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Background: Breast cancer is the most common cancer type that affects women.

In hormone receptor–positive (HR+), human epidermal growth factor receptor 2

−negative (HER2–) advanced breast cancer (ABC), phosphatidylinositol-4,5-

bisphosphate 3-kinase catalytic subunit alpha (PIK3CA) is the most frequently

mutated gene associated with poor prognosis. This study evaluated the frequency

of PIK3CA mutations in the Taiwanese breast cancer population.

Methodology: This is a retrospective study; patient data were collected for 2 years

from a next-generation sequencing database linked to electronic health records

(EHRs). The primary endpoint was the regional prevalence of PIK3CA mutation.

The secondary endpoints were to decipher the mutation types across breast

cancer subtype, menopausal status, and time to treatment failure after everolimus

(an mTOR inhibitor) or cyclin-dependent kinase 4/6 (CDK4/6) inhibitor treatment.

Results: PIK3CA mutations were identified in 278 of 728 patients (38%). PIK3CA

mutations were reported in 43% of patients with HR−/HER2+ subtype and 42% of

patients with HR+/HER2– postmenopausal status. A lower prevalence of PIK3CA

mutations was observed in triple-negative (27%) and HR+/HER2–

premenopausal patients (29%). The most common mutation was at exon 20

(H1047R mutation, 41.6%), followed by exon 9 (E545K mutation, 18.9% and

E542K mutation, 10.3%). Among patients treated with CDK4/6 inhibitors, the

median time to treatment failure was 12 months (95% CI: 7-21 months) in the

PIK3CA mutation cohort and 16 months (95% CI: 11-23 months) in the PIK3CA

wild-type cohort, whereas patients receiving an mTOR inhibitor reported a
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median time to treatment failure of 20.5 months (95% CI: 8-33 months) in the

PIK3CA mutation cohort and 6 months (95% CI: 2-9 months) in the PIK3CA

wild-type cohort.

Conclusion: A high frequency of PIK3CA mutations was detected in Taiwanese

patients with breast cancer, which was consistent with previous studies. Early

detection of PIK3CA mutations might influence therapeutic decisions, leading

to better treatment outcomes.
KEYWORDS

advanced breast cancer, PIK3CA mutations, hotspot mutations, next-generation
sequencing, Taiwanese population
1 Introduction

Breast cancer is the most commonly diagnosed cancer and one of

the leading causes of cancer death among women in Taiwan. In 2019,

Taiwan reported 14,856 new cases of breast cancer and 2633 deaths

that occurred due to breast cancer (1). Despite the wide range of

therapeutic interventions available for breast cancer, important

current advances are focused on genetic profiling to allow a

mutation-driven, targeted, and effective therapeutic approach.

Phosphoinositide 3-kinase (PI3K) is the most frequently

disrupted signaling pathway in hormone receptor−positive (HR+)

breast cancer (2). Phosphatidylinositol 3-kinase alpha (PI3Ka) is a
heterodimeric protein complex composed of the catalytic subunit

p110a (coded by the phosphatidylinositol-4,5-bisphosphate 3-kinase

catalytic subunit alpha [PIK3CA] gene) and the regulatory subunit

p85a (coded by the PIK3R1 gene) (3). Mutations of the PIK3CA gene,

inducing hyperactivation of the alpha isoform (p110a) of PI3K, occur
in 28% to 46% of patients with HR+/human epidermal growth factor

receptor-2–negative (HER2–) advanced breast cancer (ABC) (4, 5).

This variant is associated with poor response to HER2 targeted

therapy, endocrine therapy, and chemotherapy (6). The presence of

an oncogenic PI3K mutation has also been correlated with a worse

clinical outcome in patients with ABC receiving cyclin-dependent

kinase 4/6 (CDK4/6) inhibitors (7). The main “hotspots” reported for

PIK3CA mutations are E542K and E545K of the helical domain on

exon 9 and H1047R of the kinase domain on exon 20 (8–10).

Advancement in next-generation sequencing (NGS) technologies

has made gene sequencing and mutation analysis feasible and

effective for clinical application in breast cancer. NGS is helpful in

identifying the key mutations for guiding personalized therapy (11).

A study conducted by Huang et al. in Taiwanese patients with breast

cancer identified PIK3CA as one of the most frequently mutated

genes in 38% of the study population, followed by ERBB2 (23%),

ESR1 (10%), AKT1 (6%), and BRCA2 (5%) mutations (12).

Alpelisib, a selective PI3K inhibitor, showed efficacy in patients

with PIK3CA-mutated HR+/HER2– ABC in the SOLAR-1 trial,

with a median progression-free survival (PFS) of 11.0 months (95%

confidence interval [CI]: 7.5-14.5) (13). Based on these results,

alpelisib was approved in Taiwan since December 2020 for the
02
treatment of postmenopausal women and men, with HR+/HER2–,

PIK3CA-mutated, locally advanced or metastatic breast cancer

following progression on or after an endocrine-based regimen

(14). Because the data on the prevalence of PIK3CA mutations in

the Taiwanese population are limited, this study aimed to evaluate

the frequency of PIK3CA mutation status, thereby determining the

patient pool that might benefit from a personalized treatment plan.

Here, we report the results from a single-center observational study

that investigated the frequency of PIK3CA mutations in Taiwanese

patients with all subtypes of breast cancer using NGS over a period

of 24 months.
2 Methods

This is a retrospective, single-center study investigating the

prevalence of PIK3CA mutations in female patients diagnosed with

breast cancer in Taiwan.
2.1 Trial design

Taipei Veterans General Hospital, Taiwan, has an ongoing

project (VGH-TAYLOR) performing comprehensive genomic

profiling on tumor tissues from patients with breast cancer via

NGS, which is sponsored by the YongLin Healthcare Foundation.

The VGH-TAYLOR study aimed to discover potential biomarkers

for recurrence, diagnosis, and prognosis of breast cancer that may

enable personalized medicine and improvement in breast cancer

treatment; the rationale and design of the study protocol have been

previously described (15). Patient and genomic data were collected

from the NGS database linked with electronic health records

(EHRs) to investigate the mutation prevalence in various subtypes

and stages of breast cancer.

In the NGS database, medical records of patients with advanced/

metastatic breast cancer who were treated with an mTOR inhibitor or

CDK4/6 inhibitor, with treatment initiation (index date) from January

1, 2018 to January 30, 2020, were included in the study once the

inclusion/exclusion criteria were met. The EHRs were retrieved 3 years
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prior to the index date, from January 1, 2015 to January 1, 2018, for

baseline characteristics and breast cancer recurrence data collection

(Figure 1). Patients with information of first prescription of mTOR or

CDK4/6 inhibitors during the 4-year EHR data collection period were

also included for analysis for time to treatment failure. The study

protocol was approved by the ethics committee of the Taipei Veterans

General Hospital.

The pathological features of the tissue samples were determined

using immunohistochemistry (IHC) assay. At least 1% of nuclei

staining–positive results were defined as ER-positive. As per the

American Society of Clinical Oncology (ASCO) and College of

American Pathologists (CAP) guidelines, IHC 3+ and IHC 2+ with

fluorescence in situ hybridization (FISH) amplification indicated

HER2 overexpression. An IHC score of 0 to 1+ is called HER2– and

a score of 3+ is called HER2+. A FISH HER2:CEP17 signal ratio

>2.2 is called amplification whereas, ratio between 1.8-2.2 is

equivocal and <1.8 is non-amplification
2.2 Patients

Inclusion criteria were defined as follows: (1) female patients

aged ≥20 years; (2) patients with confirmed diagnosis of primary

invasive breast cancer who are planning to receive treatment for

breast cancer; (3) patients who have breast cancer recurrence at

screening or Stage IV patients who have received or are currently

receiving treatments for breast cancer; (4) Eastern Cooperative

Oncology Group (ECOG) performance status ≤3; and (5) life

expectancy ≥3 months.

Patients were excluded if they had a primary cancer other than

breast cancer within 5 years prior to screening. Archival samples

from the biobank (retrospective cohort) will be withdrawn if: (1)
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tumor content of the FFPE sample is lower than the specified

percentage according to the standard of the central laboratory; (2)

FFPE samples failed the DNA/RNA quality check. The criteria of

the DNA/RNA quality check will follow the standard of the central

laboratory. Enrolled patients will be withdrawn if one of the

following conditions occurs: (1) patient withdraws consent; (2)

patient refuses to provide specimens for evaluation after

enrollment; (3) patient for which all samples/specimens fail the

DNA/RNA quality check. The criteria of the DNA/RNA quality

check will follow the standard of the central laboratory; (4) patient

who does not have sufficient FFPE samples, tissues or blood samples

for genetic profiling analysis by principal investigator’s discretion;

(5) patient who does not return to the clinical site for more than 6

months (based on their medical records) will be considered as lost

to follow-up. However, whether this subject should be withdrawn

will be based on the PI’s discretion (15).

In this study we retrospectively analyze the database from

VGH-TAILOR project (Group 1,2,3). Enrolled patients were

categorized into 4 major groups, presented in Figure 2.

2.2.1 Group 1
• Group 1A (early breast cancer): patients who were

planning to receive surgery as the first-line treatment followed by

adjuvant therapy.

•Group1B (advanced breast cancer): patients with recurrence at

screening, who had received surgery for primary breast cancer

within 3 years prior to screening, and with primary tumor

formalin-fixed paraffin-embedded (FFPE) tissues available.

2.2.2 Group 2 (early breast cancer)
Patients who were planning to receive neoadjuvant therapy as

the first-line treatment for breast cancer and followed by surgery.
FIGURE 1

Study design. * Baseline characteristics collection period from HER. ABC, advanced breast cancer; BC, breast cancer; CDK4/6, cyclin-dependent 4
or 6 kinase; EBC, early breast cancer; ECOG PS, Eastern Cooperative Oncology Group performance status; EHC, electronic health record; NGS,
next-generation sequencing; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha; y, years.
FIGURE 2

Patient distribution.
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2.2.3 Group 3 (advanced breast cancer)
• Group 3-1: patients diagnosed with de novo and treatment

naïve stage IV breast cancer.

• Group 3-2: patients diagnosed with a stage IV breast cancer

and with recurrence beyond 3 years after surgery (Group 3-2A) or

stage IV subjects who had received or are currently receiving

treatments for breast cancer (Group 3-2B).

2.2.4 Retrospective cohort
Samples were collected from the biobank of the patients with

local/metastatic disease or non-pathological complete response

after neoadjuvant therapy
2.3 Endpoints

The primary endpoint was the regional prevalence of PIK3CA

mutation in breast cancer and by breast cancer subtypes in overall

patients with breast cancer, patients with HR+/HER2–, HR−/HER2+,

HR+/HER2+ and triple-negative breast cancer. Because the pre- and

postmenopausal status present different biological and genetic

characteristics in HR+/HER2– breast cancer, the prevalence of

PIK3CA mutations was further analyzed by menopausal status in

HR+/HER2– breast cancer. Menopause is usually a clinical diagnosis

made after ≥12 months of amenorrhea (16).

Secondary endpoints were to assess the frequency of mutation

types by breast cancer subtype and by menopausal status and time to

treatment failure after mTOR or CDK4/6 inhibitor in metastatic

patients stratified by PIK3CA mutation status. Time to treatment

failure is defined as the time from the date offirst dose of treatment of

interest to the date of the patient discontinuing treatment for any

reason; the Kaplan-Meier (KM) method was used for the estimation.
2.4 Sample preparation

The genetic profiles were determined through NGS of FFPE

samples. For screening and recruitment of patients for Group 1B

and Group 3-2, paired FFPE primary and recurrent tumor samples

were collected and sequenced, and for Group 2, paired FFPE

diagnostic and post-neoadjuvant specimens were assayed.

The preparation of FFPE was done under standard conditions at

the trial site. The DNA/RNA extraction and hematoxylin and eosin

(H&E) staining were performed in accordance with the laboratory

manual under the guidance of a certified pathologist in the central

laboratory. Quality checks for DNA/RNA were performed as per the

manual of the Thermo Fisher™ Oncomine™ (TMO) Comprehensive

Assay requirement (see below) and additional samples were collected

in case of failure. Of the seven unstained FFPE sections retrieved (per

subject), one section was prepared for H&E staining and six sections

were prepared for TMO comprehensive assay.
Frontiers in Oncology 04
2.5 Oncomine™ comprehensive assay
(TMO comprehensive assay)

Oncomine™ comprehensive assay (TMO comprehensive assay,

Thermo Fisher Scientific, Waltham, MA) was used to profile

thousands of variants across 161 cancer-relevant genes using

FFPE tissues (17). Analyses of TMO comprehensive assay

included identification of genes and detection of mutation types

such as frameshift, missense, synonymous, single nucleotide

variation (SNV), insertion/deletion (Indel), and copy number

variation (CNV) observed in individual subject.

Amplicon libraries were constructed with multiplex polymerase

chain reaction (PCR) primers for preparation of DNA and RNA

(for fusion genes) from FFPE samples. Sequencing was performed

with the Ion Gene Studio S5 System and Ion 540 Chips. Raw data

process, alignment, and variant calling were performed with

Torrent Suite™ Software, with variant calling using the Torrent

Variant Caller plug-in. Further management was proceeded by Ion

Reporter™ Software with workflow “Oncomine Comprehensive v3

- w3.2 - DNA and Fusions - Single Sample” version 5.10 selected

and filter chain “Oncomine Variants” version 5.10 applied.

Reference genome was hg19.
2.6 Variables

Preindex variables, including demographics of all patients,

menopausal status, primary diagnosis, previous medical history/

comorbidities, and family history of cancer, were extracted from the

NGS database, whereas the treatment response of previous breast

cancer was taken from the EHRs.

Postindex variables in the follow-up period, including breast

cancer genetic mutations, treatment, and treatment response from

previous lines if any, were extracted from the NGS database, and

breast cancer recurrence data were also extracted from the EHRs.
2.7 Statistical analysis

All statistical tests were conducted with a two-sided alternative

hypothesis, and a significance level of 0.05 and a P value of <0.05

were considered statistically significant, unless otherwise specified.

Mutations in the PIK3/AKT/mTOR pathway were deciphered. The

prevalence of PIK3CA mutations was calculated as the number of

PIK3CA mutations divided by the number of patients with breast

cancer in the populations stated above. The 95% CIs were presented

as appropriate. Analysis of the primary endpoint was descriptive in

nature, and no statistical hypothesis or testing was performed. The

enrolled set was adopted for both primary and secondary endpoints

unless otherwise specified.
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3 Results

3.1 Patient demographics and baseline
characteristics

A total of 728 patients were included for the PIK3CA mutation

analysis, most of whom were categorized into Group 1A (481

patients, 66.07%), followed by Group 2 (93 patients, 12.77%),

Group 3-2 (59 patients, 8.10%), Group 3-1 (42 patients, 5.77%),

and Group 1B (20 patients, 2.75%), please refer to Figure 2 for what

each group stands for. The mean age in all the groups at the time of

testing was 51 to 57 years of age. A total of 548 patients (76.2%) with

HR+ and 149 patients (20.8%) with HER2+ status were reported.

Patient demographic characteristics are detailed in Table 1.
3.2 Prevalence and characteristics of
PIK3CA mutations

Overall, 403 of 728 patients (55%) had mutations in the PI3K/

AKT/mTOR pathway, of which the 3 most commonly detected

mutations were PIK3CA (57%), AKT3 (14%), and PTEN

(10%) (Figure 3).

A total of 278 of 728 patients (38%) harbored PIK3CA

mutations. With respect to the IHC phenotypes, 29 patients
Frontiers in Oncology 05
(43.0%) were HR−/HER2+, 96 patients (42.0%) were HR

+/HER2– (postmenopausal), and 34 patients (41.0%) were

HR+/HER2+. The prevalence of PIK3CA mutation was

relatively lower in triple-negative breast cancer (27.0%) and

premenopausal patients with HR+/HER2– status (29.0%). The

prevalence of PIK3CA mutation by IHC status is presented

in Figure 4.

The majority of the PIK3CAmutations were clustered in exon 9

and exon 20, helical and kinase domains, respectively. Among 278

patients with PIK3CA mutations, the most frequently observed

mutations were in exon 20 (H1047R, 41.6%) and exon 9 (E545K,

18.9% and E542K, 10.3%); these are presented in Figure 5A.

The distribution of PIK3CA mutation types is presented in

Figure 5B. A total of 27 of 278 patients (9.7%) harbored multiple

PIK3CA mutations within one sample. Mutual exclusivity was

observed between PIK3CA and AKT1 (P<0.001), PIK3CA and

AKT3 (P<0.001), and PIK3CA and PIK3R1 (P=0.007).

3.3 PIK3CA mutations in patients
with HR+/HER2– breast cancer by
menopausal status

PIK3CA hotspot mutations (H1047R, E545K, and E542K) were

found in 63.5% of premenopausal patients with breast cancer and in

56.2% of postmenopausal patients with HR+/HER2– breast cancer.
TABLE 1 Patient demographic characteristics (excluding retrospective cohort).

Group Group 1A Group 1B Group 2 Group 3-1 Group 3-2

Case number 481 20 93 42 59

Age, mean (SD) 57 (12) 56 (13) 51 (12) 57 (11) 55 (12)

Age (min-max) 22-93 34-80 27-81 25-83 31-83

Estrogen receptor
Positive : Negative
Missing

388:91
2

11:8
1

55:38
0

27:15
0

41:13
4

HER2
Positive : Equivocal (IHC2+):Negative
Missing

72:6:400
3

7:1:10
2

31:0:62
0

16:1:25
0

15:1:35
8

Stage

I 182 5 1 0 4

II 289 9 82 0 11

III 0 0 10 0 0

IV 0 0 0 42 37

Missing 10 6 0 0 7

Grade

I 83 0 6 2 2

II 256 9 68 30 22

III 135 7 18 10 17

Missing 7 4 1 0 18
Staging of group 1B and 3-2 indicated original stages of primary tumor.
HER2 Positive: IHC2+: Negative: Missing → Positive: Equivocal: Negative: Missing
Equivocal: HER2 immunohistochemical stain score 2+ without in situ hybridization testing; IHC2: without FISH testing.
FISH, fluorescence in situ hybridization; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; SD, standard deviation.
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Among the premenopausal PIK3CA-mutated patients, H1047R and

E545K mutations were the most common (27% each), followed by

the E542K mutation (9.5%). A similar distribution was seen in

postmenopausal patients, where the H1047R mutation was the

most common mutation (32%), followed by E545K (14.5%) and

E542K mutations (9.7%).
3.4 Time to treatment failure in patients
with PIK3CA mutation after CDK4/6
inhibitors or mTOR inhibitor

A total of 19 patients (22.62%) with advanced breast cancer who

received CDK4/6 inhibitors (n=84, ribociclib=47, palbociclib=32,

abemaciclib=5) and 3 patients (18.75%) who received an mTOR

inhibitor (n=16) were reported to have a PIK3CA mutation. For

patients treated with CDK4/6 inhibitors, the median time to

treatment failure was 16 months (95% CI: 11-23 months) in the

PIK3CA wild-type cohort and 12 months (95% CI: 7-21 months) in

the PIK3CA mutation cohort, with a hazard ratio (HR) of 1.670

(95% CI: 0.908-3.069) (Figure 6A; Table 2). The data demonstrated
Frontiers in Oncology 06
a trend of shorter treatment duration with CDK4/6 inhibitors in

patients with PIK3CA mutation. For patients receiving mTOR

inhibitor, the median time to treatment failure was 20.5 months

(95% CI: 8-33 months) in the PIK3CA mutation cohort and 6

months (95% CI: 2-9 months) in the PIK3CA wild-type cohort, with

an HR of 0.244 (95% CI: 0.031-1.922) (Figure 6B; Table 2).
4 Discussion

PIK3CA mutations are significantly associated with breast

cancer occurrence and provide a growth advantage to cancer

cells, which leads to progression and drug resistance (18). Hence,

early detection of PIK3CA mutations may help in identifying

patients who might benefit from a more effective personalized

targeted therapy (19). In the present study, we reported the

prevalence of PIK3CA mutations in Taiwanese patients with

breast cancer stratified by IHC subtypes using an NGS database.

In addition, we assessed the impact of PIK3CA mutation status on

time to treatment failure of CDK4/6 and mTOR inhibitors in

patients with metastatic breast cancer.
FIGURE 4

Prevalence of PIK3CA mutation in each IHC cohort. HR, hormone receptor; HER2, human epidermal growth factor receptor 2; IHC,
immunohistochemistry; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha; TNBC, triple-negative breast cancer.
FIGURE 3

Mutation map of genes in the PI3K/AKT/mTOR pathway. AKT, serine/threonine kinase; HR, hormone receptor; HER2, human epidermal growth
factor receptor 2; mTOR, mammalian target of rapamycin; PI3K, phosphoinositide 3-kinase; PIK3CA/PIK3CB, phosphatidylinositol-4,5-bisphosphate
3-kinase catalytic subunit alpha/beta; PIK3R1, phosphoinositide-3-kinase regulatory subunit 1; PTEN, phosphatase and TENsin homolog; TSC,
tuberous sclerosis complex.
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In this study, genes in PIK3/AKT/mTOR pathway were

deciphered, and PIK3CA mutations were identified as the most

frequent genetic alterations observed in 38% of Taiwanese patients

with breast cancer. Similarly, an earlier study by Huang et al.

reported PIK3CA mutation as the most frequent mutation

occurring in 38% of Taiwanese patients with breast cancer (12).

The differences in the PIK3CA mutation frequency observed

between the 2 studies could be attributed to the different

sampling sizes and techniques of analysis.

The frequency of PIK3CA mutations varied by breast cancer

subtype and menopausal status. A high prevalence of PIK3CA

mutations was observed in patients with HR−/HER2+ status

(43%) and HR+/HER2– postmenopausal status (42%), followed

by HR+/HER2+ patients (41%). A comparatively lower prevalence

was seen in HR+/HER2– premenopausal patients (29%), followed

by patients with triple-negative breast cancer (27%). Although there

is no consensus about a predisposition of PIK3CA mutation by

breast cancer subtype, several studies have reported that 13.3% to

61.5% of HR+/HER2– ABC tumors and 12% to 25% of HER2+

tumors had PIK3CA mutations, whereas triple-negative breast

cancer harbors the lowest rates of PI3KCA mutations (20, 21). A

recent-published study (AURORA, BIG 14-01) analyzed 339

patients treated with first-line endocrine therapy plus CDK4/6

inhibitor, and found that PIK3CA mutation rate was 40%, which

was similar to our findings (42% in HR+/HER2– patients). These

mutations were not associated with first-line outcome (HR: 1.07
Frontiers in Oncology 07
[95% CI: 0.66-1.75], P=0.65) (22). In our study with limited case

numbers (n=84) and heterogenous characteristics (CDK4/6

inhibitors not purely first-line), it is difficult to compare the

outcome in patients with PIK3CA mutations in these two studies.

In our study, the most commonly reported hotspot mutations were

H1047R (41.6%), followed by E545K (18.9%) and E542K (10.3%).

These results were consistent with prior findings that reported

H1047R, E545K, and E542K as the most common hotspots for

PIK3CA mutations (5, 8, 9).

In the present study, 27 patients were reported with multiple

PIK3CAmutations. Of note, a prior report by Vasan et al. indicated

markedly increased sensitivity of multiple PIK3CA-mutant tumors

to PI3K inhibitors, compared with a single hotspot mutation (23).

In the Taiwanese population, PIK3CA and PIK3R1 mutations were

observed to be mutually exclusive. This mutual exclusivity of

PIK3CA and PIK3R1 mutations was reported earlier, leading to

oncogenesis and activation of the PI3K pathway (24).

In a recent study by Pavithran et al., the presence of PIK3CA

mutations was associated with reduced sensitivity to CDK4/6

inhibitors (25). In the present study, the median time to

treatment failure of CDK4/6 inhibitors was much lower in

patients with PIK3CA mutations than those without PIK3CA

mutations (12 months vs 16 months; HR: 1.670; 95% CI: 0.908-

3.069). However, this profile was shorter than that in another study

that reported a time to treatment failure of 19.7 months where they

used CDK4/6 inhibitors as the first-line therapy (26). This
B

A

FIGURE 5

(A) Distribution of PIK3CA variants frequency. *A total of 16.9% of mutations in patients from this study were not captured by the therascreen PIK3CA
Rotor-Gene Q (RGQ) PCR Kit. The most frequent mutations not captured were E726K (2.8%) and N345K (5.3%). Mutation Q546E was not detected
(0%) at exon 9. (B) OncoPrinter plot of PIK3CA mutations. PI3K, phosphoinositide 3-kinase; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit alpha.
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TABLE 2 CDK4/6 and mTOR inhibitors on patients with PIK3CA mutation*.

Drug Patient
number Median number of lines of therapy

Median time to treatment failure
(months)

Hazard ratio, 95% CI
PIK3CA
mutant PIK3CA wild type

CDK4/6
inhibitors

84 1 (1-5)
12 (n=19,
95% CI: 7-21)

16 (n=65,
95% CI: 11-23)

1.670,
0.908-3.069

mTOR inhibitor
(Everolimus)

16 2 (1-6)
20.5 (n=3,
95% CI: 8-33)

6 (n=13,
95% CI: 2-9)

0.244,
0.031-1.922
F
rontiers in Oncolog
y
 08
*Patients with treatment exposure of <1 month were excluded.
CDK4/6, cyclin-dependent 4 and 6 kinase; CI, confidence interval; mTOR, mammalian target of rapamycin; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha.
B

A

FIGURE 6

(A) Product-limit survival estimates of CDK4/6 inhibitors. (B) Product-limit survival estimates of everolimus (an mTOR inhibitor). CDK4/6, cyclin-
dependent 4 and 6 kinase; mTOR, mammalian target of rapamycin; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha.
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difference may be attributed to the discrepancy in patient

characteristics, follow-up period, or sample size (24). Findings

from the MONALEESA-7 study evaluating ribociclib in

premenopausal or perimenopausal women with HR+/HER2–

ABC showed a shorter PFS in patients with PIK3CA mutations

than those without, although this difference was not statistically

significant (27). Collectively, multiple studies demonstrated

numerical trends towards shorter PFS in patients with PIK3CA

mutations, which might indicate that the presence of PIK3CA

mutations may influence the sensitivity to CDK4/6 inhibitors.

Mutations in PIK3CA often result in hyperactivation of the

PI3K/mammalian target of rapamycin (mTOR) pathway and may

predict response to mTOR inhibitors. In the present study, the

median time to treatment failure of an mTOR inhibitor

(everolimus) was comparably longer in patients with PIK3CA

mutations than those without (20.5 months vs 6 months; HR:

0.244; 95% CI: 0.031-1.922). Further research is required to

validate these findings owing to the small sample size of the

PIK3CA-mutant cohort (n=3). A combined analysis from

BOLERO-1 and BOLERO-3 suggested that patients having

tumors with PIK3CA mutations or hyperactive PI3K pathway

derived PFS benefit from everolimus, whereas patients having

tumors without these molecular alterations did not (28).

Moynahan et al. reported that this survival benefit with

everolimus was maintained irrespective of the type of PIK3CA

genotype in BOLERO-2 (29). This further supports the findings

of the current study. The earlier detection of PIK3CA mutations

may help oncologists in treatment decisions and thereby help in

providing an effective personalized targeted therapy to the patients.

The present study has a few limitations that are worth noting.

This was a retrospective, single-center study and was prone to

selection bias. Therefore, the actual frequency of genetic alterations

observed in the study may not fully represent the general population

in Taiwan. Lastly, the small sample size of patients receiving

targeted therapies warrants further studies to validate these

findings, especially in the case of time to treatment failure.
5 Conclusion

Consistent with previous studies, we identified a high

prevalence of PIK3CA mutations in 38% of the Taiwanese

patients with breast cancer (12). The lower prevalence in

premenopausal patients and patients with triple-negative breast

cancer warrants further studies. Most of the mutations were in exon

9 and exon 20, with H1047R, E545K, and E542K being the hotspots.

A longer time to treatment failure in wild-type PIK3CA cohorts

treated with CDK4/6 inhibitors was reported, which demonstrated

the better efficacy of CDK4/6 inhibitors in wild-type PIK3CA

cohorts than that in the PIK3CA-mutant cohort. Everolimus, an

mTOR inhibitor, reported a longer time to treatment failure in the

PIK3CA-mutant cohort and demonstrated better efficacy.

Cumulatively, this indicated variations in the prevalence of

PIK3CA mutation based on breast cancer IHC phenotype.

Detection of mutations at an earlier stage can help in making
Frontiers in Oncology 09
appropriate therapeutic decisions, thus saving time and resulting in

better outcomes for the Taiwanese breast cancer population.
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