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Abstract

Purpose—Phosphatidylinositol-3-kinase (PI3K)/AKT pathway activation is an important 

endocrine resistance mechanism in estrogen receptor positive (ER+) breast cancer. After 

promising preclinical modeling of MK-2206, an allosteric pan-AKT inhibitor, with either 

estrogen-deprivation or fulvestrant, we conducted a Phase 1 trial in patients with metastatic ER

+HER2− breast cancer to determine the recommended phase II treatment dose (RPTD) of 

MK-2206 when combined with either anastrozole, fulvestrant, or anastrozole/fulvestrant.

Methods—ER+ breast cancer cell lines were exposed in vitro to MK-2206 plus estrogen-

deprivation with or without fulvestrant and monitored for apoptosis. A standard 3+3 design was 

employed to first determine the maximum tolerated dose (MTD) of MK-2206 plus anastrozole 

based on cycle 1 toxicity. Each cycle was 28 days. The RPTD was determined based on toxicities 

observed at MTD level during the first 3 cycles. Subsequent patients received MK-2206, at the 

RPTD determined above, and fulvestrant or anastrozole/fulvestrant to define RPTD for these 

additional regimens.

Results—MK-2206 induced apoptosis in parental ER+ but not in long term estrogen deprived 

cell lines, for which fulvestrant was required for apoptosis induction. Thirty one patients enrolled. 

The RPTD was defined as MK-2206 150 mg PO weekly with prednisone prophylaxis for each 
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combination. Grade 3 rash was dose limiting. 42% (95% CI: 23%–63%) patients derived clinical 

benefit without progression within 6 months. Response was not associated with tumor PIK3CA 
mutation.

Conclusion—MK-2206 plus endocrine treatments were tolerable. MK-2206 in combination with 

anastrozole is being further evaluated in a phase II neoadjuvant trial for newly diagnosed ER

+HER2− breast cancer.
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Introduction

Estrogen receptor positive (ER+) breast cancer accounts for the majority of the breast cancer 

mortality. The lack of an apoptotic response to standard treatment with chemotherapy (1) 

and endocrine agents (2) is thought to be an important mechanism of treatment resistance. 

Accumulating evidence indicates that the phosphatidylinositol-3-kinase (PI3K)/Akt 

signaling, which is crucial to many aspects of cell growth and survival (3), plays an 

important role in maintaining cell survival and resistance to endocrine therapy in ER+ breast 

cancer (4), likely as a result of frequent somatic mutations and epigenetic alterations in the 

pathway components. For example, mutations in PIK3CA, which encodes the alpha catalytic 

subunit of PI3K, is the most frequent somatic mutation in ER+ breast cancer (30 to 50%) (4, 

5). In addition, lower frequency mutations in phosphatase and tensin homolog (PTEN) (2% 

to 4%), AKT1 (2% to 3%) and phosphatidylinositol 3-kinase regulatory subunit alpha 

(PIK3R1: 1% to 2%), have also been observed (4, 5). Furthermore, adaptation of ER+ breast 

cancer under long-term estrogen deprivation (LTED) is accompanied by up-regulation of 

PI3K pathway signaling, suppression of which inhibits cell proliferation (6). We previously 

demonstrated that inhibition of PI3K, either by targeted knockdown of the PIK3CA or 

pharmacologically using inhibitors of PI3K pathway, induced apoptosis of ER+ breast 

cancer in a manner that required simultaneous suppression of ER function. These data 

suggest a synthetic lethal interaction between ER and PI3K pathway targeting (7, 8), 

supporting the development of clinical strategies to simultaneously inhibitor ER and PI3K/

Akt.

AKT, a serine/threonine kinase with 3 isoforms (AKT1, AKT2, and AKT3), is an important 

downstream target of the PI3K pathway that plays a key role in regulating cell survival, 

proliferation, growth, and glycogen metabolism (9–11). Increased AKT kinase activity, 

which signals activated PI3K, is detected in 20–55% of breast cancer specimens (12) and 

associated with relapse and death in ER+ breast cancer (13). MK-2206 is an allosteric 

inhibitor of AKT in clinical development for cancer therapeutics. It is highly potent 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 versus 256 other kinases (14). In vitro, MK-2206 

inhibited auto-phosphorylation of AKT and prevents AKT-mediated phosphorylation of 

downstream targets (15). MK-2206 demonstrated anti-proliferative activity as a single agent 

and in combination with other agents in multiple human cancer cell lines including breast 
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cancer (16). In previous Phase I trials MK-2206 was well tolerated in human and 

demonstrated evidence of AKT inhibition (17).

The goal of this study was to evaluate whether the addition of MK-2206 to endocrine 

therapy in combination with estrogen deprivation or fulvestrant, an ER down regulator, can 

induce apoptosis in ER+ breast cancer and to determine the recommended phase II treatment 

dose (RPTD) of MK-2206 in combination with common endocrine therapy regimens 

including anastrozole and fulvestrant (NCT01344031). As promising activity was observed 

for the combination of anastrozole and fulvestrant when compared to anastrozole alone in 

the first line endocrine therapy setting for patients with advanced ER+ breast cancer (18), we 

included anastrozole plus fulvestrant as a third endocrine regimen to be combined with 

MK-2206. To ensure treatment tolerability in future studies and in clinical practice, the 

RPTD was defined based on toxicities observed in the first 3 cycles rather than 1 cycle of 

treatments in this trial. Exploratory objectives of this trial included preliminary efficacy 

assessment and analysis of archival tumor specimens for predictors of response.

Material and Methods

Materials and cell lines for preclinical studies

MK-2206 was obtained through material transfer agreement with Merck & Co., Inc. 

(Kenilworth, NJ, USA). Fulvestrant (Sigma-Aldrich, St. Louis, MO, USA) and 17β-estradiol 

(Sigma-Aldrich) were from commercial sources. 17β-Estradiol was dissolved in ethanol. 

MK-2206 was dissolved in dimethylsulfoxide.

The HCC712 cell line was kindly provided by Dr. Adi Gazdar (19). Other cell lines were 

obtained from American Type Culture Collection (ATCC, Manassas, VA). All cell lines were 

used within 6 months upon receiving. No further authentication was performed in our 

laboratory. LTED MCF7, T47D, MDA-MB-415, and HCC712 cell lines were generated by 

culturing the parental lines for > 6 months in phenol red-free RPMI 1640 containing 5% 

charcoal stripped FBS (charcoal stripped serum (CSS); Invitrogen, Carlsbad, CA, USA), 

antibiotics and supplements containing 50 µg/mL gentamycin, pyruvate, 10 mM Hepes and 

glucose to 4.5 g/L (CSS medium).

In vitro Cell Culture, Western Blot, Apoptosis Assay, and Statistical analysis

Experiments with parental cell lines were performed with low passage number cells used 

within 2–3 months following revival from the supplier. Cell lines were propagated in RPM1 

1640 containing 10% FBS with antibiotic and supplements (50 µg/mL gentamycin, 

pyruvate, 10 mM Hepes and glucose to 4.5 g/L) in a humidified 37°C incubator containing 

5% CO2. Short term estrogen-deprivation was achieved by maintaining in CSS medium for 

1–3 weeks prior to treatment with MK-2206. The method for protein extraction, 

immunoblotting, apoptosis assay, and statistical analysis for in vitro studies were described 

in our previous publication (8).
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Patients

Eligible patients were postmenopausal females aged ≥ 18 years, with stage IV, measurable 

or evaluable ER+ breast cancer, ECOG performance status ≤ 1, adequate organ and marrow 

function, total bilirubin not above the institutional upper limit of normal (ULN), 

AST(SGOT)/ALT(SGPT) <2.5 × institutional ULN, and normal creatinine), fasting glucose 

≤ 120 mg/dL and HbA1c ≤ 8%. Patients were allowed any number of prior regimens for the 

treatment of breast cancer. Patients with known brain metastases were eligible if stable ≥3 

months after local therapy and were off steroid. Measurable or evaluable disease by RECIST 

was allowed. Patients with prior AKT inhibitor, disease progression on anastrozole 

(MK-2206 plus anastrozole cohort), fulvestrant (MK-2206 plus fulvestrant cohort), or both 

anastrozole and fulvestrant (MK-2207 plus anastrozole and fulvestrant cohort) or baseline 

QTcF >470 msec, uncontrolled intercurrent illness, medications or substances that are strong 

inhibitors or inducers of CYP 450 3A4, or chemotherapy or radiotherapy within 4 weeks 

were excluded. Medications that may cause QTc interval prolongation were avoided. The 

protocol was approved by Washington University Institutional Review Board. Informed 

consent was obtained from each patient. All race and ethnic groups were included. This trial 

was registered at ClinicalTrials.gov (NCT01344031).

Clinical trial study design and treatment

The phase I study started with the combination of MK-2206 PO weekly and anastrozole 

1mg PO daily to determine the recommended phase II treatment dose (RPTD) of this 

combination. Three dose levels of MK-2206 (100, 150, 200 mg) were tested. Each cycle was 

28 days. RPTD was defined as the highest dose level at which no more than 1 of 6 evaluable 

patients developed a dose limiting toxicity (DLT) within the first 3 cycles. To expedite study 

progress, a standard 3+3 phase I design was employed to first determine the maximum 

tolerated dose (MTD) based on cycle 1 toxicity. The MTD was defined as the highest dose 

level at which no more than 1 of 6 experienced a DLT during cycle 1. RPTD was reached if 

no more than 1 of the 6 patients treated at MTD experienced a DLT within the first 3 cycles. 

Otherwise dose de-escalation for MK-2206 would occur. The RPTD of MK-2206 defined in 

combination with anastrozole was then used as the starting dose of MK-2206 to treat 6 

patients each with MK-2206 in combination with either fulvestrant or fulvestrant plus 

anastrozole to determine the RPTD for these regimens. For RPTD assessments, only patients 

who completed at least 3 cycles of therapy or those who developed a DLT within the first 3 

cycles are considered evaluable. Patients who discontinued study therapy due to reasons 

other than toxicities (such as disease progression) prior to completing cycle 3 were replaced.

In this trial, DLT was defined as any grade 4 hematological event; uncontrollable 

hyperglycemia; any grade 3 or 4 non-hematological toxicity; grade 3 or 4 nausea, vomiting, 

or diarrhea; any intolerable grade 2 non-hematological or grade 3 hematological toxicity 

requiring a dose reduction; or a delay of MK-2206 or anastrozole for > 1 week during cycle 

1 or > 3 total weeks during the first 3 cycles of therapy in RPTD determination.

Patients were evaluated for adverse events (AEs) weekly during the 1st cycle of therapy, then 

on day 1 of each subsequent cycle. Restaging per RECIST 1.1 was completed every 12 
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weeks or 3 cycles. Patients were continued on treatment until disease progression, 

unacceptable toxicity, or withdrawal of consent occurred.

Anastrozole was administered for at least 14 days prior to the first dose of MK-2206 on Day 

1 cycle 1 to ensure full estrogen deprivation. Fulvestrant 500 mg was administered monthly 

following a loading dose of 500 mg on days 1 and 15 during cycle 1. Fulvestrant was 

administered for at least 28 days prior to the start of cycle 1 day 1 MK-2206. Prophylactic 

prednisone was administered to the 9th and subsequent patients enrolled in the study 

following a protocol amendment for rash prophylaxis. Prednisone was administered at a 

starting dose of 20mg PO daily for three days on the day before, the day of, and the day after 

each MK-2206. Prednisone dose was tapered as tolerated to the next lower dose level (10mg, 

5mg, 0mg) every 4 or more weeks, or up escalated to 40mg if grade 2 or above rash was 

observed despite 20mg dose of prednisone.

Toxicity Management and Dose Modification

For grade 1 hyperglycemia, MK-2206 was to continue while initiating or to increase oral 

diabetic agents. For grade 2 hyperglycemia, MK-2206 was held while adjusting diabetic 

medications. MK-2206 was restarted at the same dose level when glucose level recovered to 

grade 1 or lower. For grade 3/4 hyperglycemia, consultation with an endocrinologist or other 

subspecialist was recommended to adjust diabetic medications. MK-2206 was held until 

hyperglycemia recovered to grade 1. If recovery was more than 7 days, MK-2206 was 

resumed at 1 dose level reduction.

For rash, if grade 1, patients continued the same dose of MK-2206 and prophylactic 

prednisone. If grade 2, patients continued MK-2206 with an increase in the dose of 

prophylactic prednisone to a higher dose level. If grade 3, MK-2206 was held and 

prednisone was administered as needed. MK-2206 was reduced by one dose level when rash 

resolved to grade 1 or lower unless MK-2206 was already at the lowest dose level. In 

addition, prophylactic prednisone dose was increased to the next higher dose level. Patient 

went off study if grade 3 rash developed despite maximum prophylactic prednisone (40mg). 

If the rash was grade 4, MK-2206 was discontinued permanently and a dermatologist was 

consulted to assist management.

For other unspecified AEs, if grade 2, MK-2206 was continued or held at physician’s 

discretion depending on the nature of the AE. If held, MK-2206 could be restarted at the 

initial dose or by one dose level reduction when AEs recovered to grade 1 or less. If grade 3, 

MK-2206 was held until symptoms resolved to grade 1 or lower. MK-2206 was reduced by 

one dose level when treatment resumed. If grade 4, MK-2206 was discontinued. Resumption 

of MK-2206 at one dose level reduction could be considered if a patient was deriving benefit 

from therapy and the grade 4 AE was transient and recovered to no more than grade 1 and 

unlikely to recur with retreatment.

Archival tumor DNA sequencing

Tumor DNA, extracted from archival formalin fixed paraffin embedded (FFPE) tumor 

specimens using QIAamp DNA FFPE Tissue Kit (Qiagen, cat# 56404), and matched 

leukocyte germ-line DNA were subjected to targeted Illumina next generation sequencing by 
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2×100 paired end reads of an 83-gene panel as described (20) at McDonnell Genome 

Institute at Washington University. Sequencing analysis was performed as previously 

described (21–27).

Results

Preclinical data supporting synergistic apoptotic effect of MK-2206 in combination with 
hormonal therapy

To investigate the apoptotic effect of MK-2206 on ER+ breast cancer, we performed in vitro 
studies using a panel of ER+ breast cancer cell lines with diverse genetic background in the 

absence or presence of estradiol (Fig. 1). Although HCC1428, which has normal PIK3CA 
and PTEN, exhibited sensitivity to MK-2206, majority of the sensitive cell lines carried 

mutations in PIK3CA or PTEN or harbored HER2 amplification (Fig. 1a). Estrogen 

deprivation was required for apoptotic induction by MK-2206 in majority of the cell lines 

tested (Fig. 1b), prompting a clinical investigation of MK-2206 in combination with 

aromatase inhibitors (AI) in patients with ER+ breast cancers.

To investigate the effect of MK-2206 on AI resistant ER+ breast cancer, long term estrogen 

deprived (LTED) lines derived from MCF7, T47D, MDA-MB415, and HCC712, were 

treated with MK-2206 in the presence or absence of fulvestrant (Fig. 1c). Neither agent 

alone was effective in inducing apoptosis, however combination treatment induced 

significant apoptosis in 2 of the 4 lines, including MCF7 LTED and HCC712 LTED. In 

MDA-MB415 LTED and T47D LTED, which were not responsive to the combination, ER 

levels were low and PI3K activity was not enhanced in the LTED compared to the 

corresponding parental cell lines (Fig. 1d). These data indicated that MK-2206 in 

combination with fulvestrant could overcome endocrine resistance in some AI resistant ER+ 

breast cancer justifying a clinical trial in the second or later line endocrine therapy setting.

Patients Characteristics, Dose Limiting Toxicities, and Recommended Phase II Treatment 
Dose

Thirty one patients were enrolled in the study at three dose levels of MK-2206 (Table 1). 

One patient in the MK-2206/Fulvestrant cohort withdrew consent following 1 dose of 

MK-2206, and therefore was excluded from analysis. Table 2 shows the clinical 

characteristics of the remaining 30 patients. All patients had ER+HER2− disease. The phase 

I trial started with MK-2206 150mg PO weekly (dose level 1) in combination with 

anastrozole, which resulted in a DLT (grade 3 rash) in 2 of 5 patients, leading to dose de-

escalation to dose level −1 (MK-2206 100mg), at which 1 of 3 patients experienced a DLT 

(grade 3 rash). The rashes were typically pruritic and erythematous maculopapular in 

appearance that occurred post the 2nd dose of MK-2206 and commonly resolved within 1 

week in response to prednisone (Suppl. Fig. 1a). Antihistamines were not as successful in 

treating the rash. Biopsy of the rash in one patient revealed perivascular lymphocytic 

infiltrate with eosinophils, consistent with hypersensitivity dermatitis (Suppl. Fig. 1b). 

Because of the exquisite sensitivity of the MK-2206 induced rash to prednisone, the protocol 

was subsequently amended to include prophylactic prednisone 20mg PO for 3 days, 

administered on the day before, the day of, and the day after each MK-2206 dose (starting 
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with the 9th patient enrolled to the study). With prophylactic prednisone, 0 of 6 patients 

experienced a DLT with MK-2206 150mg weekly in combination with anastrozole, however, 

both patients treated at the next higher dose level of MK-2206 (200mg) experienced a DLT 

(grade 3 rash) despite prophylactic prednisone. Therefore dose level 1, MK-2206 150mg 

weekly with prophylactic prednisone, was defined as the MTD. All 6 patients at the MTD 

dose of MK-2206 in combination with anastrozole were evaluable for RPTD assessment, 

and none experienced any DLT within the first 3 cycles of treatment. Therefore RPTD was 

defined as MK-2206 150mg PO weekly with prophylactic prednisone (20mg PO daily on 

the day before, the day of, and the day after each MK-2206 dose) when combined with 

anastrozole. Eight patients were then enrolled to received MK-2206 at this dose level with 

prophylactic prednisone and fulvestrant, among whom 6 were evaluable for RPTD 

assessment (1 patient withdrew consent after 1 dose of MK-2206, 1 patient discontinued 

study drug therapy before completing 3 cycles of therapy due to disease progression). 

Additionally, seven patients received MK-2206 at this dose level with prophylactic 

prednisone, in combination with anastrozole plus fulvestrant, among whom 6 were evaluable 

for RPTD assessment (1 patient discontinued study drug therapy before completing 3 cycles 

of therapy due to disease progression). DLT (grade 3 rash) was observed in 1 of the 6 

evaluable patients in each of these two subsequent cohorts. Therefore MK-2206 150mg PO 

weekly with prophylactic prednisone (20mg PO daily on the day before, the day of, and the 

day after each MK-2206 dose) was also defined as the RPTD when combined with 

fulvestrant, or the combination of anastrozole and fulvestrant.

Adverse Events

All 30 patients were evaluable for AE. Treatment was well tolerated (Table 3). The most 

common all-cycle treatment related grade 2 and above AEs included rash (33.3%), 

hyperglycemia (20%), hypophosphatemia (16.7%), and fatigue (10%). Despite prophylactic 

prednisone, the incidence of grade 2 and above hyperglycemia was low: 13.3% (6% grade 3) 

during cycle 1 and 20% (7% grade 3) in all cycles. There was no grade 4 hyperglycemia. 

Only 1 grade 4 AE (asymptomatic hypophosphatemia). No grade 5 toxicities were observed 

in this trial. The 3-cycle AE profile was similar to cycle 1 AE, with slight increased 

incidence of hyperglycemia, hypophosphatemia, fatigue, diarrhea and reduced lymphocyte 

counts. Five patients (4 patients in cycle 1 and 1 patient in cycle 3) discontinued study drug 

therapy due to rash.

Anti-tumor Activity

Four patients discontinued study drug therapy within the first cycle of therapy due to adverse 

events (grade 3 rash), therefore were not evaluable for response (Table 4). Among the 30 

intent to treat patient population, the clinical benefit rate (CBR) was 36.7% (95% CI: 20% – 

56%), including 2 partial response (PR) and 9 stable disease (SD) ≥ 6 months. Among the 

26 patients evaluable for clinical benefit, the median time to progression (TTP) was 5.8 

months (inter-quantile range (IQR): 3 – 14 months) and the CBR was 42% (95% CI: 23% – 

63%). Among the 13 patients with measurable disease, the overall response rate was 15.4%. 

The Waterfall plot depicting individual patient response by the percentage change in the sum 

of the longest diameter of target lesions at best response compared to the baseline is shown 

in Figure 2a.
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TTP was further analyzed according to other clinical variables including prior therapy, 

presence or absence of visceral metastasis, or treatment induced hyperglycemia, none of 

which led to statistically significant differences in TTP (data not shown). There was a trend 

toward longer TTP (14 months, IQR: 5.9 months – not reached, vs 3.3 months, IQR: 3 – 9 

months, p=0.076) in patients who received study drug as first line endocrine therapy (n=9), 

defined as no prior ET in the metastatic setting or receiving study drug at recurrence 

following at least 12 months after completion of adjuvant endocrine therapy. The CBR of the 

study treatments was 67% (6 of 9), 57% (4 of 7), 10% (1 of 10), respectively when 

administered in the first, 2nd and the third line or above setting (Suppl. Table S1).

Mutation analysis of archival tumors

Archival tumor specimens were available for next generation sequencing analysis of an 83-

gene panel from 16 patients who were evaluable for response (primary site, n=6; metastatic 

site, n=9). Notable PI3K pathway genes identified with mutations included PIK3CA (n=6, 

37.5%) and AKT1 E17K (n=1, 6.3%) (Figure 2b). In this small sample set, PIK3CA 
mutation status did not obviously associate with TTP (Figure 2b). The AKT1 E17K 

mutation occurred concomitantly with PIK3CA H1047R in a patient who had a best 

response of stable disease and went off study due to disease progression at 6 months. Other 

mutations were rare, which included HER2 S310F mutation identified in the tumor from a 

patient who did not respond to study drug therapy (Figure 2b).

Discussion

We demonstrated that MK-2206 induced apoptosis in a panel of ER+ breast cancer cell 

lines, majority of which required estrogen deprivation to elicit this response. Although the 

LTED cell lines were resistant to apoptotic induction by MK-2206 or fulvestrant alone, the 

combination of MK-2206 and fulvestrant resulted in significantly increased apoptosis. These 

results were in line with our prior observations with PI3K inhibitors in ER+ breast cancer (7, 

8) and provided the preclinical rationale for the clinical evaluation of MK-2206 in ER+ 

breast cancer.

We successfully determined the RPTD of MK-2206 in combination with anastrozole, or 

fulvestrant, or anastrozole plus fulvestrant being 150mg PO weekly, with prednisone 

prophylaxis. The combination regimens were well tolerated, with common grade 2 and 

above AEs being rash and hyperglycemia, which were observed in previous studies of 

MK-2206 (17, 28). Grade 3 rash appeared at lower dose levels of MK-2206 in our trial 

compared to the single agent MK-2206 phase I study (28). It is unclear whether this was 

related to the patient population or the concomitant administration of endocrine therapy 

agents. However, there is no theoretical pharmacokinetic interaction between MK-2206 and 

anastrozole or fulvestrant. We demonstrated that prednisone prophylaxis could reduce the 

incidence of rash, allowing chronic drug administration. Although the mechanism of 

MK-2206 induced rash is not fully understood, pathology of skin biopsy was consistent with 

hypersensitivity reaction.

In this phase I study in patients with metastatic ER+HER2− breast cancer and heterogeneous 

treatment histories, MK-2206 in combination with standard endocrine therapy agent(s) 
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induced a clinical benefit rate of 36.7% and 42% in the intent to treat and evaluable patient 

populations, respectively, including 2 with PR and 9 with SD lasting for ≥ 6 months. There 

was a trend toward improved response when the study drugs were administered at earlier 

treatment settings (CBR: 67%, 57%, 10% ; TTP: 14, 8.6, 3.3 months, in the 1st, 2nd and the 

3rd line and above endocrine treatment setting, respectively). Majority of the patients (7 out 

of 9) treated in the first line setting in this trial received MK-2206 and anastrozole 

combination. As single agent anastrozole resulted in a CBR in the range of 60% and TTP of 

11–13 months in the first line endocrine treatment setting for metastatic ER+ breast cancer 

in previous randomized trials (29, 30), the efficacy data observed in this trial (CBR: 67%, 

TTP: 14 months) was at least comparable. The 2nd line activity (CBR: 57%, TTP: 8.6 

months) observed in this trial was numerically similar to that of everolimus in combination 

with exemestane (progression free survival: 6.9 – 10.6 months) rather than exemestane alone 

(PFS: 2.8 – 4.1 months) in BOLERO 2 trial (31), suggesting potential benefit with the 

addition of MK-2206 in the second line setting. Although limited by the small sample size, 

the overall impression from the study is that the activity of MK-2206 was modest with the 

dose and the patient population studied.

The lack of striking tumor regression or disease control beyond what might be expected 

from standard endocrine therapy could be explained by several factors. The first is that we 

may not have reached a high enough dose of MK-2206 because of the dose-limiting 

hypersensitivity rash. The MTD of MK-2206 defined in this trial was lower than that for 

single agent MK-2206. A second possibility is that patients enrolled in the trial harbored 

tumors with resistance mechanisms not addressed by MK-2206 inhibition. We were able to 

retrospectively identify one case in our study with an E17K AKT1 mutation, but this subject 

did not experience an extreme response of the type described for patients with mTOR gene 

mutations treated with everolimus (32). To investigate the biomarker effect and anti-tumor 

activity of MK-2206 in combination with anastrozole treatment naïve tumors, a phase II 

study in the neoadjuvant setting is being conducted in patients with clinical stage II or III ER

+HER2− breast cancer (NCT01776008). Results of this trial are expected to further our 

understanding regarding the mechanisms of action of this combination therapy. A third 

possibility is that our preclinical models based on established breast cancer cell lines were 

misleading. While response to PI3 Kinase pathway inhibition in preclinical models did 

appear to associate with PIK3CA and other PI3 kinase pathway mutations, in the clinical 

setting these relationships have not been consistently observed (33–37). Clearly the in vivo 
growth requirement of ER+ tumors, many of which do not generate cell lines, may be quite 

different from the in vitro cell culture drug sensitivity studies.

A number of new agents targeting the PI3K pathway are in clinical development, many of 

which directly target the PI3 kinase isoforms themselves. Although the pan class IA PI3K 

inhibitor pictilisib did not improve the progression free survival (PFS) when combined with 

fulvestrant for the treatment of aromatase inhibitor resistant metastatic ER+ HER2− breast 

cancer in the FERGI phase II trial (37), the dose of pictilisib might not have been optimal 

due to frequent dose reductions as a result of skin and gastrointestinal toxicities. Buparlisib, 

another pan PI3K inhibitor, plus fulvestrant, has been examined in a phase III trial in 

postmenopausal women with ER+HER2− locally advanced or metastatic breast cancer 

progressed on/after an aromatase inhibitor (BELLE-2: NCT01610284). Recently reported at 
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the 2015 San Antonio Breast Cancer Symposium, BELLE-2 met its primary endpoint for 

PFS improvement in the full population [6.9 (95% CI 6.8–7.8) months in the buparlisib plus 

fulvestrant arm (n=576) versus 5.0 (95% CI 4.0–5.2) months in the placebo plus fulvestrant 

arm (n=571); HR 0.78 (95% CI 0.67–0.89), one-sided p value <0.001)] (35). Although the 

PFS improvement was not statistically significant in the PI3K activated group defined by 

PIK3CA mutation and/or loss of PTEN expression in archival tumor tissues, pre-planned 

evaluation of PIK3CA mutation in circulating tumor DNA (ctDNA) in a subgroup of 587 

patients demonstrated a significant improvement in PFS [7.0 versus 3.2 months; HR 0.56 

(95% CI 0.39–0.80), one-sided p value <0.001] and overall response rate (18.4% vs 3.5%) 

with the addition of buparlisib in the ctDNA PIK3CA mutant population but not in the non-

mutant population. This data suggests that targeting of the PIK3CA mutant kinase might 

indeed be most effective. It was worth noting that AEs, including transaminitis, 

hyperglycemia, rash, and mood disorders, were common, leading to buparlisib dose 

reduction and interruptions in 46% and 56% of the patients, respectively, which may have 

limited its efficacy in the BELLE-2 trial. Several alpha specific PI3K inhibitors are in 

clinical development with the hope for more potent inhibition of PIK3CA and tolerable 

toxicity profiles (38).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Statement of Translational Relevance

In this study we demonstrated that MK-2206, an allosteric pan-AKT inhibitor in clinical 

development, induced apoptosis of estrogen receptor positive (ER+) breast cancer cells 

under estrogen deprived condition or when combined with the ER down-regulator 

fulvestrant in the preclinical setting. We therefore conducted a Phase 1 trial of MK-2206 

in combination with either anastrozole, or fulvestrant, or anastrozole plus fulvestrant, in 

patients with metastatic ER+ HER2− breast cancer and determined the recommended 

phase II treatment dose (RPTD). In this heterogeneous patient population, forty two 

percent (11 of 26) evaluable participants derived clinical benefit without disease 

progression for at least 6 months. Results of these studies led to an ongoing phase II trial 

of MK-2206 in combination with anastrozole for ER+ HER2− breast cancer in the 

neoadjuvant setting to further define its therapeutic potential in a treatment naïve 

population.
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Fig. 1. MK-2206 induced apoptosis in ER+ breast cancer cells in vitro
a, MK-2206 induced apoptosis in ER+ breast cancer cell lines. Mutations in PIK3CA and 

PTEN, and HER2 amplification were indicated. Cells cultured under estrogen-deprived 

conditions for 1–3 weeks were treated with MK-2206 250 nmol/L, followed by apoptosis 

assay by TUNEL. The ER- cell line MDA-MB-231 served as a negative control. b, Estrogen 

suppressed apoptotic induction by MK-2206 in some ER+ breast cancer cell lines. Cells 

cultured without or with 10 nmol/L estradiol (E2) were treated with MK-2206 250nmol/L 

for 4 days followed by apoptosis assay. c, LTED ER+ cell lines were resistant to MK-2206 

but sensitive to fulvestrant plus MK-2206 in 2 of the 4 lines tested. ER+ LTED cells were 

pre-treated with fulvestrant for 3 days prior to the addition of MK-2206 for 4 days followed 

by apoptosis assessment. Results were from at least 3 replicates for each treatment 

condition. Significant activation of apoptosis was indicated (*, p<0.05). d, Western Blot of 

ER and PI3K pathway markers for LTED and parental ER+ cell lines cultured under 

estrogen deprivation.
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Fig. 2. Anti-tumor activity
a, Waterfall plot of tumor diameter change at best response

Percentage change in the sum of the longest diameter of target lesions at best response 

compared to that at baseline was plotted for patients with measurable disease. Treatment 

cohort was denoted by the color of the bar graph. PIK3CA mutation status and AKT1 
mutation were annotated if available.

b, Individual patient response
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This figure shows individual patient response, TTP and tumor AKT1 and PIK3CA mutation 

status for the 26 evaluable patients. TTP was defined as the duration between the start of 

treatment to time of progression or off study. TTP was censored to May 10, 2015 in patients 

continued to receive therapy as of that day.
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Table 2

Patient Characteristics

Patients (N = 30)

Characteristic No. %

Age, years

  Median 55

  Range 32–79

Duration on therapy (cycles)

  Median 5.8

  Range <1 – 46

Prior endocrine therapy in adjuvant setting

  Yes 15 50%

  No 15 50%

Endocrine therapy in metastatic setting

  Median 1

  Range 0 – 5

No. prior chemotherapy regimens in metastatic setting

  Median 0.5

  Range 0 – 3

Visceral involvement

  Yes 19 63%

  No 11 37%

Reason off study

  Progressive disease 20 67%

  Adverse event 5 17%

  Physician decision (non-compliance) 1 3%

Treatment Ongoing 4 13%
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Table 3

Grade 2 and above AE (> 5% incidence) at least possible related to study drug

Cycle 1

AE (Adverse event) Grade 2 Grade 3 Grade 4 N (%)

Rash 2 6 0 8 (26.7%)

Hyperglycemia 2 2 0 4 (13.3%)

All Cycles

AE (Adverse event) Grade 2 Grade 3 Grade 4

Rash 3 7 0 10 (33.3%)

Hyperglycemia 4 2 0 6 (20.0%)

Hypophosphatemia 2 2 1 5 (16.7%)

Fatigue 3 0 0 3 (10.0%)

Diarrhea 2 0 0 2 (6.7%)

Lymphocyte reduced 1 1 0 2 (6.7%)

Clin Cancer Res. Author manuscript; available in PMC 2017 July 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ma et al. Page 20

Table 4

Summary of Antitumor Response

Best Response N %

  Partial response 2 7.7%

  Stable disease 57.7%

    ≥ 6 months 9

    < 6 months 6

  Progressive disease 9 34.6%

  Not evaluable 4

Total 30 100%

Clinical Benefit Rate: 11 of 26 evaluable patients (42 %, 95% CI: 23% – 63%)
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