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Abstract

Purpose—Aberrant activation of the PI3K pathway has been implicated in resistance to HER2
targeted therapy, but results of clinical trials are confounded by the co-administration of
chemotherapy. We investigated the effect of perturbations of this pathway in breast cancers from
patients treated with neoadjuvant anti-HER?2 targeted therapy without chemotherapy.

Patients and Methods—Baseline tumor samples from patients with HER2 positive breast
cancer enrolled in TBCRCO006 (NCT00548184), a 12-week neoadjuvant clinical trial with
lapatinib plus trastuzumab (plus endocrine therapy for estrogen receptor (ER)-positive tumors),
were assessed for PTEN status by immunohistochemistry and P/K3CA mutations by sequencing.
Results were correlated with pathologic complete response (pCR).

Results—Of 64 evaluable patients, PTEN immunohistochemistry and P/K3CA mutation analysis
were performed for 59 and 46 patients, respectively. PTEN status (dichotomized by H-score
median) was correlated with pCR (32% in high PTEN vs. 9% in low PTEN, p=0.04). PIK3CA
mutations were identified in 14/46 tumors at baseline (30%) and did not correlate with ER or
PTEN status. One patient whose tumor harbored a P/IK3CA mutation achieved pCR (p=0.14).
When considered together (43 cases), 1/25 cases (4%) with a PIK3CA mutation and/or low PTEN
expression levels had a pCR compared to 7/18 cases (39%) with wild-type PI3KCA and high
PTEN expression levels (p=0.006).

Conclusion—PI3K pathway activation is associated with resistance to lapatinib and trastuzumab
in breast cancers, without chemotherapy. Further studies are warranted to investigate how to use
these biomarkers to identify upfront patients who may respond to anti-HER?2 alone, without
chemotherapy.
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INTRODUCTION

About 15-20% of breast cancers have amplification of the human epidermal growth factor
receptor 2 gene (ERBBZ or HER?2) and overexpression of its protein product HER2 (1).
HER2- positive breast cancers (HER2+) have an aggressive clinical behavior although
adjuvant chemotherapy markedly improves outcomes (2). The introduction of trastuzumab
further improved outcomes when added to chemotherapy (3), however many patients with
HER2+ disease have de novo, or develop acquired, resistance to trastuzumab-containing
regimens.

HER?2 belongs to a membrane tyrosine kinase family (HER1-4). This family works
coordinately to activate downstream signaling via, among others, the PI3K/AKT and the
mitogen activated protein kinase (MAPK) pathways, which regulate genes involved in cell
proliferation, survival, angiogenesis, differentiation, invasion and metastasis (4).

Many potential mechanisms of resistance to trastuzumab have emerged from preclinical
studies (5,6). One such mechanism is incomplete blockade of the HER receptor family by
trastuzumab (7). Another mechanism is the estrogen receptor (ER) in those tumors that
express both ER and HER2 (8-10). Using two different combinations of anti-HER agents,
we have shown for the first time that HER2+ xenograft tumors could be eradicated in an /n
vivo model (10,11). In both cases, simultaneous blockade of ER was required for maximal
effects.

These preclinical data led to a neoadjuvant clinical trial (TBCRC 006) in patients with large
HER2+ primary breast cancers (median = 6¢cm), using 12 weeks of lapatinib plus
trastuzumab combined with an aromatase inhibitor if tumors were ER-positive. No
chemotherapy was given during the neoadjuvant period (12). The pCR was 36% in patients
with ER-negative (ER—)/HER2+ breast cancer and 21% in patients with ER-positive (ER+)/
HER2+ breast cancer, which is similar to the pCR rates reported upon treatment with a
combination of chemotherapy and trastuzumab (12). This and other studies (13,14) strongly
argue that a portion of patients does need chemotherapy. Identifying which tumors are likely
to be sensitive or resistant can help refine treatment, and possibly spare some patients
chemotherapy in the future. Other studies using chemotherapy combined with multiple
HER?2 inhibitors confirmed the added benefit of more complete blockade of the HER family
in inducing pCR (13,15,16).

Despite the use of dual HER2 inhibition, even in combination with chemotherapy, pCR is
not observed in all patients. Another mechanism of resistance that could explain this
treatment failure is activation of the pathways downstream of HER2 by loss of PTEN,
activating mutations in PIK3CA, or CCNEI (Cyclin E) amplification (17-21). Activation of
the PI3K pathway by increased expression of a preexisting mutation or by the expression of
a de novo additional mutation has been also shown in acquired lapatinib resistance in
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experimental models (22). In two prior neoadjuvant trials that included chemotherapy we
reported that the presence of PIK3CA mutations or PTEN loss of expression was associated
with resistance to trastuzumab but not lapatinib (23). Similar to our findings, Xia et al.
reported that lapatinib antitumor activity in HER2+ breast cancer is not dependent upon
PTEN status (24). In contrast to our findings, however, recent data from neoadjuvant and
adjuvant clinical trials of HER2-targeted therapy with chemotherapy showed no association
between PTEN levels and pCR or disease-free survival (25-27). It could be posited that
simultaneous use of chemotherapy with HER2 targeted therapy might obscure mechanisms
of resistance to the targeted therapy itself. Furthermore, complete loss of PTEN is not
required to activate the PI3K pathway suggesting the possibility that this arbitrary cut-off
might not be optimal (28).

In the present study we evaluated baseline, pretreatment tumor biopsies from patients with
HER2+ breast cancer enrolled in the TBCRC 006 trial that investigated lapatinib and
trastuzumab (combined with endocrine therapy if the tumor was also ER+), but did not
include chemotherapy. We aimed to determine whether activating P/3KCA mutations or low
PTEN expression levels would correlate with de novo resistance (or notably decreased
response) to this dual anti-HER2 therapy alone, without chemotherapy.

METHODS

Patients and Clinical Samples

The clinical trial TBCRC006 (NCT00548184) was a multicenter single-arm phase |1 study
conducted through the Translational Breast Cancer Research Consortium (12). Institutional
review board and scientific committee approval were obtained at the lead site (Baylor
College of Medicine) and other participating sites. Written informed consent was obtained
from all patients. Patients with HER2-positive invasive breast carcinomas, assessed by
immunohistochemistry (IHC) or fluorescence /n situ hybridization, according to the 2007
American Society of Clinical Oncology (ASCO)/College of American Pathologists (CAP)
guidelines (29), whose tumors were >3 cm by clinical measurement or >2 cm with a
palpable ipsilateral axillary lymph node were eligible (Figure 1). Study participants were
treated for 12 weeks with lapatinib (Tykerb, supplied by GlaxoSmithKline [London, UK])
1000 mg orally every day and trastuzumab 4 mg/kg loading dose followed by 2 mg/kg per
week. If the tumor was ER+ and/or progesterone receptor (PR)-positive by IHC (according
to the 2010 ASCO/CAP guidelines) (30), patients were also treated with letrozole 2.5 mg
orally once per day (combined with LHRH agonist of choice in premenopausal women).
The rate of pathologic complete response (pCR), defined as disappearance of all invasive
carcinoma in the breast, was assessed at the time of surgery according to the guidelines and
practice of participating institutions.

Tumor biopsies were collected at baseline (before treatment), and after 2, 8, and 12 weeks of
treatment. Collected tissues were placed in formalin for subsequent paraffin embedding
[formalin-fixed paraffin embedded tissue (FFPE)] or flash frozen on dry ice. For the present
study, only baseline tissue samples were analyzed.
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PTEN Immunohistochemical Analysis

PTEN expression was assessed by immunohistochemistry (IHC) on freshly cut 4pm tissue
sections of FFPE specimens that were deparaffinized, followed by heat-mediated antigen
retrieval using 0.1M Tris-HCL (pH 9.0) buffer. To decrease nonspecific binding, sections
were first treated with 3% hydrogen peroxide solution. Tissues were then incubated for 1
hour at room temperature with rabbit polyclonal PTEN (D4.3) antibody (Cell Signaling,
Beverly, MA) at a 1:100 dilution in SignalStain antibody diluents (Cell Signaling), followed
by incubation with Envision Labelled Polymer-HRP Anti-Rabbit (Dako, Carpenteria, CA),
DAB+ solution (Dako), and DAB Sparkle Enhancer (Biocare, Concord, CA) for detection.
Immunohistochemical results were evaluated independently by two pathologists (A.C and
S.H.) who were blinded to the results of genetic analysis and patient outcome. As a
specimen’s internal control, stromal cells were assessed for positive staining; samples devoid
of staining in the internal controls were considered uninterpretable. Each section was scored
for percent positivity (0-100%) and level of intensity (0-3). The H-score of each sample was
calculated by multiplying the percentage and intensity scores.

PIK3CA Mutation Analysis

Eight micron-thick sections from FFPE tumor biopsies were stained with nuclear fast red
and microdissected with a needle under a stereomicroscope (Olympus SZ61) to ensure
>80% neoplastic cells as previously described (31). Genomic DNA was extracted using the
DNeasy Blood and Tissue Kit (Qiagen) as previously described (31). For frozen tissues,
genomic DNA from tumor biopsies was extracted from frozen tissue using the AllPrep
DNA/RNA Mini Kit (Qiagen). PIK3CA mutations were identified either by targeted
massively parallel sequencing using the lon AmpliSeq™ Kit 2.0 and the lon Ampliseq™
Cancer Hotspot Panel v2 (n=36) (Life Technologies, Carlsbad, CA) according to the
manufacturers’ protocols or Memorial Sloan Kettering-Integrated Mutation Profiling of
Actionable Cancer Targets (MSK-IMPACT) (n=6) as previously described (31). For lon
AmpliSeq, sequencing alignment, variant calling, and curation were carried out by using the
lon Torrent Suite (TS) software V3.6 and TS Variant Caller Plugin software V3.4.1 (Life
Technologies, ThermoFisher Scientific) and as previously described (32), and all PIK3CA
mutations identified were manually reviewed using the Integrative Genomics Viewer (IGV)
(33). Sequencing analysis of MSK-IMPACT data was performed as previously described
(31), and somatic single nucleotide variants (SNVs) were identified using MuTect(34), and
small insertions and deletions (indels) using Strelka and VarScan 2 (35,36). For samples
with very limited DNA available (n=4), Sanger sequencing of exons 9 and 20 of the
PIK3CA gene was performed essentially as previously described (37) (mMRNA reference
sequence: NM_006218.2). Primers for both exons flank the respective intron/exon junctions.
Direct sequence analysis of PCR products was performed in both forward and reverse
directions using automated fluorescence dideoxy sequencing methods. Reference sequence
NT_005612.16 was used for sequence comparison. The output sequences were analyzed
using Mutation Surveyor version 3.97 (Soft Genetics). The mutation nomenclature is based
on the convention recommended by the Human Genome Variation Society (38). All
mutations identified by targeted massively parallel sequencing were confirmed by Sanger
sequencing.
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Statistical Analysis

RESULTS

Data were summarized by descriptive analysis. Chi-square tests (not continuity corrected;
used when expected values > 5) or Fisher’s Exact tests were performed to assess the
associations between pCR and PTEN expression and/or P/IK3CA mutation status, and
between PTEN expression, P/IK3CA mutation status with ER status and with each other.
Odds ratios and 95% conference intervals were calculated to measure the strength of the
associations.

Patient demographic and clinical characteristics are summarized in Table 1. Sixty-six
patients with HER2+ breast cancer were enrolled in the neoadjuvant TBCRC 006 trial of
whom 64 patients were evaluable for response. Seventeen patients had a pCR (27%)
following lapatinib and trastuzumab treatment (plus endocrine treatment in patients with ER
+/HER2+ disease). The rate of pCR was 21% in the ER-positive subgroup and 36% in the
ER-negative subgroup.

Tissue from baseline biopsies was available from 59 evaluable patients for PTEN IHC
studies and 46 had sufficient tissue available for DNA extraction and P/K3CA mutation
analysis (Figure 2). Fourteen out of the 59 patients whose primary tumors at baseline were
subjected to PTEN IHC analysis had a pCR (24%) and 10 out of the 46 patients whose
baseline primary tumors were subjected to P/K3CA analysis had a pCR (22%). In the 43
patients, where both PTEN and P/K3CA analysis were performed, eight had a pCR (19%)

PTEN Immunohistochemistry

Given that reduced expression levels of PTEN can contribute to downstream activation of
the PI3K pathway, we measured PTEN protein expression by IHC and correlated its
expression level with pCR. PTEN IHC was successfully performed and scored on all 59
available baseline biopsy tumors, which revealed a PTEN median H-score of 100 (range 0—
300). Figure 3 shows examples of results of staining demonstrating negative, weak, and
strong staining.

Since PI3K activation may occur with low levels of PTEN but does not require complete
loss of the protein (28,39), PTEN status was dichotomized by the median H-score of 100 as
low (< 100) or high (=100). In this series, 37 HER2+ breast cancers at baseline showed high
PTEN expression levels (H-score 2100) and 22 baseline HER2+ breast cancers low PTEN
expression levels (H-score <100) (Figure 3).

When correlated with treatment response, we found a statistically significant difference
between PTEN expression levels and pCR (Table 2). pCR was observed in 12 out of 37
patients (32%) with high PTEN expression levels and only 2 out of 22 patients (9%) with
low PTEN expression levels (p=0.04, Fisher’s exact test) (Table 2). Complete PTEN loss by
IHC was found in only 6 (10%) patients. One of these (17%) had a pCR, while there were
13 pCRs (25%) out of 53 patients with any PTEN expression (p=1, Fisher’s exact test).
Thus, the median value proved a better discriminator.
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PIK3CA Mutation Analysis

Association

In addition to loss of PTEN expression, PIK3CA mutations may result in activation of the
PI3K pathway downstream from HERZ2, abrogating the impact of inhibition of the receptor
layer and resulting in treatment resistance.

In the 46 patient samples with sufficient tissue for DNA extraction and assessment of
PIK3CA mutations, 14 (30%) harbored activating mutations (Table 3), including mutations
at residues R88 (n=1), E542 (n=2), E545 (n=1), H1047 (n=9) and G1049 (n=1). Nine out of
32 patients with wild-type P/IK3CA achieved pCR (28%). None of the patients with the
classical PIK3CA hotspot mutations (i.e. E542K, E545K or H1047R) evolved to pCR.
However, one patient with an activating R88 P/K3CA mutation (1/14), however, (1/14)
achieved a pCR (7%, p=0.14).

of PIK3CA mutations and PTEN status with pCR

Given that both PIK3CA mutations and PTEN expression levels are surrogates for PI3K
pathway activation, we next analyzed the series of patients for which both PIK3CA
mutational status and PTEN expression level were available (n=43, Table 2).

Out of the 18 patients whose HER2+ breast cancers expressed high PTEN expression levels
and had no PIK3CA mutation, 7 patients had a pCR (39%). In contrast, one patient (1/25)
achieved pCR whose tumor harbored a P/IK3CA mutation or had low PTEN expression
(p=0.006) (Table 2).

Moreover, PIK3CA mutation status and PTEN status were independent of ER status (p=
0.92 and 0.76, respectively) and of each other (p=0.89, Chi-Squared test), suggesting these
are independent variables or that a larger sample is required to detect a correlation.

These findings support the hypothesis that deregulation of the PI3K pathway is associated
with resistance to anti-HER?2 therapy.

DISCUSSION

Potent inhibition of HER2 with combination therapy targeting HER receptors has shown a
clinically meaningful response rate and rate of pCR in the neoadjuvant setting without
chemotherapy (12-14). In our TBCRCQO06 trial the combination of lapatinib and
trastuzumab (with the addition of endocrine therapy in patients with ER-positive tumors) for
12 weeks resulted in a pCR rate of 27%. Recently, the study by Prat et al. reported an overall
PCR rate of 30% with the same dual anti-HER2 regimen administered for 18 weeks (14).
The NeoSphere trial, showed a similar result in the arm with trastuzumab plus pertuzumab
and no chemotherapy, with pCR rate of 17% (13). The potential of treating a subset of
patients with targeted therapy alone and without chemotherapy is attractive, as it would
spare patients the toxicity and cost of chemotherapy.

However, to consider the use of targeted therapy alone in the future, it is essential to
accurately distinguish patients who would benefit from this approach from those requiring
chemotherapy. Results from the ALTTO trial showed a small and non-significant benefit for
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adding lapatinib to standard of care chemotherapy and trastuzumab (40). Similar, albeit
statistically significant, results were observed in APHINITY when pertuzumab was added to
trastuzumab (41). This highlights the importance of identifying patients who may benefit
from a certain treatment as well as those in whom a de-escalation strategy might be pursued.
Paclitaxel plus trastuzumab adjuvant therapy in patients with small, node-negative HER2-
positive tumors is one de-escalation strategy that reported excellent outcomes (42).
Identification of patients with resistant tumors and clarification of mechanisms of resistance,
might identify drugs to block these escape pathways and overcome resistance. The PI3K
pathway has been implicated in resistance to anti-HER2 therapy and it is plausible to
speculate that patients with PI3K pathway activation on the basis of PTEN down-regulation
or PIK3CA mutations might benefit from the addition of inhibitors of this pathway (17—
19,21).

Our study is unique in that it allowed us to understand the influence of aberrant activation of
this pathway via decreased levels of PTEN and/or the presence of activating P/IK3CA
mutations in patients treated exclusively with targeted therapy only and without the
confounding effects of chemotherapy. Here, we report results of our molecular studies, on
baseline tumor biopsies obtained from the TBCRCOO6 trial, investigating the potential role
of PTEN expression and activating mutations in P/K3CA in resistance to lapatinib combined
with trastuzumab. Our data show that low PTEN expression is associated with significantly
lower response to anti-HER2 therapy with a low pCR rate of 9% vs. 32% with high PTEN.
Having a significant difference in pCR when data were dichotomized by the median argues
that complete loss of PTEN is not necessary, and that a partial loss may be enough to release
its regulatory effect on PI3K signaling resulting in its activation (28,39), and subsequently
treatment resistance. These results are consistent with other reports suggesting that moderate
reductions in PTEN are sufficient to activate the pathway (28).

Several studies in the neoadjuvant, the adjuvant, and the metastatic settings investigating the
role of PTEN levels in response to HER2-targeted therapies have yielded conflicting results
(19,21,43,44). In a recent analysis of the neoadjuvant GeparQuattro study, higher PTEN
levels, evaluated by a quantitative immunofluorescent assay, were associated with pCR after
anti-HER2 treatment in combination with chemotherapy (45). In contrast, the expression of
PTEN protein by IHC did not predict response to trastuzumab and lapatinib-based therapies
in the NeoALTTO trial (25). Retrospective analysis of two large adjuvant trials of
chemotherapy plus trastuzumab also failed to demonstrate any association between PTEN
protein levels and resistance to trastuzumab (26,27). In addition to the use of chemotherapy,
which could obscure the effect of PTEN loss on resistance to trastuzumab, these studies used
a different primary antibody or required complete loss of PTEN by IHC to dichotomize
between low and high. Our findings may reconcile the discrepancies between these studies,
in that our data suggest that low but not necessarily absent PTEN as assessed by IHC
staining might suffice to confer resistance to dual anti-HER2 inhibition.

One possible explanation for our findings is that dichotomization into positive and negative
subsets using a cut-point of absent PTEN staining imparts less effect because of dilution of
the “positive-PTEN” group of tumors with the group of “low-PTEN” tumors that have
activated the PI3K pathway. In support of this idea are results from a recent study using a
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Pten hypermorphic mouse model (39). This study shows that subtle downregulation of
PTEN levels results in pleiotropic biological consequences in the breast tissue, including the
activation of PI3K downstream signaling, induction of gene expression signatures associated
with cell cycle and tissue hyper-proliferation, and development of breast tumors at the
highest frequency among a spectrum of other tumors (39). Similarly, in a prior study using
an inducible siRNA we showed that moderate reductions in PTEN activated the PI3K
pathway in breast cancer cells. The fact that PTEN is infrequently inactivated at the genomic
level in breast cancer, especially within the HER2 and the luminal subtypes (46), further
emphasizes the importance of subtle reductions in its expression for the activation of the
PI3K pathway and resistance to HER2 targeted therapy. A clinically useful assay to measure
PTEN with appropriate cutoff values remains a challenge and warrants further study.

Our data also show that only one tumor with a non-hotpsot P/K3CA activating mutations
had a pCR (7% vs. 28% with wild-type PIK3CA, p=0.14) highlighting the potential role of
these activating mutations in resistance to anti-HER2 treatment by downstream activation of
the pathway, thereby circumventing potent inhibition of the receptor layer and rendering the
treatment ineffective. Similar to our findings, recent data from the large phase 111
NeoALTTO trial also suggested that tumors with PI3KCA mutations are less likely to
achieve a pCR from HER?2 targeted therapy combined with chemotherapy (47). Reduced
pCR rates were most pronounced in the arm of dual HER2-targeted therapy with lapatinib
plus trastuzumab. The lower but still substantial pCR rates observed in tumors with PI3KCA
mutations in NeoALTTO is likely due to the use of chemotherapy for all patients. Our results
are also concordant with recent reports from the Neosphere (48) and the GeparSixto and
GeparQuinto studies (49). Of note, the two Gepar studies also suggested that the largest
differences in pCR rate between P/IK3CA mutant and wild-type was found in patients
receiving dual HER2 blockade. Although chemotherapy might partially overcome the
resistance to lapatinib plus trastuzumab caused by P/K3CA mutations, the favorable effect
of HER2 inhibition on chemosensitivity would be lost in such tumors. Overcoming
resistance to HER? inhibition caused by PIK3CA mutations would likely also improve the
cytotoxic effects of the chemotherapy itself by effectively blocking the HER2/PI3K/AKT
cell survival pathway. The role of PIK3CA is different in ER+/HER2- tumors, where
PIK3CA mutations are associated with luminal A tumors with a better prognosis and
improved response to endocrine therapy (50).

Here, only one patient out of 24 with either low PTEN or a PIK3CA activating mutation (in

the 43 cohort of patients for which both were measured) had a pCR (4% vs. 39% with wild-

type PIK3CA/high PTEN, p=0.006). Equally important, PTEN and P/K3CA status were not
correlated with each other or with ER expression arguing they are independent variables that
can lead to deregulation of the PI3K pathway.

Our study has limitations; our cohort of patients is relatively small, and we were not able to
obtain PIK3CA mutational status on all tumors. The difference in pCR between PIK3CA
mutant and wild-type tumors did not achieve statistical significance on its own, albeit it did
when combined with PTEN. Our results need validation in a large cohort. Still, we observed
differences in response in patients with low PTEN and P/K3CA mutations that are
statistically significant and may be clinically meaningful. If validated these in larger
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prospective cohorts, our findsings will enable the design of prospective clinical trials testing
de-escalation strategies (e.g., no or less chemotherapy) in carefully selected HER2-positive
breast cancer patients. This work in ongoing.

In the age of precision medicine and increasing awareness of the burden of healthcare costs,
the current approach of simply adding new agents to existing regimens for a small benefit
and without proper patient selection is scientifically unsound and economically
unsustainable. More individualized approaches in HER2-positive breast cancer that are
based on patient and tumor characteristics are warranted.
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Study Schema
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Figure 1. Study schema of the neoadjuvant phase 11 TBCRC 006 clinical trial
Patients with stage I1/111 HER2-positive breast cancers were eligible. Patients received

lapatinib and trastuzumab with letrozole when estrogen receptor-positive, without
chemotherapy, and biopsies were obtained at baseline and weeks 2, 8 and 12 of treatment (at
surgery). HER2, human epidermal growth factor 2. Pretreatment baseline biopsies (dashed
line) were evaluated for the current study.
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64 evaluable patients

(27% pCR)
59 baseline 46 baseline
tumor specimens DNA specimens
_ available for available for _
PTEN IHC PIK3CA mutations
1 ER unknown
31(53%) 28 (47%) 22 (49%) 23 (51%)
ER-positive ER-negative ER-positive ER-negative

43 baseline
tumor specimens

— available for evaluation of both <
PTEN IHC and PIK3CA mutations
(19% pCR)
Figure 2.

Evaluable material for baseline biomarker analysis and associated pathologic complete
response (pCR) rates
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Figure 3. Immunohistochemical staining and associated H scores for

PTEN in baseline specimens

Representative micrographs of breast cancer biopsies showing negative (left), low (middle),
and high (right) PTEN expression levels. PTEN status was dichotomized by H-score

median. Please note the stromal cells, which were used as internal
bars, 100um.
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Characteristic  yajuable” Patients (n=64) PTEN IHC Available

PIK3CA Mutation

PTEN and PIK3CA

(n=59 Available (n=46) Available (n=43)

Age, years

Median 50 50 50.5 50

Range 31-74 31-74 31-70 31-70
Tumor size, cm

Median 6 6 6 6

Range 1.5-30 2-30 1.5-30 2-30
Biomarkers’

ER positive 31 (51%) 31(52%) 22 (49%) 22 (51%)

PR positive 22 (36%) 22 (37%) 17 (38%) 17 (40%)
Pathologic complete response

Yes 17 (27%) 14 (24%) 10 (22%) 8 (18%)

No 47 (73%) 45 (76%) 36 (78%) 35 (81%)

Abbreviations: ER, estrogen receptor; PR, progesterone receptor.
*
64 patients in the study were evaluable for efficacy

TER, PR were from central review IHC, 61 out of 64 patients’ data were available
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Baseline P/IK3CA Mutation Frequency

Mutation  pl110a domain n %
p.R88Q p85-binding 1 2.2
p.E542K Helical 2 4.4
p.E545K Helical 1 2.2
p.G1049R Catalytic 1 2.2
p.H1047L Catalytic 1 22
p.H1047R Catalytic 8 174
Wild-type 32 69.6

Breast Cancer Res Treat. Author manuscript; available in PMC 2019 February 01.

Table 3

Page 19



	Abstract
	INTRODUCTION
	METHODS
	Patients and Clinical Samples
	PTEN Immunohistochemical Analysis
	PIK3CA Mutation Analysis
	Statistical Analysis

	RESULTS
	PTEN Immunohistochemistry
	PIK3CA Mutation Analysis
	Association of PIK3CA mutations and PTEN status with pCR

	DISCUSSION
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3

