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SUMMARY

The PI3K inhibitor alpelisib is clinically approved for the treatment of metastatic ER+ breast 

cancers harboring hotspot mutations in PIK3CA, which encodes a subunit of PI3K. Prospective 

clinical trial results demonstrated benefit from alpelisib for the treatment of advanced ER+ breast 

cancers harboring PIK3CA mutations in the hotspots of exons 7, 9, and 20. However, 20% of 

PIK3CA mutations occur in non-hotspot regions. A recent article demonstrated that patients with 

cancers bearing non-hotspot PIK3CA mutations also derived benefit from alpelisib, which will 

inform clinical decision-making moving forward.

In this issue of Clinical Cancer Research, Rugo and colleagues evaluated the efficacy 

of alpelisib for advanced ER+ breast cancer with PIK3CA mutations as detected using 

comprehensive genomic profiling (CGP) (1). PIK3CA encodes the p110α catalytic subunit 

of phosphatidylinositol 3-kinase (PI3K), and PIK3CA mutations are commonly found 

in ER+ breast and other cancers (2). Given the incidence of PIK3CA mutations and 

the understanding of its role in promoting cancer cell growth and survival, efforts were 

undertaken to develop targeted therapeutics that inhibit PI3K.

Early clinical attempts to inhibit p110α tested agents with little isoform selectivity (e.g., 

buparlisib, pictilisib), covering p110α, p110β, p110γ, and p110δ. These agents were 

poorly tolerated, which led to their discontinued development (3) and the pursuit of isoform-

selective agents. Alpelisib is the first-in-class p110α-selective PI3K inhibitor approved for 

the treatment of advanced ER+ breast cancer in combination with endocrine therapy. The 

SOLAR-1 Phase III trial demonstrated increased efficacy from the combination of alpelisib 

with endocrine therapy vs. placebo with endocrine therapy alone in treating patients with 

advanced ER+ breast cancer bearing PI3KCA hotspot mutations.

While missense PIK3CA mutations occur in ~35% of advanced ER+ breast cancers, ~80% 

of such mutations are localized to hotspot regions in exons 7, 9, and 20 (1). These hotspot 

mutations are well-characterized as enzymatically activating and oncogenic (4), and were 

evaluated in the SOLAR-1 trial that led to the FDA approval of alpelisib. However, 
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~20% of PIK3CA mutations occur in non-hotspot regions that are less characterized 

(Figure 1), leaving clinicians with little information with which to inform the decision 

of whether to prescribe alpelisib for non-hotspot-bearing patients. Rugo et al. conducted 

a retrospective analysis of 10,750 patients with CGP of all protein-coding regions of 

PIK3CA. This revealed increased progression-free survival (PFS) with the combination of 

alpelisib/fulvestrant vs. placebo/fulvestrant (4.0 vs. 2.5 months) among non-hotspot-bearing 

patients. However, patients with any PIK3CA mutation had even longer PFS with the 

drug combination (5.9 months), indicating that hotspot PIK3CA-mutant tumors may more 

responsive to alpelisib than non-hotspot-mutant tumors. Another outcome of this study 

validates the efficacy of alpelisib + fulvestrant in patients previously treated with a CDK4/6 

inhibitor, which has become a preferred first-line treatment for ER+ breast cancer. These 

findings are in agreement with those of the BYLieve trial demonstrating alpelisib efficacy in 

a post-CDK4/6 inhibitor setting (5).

At present, there are 3 FDA-approved companion diagnostic tests for PIK3CA mutations. 

The therascreen PIK3CA RGQ PCR Kit (QIAGEN GmbH) is a real-time PCR assay to 

qualitatively detect 11 defined mutations within the hotspot regions of exons 7, 9, and 20. 

The SOLAR-1 trial used a PCR-based profiling assay before transitioning to the therascreen 

kit. While PCR-based assays only detect a limited number of pre-specified mutations, CGP 

can comprehensively identify mutations (and copy number alterations and fusions) in a 

large panel of genes; however, CGP is more expensive and requires more intensive sample 

processing and data analysis. The FoundationOne CDx and Liquid CDx tests (Foundation 

Medicine) are CGP assays that cover the protein-coding regions of hundreds of genes 

including PIK3CA using DNA/RNA acquired from tumor tissue or plasma, respectively. 

While FoundationOne tests report all PIK3CA mutations detected in a specimen, only the 

same 11 hotspot mutations are flagged as having an “FDA-approved therapeutic option” 

(i.e., alpelisib). Thus, FoundationOne tests are the only FDA-approved assays that detect 

non-hotspot PIK3CA mutations. However, many cancer centers have established in-house 

CGP pipelines analogous to the FoundationOne tests, enabling routine and complete 

profiling of PIK3CA. Since the study by Rugo et al. warrants reconsideration of using 

hotspot vs. any missense mutations in PIK3CA as an indicator for alpelisib, a diagnostic 

test that provides complete coverage of the PIK3CA coding region must become widely 

available, and this may be best achieved using CGP.

In the field of precision oncology, open questions remain regarding the reliability of using 

(A) plasma DNA to reflect genetic profiles of tumors, and (B) genetic profiles of archived 

tumor specimens (vs. newly acquired biopsies) to inform treatment decisions. Rugo et al. 

used CGP of patient-matched but asynchronously collected tumor and plasma specimens. 

Based on the PIK3CA status of tumor specimens, 75% of plasma specimens showed the 

same mutations; the 25% discordance was attributable in part to lower allelic frequencies of 

mutations in some tumors (1). A meta-analysis revealed that longer time periods between 

sampling of tumor and plasma contribute to discordance in PIK3CA status in breast cancer 

patients (6), suggesting that genetic profiling of plasma DNA may be more reflective of 

current tumor PIK3CA status. However, the frequencies of missense PIK3CA mutations 

in primary and metastatic ER+/HER2- breast tumors are similar [51% vs. 48%] (7–9). 

Furthermore, genetic profiling of patient-matched primary and metastatic tumors from 
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the AURORA trial showed that PIK3CA mutations were nearly completely concordant 

(10), suggesting that such mutations are early events in cancer development. These data 

collectively suggest that primary tumor tissue is generally suitable for PIK3CA mutational 

profiling in patients with metastatic ER+ breast cancer, and plasma DNA profiling should be 

considered as a secondary option if tumor DNA profiling is not feasible.
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Fig. 1- Distribution of non-hotspot PIK3CA mutations in patients with advanced ER+ breast 
cancer.
Among 77 patients found to have non-hotspot mutations in PIK3CA without co-occurring 

hotspot mutations, 93 non-hotspot mutations were detected among 17 plasma and 60 tumor 

specimens. Data were extracted from Fig. 5 in ref. (1).
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