAR-1
trial, real-time PCR kit was used, allowing the detection of 11 PIK3CA
mutation hotspots [1]; ii) in the INAVO120 study, PIK3CA variants were
assessed using a sponsor-approved polymerase chain reaction
(PCR)-based or next-generation sequencing (NGS) assay [15]; iii) in the
CAPItello study, PIK3CA variants were assessed using NGS [16].
Although polymerase chain reaction (PCR)-based methods were used in
two registration trials, the use of NGS panels covering the entire coding
region of PIK3CA enables the comprehensive characterization and ac-
curate identification of patients eligible for PI3K inhibitor therapy.
Because exon numbering may vary depending on the reference sequence
used for alignment (e.g., exon 9 or exon 10, exon 20 or exon 21), all

variants should be reported following the HUGO Gene Nomenclature
Committee (HGNC) recommendations [17].

3.5. Statement 5

Question: What limit of detection (LOD) is required for imple-
menting PIK3CA testing using liquid biopsy?

3.5.1. Recommendation
The assay should ensure an LOD of <0.5%. In the event of a negative
result, testing should be performed on tumor tissue.

3.5.2. Comment

The analytical sensitivity of the liquid biopsy assay is critical for
accurate PIK3CA testing. A sensitivity threshold of <0.5% enables the
reliable identification of low variant allele frequency (VAF) mutations
that may have clinical relevance [18]. Protocol standardization and
validation of the assay LOD are essential to minimize false-negative
results, particularly in patients with low tumor cell-free DNA (ctDNA)
levels.

3.6. Statement 6

Question: Should PIK3CA testing be performed on metastatic lesions
or primary tumors during tissue analysis?

3.6.1. Recommendation

AsPIK3CAmutations are early molecular events, testing can be per-
formed on either primary or metastatic samples. However, when avail-
able, the analysis of the most recent metastatic sample with adequate
tumor cellularity is preferred.
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3.6.2. Comment

PIK3CA mutations are generally maintained throughout clonal evo-
lution, with high temporal concordance between primary tumors and
metastatic lesions [19,20]. Nonetheless, testing the most recent spec-
imen ensures greater biological representativeness and increases the
likelihood of detecting co-occurring mutations associated with acquired
therapeutic resistance. In the absence of a recent metastatic sample,
primary tumor analysis remains appropriate.

3.7. Statement 7

Question: What is the relevance of the preanalytical phase in the
context of liquid biopsy?

3.7.1. Recommendation
The preanalytical phase is crucial and must comply with the best
practices defined at the national and international level [21-24].

3.7.2. Comment

Optimal sample handling is essential for preserving cfDNA quality.
When standard ethylenediaminetetraacetic acid (EDTA) tubes are used,
plasma must be separated within 2 h of blood collection. Using
specialized cfDNA preservation tubes extends this window to up to 72 h.
Plasma should be stored at —20 °C (for up to one month) or at —80 °C for
longer periods [22]. Deviations from these parameters can result in
cfDNA degradation and a loss of analytical sensitivity. Therefore, strict
adherence to preanalytical standards is indispensable for ensuring the
diagnostic reliability of liquid biopsy assays.

3.8. Statement 8

Question: Which analytical method should be used to detect path-
ogenic variants of PIK3CA?

3.8.1. Recommendation

NGS technologies are preferred owing to their superior ability to
detect multiple variants and simultaneously analyze other relevant
breast cancer biomarkers.

3.8.2. Comment

Compared with other techniques (e.g., quantitative Reverse Tran-
scription Polymerase Chain Reaction (QRT-PCR), Sanger sequencing),
NGS provides broader genomic coverage and enables the simultaneous
detection of concomitant mutations, including those in the AKTI and
PTEN genes. NGS also offers higher analytical sensitivity and specificity,
thereby reducing the risk of false negatives [25,26]. The implementation
of validated NGS protocols coupled with interlaboratory quality control
represents the gold standard for the molecular characterization of
HR+/HER2-breast cancer.

3.9. Statement 9

Question: How should PIK3CA variants be reported in molecular
pathology reports?

3.9.1. Recommendation

Variants must be described according to the HGNC and Human
Genome Variation Society (HGVS) nomenclature, specifying the VAF,
functional effect, and level of clinical significance according to the
ESMO Scale for Clinical Actionability of Molecular Targets (ESCAT) [27,
28].

3.9.2. Comment

A standardized reporting format is essential for ensuring interpre-
tative consistency and clinical transparency. Including the VAF provides
information on the representativeness of the variant and facilitates its
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clinical interpretation. The ESCAT classification allows grading of the
level of clinical evidence associated with the therapeutic target [27,28].
Integrating these elements into the report strengthens communication
between molecular laboratories and clinicians, supporting
evidence-based therapeutic decision-making.

3.10. Statement 10

Question: At what point in the therapeutic pathway should PIK3CA
testing be recommended?

3.10.1. Recommendation

PIK3CA testing should be performed in all patients who are candi-
dates for treatment with PI3K pathway inhibitors. [see also Statement 11
for specific recommendations regarding the timing of testing].

3.10.2. Comment

Early molecular testing enables timely therapeutic stratification and
prevents delays in the initiation of targeted treatments. According to the
ESMO and National Comprehensive Cancer Network (NCCN) guidelines,
the assessment of the mutational status of PIK3CA is strongly recom-
mended in patients with advanced HR+/HER2-breast cancer who have
progressed on endocrine therapy with or without a CDK4/6 inhibitor
[21,29]. Incorporating PIK3CA testing into the early diagnostic work-
flow facilitates optimal treatment planning and precision-based care.

3.11. Statement 11

Question: When should PIK3CA mutational status be evaluated in
relation to the timing of adjuvant endocrine therapy, based on the
INAVO120 study?

3.11.1. Recommendation

Testing for PIK3CA mutations is recommended for all patients with
advanced HR+/HER2-breast cancer who experience disease progression
during or up to 12 months after completing adjuvant endocrine therapy.

3.11.2. Comment

The phase III INAVO120 study demonstrated that the combination of
inavolisib, fulvestrant, and palbociclib significantly improved
progression-free survival and overall survival in PIK3CA-mutated pa-
tients with early progression after adjuvant endocrine therapy [15].
Consequently, early identification of PIK3CA mutations allows the
rational implementation of such targeted therapeutic combinations as
first-line treatment for metastatic disease.

3.12. Statement 12

Question: In which patients is molecular profiling of the PI3K/AKT/
mTOR pathway recommended based on the type and sequence of
endocrine therapy?

3.12.1. Recommendation

Testing for genetic alterations in the PI3K/AKT/mTOR pathway
(including PIK3CA, AKT1, and PTEN) should be performed in patients
with advanced HR+/HER2-breast cancer who experience disease pro-
gression during or after treatment with aromatase inhibitors and CDK4/
6 inhibitors.

3.12.2. Comment

Progression of combination therapy with CDK4/6 inhibitors repre-
sents a crucial moment for molecular re-evaluation. Alterations in
PIK3CA, AKT1, and PTEN contribute to endocrine resistance, enabling
access to targeted therapeutic strategies [30-32]. The use of multigene
NGS panels enables the simultaneous analysis of these alterations,
optimizing the clinical and predictive utility of molecular testing.
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3.13. Statement 13

Question: In the event of disease progression, should molecular
testing of the PI3K/AKT/mTOR pathway be repeated on a new sample
(tumor tissue or liquid biopsy) if the previous analyses did not reveal
significant alterations?

3.13.1. Recommendation

In the absence of previously detected alterations, repeat molecular
testing on a new tumor tissue or liquid biopsy sample at the time of
disease progression may be beneficial to reassess eligibility for targeted
therapy.

3.13.2. Comment

The dynamic evolution of metastatic breast cancer justifies molecu-
lar retesting of patients with disease progression. Under therapeutic
pressure, new alterations in PIK3CA or AKT1 may emerge over time
[33]. Repeated testing facilitates the identification of novel clonal sub-
populations, supporting an individualized approach to treatment
planning.

3.14. Statement 14

Question: Is the detection of an activating PIK3CA mutation in an
archived sample sufficient for eligibility for PI3K pathway inhibitor
therapy?

3.14.1. Recommendation

Documentation of an activating PIK3CA mutation detected at any
point during the patient's disease course is sufficient to consider the
patient eligible for PI3K pathway inhibitor treatment [34-36].

3.14.2. Comment

PIK3CA mutations are genetically stable events maintained
throughout tumor evolution and remain clinically actionable regardless
of when they are identified [37]. Consequently, prior test results retain
therapeutic relevance and can inform treatment decisions, avoiding
unnecessary repeat testing in the absence of evidence of clonal
heterogeneity.

3.15. Statement 15

Question: In patients with advanced HR+/HER2-breast cancer and
activating PIK3CA mutations who experience progression during or
within 12 months after adjuvant endocrine therapy, which treatment
combination is preferable?

3.15.1. Recommendation

In patients with activating PIK3CA mutations and appropriate clin-
ical characteristics, the combination of fulvestrant, palbociclib and
inavolisib represents the first-line treatment option.

3.15.2. Comment

In the double-blind, randomized phase III INAVO120 trial, the
combination of the PI3Ka inhibitor inavolisib with palbociclib and ful-
vestrant demonstrated a significant and clinically meaningful benefit
compared with placebo plus palbociclib and fulvestrant in patients with
PIK3CA-mutated, HR+/HER2- locally advanced or metastatic breast
cancer who had relapsed during or within 12 months after the
completion of adjuvant endocrine therapy. The study met its primary
endpoint, showing a statistically significant improvement in
progression-free survival (PFS) with a hazard ratio (HR) of 0.42 (95%
confidence interval [CI], 0.32-0.55), as well as a significant overall
survival (OS) benefit (HR 0.67, 95% CI, 0.48-0.94). Moreover, the
objective response rate (ORR) was 62.7% in the inavolisib group
compared with 28% in the control arm (p < 0.001) [15]. Based on these

The Breast 87 (2026) 104786

data, inavolisib received approval from the U.S. Food and Drug
Administration (FDA) in October 2024, followed by the National Med-
ical Products Administration (NMPA) of China in March 2025, and the
European Commission in July 2025; parallel regulatory reviews have
been completed or are ongoing in other countries, including Canada,
Switzerland, and Australia. Collectively, these results and the corre-
sponding regulatory approvals establish inavolisib plus palbociclib and
fulvestrant as a new standard of care for patients with PIK3CA-mutated,
endocrine-resistant advanced breast cancer.

3.16. Statement 16

Question: In the presence of a previously documented ESRI muta-
tion, is testing of the PI3K/AKT/mTOR pathway recommended for ac-
curate therapeutic stratification?

3.16.1. Recommendation

PIK3CA testing is recommended even in the presence of an ESR1
mutation, as these two alterations confer distinct and non-mutually
exclusive mechanisms of endocrine resistance.

3.16.2. Comment

Mutations in ESRI and PIK3CA confer endocrine resistance via
distinct resistance pathways. The former mediates ligand-independent
activation of the estrogen receptor, whereas the latter promotes cyto-
plasmic signaling that enhances cell survival and proliferation [33,34].
In HER+/HER2-metastatic breast cancer, co-mutations in both genes are
detected in approximately 10 to 15% of cases; however, this overlap
may be higher in patients who received multiple lines of endocrine
therapy due to the rising prevalence of ESR1 mutations under selective
treatment pressure. [35,36]. In this complex setting, subsequent treat-
ment is increasingly guided by longitudinal molecular profiling. Oral
selective estrogen receptor degraders (SERDs), such as elacestrant,
imlunestrant, and giredestrant, provide a biomarker-driven option when
an ESR1 mutation is detected. Conversely, AKT inhibitors such as cap-
ivasertib may represent an alternative for cancers harboring alterations
in the PIBK/AKT/PTEN pathway, irrespective of ESRI status [37].
Notably, the prognostic impact of concurrent ESRI and PIK3CA alter-
ations remains unclear, providing a rationale for combined therapeutic
strategies, such as next-generation SERDs plus PI3K inhibitors. Howev-
er, no clinical data currently support either sequential targeting of the
PI3K/AKT pathway or its combination with SERDs; accordingly, these
strategies remain investigational and warrant evaluation in dedicated
clinical trials.

3.17. Statement 17

Question: In cases of discordant PIK3CA results between tumor
tissue and liquid biopsy, which result should guide clinical decision-
making?

3.17.1. Recommendation

In the presence of discordant results, positive findings, regardless of
the biological matrix, should be considered clinically valid for thera-
peutic decision-making.

3.17.2. Comment

Discrepancies between tissue and plasma results may reflect intra-
tumoral heterogeneity or insufficient ctDNA levels rather than analytical
errors. A positive result in either matrix is clinically significant and
sufficient to define eligibility for PI3K inhibitor therapy [38,39]. This
approach maximizes clinical sensitivity and minimizes the risk of
excluding potentially responsive patients.
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3.18. Statement 18

Question: What is the role of the PIK3CA mutation VAF, detected in
tissue or ctDNA, in predicting response to PI3K pathway inhibitors?

3.18.1. Recommendation

There is no validated VAF threshold value for determining eligibility
for treatment, and even low-frequency activating mutations are
considered clinically relevant.

3.18.2. Comment

Several studies have evaluated the correlation between VAF and
response to PI3K inhibitors without identifying a universal predictive
threshold [40,41]. Low-frequency PIK3CA mutations may reflect minor
resistant subclones with therapeutic implications. Consequently, any
validated activating mutation, irrespective of its allelic frequency,
should be deemed actionable, in accordance with the ESMO guidelines.

3.19. Statement 19

3.19.1. Question

Do non-canonical PIK3CA variants (located outside exons 9 and 20)
justify the use of PI3K pathway inhibitors in advanced HR+/HER2-
breast cancer?

3.19.2. Recommendation

The use of PI3K pathway inhibitors is warranted in the presence of
activating PIK3CA mutations, irrespective of their location in the ca-
nonical or non-canonical regions.

3.19.3. Comment

Non-canonical variants such as p.R88Q, p.N345K, and p.C420R have
been recognized as functionally activating by international databases
(OncoKB, Clinical Variants (ClinVar)) and can drive activation of the
PIBK/AKT/mTOR  pathway [16,42]. Therefore, therapeutic
decision-making should be guided by the functional classification of the
variant rather than its exon position. The use of NGS facilitates the
identification of less common but clinically relevant mutations.

3.20. Statement 20

Question: Is menopausal status a criterion for determining the
eligibility of PIK3CA testing in patients with advanced HR+/HER2-
breast cancer?

3.20.1. Recommendation

Menopausal status does not restrict PIK3CA testing, which should be
recommended according to disease stage. In premenopausal patients,
the use of PI3K inhibitors must be accompanied by ovarian suppression.

3.20.2. Comment

PIK3CA mutations are clinically relevant, independent of meno-
pausal status. However, ovarian suppression is required in premeno-
pausal patients to ensure effective endocrine deprivation when using
PI3K inhibitors [42]. This approach aligns the efficacy and safety out-
comes with those observed in postmenopausal patients.

3.21. Statement 21

Question: In addition to PIK3CA, is it possible to analyze alterations
in AKT1and PTEN?

3.21.1. Recommendation

Using an NGS panel that includes PIK3CA, AKTI1, and PTEN, the
mutational status of all three genes can be determined within a single
analysis.
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3.21.2. Comment

The PI3K/AKT/mTOR pathway is regulated by multiple molecular
nodes, and concomitant alterations in AKT1 (e.g., E17K) or loss of PTEN
may influence therapeutic sensitivity [31,43]. Combined analysis of
these genes provides a more comprehensive molecular profile, sup-
porting the identification of subgroups that may benefit from combined
targeted drug therapy.

3.22. Statement 22
Question: Can all PTEN alterations be identified using NGS?

3.22.1. Recommendation

The loss of PTEN protein expression cannot be directly assessed using
NGS. However, NGS can detect mutations and copy number variations
(CNVs) in PTEN.

3.22.2. Comment

NGS provides information on the genomic status of PTEN but does
not capture its protein expression. PTEN protein loss often results from
epigenetic or post-transcriptional mechanisms that must be evaluated
using immunohistochemistry (IHC) [43]. The integration of NGS and
IHC data offers the most accurate assessment of PTEN status and its
correlation with the response to PI3K pathway inhibitors.

3.23. Statement 23

Question: Is it possible to analyze PTEN protein loss using liquid
biopsy?

3.23.1. Recommendation

PTEN loss can be partially assessed in liquid biopsy by NGS analysis
of cfDNA for mutations or gene copy loss, but loss of protein expression
cannot be directly determined.

3.23.2. Comment

Current technologies do not facilitate the direct assessment of pro-
tein expression in plasma. However, cfDNA analysis can detect genomic
events such as inactivating mutations or copy number loss (CNV),
providing indirect indications of gene function [35]. Therefore, a
comprehensive assessment of PTEN status should integrate liquid biopsy
findings with tissue-based evaluation, preferably by IHC.

4. Conclusion

This Italian Delphi consensus provides an evidence-based and
harmonized framework for the assessment and clinical implementation
of PIK3CA testing in patients with HR+/HER2-advanced breast cancer.
The expert panel reached a strong agreement on the pivotal role of
PIK3CA mutations as predictive biomarkers for response to PI3K
pathway inhibitors, reflecting the transformation of these alterations
from markers of endocrine resistance to actionable therapeutic targets.
Early molecular testing is recommended to guide treatment selection
and optimize the use of treatment combinations such as fulvestrant,
palbociclib, and inavolisib, which have demonstrated significant clinical
benefits in patients with PIK3CA-mutated endocrine-resistant disease.

From a diagnostic perspective, NGS is the preferred methodology for
PIK3CA analysis because of its superior sensitivity, broader genomic
coverage, and ability to detect both canonical and noncanonical acti-
vating variants. Liquid biopsy is a valid and minimally invasive alter-
native to tissue testing, particularly when tumor samples are unavailable
or inadequate. However, tissue remains the reference matrix, and
negative plasma results require confirmatory tissue analysis in accor-
dance with current ESMO recommendations. The presence of an acti-
vating PIK3CA mutation in either tissue or plasma is sufficient to define
eligibility for PI3K inhibitor therapy, irrespective of the variant allele
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frequency or exon localization.

Comprehensive NGS panels, including PIK3CA, AKT1, and PTEN, are
strongly endorsed to capture the spectrum of alterations driving PI3K/
AKT/mTOR pathway activation. The integration of genomic and IHC
data to assess PTEN protein loss enhances the biological interpretation
of the results and supports personalized treatment planning. The
consensus also highlights the importance of analytical validation,
adherence to preanalytical standards for ¢fDNA handling, and stan-
dardized reporting following the HGNC and HGVS recommendations, as
well as the ESCAT guidelines to ensure diagnostic reliability and clinical
transparency.

Overall, this national consensus translates the current scientific ev-
idence and regulatory guidance into a unified set of practical recom-
mendations for the molecular characterization of HR+/HER2-breast
cancer. By promoting methodological consistency, comprehensive
genomic profiling, and evidence-based interpretation, these statements
aim to optimize patient selection for PI3K-targeted therapies and foster
precision oncology in clinical practice.

Continued collaboration between molecular pathologists and on-
cologists, along with prospective real-world data collection, is essential
to refine these recommendations and confirm their clinical impact in
diverse healthcare settings.
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