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Abstract PIK3CA mutations occur frequently in breast

cancer, predominantly in exons 9 and 20. The aim of this

retrospective study is to evaluate the PIK3CA mutation

status for its relationship with prognosis and first-line

endocrine therapy outcome. PIK3CA exon 9 and 20 were

evaluated for mutations in 1,352 primary breast cancer

specimens by SnaPshot multiplex analyses. The mutation

status was studied for their relationship with metastasis-

free survival (MFS) in 342 untreated lymph node-negative

(LNN) patients and to time to progression (TTP) in estro-

gen receptor (ER)-positive patients with metastatic disease

treated with first-line tamoxifen (N = 447) or aromatase

inhibitors (AIs; N = 84). We detected in 423 patients

hotspot mutations for PIK3CA (31 %). Mutations in exon

20 were detected in 251 patients (59 %), with H1047L and

H1047R mutations in 37 (15 %) and 214 (85 %) cases,

respectively. Mutations in PIK3CA exon 9 were discovered

in 173 patients (41 %), with E542K and E545K mutations

in 57 (32 %) and 104 (60 %) cases as most prevalent ones.

Evaluation of the untreated LNN patients for prognosis

showed no relationship between MFS and PIK3CA muta-

tions, neither for exon 9 [HR = 1.04 (95 % CI 0.57–1.89),

P = 0.90] nor for exon 20 [HR = 0.98 (95 % CI

0.63–1.54); P = 0.94] when compared to wild-type. The

PIK3CA mutation status was also not associated with

treatment outcome after first-line tamoxifen. On the other

hand, patients treated with first-line AIs showed a longer

TTP when having a PIK3CA mutation in exon 9

[HR = 0.40 (95 % CI 0.17–0.95); P = 0.038] or exon 20

[HR = 0.50 (95 % CI 0.27–0.91); P = 0.024] compared to

wild-types, both significant in uni- and multivariateElectronic supplementary material The online version of this
article (doi:10.1007/s10549-013-2529-7) contains supplementary
material, which is available to authorized users.
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analysis including traditional predictive factors. All results

remained when only HER2-negative patients were evalu-

ated for each cohort. PIK3CA mutations in ER-positive

tumors were significantly associated with a favorable out-

come after first-line AIs, which needs further confirmation

in other datasets. Mutations were not associated with

prognosis in untreated LNN patients nor predictive out-

come after first-line tamoxifen therapy in advanced disease

patients.

Keywords PIK3CA mutations � Breast cancer � First-line

endocrine therapy � Prognosis

Introduction

The phosphatidylinositol-3-kinase (PI3K) pathway regu-

lates several cellular processes critical for cancer progres-

sion, i.e., protein synthesis, growth, metabolism,

proliferation, cell survival, apoptosis, motility and angio-

genesis [1]. Since this pathway is frequently deregulated in

breast cancer, it is an attractive pharmacologic target to

investigate. The PI3K is a complex of regulatory and cat-

alytic proteins and one of the mechanisms of abnormal

PI3K pathway activation is through mutations in the

110 kDa catalytic protein encoded by PIK3CA or in the

85 kDa regulatory protein encoded by PIK3R1.PIK3CA is

the most frequent (30 %) mutated oncogene in breast

cancer (http://www.sanger.ac.uk/genetics/CGP/cosmic),

especially in ER-positive tumors [2, 3]. Approximately

90 % of PIK3CA mutations [4], are clustered in two hot-

spot regions: exon 9 (E542K and E545K) encoding the

helical domain and exon 20 (H1047R and H1047L)

encoding the kinase domain [2, 5].

PIK3CA mutations may play an important role in the

carcinogenesis and development of breast cancer and has

been correlated with clinical and treatment outcome [6].

Several studies presented, however, contradicting results

for the relationship between PIK3CA mutation status and

clinical outcome. Some studies showed no correlation

between PIK3CA mutations and clinicopathologic vari-

ables [4, 7], while others have shown a worse prognosis

after treatment with HER2-inhibitors for patients with

HER2? tumors and PIK3CA mutations [8, 9]. Moreover,

PIK3CA alterations are mainly present in invasive lobular

(46 %) and ductal (22 %) breast carcinoma [10]. In lobular

tumors, PIK3CA mutations have been found to be associ-

ated with tumor size, ER? tumors and poor survival [6,

10], whereas other histological types with a low incidence

of PIK3CA mutations have shown to be associated with a

favorable prognosis [10]. Especially tumors bearing exon

20 PIK3CA mutations are related with poor prognosis

compared to those having wild type PIK3CA and other

PIK3CA mutations [11]. Finally, whole genome DNA

analysis of a cohort of breast cancers revealed that PIK3CA

mutations occur predominantly in ER-positive breast can-

cers of the molecular luminal subtype, whereas PI3K-

pathway activation was especially observed in ER-negative

basal breast cancers [3]. In this study, however, relation-

ships with clinical and treatment outcome were not

investigated.

Breast cancer patients with tumors expressing the ER

are treated with endocrine therapies, i.e., with tamoxifen or

AIs. Unfortunately, not all patients respond (de novo

resistance) while in the metastatic setting, patients who do

initially respond will eventually relapse (acquired resis-

tance). Endocrine therapy resistance may occur through

activation of the PI3K- and MAPK-pathways and/or their

downstream targets AKT and mTOR [12–16]. In this

respect it is of interest to note that phase III clinical trials

showed substantial benefit when mTOR-inhibitors were

added to AI treatment [17]. Also for survival after adjuvant

tamoxifen therapy contradicting results have been pub-

lished. Lai et al. [11] showed in a cohort of 152 patients

that invasive ductal carcinoma with exon 20 PIK3CA

mutation had a significant shorter survival after adjuvant

tamoxifen therapy compared to wild type tumors. On the

other hand, Loi et al. [18] observed no relation with

PIK3CA mutation status but a beneficial outcome after

adjuvant tamoxifen therapy when applying a PI3K exon 20

gene expression signature.

To address above contradicting findings, we examined

retrospectively the PIK3CA mutations in a cohort of 1,352

breast cancer patients to establish the prognostic and pre-

dictive significance of these mutations in tumors of 342

untreated LNN patients as well as 532 ER-positive patients

with advanced disease treated with first-line endocrine

therapy, i.e., tamoxifen (N = 447) or aromatase inhibitors

(N = 84). Moreover, we correlated patient and tumor

characteristics and clinical outcome with the PIK3CA

mutation status, stratified for helical (exon 9) or kinase

(exon 20) domain hotspot mutations, respectively.

Patients

The Erasmus University Medical Center (EMC;

N = 1,031), at Rotterdam, the Netherlands Cancer Institute

(NKI; N = 159), at Amsterdam, and the Radboud Uni-

versity Nijmegen Medical Centre at Nijmegen (N = 77) all

located in the Netherlands, and the Sint Augustinus Hos-

pital at Antwerpen (N = 85) in Belgium participated in this

study. Primary breast cancer tissue specimens were col-

lected from 1,352 female patients with primary or

advanced breast cancer that entered the hospitals between

1978 and 2007. Patients and tumor characteristics are
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presented in Table 1 for all patients for which information

was available and for the three different patient cohorts

analyzed in this study.

Follow-up, tumor staging, and response to therapy was

defined by standard International Union against Cancer

(Geneva, Switzerland) classification criteria [19]. This

retrospective study has been approved by the local medical

ethics committees, performed in accordance with the Code

of Conduct of the Federation of Medical Scientific Socie-

ties in the Netherlands (http://www.fmwv.nl) and Belgium,

and reported following the REMARK recommendations

[20]. DNA isolated from primary breast tumor specimens

were evaluated for PIK3CA exon 9 and exon 20 hotspot

mutation status to assess relationships with patient and

tumor characteristics and with clinical and treatment out-

come. ER, progesterone receptor (PR), and HER2 status of

the primary tumor tissue specimens were established as

described previously [21–24].

The prognostic value of PIK3CA mutations was asses-

sed in 342 LNN breast cancer patients. These patients had

no metastatic disease at time of diagnosis and received no

adjuvant systemic therapy. In addition, ER-positive

patients with advanced disease treated with first-line

tamoxifen (N = 447) or aromatase inhibitors (N = 84)

were analyzed to determine the predictive value of PIK3CA

mutations. Patients treated with endocrine therapy were

selected based on the following inclusion criteria: Invasive

ER-positive breast carcinoma; advanced disease deemed

not curable by surgery and/or radiotherapy for which first-

line tamoxifen or AI therapy had been given for at least

4 weeks; and frozen (N = 1,193) or paraffin-embedded

(N = 159) primary tumor specimens were available.

Detailed patient characteristics for the cohort of tamoxifen

treated patients have been previously described [25]. The

cohort of 84 metastatic breast cancer patients treated with

first-line AIs received either steroidal (15 exemestane) or

non-steroidal AIs (43 anastrozole, 26 letrozole). Nine of

these patients presented with metastatic disease at time of

diagnosis, 52 patients had modified mastectomy and 23

patients underwent breast-conserving lumpectomy. Sixty-

four patients received adjuvant endocrine therapy and 17

patients were treated with adjuvant chemotherapy, how-

ever, all developed metastatic disease that was treated with

first-line aromatase inhibitors.

Methods

Multiplex PCR amplification and SnaPshot analysis

For the detection of mutations, stored DNA was amplified

for exons 9 and 20 of PIK3CA using earlier published PCR

primers [26]. The amplified exons were assessed for

mutations at the following nucleotide positions (with cor-

responding amino acid changes) G1624 (E542K, Q),

G1633 (E545K, Q), A1634 (E545G, A), A3140 (H1047R,

L) using the SnaPshot� multiplex system (Life Technolo-

gies) as described previously [26, 27]. All specimens with a

mutation or that failed initially, were re-analyzed with the

SnaPshot to validate the mutation status of the tumor.

Statistics

The relationship of mutation status with patient and tumor

characteristics was investigated using nonparametric

methods, i.e., Spearman rank correlations for continuous

variables and Wilcoxon rank-sum or Kruskal–Wallis and

v2 square test for ordered variables. The Cox proportional

hazards model was used to compute the hazard ratio (HR)

in the analysis of metastasis-free survival (MFS) and time

to progression (TTP). MFS was defined as the time elapsed

between the surgery and the first distant metastasis. TTP

was defined as the time elapsed between initiation of

endocrine therapy and the first detection of disease pro-

gression. In multivariate analysis, the predictive value of

PIK3CA mutation status was compared to the base model

of traditional clinicopathological factors for metastatic

breast cancer, i.e., age at start of therapy, disease free

interval, dominant site of relapse and PR and HER2 status.

The HR was presented with its 95 % confidence intervals

(95 % CI). Survival curves were generated using the

Kaplan–Meier method and a log rank test was used to test

for differences. Computations were done with the STATA

statistical package, release 12SE (STATA Corp., College

Station, TX). All P-values were two-sided and P \ 0.05

was considered statistically significant.

Results

PIK3CA mutation frequencies and clinicopathological

features

We evaluated the DNA of 1,352 primary breast tumor

specimens for hotspot mutations in the PIK3CA gene using

SnaPshot multiplex analysis (Fig. 1a). No hotspot muta-

tions for PIK3CA were detected in 928 tumors, here

referred to as wild-type, although these tumors may harbor

mutations outside the analyzed hotspots. For 423 patients a

mutation in exon 9 or exon 20 (31 %) was discovered.

Exon 20 mutations were detected in 251 patients (59 %),

with a H1047L in 37 (15 %) and a H1047R mutation in

214 (85 %) cases. Mutations in PIK3CA exon 9 were

detected in 173 patients (41 %), with E542K and E545K

mutations in 57 (32 %) and 104 (60 %) cases, respectively,

as the most prevalent ones (Fig. 1b).

42 Breast Cancer Res Treat (2013) 139:39–49
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Clinicopathological characteristics in relation with

PIK3CA status for all patients and the three distinguished

sub-cohorts of patients are shown in Table 1 and in more

detail in Supplemental Table S1. PIK3CA mutations, both in

exon 9 and 20, are most frequently observed in luminal ER-

positive and/or in PR-positive tumors (all P \ 0.001), in

agreement with observations by others. Moreover, tumors

with an exon 9 mutation appeared to be smaller (\2 cm;

P = 0.009) and tend to metastasize preferentially to bone

(P = 0.071) than those with a wild-type or exon 20 mutant

PIK3CA gene. These cohorts included a cohort for prognosis

of untreated LNN patients and two cohorts for treatment

outcome of ER-positive patients with metastatic disease

treated with endocrine therapy. For the prognostic cohort

the PIK3CA mutations were predominantly observed in

luminal (P = 0.001), ER-positive (P = 0.007), PR-positive

(P \ 0.001), and HER2-negative (P = 0.041) tumors. In the

tamoxifen treated cohort, PIK3CA exon 20 mutations were

especially detected in postmenopausal women (P = 0.003),

whereas for the AI cohort exon 9 and 20 mutations were

overrepresented in PR-positive tumors (P = 0.004). Since

HER2 affects prognosis and response to endocrine therapy,

survival analyses in the three sub-cohorts below were per-

formed on all tumors (Table 1) and on HER2-negative

tumors only (Supplemental Table S2).

PIK3CA mutation status and prognosis

To assess the prognostic value of PIK3CA mutation status, a

subset of 342 LNN patients who received no adjuvant sys-

temic therapy have been evaluated for the relation between

mutation status and MFS. No significant differences were

observed between wild-type and mutated PIK3CA tumors

with regard to traditional prognostic factors age and meno-

pausal status at diagnosis, tumor size, and grade. No associ-

ation between PIK3CA mutation and MFS was found, neither

for exon 9 [HR = 1.04 (95 % CI 0.57–1.90); P = 0.90] nor

for exon 20 [HR = 0.98 (95 % CI 0.63–1.54); P = 0.94]

A

B

Fig. 1 PIK3CA mutation

frequencies. a The frequencies

of PIK3CA exon 9 and 20

mutations as detected in the

total cohort and in subsets of

breast cancer patients.

Mutations occur more

frequently in estrogen receptor

positive (ER?) compared to

ER-negative (ER-) tumors.

Lymph node-negative (LNN)

breast cancer patients that

received no adjuvant systemic

therapy (N = 342) were

investigated for the prognostic

value of the PIK3CA mutation

status. ER-positive breast cancer

patients with metastatic disease

treated with first-line tamoxifen

(N = 447) or aromatase

inhibitors (N = 84) were

evaluated for a relation between

PIK3CA mutation status with

treatment outcome. WT are

patients who have no PIK3CA
hotspot mutation in exon 9 or

exon 20, defined as wild-type.

b The type and number of

mutations detected in exon 9 (all

starting with E) or in exon 20

(H1047R, H1047L) for the 423

patients with a PIK3CA
mutation in their primary tumor
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when compared to wild-type (Fig. 2a). Since mutations

occurred predominantly in luminal tumors, the prognostic

value was also established in 262 ER-positive LNN patients of

this sub-cohort. Again, for these 262 patients, no association

between PIK3CA mutation and MFS was found, neither for

tumors with exon 9 mutations [HR = 1.03 (95 % CI

0.55–1.93); P = 0.94] nor for tumors with exon 20 mutations

[HR = 1.04 (95 % CI 0.65–1.66); P = 0.88] when compared

to wild-type tumors. Mutation status and MFS showed also no

relationships in the subsets of (ER-positive) HER2-negative

tumors only (Supplemental Table S2).

PIK3CA mutation status and outcome after first-line

tamoxifen therapy

Next, a subset of 447 ER-positive patients with advanced

disease treated with first-line tamoxifen has been evaluated

for the relationship between PIK3CA mutation status and

treatment outcome. No significant differences were observed

between PIK3CA wild-type and mutated tumors in relation to

traditional predictive factors age at start of tamoxifen treat-

ment, dominant site of relapse, disease-free interval and PR.

The tumors with PIK3CA exon 9 and 20 mutations did not

associate with TTP after tamoxifen, i.e., for exon 9

[HR = 1.17 (95 % CI 0.87–1.57); P = 0.30] and for exon 20

[HR = 1.01 (95 % CI 0.78–1.31); P = 0.93] (Fig. 2b). The

relationship between PIK3CA mutation status and TTP was

also not observed in the subset of HER2-negative tumors

(Supplemental Table S2). The PIK3CA mutation status

showed a relation with menopausal status at start of therapy in

this subset (P = 0.003), which was also confirmed by a sig-

nificant test of interaction (P = 0.010) for exon 20 mutation

status and menopausal status. For this reason, the mutation

status in relation to TTP was also evaluated independently for

pre- and postmenopausal patients. No associations were

observed for PIK3CA exon 9 mutations in premenopausal

[N = 77; HR = 0.94 (95 % CI 0.50–1.78); P = 0.85] and

postmenopausal [N = 369; HR = 1.22 (95 % CI 0.87–1.71);

P = 0.25] women. The PIK3CA exon 20 mutations, on the

other hand, showed a significant relation with TTP in pre-

menopausal women [HR = 2.59 (95 % CI 1.08–6.25);

P = 0.034] but not in postmenopausal women [HR = 1.00

(95 % CI 0.76–1.31); P = 0.99], although exon 20 mutations

were especially detected in postmenopausal women.

PIK3CA mutation status and outcome after first-line

aromatase inhibitor therapy

Finally, the PIK3CA mutation status was evaluated for a

relationship with treatment outcome in a set of 84 ER-positive

patients with advanced disease treated with first-line AIs. The

PR status in this cohort was the only traditional predictive

factor for metastatic disease that linked to the PIK3CA exon 9

and 20 mutation status (P = 0.004). Interestingly, patients

with a PIK3CA mutation when compared with those being

wild-type had a prolonged TTP after AI treatment, both for

exon 9 [HR = 0.40 (95 % CI 0.17–0.95); P = 0.038] as well

as for exon 20 [HR = 0.50 (95 % CI 0.27–0.91); P = 0.024]

mutations (Fig. 3). These associations between mutation

status and TTP were still significant when analyzed in the

subset of HER2-negative tumors (Supplemental Table S2).

An explanatory analysis in only patients treated with non-

steroidal AIs (N = 69) demonstrated that the relation

between PIK3CA mutation and prolonged TTP kept signifi-

cant, i.e., for exon 9 [HR = 0.27 (95 % CI 0.08–0.88);

P = 0.030] and for exon 20 [HR = 0.45 (95 % CI

0.23–0.87); P = 0.019]. The subset of steroidal AI treated

patients (N = 15) was too small to draw conclusions. In

multivariate analysis including age, disease-free interval,

dominant site of relapse and PR and HER2 status as traditional

A

B

Fig. 2 PIK3CA mutation status: Prognosis and treatment outcome

after first-line tamoxifen. a MFS analysis in 342 LNN breast cancer

patients who had no adjuvant systemic therapy as a function of

PIK3CA mutation status. b TTP analysis in 447 ER-positive breast

cancer patients with advanced disease treated with first-line tamoxifen

as a function of PIK3CA mutation status
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predictive factors, the association with AI treatment outcome

remained significant for both exon 9 and exon 20 mutants (see

Table 2). These significant preliminary findings, however,

need further validation in additional larger datasets.

Discussion

The purpose of this study was to evaluate PIK3CA exon 9

and exon 20 hotspot mutations in 1,352 primary breast

tumor tissue specimens and to associate the mutation status

with clinicopathological characteristics and with clinical

outcome. Using SnaPshot analyses we identified PIK3CA

mutations in 31 % of the patients with 13 % mutations in

exon 9 and 18 % mutations in exon 20. The mutations were

mainly detected in the ER-positive tumors (35 %) com-

pared to the triple-negative tumors (11 %) (Supplemental

Table S1). Moreover, fewer mutated tumors were observed

for patients with LRR (29 %) compared to those patients

with bone metastasis (40 %; N = 356, P = 0.056) and to

those patients with bone or other distant metastases (35 %:

N = 696, P = 0.17). The frequency and distribution of

PIK3CA hotspot mutations are comparable to those

reported (Supplementary Figure S1) [3].

We evaluated exon 9 (helical) and exon 20 (kinase)

domain PIK3CA mutations separately since exon 9 muta-

tions have been reported mainly in lobular carcinomas and

to associate with poor prognosis [28] and AKT-indepen-

dent downstream signaling [29]. Although exon 9 muta-

tions occur less frequent than exon 20 mutations, no

significant differences were observed for almost all clini-

copathological characteristics and clinical outcome in the

sub-cohorts when stratified for PIK3CA exon 9 and 20

mutation status. We only observed in ER-positive tumors

that PIK3CA exon 9 mutated tumors showed a trend to

metastasize more often to bone and are smaller when

compared to wild-type or exon 20 mutant tumors.

The PIK3CA mutant tumors in our analyses are mainly of

the luminal subtype and PR-positive (80–83 %) in contrast

to only 65 % PR-positive wild-type tumors. Other studies

observed also significantly more PR-positive tumors in the

PIK3CA mutant tumor group compared to the PIK3CA wild-

type group, i.e., in a meta-analysis in 252 of the 333 mutant

tumors (76 %) versus 374 of the 708 wild-type tumors

(53 %) are PR-positive [5, 30, 31], respectively. However,

presence of PR recently has shown to be only prognostic but

not predictive for adjuvant tamoxifen therapy [32]. More-

over, the uni- and multivariate analyses for TTP after AI

treatment in our cohort revealed no significant relationship

between PR and outcome and PIK3CA mutation status

remained independently from PR predictive for response to

AI. In line with this, whole-genome analysis of breast can-

cers of patients treated with AI in the neoadjuvant setting

showed that mutations in the PI3K-pathway mainly occur in

luminal A breast tumors with low recurrence risk [33].

Additionally, invasive ductal and lobular carcinomas did not

differ in PIK3CA mutation frequencies and distributions in

all our specimens (Supplemental Table S1).

Our study shows that patients with a PIK3CA mutation

in their tumors do have a favorable outcome on first-line AI

therapy, whereas PIK3CA mutations are not prognostic nor

related to first-line tamoxifen outcome. These findings are

unexpected since somatic mutations in PIK3CA have been

shown to activate AKT and induce oncogenic transforma-

tion of breast cancer cells [34] in vitro [35] and in vivo

[36]. Additionally, in vitro studies demonstrated that

resistance to endocrine therapy might be due to activation

of the PI3K-pathway and/or it downstream targets AKT

and mTOR [13, 15, 37]. Moreover, recent phase II and III

clinical trials of metastatic breast cancer patients treated

with tamoxifen or exemestane showed benefit from addi-

tion of everolimus, an mTOR-inhibitor, further stressing

the role of the PI3K-pathway activation in endocrine

resistance [17, 38]. On the other hand, no improve in

progression free survival after first-line letrozole plus

temsirolimus, also an inhibitor of mTOR, was observed in

a randomized phase III trial of postmenopausal metastatic

breast cancer patients [39]. Additionally, mutations in the

kinase domain of PIK3CA were associated with favorable

relapse-free survival and weakly with clinical response in a

neoadjuvant endocrine therapy trial [40]. Finally, compre-

hensive reviews of a large number of clinical studies

regarding PIK3CA mutations in breast carcinomas [2, 41]

indicate that PIK3CA mutations are associated with

favorable prognosis in ER-positive breast cancer. All these

studies, however, included lymph node-positive and/or

Fig. 3 PIK3CA mutation status and treatment outcome after first-line

aromatase inhibitors. TTP analysis in 84 ER-positive breast cancer

patients with advanced disease treated with first-line aromatase

inhibitors as a function of PIK3CA mutation status
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(neo) adjuvant treated patients, which may explain why we

could not confirm this association with prognosis in our

study on untreated LNN patients. The contradicting find-

ings might also be explained by recent views that PIK3CA

mutations not always translate into a downstream activated

PI3K pathway [3]. A system biological approach was

applied in this study to reveal a mechanism of action in

clinical samples, which showed that while PIK3CA muta-

tions are predominantly present in luminal breast tumors

the PI3K pathway activation mainly occurs in basal-like

tumors. Luminal A PIK3CA mutated tumors in this study

were low in PI3K pathway activation markers pAKT, pS6

and p4EBP1 and showed less PI3K-gene signature activity

when compared to basal PIK3CA wild-type tumors. Anal-

yses of down-stream PI3K pathway activation might be

informative in our sub-cohorts for prognosis and tamoxi-

fen, since no relationship with PIK3CA mutation status was

observed for these cohorts, however, a system biological

approach on these two cohorts was not applicable because

genome wide RNA and/or protein data were not available.

We investigated primary tumor specimens and related

their PIK3CA status with treatment outcome for advanced

disease, nevertheless, it has been shown that the PIK3CA

status can differ between primary tumor and metastatic

lesions [42]. Biopsies of metastatic lesions, however, are

often difficult to obtain due to their localization. Addi-

tionally, serum/plasma-derived circulating free DNA

(cfDNA) from a subset of metastatic breast cancer patients

contained PIK3CA mutations whereas no mutations were

detected in cfDNA from patients with localized breast

cancer [43]. These studies also identified wild-type primary

tumors with matched metastatic lesions or cfDNAs that

harbored PIK3CA mutations [42, 43]. All this indicates that

primary disease may differ sometimes from metastatic

disease with regard to PIK3CA status. It may affect slightly

our findings and might explain partially differences

between our observations in metastatic disease from those

obtained by others in the adjuvant setting [11, 18].

Interestingly, we found that patients with a PIK3CA

mutation in primary tumors have longer TTP after AI therapy

when compared to wild-type tumors whereas there is no

association with treatment outcome after tamoxifen treat-

ment. The association with TTP after aromatase inhibitor

therapy remained significant in the subset of patients treated

Table 2 Uni- and multivariate analysis in 84 ER-positive breast cancer patients with metastatic disease treated with first-line aromatase

inhibitors

Factor of base model No. of patients Univariate analysis Multivariate analysis in 81 patients

HR 95 % CI P HR 95 % CI P

Age at start therapy (years)

B55 18 1.00 1.00

56–70 30 0.98 0.53–1.81 0.94 0.81 0.42–1.56 0.52

[70 36 0.95 0.52–1.73 0.86 0.87 0.45–1.66 0.66

Disease-free interval ( months)

0–24 28 1.00 1.00

[24 55 0.66 0.41–1.06 0.088 0.74 0.45–1.22 0.25

Dominant site of relapse

LRR 4 1.00 1.00

Bone 46 3.50 0.84–14.53 0.085 3.28 0.77–13.96 0.11

Other 34 2.66 0.63–11.18 0.182 2.49 0.58–10.68 0.22

PR status

Negative 23 1.00 1.00

Positive 59 0.63 0.38–1.06 0.080 0.64 0.35–1.16 0.14

HER2 status #

Negative 73 1.00 1.00

Positive 11 1.09 0.56–2.13 0.79 0.78 0.33–1.82 0.57

PIK3CA mutation status Added to the base model

Wild-type 59 1.00 1.00

Exon 9 mutant 8 0.40 0.17–0.95 0.038 0.40 0.16–1.00 0.051

Exon 20 mutant 17 0.50 0.27–0.91 0.024 0.50 0.26–0.98 0.045

For 81 of the 84 patients information was available for PIK3CA and all traditional predictive factors of the base model for metastatic disease, i.e.,

age, disease-free interval, dominant site of relapse, PR- and HER2-status

# HER2-status was based on TargetPrint HER2 mRNA classification
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with non-steroidal AI (letrozole, anastrozole) and after mul-

tivariate analysis of the PIK3CA mutation status together with

the traditional predictive factors. The discrepancy in PIK3CA

mutation status relationship with treatment outcome after AI

and tamoxifen therapy may be of relevance for the choice of

treatment of ER-positive breast cancer patients. This dis-

crepancy needs further evaluation since the AI-cohort is rel-

atively small and because these sub-cohorts were not

controlled for differences that could affect response to

tamoxifen or AI for metastatic disease due to the retrospective

design of the study. Our analyses indicate, however, that

HER2 status does not affect the relationships between muta-

tion status and outcome after AI and tamoxifen. Moreover,

none of metastatic breast cancer patients treated with

tamoxifen whereas 64 patients treated with AI received

adjuvant endocrine therapy, but Cox regression analyses for

adjuvant tamoxifen in the AI-cohort revealed no significant

relationship with TTP [HR = 1.66, (95 % CI 0.95–2.89);

P = 0.074]. Based on these observations we do not believe

that adjuvant endocrine therapy could explain the differences

in response for metastatic disease for our analyzed cohorts of

patients.

In a neoadjuvant study on ER-positive breast tumors, it

has been reported that everolimus increases the efficacy of

letrozole [44]. Tumors with exon 20 PIK3CA mutations in

this study showed less proliferation based upon Ki67-

measurements after letrozole therapy compared to wild-

type tumors and tumors carrying exon 9 mutations.

Unfortunately, for analyses of overall survival, patients

were not stratified for PIK3CA mutation status. Endocrine

therapy combined with mTOR inhibitors, such as everoli-

mus, has also been studied in cell line models. Cell lines

harboring the PIK3CA mutation are sensitive to this com-

bined therapy, however, cell lines with an active PI3K

pathway due to PTEN deletions or activating mutations in

KRAS or BRAF have no additional benefit from this com-

bined therapy [45, 46]. Further studies are needed to

evaluate treatment opportunities for ER-positive breast

cancer patients with and without a PIK3CA mutation and

PI3K/AKT/mTOR pathway activation.

Conclusions

This study is the first to report that metastatic breast cancer

patients with PIK3CA mutations in ER-positive primary

tumors show favorable outcome after first-line aromatase

inhibitor treatment. This significant preliminary association

should be verified in randomized prospective clinical trials

to establish predictive significance [47]. Moreover,

PIK3CA mutations in luminal ER-positive tumors have no

prognostic value and are not predictive for first-line

tamoxifen treatment.
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