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Abstract

Purpose: Hyperactivation of AKT is common and associated with endocrine resistance in 

estrogen receptor–positive (ER+) breast cancer. The allosteric pan-AKT inhibitor MK-2206 

induced apoptosis in PIK3CA-mutant ER+ breast cancer under estrogen-deprived condition in 

preclinical studies. This neoadjuvant phase II trial was therefore conducted to test the hypothesis 

that adding MK-2206 to anastrozole induces pathologic complete response (pCR) in PIK3CA 
mutant ER+ breast cancer.

Experimental Design: Potential eligible patients with clinical stage II/III ER+/HER− breast 

cancer were preregistered and received anastrozole (goserelin if premenopausal) for 28 days in 

cycle 0 pending tumor PIK3CA sequencing. Patients positive for PIK3CA mutation in the tumor 

were eligible to start MK-2206 (150 mg orally weekly, with prophylactic prednisone) on cycle 1 

day 2 (C1D2) and to receive a maximum of four 28-day cycles of combination therapy before 

surgery. Serial biopsies were collected at preregistration, C1D1 and C1D17.

Results: Fifty-one patients preregistered and 16 of 22 with PIK3CA-mutant tumors received 

study drug. Three patients went off study due to C1D17 Ki67 >10% (n = 2) and toxicity (n = 1). 

Thirteen patients completed neoadjuvant therapy followed by surgery. No pCRs were observed. 

Rash was common. MK-2206 did not further suppress cell proliferation and did not induce 

apoptosis on C1D17 biopsies. Although AKT phosphorylation was reduced, PRAS40 

phosphorylation at C1D17 after MK-2206 persisted. One patient acquired an ESR1 mutation at 

surgery.

Conclusions: MK-2206 is unlikely to add to the efficacy of anastrozole alone in PIK3CA-

mutant ER+ breast cancer and should not be studied further in the target patient population.

Introduction

Estrogen receptor–positive (ER+) and HER2− breast cancer represents approximately 70% 

of breast cancer diagnosis and is a major cause of cancer-related death in women (1). 

Although most patients present initially with early-stage disease and are treated with 

curative intent, over 20% of patients relapse and die from metastatic disease (2). The lack of 

apoptotic response of ER+ HER2− breast cancer to standard-of-care treatments has been well 

recognized (3, 4). For example, the pathologic complete response (pCR) rate is less than 

10% to 15% in response to chemotherapy (5, 6) and is approximately 1% with endocrine 

therapy (7, 8). Approaches that promote cell death of ER+ HER2− breast cancer could 

potentially reduce recurrence.

AKT, also known as protein kinase B, consists of 3 isoforms, AKT1, 2 and 3, which are 

serine/threonine protein kinases that play key roles in multiple cellular processes including 

glucose metabolism, apoptosis, cell proliferation, transcription, and migration (9–11). 

Emerging evidence indicates that hyperactivation of PI3K/AKT signaling is a key survival 
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mechanism mediating resistance to endocrine therapy (12–15), and AKT phosphorylation in 

tumor cells is associated with activation of ER and predicts relapse in patients with ER+ 

breast cancer treated with endocrine therapy (16–18). Importantly, inhibition of AKT in 

combination with endocrine therapy induced apoptosis in preclinical studies (19). We 

therefore hypothesized that the addition of an AKT inhibitor, MK-2206, to a standard 

aromatase inhibitor could induce a cell death response and induce pCR in the neoadjuvant 

setting.

MK-2206 is an allosteric inhibitor against AKT1 (IC50, 5 nmol/L), AKT2 (IC50, 12 nmol/L), 

and AKT3 (IC50, 65 nmol/L) and has greater than 100-fold selectivity for AKT, compared 

with 256 other kinases (20). In previous phase I trials, MK-2206 was well tolerated and 

showed evidence of AKT inhibition (21, 22). In breast cancer cell culture studies, MK-2206 

was particularly effective in cell lines with PI3K pathway abnormalities, including PIK3CA 
mutation and PTEN loss (19, 23). As activating PIK3CA mutations occur in 30% to 50% of 

ER+ HER2− breast cancer (24, 25) and PIK3CA-mutant tumors have been shown to be 

growth dependent on PI3K signaling (26–28), we limited the study population to those with 

PIK3CA-mutant ER+ HER2− breast cancer, to increase the chance of detecting a positive 

signal. The dosing and schedule of MK-2206 (150 mg orally weekly with prophylactic 

prednisone) used in this trial was the MTD of MK-2206 when combined with anastrozole in 

our previous phase I trial for patients with metastatic breast cancer (19).

Materials and Methods

Patients

Patients with newly diagnosed ER+ HER2− breast cancer were first assessed for eligibility to 

preregister for central Clinical Laboratory Improvement Amendments (CLIA) tumor 

PIK3CA sequencing and to receive 28 days of anastrozole monotherapy (with goserelin if 

premenopausal) in cycle 0. Preregistration eligible patients were women 18 years of age or 

older with clinical stageT2-T4c, N0–3, M0 ER+ (Allred score of 6–8), HER2− (0 or 1+ by 

IHC or FISH negative for amplification) breast cancer. Additional criteria were the presence 

of a palpable lesion measuring more than 2 cm in at least one dimension by imaging or 

physical examination, mammogram and ultrasound of the breast, and axilla at most 42 days 

prior to preregistration, Eastern Cooperative Oncology Group (ECOG) performance status 0 

to 2, adequate organ and marrow function, fasting glucose <120 mg/dL and HbA1c <8% if 

diabetic, willingness to provide samples for PIK3CA sequencing and, if of childbearing 

potential, a negative serum pregnancy test within 7 days of preregistration.

Preregistration exclusion criteria included prior treatment for invasive breast cancer, prior 

sentinel lymph node surgery, excisional breast biopsy, invasive cancer or ductal carcinoma in 
situ (DCIS) in the contralateral breast, inflammatory breast cancer, known metastatic 

disease, QTc prolongation or other significant ECG abnormalities, receiving any 

medications or substance that are strong inhibitors or inducers of CYP450 3A4 or increase 

the risk of torsade de pointes, receiving therapeutic anticoagulation therapy, HIV-positive 

receiving combination antiretroviral therapy, uncontrolled intercurrent illness, and any 

condition that impairs the ability to swallow a tablet. Pregnant and nursing women were not 

allowed to enroll onto this trial.
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Registration criteria included detection of a PIK3CA mutation by central laboratory testing 

and, in premenopausal women, a serum estradiol level in the postmenopausal range on 

goserelin at registration.

This study was approved by the Institutional Review Board at all participating institutions; 

all patients provided signed informed consent. This trial is sponsored by the NCI (NCI 

Protocol #: 9170) and was conducted through the Mayo Phase 2 Consortium. The trial was 

registered at ClinicalTrials.gov (NCT01776008).

Treatment administration and evaluation

Preregistration eligible patients received anastrozole 1 mg by mouth daily for 28 days in 

cycle 0, while waiting on the results of PIK3CA mutation analysis. Premenopausal women 

also received 3.6 mg of goserelin subcutaneously on day 1 prior to the start of anastrozole 

during cycle 0. Study participants with PIK3CA-mutant breast cancer were eligible to 

continue to study registration. Otherwise, study participation was discontinued.

Women with PIK3CA-mutant breast cancer received 4 cycles (each cycle is 28 days) of 1 

mg anastrozole by mouth on days 1 to 28 with 150 mg MK-2206 by mouth on days 2, 9, 16, 

and 23. Premenopausal women received 3.6 mg of goserelin subcutaneously every 28 days 

after its first administration during the preregistration period regardless of when combination 

therapy began. Patients were required to complete a pill diary that was to be returned at the 

end of each cycle. To prevent skin rash due to MK-2206, prophylactic prednisone 20 mg was 

administered by mouth the day before, the day of, and the day following each MK-2206 

administration (i.e., days 1–3, 8–10, 15–17, and 22–24 of each cycle). The prophylactic 

prednisone dose could be tapered every 4 or more weeks to the next lower dose level (10 

mg, 5 mg, 0 mg) if there was not any grade 2 or higher rash. Prednisone could be increased 

to the highest dose level of 40 mg/day for grade 3 rash. If a patient experienced grade 3 rash 

despite the maximum dose of prophylactic prednisone (40 mg) and the lowest dose of 

MK-2206 (75 mg) allowed in the protocol, she was to go off study treatment. Patients were 

also to be taken off study if grade 4 rash was experienced. At most, two dose reductions of 

MK-2206 were allowed (150 mg to 100 mg to 75 mg) for severe toxicity before MK-2206 

was to be discontinued. MK-2206 was omitted for grade 2–4 thrombocytopenia as well as 

grade 3–4 neutropenia, hyperglycemia, and nonhematologic adverse events (AE) until 

recovery to a platelet count of at least 100,000/mcL and absolute neutrophil counts of at 

least 1,000/mcL. If recovery took more than 7 days, MK-2206 was to be reduced by one 

dose level.

Neoadjuvant treatment was to be discontinued if the tumor Ki67 level on C1D17, after 2 

weeks of combination therapy, was above 10%; if there was disease progression that was to 

be confirmed by ultrasound or mammogram; if the patient withdrew consent; or if the 

patient sought immediate surgery.

Within 14 days of preregistration, within 7 days of registration, and at the completion of 

each treatment cycle, patients underwent a complete physical examination; assessment of 

ECOG performance status; tumor assessment by tape, ruler, or caliper using WHO criteria to 

assess disease status; blood chemistries; and toxicity assessment. An EKG was to be 
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performed within 14 days of preregistration. If tumor progression was suspected, ultrasound 

or mammogram was required for confirmation. Blood and biopsy specimens for correlative 

studies were collected at preregistration (before cycle 0), at registration (C1D1), and the day 

after day 16 MK-2206 dose (C1D17).

Statistical analysis

The primary endpoint was the pCR rate among the women with ER+ HER2−PIK3CA-

mutant breast cancer. pCR was defined as no histologic evidence of invasive tumor cells in 

the surgical breast sample or lymph nodes. A two-stage phase II clinical trial design was 

chosen to assess whether the pCR rate with anastrozole in combination with MK-2206 (and 

goserelin if premenopausal) in women with stage II/III ER+ HER2−PIK3CA-mutant breast 

cancer is at most 1% against the alternative that the pCR rate is 15% or more. Setting the 

type I and type II error rate at 10% yielded the design described next. Sixteen patients were 

to be enrolled onto stage I. If none of these 16 patients met the criteria for pCR, the trial was 

to be closed to further enrollment, and it was to be concluded that the pCR rate was not 15% 

or more. If at least one of the 16 patients had a pCR, 13 patients were to be enrolled onto 

stage II. If at most 1 of the 29 patients met the criteria for pCR, it was to be concluded that 

the pCR is not 15% or more.

Secondary objectives included the toxicity profile, and correlative studies of serial tumor 

biopsies to assess target inhibition by MK-2206 and its effect on tumor cell proliferation and 

apoptosis. Exploratory objectives included assessment of the mutation profiles by an 83-

gene next-generation sequencing (NGS) panel to explore potential resistance mechanisms. 

Wilcoxon signed rank test was performed to compare the levels of Ki67, pAKT, and 

pPRAS40 from different time points (C1D1 vs. preregistration; C1D17 vs. C1D1; surgery 

vs. C1D17).

CLIA PIK3CA sequencing

DNA was extracted from formalin-fixed paraffin-embedded (FFPE) baseline 

(preregistration) tumor biopsies. Exons 2, 5, 8, 10, and 21 and exon-intron splice junctions 

of the PIK3CA gene (ref seq# NM_006218) were PCR amplified and then sequenced at the 

CLIA-certified Washington University Genomic and Pathology Service using Sanger 

technology.

Tumor Ki67 IHC and quantification

Tumor Ki67 staining was performed centrally at the CAP/CLIA–certified AMP laboratory at 

Washington University (CLIA number 26D2013203) using the CONFIRM anti-Ki67 rabbit 

mAb (clone 30–9) as a prediluted reagent on the Ventana Benchmark XT platform according 

to the manufacturer’s instructions (29). Tonsil was used as the positive control. Ki67 slides 

were scanned and analyzed using the Ventana iScan Coreo Au scanner and the Virtuoso 

software. Areas of interest for Ki67 image analysis were selected at ×4 magnification by 

study pathologists to exclude stromal and DCIS components. If invasive cancer cells could 

not be distinguished from nonmalignant cells by image analysis, visual point counting of at 

least three representative fields was performed as described previously (8, 29). A minimum 
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of 200 tumor cells were counted. Ki67 results are expressed as immune reactive over total 

numbers of tumor cells.

IHC assay and scoring for pPRAS40, pAKT, and cleaved PARP

IHC of pPRAS40 (Thr246), pAKT (Ser473), and cleaved PARP were conducted on 5-mm 

tissue sections of FFPE tumor biopsy cores as described previously using the EnVision + 

Single Reagents HRP-Rabbit (Dako, cat. no. K4003) and REAL substrate buffer (REAL 

DAB + chromogen, Dako, cat. no. K3468; ref. 30). The primary antibodies and dilutions are 

as follows: pAKT (Ser473; 1:200, Cell Signaling Technology, cat. no. 4060), pPRAS40 

(Thr246; 1:200, Cell Signaling Technology, cat. no. 2997), and cleaved PARP (Asp214; 

1:200, Cell Signaling Technology, cat. no. 9541). Abreast cancer xenograft model treated 

with either vehicle or MK-2206 was used as positive/negative control for staining. Allred 

score was used to quantify pAKT and pPRAS40 tumor staining (31). Briefly, based on 

reviewing the entire immunostained slide, a proportion score (PS) was assigned representing 

the estimated proportion of positive staining target cells (0 = none; 1 = ≤ 1%; 2 = 1%–10%; 

3 = 11%–33%; 4 = 34%–66%; 5 = 67%–100%). Then, an intensity score (IS) was assigned 

representing the estimated average intensity of positive target cells (0 = none; 1 = weak; 2 = 

intermediate; 3 = strong). The PS and IS were then added to obtain a total score (TS, i.e., the 

Allred score), ranging from 0 to 8.

83-gene panel NGS

Tumor DNA extracted from fresh-frozen biopsies and matched leukocyte germline DNA 

were subjected to targeted Illumina NGS by 2 × 100 paired-end reads of an 83-gene panel 

and analyzed using the Genome Modeling System as described by Griffith and colleagues 

(32–34). Somatic variants detected and passing manual review, including single-nucleotide 

variants, small insertions and deletions, and structural variants, were visualized using a 

mutation waterfall plot. Somatic mutations were displayed using the bioconductor package 

GenVisR (1.4.4; ref. 35).

Results

Patient characteristics

Between March 1, 2013, and October 5, 2014, 51 women with ER+ HER2− breast cancer 

were preregistered onto the study (Supplementary Fig. S1). Of these 51 patients, 35 (68.6%) 

did not go on to register onto the study due to a nonmutated PIK3CA on tumor sequencing 

(n = 22), insufficient tissue to complete PIK3CA testing (n = 6), physician/patient decision 

(n = 5), ineligible due to presence of contralateral breast cancer (n = 1), and not specified (n 
= 1). Thus, 16 women found to have PIK3CA-mutated breast cancer by central laboratory 

testing registered onto the study. The distribution of the PIK3CA mutations enrolled in this 

trial is illustrated in Supplementary Fig. S2. Table 1 shows the patient and disease 

characteristics of these 16 patients. After 2 weeks of anastrozole in combination with 

MK-2206, breast biopsies were performed on cycle 1 day 17 (C1D17) for central Ki67 

testing. Two patients had a 2-week Ki67 value >10% and as such discontinued treatment 

(per protocol). Another patient discontinued study therapy having developed grade 4 alanine 
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aminotransferase (ALT) and aspartate aminotransferase (AST) elevation after 2 cycles of 

treatment. Thirteen patients completed the 4 cycles of combination therapy and surgery.

AEs

All 16 patients were evaluable for AEs. Toxicities observed in the 2 patients who went off 

study early after C1D17 Ki67 >10% included grade 2 hyperglycemia (n = 1) and grade 1 

maculopapular rash (n = 2). Of the remaining 14 patients, 13 completed all 4 cycles of 

MK-2206 but 5 of them required at least one dose omission due to grade 3 rash (n = 4) or 

grade 1 diarrhea (n = 1; Supplementary Table S1). The remaining patient discontinued after 

two cycles of treatment due to grade 4 ALT and AST (Table 2). The median total dose of 

MK-2206 administered was 2,325 mg (25th percentile = 1,675; 75th percentile = 2,400). 

Severe toxicities reported among these 14 patients included grade 4 ALT increase (n = 1), 

grade 4 AST increase (n = 1), grade 3 maculopapular rash (n = 4), and grade 3 pruritus (n = 

2). Table 2 provides all toxicities reported among these 14 patients regardless of attribution. 

There were no hematologic toxicities.

Pathologic responses and type of breast surgery

All 13 patients who completed four cycles of combination therapy proceeded to surgery. 

Eight patients underwent breast-conserving surgery and 5 patients underwent mastectomy 

(Supplementary Table S2). Nodal procedures undertaken included sentinel lymph node 

surgery (n = 5), axillary lymph node dissection (n = 4), or both (n = 4). Residual disease was 

found in the breast of all 13 patients (Supplementary Table S2). The pCR rate among the 16 

patients with PIK3CA-mutated breast cancer who began combination treatment was 0% 

(90% confidence interval, 0–17.1).

Lack of added effect on cell proliferation and apoptosis by MK-2206

The effect of MK-2206 on cancer cell proliferation and apoptosis was assessed by IHC 

analysis of Ki67 and cleaved PARP, respectively, on serial tumor biopsies. When compared 

with the pretreatment samples, Ki67 was significantly reduced following cycle 0 anastrozole 

monotherapy on C1D1 (P = 0.002). However, the median Ki67 did not differ significantly 

between C1D17 and C1D1 (Table 3;Fig. 1AandD). No obvious induction of apoptosis was 

observed by either anastrozole alone on C1D1 biopsies or by the combination of MK-2206 

and anastrozole on C1D17 biopsies or surgical specimens (Supplementary Fig. S3).

Effect of MK-2206 on AKT signaling

To examine the pharmacodynamics effect of MK-2206, changes in the levels of 

phosphorylated AKT (Ser473) and its substrate PRAS40 (Thr246) were examined by IHC 

on serial tumor biopsies collected at preregistration, C1D1, and then C1D17. No statistically 

significant reduction in pAKT or pPRAS40 was observed at C1D1 after anastrozole, but 

adding MK-2206 significantly reduced pAKT level at C1D17 (Fig. 1B and D; Table 3), 

consistent with MK-2206 target inhibition. However, the pAKT Allred score was above 2, 

indicating staining positive in more than 1% of tumor cells, in 3 cases (MK002, MK003, and 

MK011), 2 of which (MK002 and MK003) had Ki67 >10% on C1D17 and went off study. 

These data suggest incomplete inhibition of AKT in the resistant tumors. In addition, the 
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effect of MK-2206 on pPRAS40 was less profound, and there was significant residual 

staining of pPRAS40 in all cases at C1D17 (Fig. 1C and D; Table 3). This result indicates 

that AKT pathway inhibition was potentially incomplete with the dosing and schedule of 

MK-2206 administered.

Genomic analysis of samples

Sufficient tumor material was available for 32 samples collected over time from 14 patients 

enrolled in the trial for an 83-gene panel NGS analysis to explore somatic mutation patterns 

in an attempt to discover potential resistance mechanisms to anastrozole and MK-2206. The 

average number of mutations detected by the 83-gene panel sequencing for all individuals 

was 5 (range, 2–23). There was no association between variant load and clinical outcome or 

tumor stage. The PIK3CA sequencing data from the 83-gene panel included analysis of all 

of its exons, which confirmed the CLIA-diagnosed PIK3CA mutations in all 14 patients, but 

also diagnosed additional cooccurring PIK3CA mutations outside the CLIA sequencing 

range in 2 patients, including E726K in a patient with E542V-mutant tumor, and N1044K in 

a patient with E542K-mutant tumor (Supplementary Fig. S2). Other genes with mutations 

observed in more than 2 of the 14 patients included CDH1 (n = 6,42%), FOXA1 (n = 3), 

KMT2C (n = 3), GATA3 (n = 3), and in 2 patients each for MAP3K1, NF1, TP53, RB1CC1, 
TBX3, CBFB, and BRCA2 (Fig. 2). Five of the 6 patients with invasive lobular cancers 

carried CDH1 mutations (Supplementary Fig. S4), and 2 of the 3 cases with FOXA1 
mutations were also observed in lobular cases, while all 3 cases with GATA3 mutations were 

in invasive ductal cancer (Fig. 2).

The PIK3CA variant allele frequency (VAF) of the 14 patients ranged from approximately 

15% to 55% at preregistration, which did not change significantly over the course of therapy 

for any individuals evaluated (Fig. 3). Interestingly, patient MK009, which had the highest 

number of somatic mutations (n = 23), showed two subclones, both of which demonstrated a 

VAF response at time C1D1 but one rebounded by time C1D17, although the Ki67 remained 

below 10% (Fig. 3). Two other tumors likely possessed subclones, MK002 and MK003, 

which showed a rise in the VAF for MAP3K1 and JAK1 mutations, respectively, at C1D17 

compared with other genes, both of which showed treatment resistance at C1D17 (Ki67 > 

10%; Fig. 3). Patient MK013 acquired an ESR1 D538G mutation at the surgery time point, 

which coincided with an elevated Ki67 (Fig. 3; Supplementary Fig. S5). The ESR1 D538G 

is one of the well-recognized ESR1 ligand-binding domain hotspot mutations associated 

with constitutive activation of ER and aromatase inhibitor resistance (36–39). Although 

patient MK015 showed a potential response to therapy at time C1D17, which is visualized 

by a decrease in VAF of all mutations (Fig. 3), this response, however, could be attributed to 

low tumor purity, as Ki67 was increased from 1.4% at C1D1 to 8.6% at C1D17 (Fig. 3).

Discussion

In this single-arm phase II trial of MK-2206 in combination with anastrozole in patients with 

newly diagnosed clinical stage II to III ER-rich, HER2− breast cancer, none of the 16 

patients enrolled in the first stage of the trial achieved a pCR despite limiting to the 

PIK3CA-mutant population. The study was therefore closed to further accrual, based on 
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failure to meet the predefined pCR criteria. The lack of pCR response was accompanied by 

the inability to induce apoptosis (assessed by cleaved PARP) from the addition of MK-2206 

to anastrozole and the failure of MK-2206 to further suppress tumor cell proliferation (Ki67) 

above that achieved by anastrozole alone. We conclude from this trial that the combination 

of MK-2206 and anastrozole is unlikely to be more efficacious than anastrozole alone in 

patients with the newly diagnosed endocrine-naive patient population.

The lack of pCR and effects on cell proliferation and apoptosis by adding MK-2206 to 

anastrozole was supported by the pharmacodynamic studies of pAKT and pPRAS40 on 

serially collected tumor biopsies from patients enrolled in this trial. Although AKT 

phosphorylation was reduced in the majority of the cases, the 2 patients who had high Ki67 

had persistent AKT phosphorylation and higher levels of pPRAS40 24 hours after the third 

dose of MK-2206. Interestingly, we did not observe a clear reduction in the phosphorylation 

of the AKT substrate PRAS40 in all specimens. The modest degree of target inhibition 

observed in this trial suggests that the dosing and schedule of MK-2206 were likely 

suboptimal or alternatively, AKT-independent activation of downstream signaling was 

present.

The weekly dosing of MK-2206 was developed because of its long half-life of 60 to 80 

hours (21, 22) and results from the initial phase I study that compared the weekly 

administration with every other day dosing of MK-2206 in patients with advanced solid 

tumors, which demonstrated that the weekly dosing was similarly tolerated and induced 

similar degrees of target inhibition (22). The recommended phase II dose for MK-2206 

single agent was 200 mg weekly. Analysis of paired tumor biopsies from 5 patients who 

received 200 mg weekly MK-2206 in the phase I study indicated a reduction of pAKT to 

50% (range, 37.5%−60%) of baseline levels after 2 weeks of therapy (22), similar to the 

degree of pAKT suppression observed on C1D17 in this trial. In the prior phase I study, the 

lowest level of pAKT was observed 24 hours following MK-2206 administration, which 

gradually recovered to baseline at 96 hours (22); therefore, the timing of the tumor biopsy on 

C1D17, 24 hours after day 16 dose of MK-2206 in this trial, appeared to be optimal. 

Interestingly, similarly less impressive reduction in PRAS40 phosphorylation at Thr246 was 

observed in the initial phase I study (22). These data are consistent with preclinical cell 

culture studies, in which MK-2206 inhibited pAKT more dramatically than the AKT 

substrate pPRAS40; a higher dose of MK-2206 was required for more complete downstream 

target inhibition (23). The dosing of MK-2206 (150 mg weekly) in this trial was based on 

the phase I study of this agent when combined with hormonal therapy, including anastrozole 

in patients with metastatic hormone receptor–positive (HR+) breast cancer, in which rash 

was dose limiting and MK-2206 dosed at 200 mg was intolerable (19). In this trial, despite 

the use of prophylactic prednisone, dose omissions of MK-2206 were observed in close to 

50% of patients in cycle 2 and beyond, commonly as a result of rash, rarely due to diarrhea. 

One patient discontinued study due to grade 4 LFT elevations that recovered. The reduced 

drug exposure due to treatment-related AEs as well as the modest AKT downstream 

signaling inhibition likely contributed to the lack of a pCR response observed in this trial 

and the lack of antitumor activity beyond hormonal therapy alone in the previous study of 

MK-2206 in combination with hormonal therapy in patients with metastatic HR+ breast 
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cancer (19). In addition, an adverse effect of prophylactic steroid on the activity of MK-2206 

cannot be ruled out.

The lack of activity of MK-2206 in ER+ breast cancer observed in this trial is also consistent 

with recent I-SPY2 trial results. Although the addition of weekly MK-2206 to weekly 

paclitaxel followed by adriamycin and cyclophosphamide improved the pCR rate in patients 

with triple-negative breast cancer [40% with the addition of MK-2206 (n = 93) vs. 22% 

without MK-2206 (n = 59)], an improvement in pCR was not observed in the HR+ 

population (40).

An 83-gene sequencing panel was accomplished for 14 of the 16 patients enrolled in the 

study, and for serial tumor samples obtained from at least 2 time points for 10 patients. In 

this PIK3CA-mutant patient population, we observed a 43% incidence of CDH1 mutation, 

and a 21% incidence of FOXA1 mutation, consistent with the high proportion of invasive 

lobular cancers (50%) in this study, as CDH1 and FOXA1 mutations are more commonly 

observed in invasive lobular cancer compared with invasive ductal cancer (41). Comparing 

the VAFs of mutations over time, the presence of subclones with different responsiveness to 

AKT inhibition was observed in at least 2 cases, reflecting the intratumoral heterogeneity of 

ER+ breast cancer. Interestingly, we also observed an acquired ESR1 ligand-binding domain 

mutation at surgery time point after 5 months of anastrozole and 4 months of MK-2206. Our 

data are consistent with the previous observation that even the short duration of neoadjuvant 

aromatase inhibitor therapy was sufficient to induce marked remodeling of clonal 

architecture of ER+ breast cancer and acquisition of ESR1 mutation (33).

Our study is limited as a single-arm trial with a small sample size. However, the sequential 

treatment approach of anastrozole followed by the addition of MK-2206 allowed us to obtain 

serial biopsies to discern the effects of anastrozole alone versus the combination of 

MK-2206 and anastrozole for individual tumors enrolled in the study. Also, the large 

representation of invasive lobular cancers in 50% of the study population may confound 

study conclusions due to the potential biological differences between lobular versus ductal 

cancer. In addition, the restriction of PIK3CA-mutant tumors excluded AKT1 or other PI3K 

pathway driver mutations, as they are often mutually exclusive (24, 25). As AKT inhibition 

has shown promise in AKT1 mutated solid tumor malignancies, the absence of these tumors 

in this trial potentially adversely impacted the study results, although overall AKT1 

mutations are rare, and only a dedicated study could resolve this issue (42, 43).

In addition to MK-2206, other AKT inhibitors being developed in clinical trials include 

ATP-competitive inhibitors, including AZD5363, which has shown clear antitumor activity 

in a phase I trial that enrolled patients with solid tumors that harbor the AKT1 E17K 

mutation, which included breast cancer patients (44). In preclinical studies, ATP-competitive 

inhibitors of AKT have potent downstream target inhibition. AZD5363 also potently inhibits 

p70S6K (IC50, 6nmol/L), although the activity profile in cell lines was similar to MK-2206 

(45), and AZD5363 synergizes with hormonal therapy in preclinical studies of ER+ cancers 

sensitive or resistant to estrogen deprivation (46). It remains to be seen whether the ATP-

competitive AKT inhibitors may differ from allosteric AKT inhibitors, such as MK-2206, in 

regards to the antitumor activities in the clinical setting.
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In conclusion, although the sample size was small, our proof-of-concept design allowed a 

definitive conclusion that an MK-2206 anastrozole combination should not be further 

pursued in early-stage ER+ HER2− PIK3CA-mutant breast cancer. The frequent dose-

limiting toxicity of skin rash despite prophylactic prednisone is also an issue with further 

development of this combination. Aspects of this investigation, including sequential 

biopsies, careful patient selection, and pharmacodynamic biomarker analysis could be 

considered when investigating other endocrine therapy combinations with signal 

transduction inhibitors to avoid accrual to larger studies of combinations that ultimately 

prove ineffective.
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Translational Relevance

Inability to induce tumor cell death is a fundamental problem for endocrine therapy in 

treating estrogen receptor–positive (ER+) breast cancer. In preclinical studies, MK-2206, 

a pan-AKT inhibitor, induced apoptosis of ER+ breast cancer under estrogen-deprived 

conditions. This single-arm phase II trial therefore tested whether the addition of 

MK-2206 to anastrozole could induce pathologic complete responses (pCR) for PIK3CA-

mutant ER+ breast cancer. No pCR was observed in 16 patients enrolled in the first stage 

of the study. IHC for pAKT and pPRAS40 on serial tumor biopsies indicated incomplete 

target inhibition, accompanied by a lack of further Ki67 suppression upon MK-2206 

treatment. The study demonstrates that MK-2206 with anastrozole is unlikely to be more 

effective than anastrozole alone in PIK3CA-mutant ER+ breast cancer and illustrates the 

importance of detailed proof-of-concept studies in the investigation of endocrine therapy 

combinations in early breast cancer.
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Figure 1. 
Biomarker response to anastrozole alone on C1D1 and to the addition of MK-2206 on 

C1D17 tumor biopsies. A–C, Percent Ki67 labeling index (A), Allred scores of pAKT 

(Ser473; B), and Allred scores of pPRAS40 (Thr246; C), by IHC of tumor biopsies 

collected at preregistration, C1D1 (28 days after single-agent anastrozole), and C1D17 (after 

2 weeks of adding MK-2206) are shown for individual patients with serial samples available. 

Sample IDs are shown in the figure legends. Representative IHC pictures (magnification, 

×400) for Ki67, pAKT (Ser473), and pPRAS40 (Thr246) from 4 patients are shown in D. 

Quantitative comparisons of levels between C1D1 and preregistration or between C1D17 

and C1D1 of each biomarker are described in Table 3.
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Figure 2. 
Somatic mutation profiles for 32 tumor samples from 14 patients obtained at indicated time 

points are shown. Histology subtype (invasive ductal vs. lobular) of the baseline or 

preregistration sample for each patient is also indicated. The mutation burden 

(mutations/Mb) was calculated for each sample as the total number of exonic mutations over 

the number of bases covered to ≥30× depth * 1000000. For situations in which there are 

multiple mutations in the same gene/sample combination, the most deleterious mutation is 

plotted following the order of the mutation type legend. Note that silent mutations are 

included for the mutation burden calculation. Specific amino acid changes in PIK3CA are 

indicated for each patient. All PIK3CA mutations remained present and are the same at all 

time points tested for each patient, except E726K, which was not detected at surgery time 

point for patient MK001. †, indicates the presence of a concurrent PIK3CA N1044K 

mutation in MK016.
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Figure 3. 
VAFs and Ki67 levels tracked over clinical time points. VAFs of somatic mutations by 83-

gene panel sequencing, along with Ki67 level, were plotted over time for each of the 10 

patients who have sequencing data available for at least two time points.
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Table 1.

Patient and tumor characteristics (n = 16)

Median age (range) 57 (40–77) years

Menopausal status

 Premenopausal 4 (25%)

 Postmenopausal 12 (75%)

Histology

 Ductal 8 (50%)

 Lobular 8 (50%)

Histologic grade

 1 3 (19%)

 2 11 (69%)

 3 2 (12%)

Clinical T and N stage

 T2N0 6 (38%)

 T2N1 3 (19%)

 T3N0 2 (13%)

 T3N1 4 (25%)

 Unknown 1 (6%)

PIK3CA mutation

 E542K/V 2 (13%)

 E545K 3 (19%)

 H1047L/R 8 (50%)

 E418G, C420R 1 (6%)

 Del/ins 2 (13%)
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