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Summary
The management of hormone receptor-positive/HER2-negative (HR+/HER2−) meta-
static breast cancer (MBC) relies on molecular testing to inform treatment decisions. 
PIK3CA mutations, present in ~40% of cases, represent a key predictive biomarker for 
PI3K-pathway–targeted therapies. Despite its clinical relevance, PIK3CA testing contin-
ues to face challenges related to laboratory organization, standardization, and access. We 
conducted a nationwide, cross-sectional survey to evaluate current practices and institu-
tional readiness for PIK3CA testing in Italy, in the context of the anticipated expansion of 
PI3K-targeted therapies, including inavolisib. A total of 118 healthcare professionals from 
institutions across 15 regions participated, providing data on test availability, laboratory 
workflows, analytical methodologies, accreditation status, and implementation barriers. 
Descriptive statistics were used for analysis. Overall, 88.1% of institutions reported the 
ability to perform PIK3CA testing, with 57.6% offering on-site analysis. Testing was predom-
inantly performed in pathology laboratories (76.5%), followed by molecular biology (16.2%) 
and genetics laboratories (7.4%). However, 46.6% of institutions lacked formal molecular 
accreditation, and ISO:15189 certification remained uncommon. Pre-analytical workflows 
relied mainly on formalin-fixed paraffin-embedded (FFPE) tissue samples (89.7%), with 
limited routine use of liquid biopsy. Next-generation sequencing (NGS) was the most fre-
quently adopted analytical approach (45.6%), followed by combined NGS and PCR-based 
strategies (36.8%). Most institutions reported turnaround times of 7–15 days. In conclu-
sion, this updated survey indicates progress in access to PIK3CA testing and consolida-
tion of NGS-based methodologies in Italy. Nevertheless, persistent gaps in accreditation, 
heterogeneous workflows, and limited integration of liquid biopsy highlight ongoing chal-
lenges in standardization and diagnostic equity. Coordinated national strategies will be 
essential to ensure consistent, high-quality molecular diagnostics in HR+/HER2− MBC.

Key words: PIK3CA testing, molecular diagnostics, HR+/HER2− metastatic breast cancer, 
next-generation sequencing (NGS), precision oncology
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Introduction

Molecular testing is essential to inform clinical deci-
sion-making in patients with hormone receptor-posi-
tive/HER2-negative (HR+/HER2-) metastatic breast 
cancer (MBC)  1, 2. In this patient population, several 
biomarkers, including PIK3CA along with associated 
pathway alterations (i.e. AKT1 and PTEN), have direct 
clinical implications  3-7. Accurate PIK3CA testing, how-
ever, requires appropriate methodologies, such as 
real-time (RT)-PCR, droplet digital (dd)PCR, and/or 
next-generation sequencing (NGS), which should be 
performed on suitable biological specimens: forma-
lin-fixed paraffin-embedded (FFPE) tissue samples 
and/or circulating tumor DNA (ctDNA) 8-11. Regrettably, 
molecular testing for HR+/HER2- MBC remains par-
ticularly challenging. This can be due to the varying 
levels of coordination between molecular pathology 
laboratories, tumor boards, and accredited breast 
centers  12-14.
In 2019, PIK3CA became the first biomarker assessed 
by methods other than immunohistochemistry (IHC) 
to guide selection of targeted therapy in breast cancer, 
with alpelisib approved as the corresponding target-
ed treatment for HR+/HER2- MBC   15-17. Since then, 
additional agents targeting phosphoinositide 3-kinase 
(PI3K) signaling have been approved for clinical use, 
including capivasertib and inavolisib  18-21. Mutations in 
the PI3K pathway are highly prevalent in patients with 
HR+/HER2- MBC, occurring in approximately 50% of 
cases, with PIK3CA being the most frequently mu-
tated gene (~40% of cases)  22. Despite their clinical 
significance, technical challenges remain to ensure 
precise molecular testing.
Following the introduction of alpelisib in clinical prac-
tice, we previously conducted a nationwide survey to 
assess the molecular diagnostic landscape in various 
healthcare settings (e.g., academic centers, general 
hospitals, hubs, and spokes)  23. Five years later, with 
the imminent expansion of PI3K pathway-targeted 
therapies, a key question arises: has this landscape 
evolved? The present study specifically aims to cap-
ture how PIK3CA testing practices in MBC have pro-
gressed over time, with a particular focus on changes 
in molecular pathology laboratory capacity, testing 
modalities, accreditation status, and integration into 
clinical workflows.

Materials and methods

Study Design

This cross-sectional survey assessed the practices 

and capabilities of PIK3CA testing for HR+/HER2− 
MBC in 118 Italian healthcare institutions involved in 
HR+/HER2− MBC management. The questionnaire 
covered multiple aspects, including demographic 
details, test availability, routine practices, laboratory 
protocols, and barriers to implementation. To ensure 
comprehensive data collection, questions were pri-
marily open-ended. The study participants were pa-
thologists, geneticists, molecular biologists, and on-
cologists. The survey was administered online in an 
anonymized format.

Survey structure

The study employed structured questions to assess 
four key aspects of PIK3CA molecular diagnostic 
workflows specifically for HR+/HER2- MBC (Supple-
mentary Methods S1). Facility capabilities were evalu-
ated by examining the availability and modality of PIK-
3CA testing within participating centers, including the 
presence of a dedicated breast unit, in-house testing 
capacity, laboratory certification status, and frequency 
of PIK3CA testing requests over the past year. Centers 
that neither conducted nor outsourced the test were 
asked about their future plans for implementation 
and the specific barriers preventing adoption. Pre-an-
alytical factors focused on the types of biomaterials 
used for PIK3CA testing, to distinguish between FFPE 
samples and liquid biopsies. The analytical section ex-
plored the technologies employed for mutation detec-
tion, including Sanger sequencing, RT-PCR, ddPCR, 
and NGS, as well as the adaptability of laboratories in 
applying different methodologies. Post-analytical pro-
cesses were assessed by identifying the healthcare 
professionals responsible for test interpretation and 
reporting, along with the estimated turnaround time 
for PIK3CA test completion. Results were expressed 
as percentages, with respondents serving as the unit 
of analysis. All statistical analyses were performed us-
ing R Statistical Software version 4.2.2 (R Foundation 
for Statistical Computing, Vienna, Austria).

Results

A total of 118 Institutions across 15 regions in Italy 
were surveyed regarding the status of PIK3CA testing 
in HR+/HER2− MBC (Fig. 1). These institutions repre-
sented a diverse spectrum, encompassing major gen-
eral hospitals, specialized cancer centers, academic 
institutions, and smaller regional hospitals. 

Testing availability and laboratory practices

Among the 118 surveyed participants, 99 (83.9%) 
conducted their activities in hospitals with accredit-
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ed breast centers. Compared with the 2023 survey, 
the current analysis suggests an overall increase in 
reported institutional capacity for PIK3CA testing. 
While approximately one third of institutions previ-
ously reported no access to in-house or outsourced 
testing, 88.1% (n = 104) of participating centers now 
report the ability to perform PIK3CA analysis, with 
more than half (57.6%; n = 68) offering on-site testing. 
Taken together, these findings are consistent with a 
reduction in previously reported structural limitations 
to test availability at the institutional level. The organ-
ization of testing also appears to have evolved, with 
pathology laboratories accounting for the majority of 
in-house analyses (76.5%; n = 52), compared with the 
more heterogeneous laboratory distribution reported 
in 2023. However, this increase in reported testing ca-
pacity has not been accompanied by a comparable 
improvement in quality frameworks. Nearly half of in-
stitutions (46.6%; n = 55) still operate without formal 
molecular accreditation, and ISO:15189 certification 
remains uncommon (3.4%; n  =  4), suggesting that 

gains in access have not yet translated into uniform 
advances in laboratory standardization (Fig. 2). Insti-
tutions currently lacking testing capacity are detailed 
in Supplementary Figure S1.

Analytical workflow, reporting, and turnaround times

Analysis of pre-analytical practices indicates a change 
compared with the 2023 survey. Whereas more than half 
of institutions previously reported the ability to analyze 
both tissue and liquid biopsy samples, the current sur-
vey shows a predominant reliance on FFPE tissue alone 
(89.7%; n = 61), with combined tissue–plasma testing 
reported by a smaller proportion of centers (10.3%; 
n = 7). These findings suggest a more limited routine use 
of liquid biopsy for PIK3CA testing in current practice. 
From an analytical perspective, NGS-based approaches 
remain the most commonly adopted testing strategy. In 
the current survey, NGS targeted panels were the most 
frequently reported methodology (45.6%; n  =  31), fol-
lowed by combined NGS and/or PCR-based approach-
es (36.8%; n = 25). A smaller subset reported the use 

Figure 1. Distribution of 118 institutions across 15 regions in Italy participating in a national survey on PIK3CA testing for 
HR+/HER2- metastatic breast cancer.
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of NGS and/or PCR-based methods together with direct 
sequencing (10.3%; n = 7), while PCR-based methods 
alone accounted for 7.4% (n = 5). While NGS was al-
ready prevalent in 2023, the present data are consistent 
with a continued relative decline in RT-PCR-only work-
flows. In contrast, post-analytical practices appear large-
ly stable over time. The distribution of report signatories 
remains similar to that observed in 2023, with persistent 
heterogeneity in professional responsibility and frequent 
co-signing models involving molecular biologists and 
pathologists. Turnaround times also appear largely un-
changed, with most institutions reporting a TAT of 7–15 
days (64.7%; n = 44), and only a minority exceeding 15 
days (2.9%; n = 2), suggesting that increased analyti-
cal capacity has not yet been associated with shorter 
reporting timelines (Fig. 3).

Discussion

Mutational analysis of PIK3CA, a key predictive bio-
marker in HR+/HER2− MBC, has gained significant 
clinical relevance with the development of novel target-

ed therapies for PIK3CA-mutated tumors  24, 25. These 
advances reinforce the need for molecular diagnostic 
workflows that are not only technically robust but al-
so standardized, timely, and equitably accessible   26, 

27. Building on our previous nationwide assessment 
conducted in 2023, the present study provides an up-
dated overview of institutional readiness for single-bi-
omarker PIK3CA testing in Italy, with a specific focus 
on changes in testing capacity, analytical practices, 
and organizational frameworks over time.
A key finding is the overall increase in reported institu-
tional capacity to perform PIK3CA testing. Compared 
with the 2023 survey, in which approximately one-third 
of institutions reported no access to either in-house 
or outsourced testing, the majority of participating 
centers now report the ability to perform the analy-
sis, with more than half offering on-site testing. These 
findings suggest a progressive reduction in previously 
reported structural barriers to test availability. At the 
same time, the organization of testing appears to have 
become more centralized within pathology laborato-
ries, which now account for the majority of in-house 
analyses, compared with the more heterogeneous 

Figure 2. Facility capabilities, testing availability, and laboratory practices.
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laboratory distribution observed previously. This trend 
likely reflects growing consolidation of molecular diag-
nostics within pathology-driven workflows  28. Although 
participating institutions were distributed across mul-

tiple Italian regions, geographic differences were ex-
plored only descriptively. Given the regional organiza-
tion of the Italian National Health Service, variability 
in reimbursement policies, laboratory accreditation, 

Figure 3. Overview of PIK3CA testing strategies from a national survey of 118 institutions. Pie charts depict the bioma-
terials used (pre-analytical phase), testing technologies (analytical phase), turnaround time, and report signatories (post-
analytical phase), highlighting practices across all procedural stages. MB, molecular biologist; BP, breast pathologist; MP, 
molecular pathologist; G, geneticist.
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and access to advanced molecular technologies may 
contribute to territorial inequities in PIK3CA testing. 
Centers lacking in-house testing capabilities or for-
mal certification may experience longer turnaround 
times or rely on external referrals, potentially delay-
ing treatment initiation. Such regional disparities may 
disproportionately affect patients treated in peripheral 
or resource-limited settings, underscoring the need 
for national diagnostic networks, standardized qual-
ity frameworks, and centralized referral pathways to 
ensure equitable access to precision oncology. In 
practical terms, reported barriers likely include limit-
ed availability of dedicated molecular personnel, lack 
of in-house sequencing platforms in smaller centers, 
absence of formal outsourcing agreements, and re-
gion-specific reimbursement constraints. Organiza-
tional fragmentation between pathology, molecular 
biology, and clinical teams may further contribute to 
delays or inefficiencies in test implementation, particu-
larly in low-volume or peripheral institutions.
Despite these improvements in reported access, im-
portant challenges persist. In particular, the expan-
sion of testing capacity has not been accompanied 
by a parallel increase in formal laboratory accredita-
tion. A substantial proportion of institutions continue 
to operate without recognized molecular certifications, 
and ISO:15189 accreditation remains uncommon. 
This finding, consistent with but not improved over the 
2023 survey, highlights an ongoing gap between tech-
nical availability and quality assurance frameworks. 
Given the central role of molecular testing in guiding 
therapeutic decisions, this mismatch underscores the 
need for further efforts to harmonize accreditation and 
quality standards across institutions  29-35. Importantly, 
while accreditation provides an essential framework 
for quality assurance, this survey did not assess lab-
oratory-level internal validation procedures or assay 
performance metrics (e.g. sensitivity and specificity), 
which are critical determinants of analytical reliability 
in molecular diagnostics.
The choice of biomaterial represents another area in 
which current practice appears to differ from that re-
ported previously. While the 2023 survey documented 
widespread availability of combined tissue and liquid 
biopsy testing, the present analysis shows a pre-
dominant reliance on FFPE tissue samples, with a 
smaller proportion of centers reporting routine use of 
plasma-based assays. Although FFPE tissue remains 
a reliable and widely accepted substrate for PIK3CA 
mutation analysis, the more limited use of liquid bi-
opsy observed in the current survey suggests that its 
integration into routine clinical workflows remains vari-
able. This may reflect technical constraints, sensitivity 
considerations, or differences in local expertise and 

infrastructure, rather than a lack of clinical interest. As 
liquid biopsy technologies continue to evolve and their 
clinical utility becomes more clearly defined, particu-
larly in scenarios where tissue sampling is challeng-
ing, their role in PIK3CA testing warrants continued 
evaluation  36-39. 
From an analytical standpoint, the present data con-
firm the central role of NGS in PIK3CA testing. While 
NGS was already widely adopted in 2023, the cur-
rent findings are consistent with further consolida-
tion of standardized NGS-based approaches and a 
relative decline in RT-PCR-only workflows. This trend 
suggests increasing methodological homogenization 
across laboratories, although some degree of hetero-
geneity persists, particularly in centers that combine 
multiple techniques. Differences in access to instru-
mentation and local resource availability may continue 
to influence the choice of analytical strategies, with 
potential implications for diagnostic equity  40-42. 
In contrast, post-analytical practices appear largely 
unchanged over time. The distribution of report sig-
natories remains heterogeneous, with continued in-
volvement of molecular biologists, pathologists, and 
multidisciplinary co-signing models, similar to what 
was observed in 2023. Turnaround times for PIK3CA 
testing also appear broadly stable, with most institu-
tions reporting results within 7-15 days. These findings 
suggest that increases in analytical capacity have not 
yet translated into measurable reductions in reporting 
timelines, likely reflecting organizational and workflow-
related constraints rather than analytical limitations 
alone  43, 44. 
This study has several limitations that should be con-
sidered when interpreting the findings. First, the data 
reflect only the responses of institutions that chose to 
participate in the survey, introducing a potential selec-
tion bias. It is likely that centers with established or de-
veloping molecular diagnostics were more inclined to 
respond, possibly overestimating national readiness 
for PIK3CA testing. Second, given that inavolisib is not 
yet approved, the clinical demand for PIK3CA testing 
remains limited. As a result, current testing practices 
may not fully reflect future capacities or priorities once 
the therapy becomes available. Additionally, the sur-
vey relied on self-reported data, which may be subject 
to inaccuracies or inconsistencies in how respondents 
interpreted and reported their laboratory capabili-
ties, workflows, and timelines. It is also important to 
acknowledge that the survey was not designed to 
capture detailed information on internal validation pro-
cedures or assay performance characteristics, such 
as sensitivity and specificity, as it focused on institu-
tional organization and workflow rather than analytical 
validation. As a result, aspects of quality control at the 
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individual assay level could not be evaluated. Finally, 
the survey did not include patient-level clinical data 
(e.g. time to treatment initiation or access to PI3K-
targeted therapies) which are crucial components of 
quality molecular diagnostics and are essential to fully 
assess the downstream impact of diagnostic capacity 
on clinical decision-making and patient care. Future 
real-world studies integrating molecular diagnostic 
data with clinical outcomes and treatment timelines 
will be critical to quantify the downstream impact of 
diagnostic infrastructure on patient care.
In conclusion, this updated nationwide survey indi-
cates progress in the availability and organization of 
PIK3CA testing across Italian institutions since 2023, 
particularly in terms of institutional access and con-
solidation of NGS-based methodologies (45-48). 
However, persistent gaps in accreditation, continued 
heterogeneity in post-analytical practices, and vari-
able integration of liquid biopsy highlight areas where 
further improvement is needed. To address these bar-
riers, coordinated efforts by scientific societies and 
healthcare stakeholders should prioritize the develop-
ment of formal laboratory networks with predefined 
referral pathways, shared validation protocols, and 
accredited outsourcing models for centers lacking in-
house capabilities. Additional measures may include 
targeted funding for molecular infrastructure, harmo-
nized regional reimbursement policies, and structured 
educational programs aimed at strengthening interdis-
ciplinary collaboration between pathologists, molecu-
lar biologists, and clinicians.
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