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abstract

PURPOSE The phosphatidylinositol 3-kinase/Akt/mammalian target of rapamycin is a key pathway of survival and
therapeutic resistance in breast cancer. We evaluated the pan-Akt inhibitor MK-2206 in combination with
standard therapy in patients with high-risk early-stage breast cancer.

PATIENTS AND METHODS I-SPY 2 is a multicenter, phase II, open-label, adaptively randomized neoadjuvant
platform trial that screens experimental therapies and efficiently identifies potential predictive biomarker sig-
natures. Patients are categorized by human epidermal growth factor receptor 2 (HER2), hormone receptor (HR),
and MammaPrint statuses in a 2 3 2 3 2 layout. Patients within each of these 8 biomarker subtypes are
adaptively randomly assigned to one of several experimental therapies, including MK-2206, or control.
Therapies are evaluated for 10 biomarker signatures, each of which is a combination of these subtypes. The
primary end point is pathologic complete response (pCR). A therapy graduates with one or more of these
signatures if and when it has an 85% Bayesian predictive probability of success in a hypothetical phase III trial,
adjusting for biomarker covariates. Patients in the current report received standard taxane- and anthracycline-
based neoadjuvant therapy without (control) or with oral MK-2206 135 mg/week.

RESULTS MK-2206 graduated with 94 patients and 57 concurrently randomly assigned controls in 3 gradu-
ation signatures: HR-negative/HER2-positive, HR-negative, and HER2-positive. Respective Bayesian mean
covariate-adjusted pCR rates and percentage probability that MK-2206 is superior to control were 0.48:0.29
(97%), 0.62:0.36 (99%), and 0.46:0.26 (94%). In exploratory analyses, MK-2206 evinced a numerical im-
provement in event-free survival in its graduating signatures. The most significant grade 3-4 toxicity was rash
(14% maculopapular, 8.6% acneiform).

CONCLUSION The Akt inhibitor MK-2206 combined with standard neoadjuvant therapy resulted in higher
estimated pCR rates in HR-negative and HER2-positive breast cancer. Although MK-2206 is not being further
developed at this time, this class of agents remains of clinical interest.

J Clin Oncol 38. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Neoadjuvant therapy for breast cancer increases rates
of breast conservation while providing outcome im-
provements equivalent to adjuvant therapy.1 Patho-
logic complete response (pCR) at the time of surgery is
associated with improved survival and is a US Food

and Drug Administration–approved surrogate end point
for accelerated approval of neoadjuvant therapies.2,3

The availability of a reliable early end point provides
an opportunity to accelerate the development of ef-
fective targeted therapies and qualifying biomarkers.4

Despite increasing survival rates attributable to systemic
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therapies, there remain an estimated 40,000 deaths as
a result of breast cancer annually in the United States,5

most from recurrence after early-stage disease. Novel
agents that reduce mortality are needed along with an
accelerated and discriminating model for rapid assess-
ment of these agents.

The I-SPY 2 Trial is a phase II adaptive platform trial of
neoadjuvant therapy for early-stage breast cancer at high
risk for recurrence. Participants are randomly assigned to
either standard-of-care control therapy or one of several
experimental arms that add a novel agent or combination.6

Therapies that reach predefined thresholds of efficacy in
$ 1 specific biomarker signatures “graduate” from the
trial. Results of 2 graduated therapies have been published
previously.7,8

The Akt serine/threonine kinase is a key node for growth
factor receptor–initiated signaling that activates mamma-
lian target of rapamycin (mTOR) and downstream effec-
tors. Enhanced signaling through the phosphatidylinositol
3-kinase (PI3K)/Akt/mTOR pathway is a key mechanism
of survival and therapeutic resistance across all breast
cancer receptor subtypes and contributes to trastuzumab
resistance in human epidermal growth factor receptor 2
(HER2)–overexpressing breast cancer and endocrine ther-
apy resistance in hormone receptor (HR)–positive breast
cancer.9 Akt inhibitors, including the allosteric pan-Akt in-
hibitor MK-2206, successfully target Akt with reductions in
tumor phosphorylated serine 246.10 Preclinical studies have
suggested that PI3K and Akt inhibitors enhance the efficacy
of antimicrotubule drugs in human breast cancer cells.11

Safety and clinical activity of MK-2206 in combination with
paclitaxel, trastuzumab, or both have been described in
phase I trials,12-14 providing the basis for testing MK-2206
using the I-SPY 2 platform. Here, we report the results of the
investigational arm that tested MK-2206 in combination
with paclitaxel with or without trastuzumab followed by
anthracycline-based chemotherapy in the neoadjuvant
I-SPY 2 Trial.

PATIENTS AND METHODS

Detailed descriptions of the design, eligibility, and study
assessments in the I-SPY 2 Trial have been reported
previously.7,8

Study Design

I-SPY 2 is an ongoing, multicenter, randomized, open-
label, adaptive phase II platform trial. Using a master
protocol, I-SPY 2 simultaneously tests several experimental
agents or combinations against a common control arm
(Data Supplement, online only).

Patients are stratified within 8 subtypes on the basis of HR,
HER2, and MammaPrint score.15 Combinations of these
subtypes define 10 biomarker signatures (Data Supple-
ment). Randomization within subtype uses an adaptive
algorithm that is based on Bayesian probabilities of benefit

versus control that are continually updated. Patients are
preferentially assigned to therapies that are more likely
to improve the pCR rate for their specific biomarker
subtype; 20% of patients are assigned to the control
arm.7,8,16

The primary end point is pCR, which is defined as no
residual invasive cancer in either breast or lymph nodes at
the time of surgery. Experimental arms are continually
evaluated against control for each of its possible signatures
and graduate if and when they demonstrate statistical
superiority in pCR rate for any of the 10 predefined sig-
natures. Graduation is defined as $ 85% Bayesian pre-
dictive probability of success in a simulated phase III, 1:1
randomized, neoadjuvant trial in 300 patients with the
respective signature.16,17

Eligibility and Enrollment

I-SPY 2 participants must be $ 18 years of age, have
clinical stage II or III breast cancer, and must not have
received prior surgery or systemic therapy for their breast
cancer. Tumors must be $ 2.5 cm by imaging or physical
examination and undergo expression-array profiling with
the Agendia (Irvine, CA) 70-gene MammaPrint assay.15

Patients who have both HR-positive/HER2-negative and
MammaPrint low-risk tumors are excluded. Patients must
have an HbA1c # 8 and consent to undergoing research
biopsies and serial breast magnetic resonance imaging
(MRI).

Treatment

Patients randomly assigned to the control arm received
12 weekly cycles of paclitaxel 80 mg/m2 followed by 4 cycles of
doxorubicin 60 mg/m2 and cyclophosphamide 600 mg/m2

(AC) intravenously every 2 or 3 weeks. Control patients with
HER2-positive tumors also received weekly trastuzumab
(4 mg/kg loading dose then 2 mg/kg during weeks 2-12)
in combination with paclitaxel. There was no placebo for MK-
2206. Patients randomly assigned to the MK-2206 arm re-
ceived oral MK-2206 135 mg/week in combination
with paclitaxel (and trastuzumab if HER2 positive) that
ended after 12 weeks, followed by 4 cycles of AC. In
January 2014, pertuzumab became part of the standard of
care in HER2-positive disease. Upon I-SPY 2 data safety
and monitoring board recommendation, the control arm in
HER2-positive subtypes was dropped from the trial. As
a result, the last 4 patients on MK-2206 with HER2-positive
disease were not randomly assigned against the control
arm. They were randomly assigned against experimental
arms pertuzumab plus trastuzumab plus paclitaxel and
pertuzumab plus trastuzumab emtansine, both followed
by AC.

Breast surgery, including management of the axilla, was
performed according to National Comprehensive Cancer
Network and local practice guidelines.18 Use and choice of
adjuvant therapy was at the discretion of the treating
physician.
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Study Assessments

Patients underwent serial blood draws and bilateral breast
MRI at time points before, during, and after treatment (Data
Supplement). The primary end point was pCR. Surgical
specimens were evaluated by pathologists trained to assess
pCR using the residual cancer burden index (0 = pCR).19

Analysis was modified intention to treat. Patients who received
$ 1 doses of study treatment were considered evaluable;
patients who progressed on study therapy, changed to non-
protocol therapy, left the treating institution, withdrew consent
before surgery, or did not have surgery were counted as non-
pCR (13 patients in the MK-2206 arm, 8 in the control arm).

Study Oversight

The study was sponsored initially by the Foundation for
the National Institutes of Health and subsequently by the
nonprofit Quantum Leap Healthcare Collaborative. Merck
(Kenilworth, NJ) supplied MK-2206 and some finan-
cial assistance. Neither Merck nor other pharmaceutical

companies played a role in study design, data accrual, data
analysis, or manuscript preparation. All participating sites
received institutional review board approval. An independent
data and safety monitoring board convened monthly.

Data Analysis and Statistical Considerations

Once the graduation threshold is reached (on the basis of
longitudinal MRI volume and pCR data from participants
who completed their surgical therapy) for $ 1 biomarker
signature, accrual to the arm stops. Graduation probabil-
ities are determined by this interim analysis and updated
when all patients in the arm complete all chemotherapy and
surgical therapy and pCR for all patients can be assessed;
formal graduation status is set when accrual stops. Prob-
ability distributions of pCR rates are calculated using
a Bayesian covariate-adjusted logistic model with HR,
HER2, and MammaPrint statuses as covariates and are
used to calculate the probability that the MK-2206 pCR rate
is greater than control for each signature; similarly for the

Excluded
Did not meet inclusion criteria 
Declined to participate
Insurance denial
Physician discretion
Other
Assigned to other arm before/after
      MK-2206 randomization window

(n = 236)
(n = 161)
(n = 43)
(n = 3)
(n = 4)
(n = 2)

(n = 23)

Assigned to MK-2206 arm
   HER2–: MK-2206 and paclitaxel 
   HER2+: MK-2206, paclitaxel, and
      trastuzumab 

(n = 97)
(n = 62)
(n = 35)

Assigned to standard of care 

   HER2–: paclitaxel
   HER2+: paclitaxel and trastuzumab

(n = 64)
(n = 51)
(n = 13)

Did not receive allocated
intervention
   MK-2206 and paclitaxel 
   MK-2206, trastuzumab, and
      paclitaxel 

(n = 3)

(n = 2)
(n = 1)

Did not receive allocated
    intervention
   HER2–
   HER2+

(n = 7)

(n = 4)
(n = 3)

Randomly assigned 

(n = 352)

Assessed for eligibility
(N = 588)

Randomly assigned to other arms (n = 191)

Received intervention
   HER2–
   HER2+

(n = 57)
(n = 47)
(n = 10)

Received intervention
   HER2–
   HER2+

(n = 94)
(n = 60)
(n = 34)

MK-2206 arm Concurrent Controls

FIG 1. CONSORT diagram for primary efficacy analysis of MK-2206. HER22, human epidermal growth factor receptor 2 negative; HER2+, human epidermal
growth factor receptor 2 positive.
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predictive probabilities of success in a future trial. Addi-
tional details of the I-SPY 2 Trial design and interpretation
are published elsewhere.7,8

In an exploratory analysis, event-free survival (EFS) was
evaluated for all participants in the MK-2206 (n = 78) and
control (n = 202) arms (Data Supplement) who had follow-
up data as of the cutoff date of February 26, 2019. Median
follow-up of this exploratory EFS cohort was 4.2 years.
Kaplan-Meier survival curves of the MK-2206 and control
arms were prepared; within each signature, Cox pro-
portional hazard modeling was used to estimate hazard
ratios between the MK-2206 and control arms. Statistics
with regard to this exploratory analysis of EFS are de-
scriptive and not inferential. Sample sizes are small within
signatures, and I-SPY 2 is not powered for EFS or other
survival end points. Note that only 51 of the 202 controls
included in this analysis were concurrently randomly
assigned to MK-2206; no adjustments were made for
potential population changes over time.

RESULTS

Patient Characteristics

During the period MK-2206 was active (September 15,
2012, to May 14, 2014), 352 patients were randomly
assigned in I-SPY 2 (Fig 1): 97 patients to the MK-2206 arm
(60 HER2-negative and 34 HER2-positive patients), 191 to
other arms, and 64 to the control arm. The 94 patients who
received MK-2206 were included in the primary safety and
efficacy analyses. Of the 64 patients concurrently randomly
assigned to the control arm, 57 received standard therapy
and were evaluable for pCR (47 HER2-negative and 10
HER2-positive patients).

Baseline patient characteristics (Table 1) were well-
balanced between the MK-2206 and control arms with
respect to demographics, HR status, and pretreatment
tumor size. There was an enriched population of HER2-
positive patients in the MK-2206 arm compared with
control (36% v 18%), an expected result of adaptive
randomization.

Efficacy

After the 97th patient assigned to MK-2206 was randomly
assigned, the predefined efficacy threshold for graduation
was met in 3 biomarker signatures on the basis of the
patients who had surgery: HER2-positive, HR-negative/
HER2-positive, and HR-negative signatures. Per protocol,
enrollment to the MK-2206 arm was stopped at that time.
After all patients in the arm had surgery and the final ef-
ficacy analysis was updated, probabilities in the 3 gradu-
ating signatures decreased slightly.

Figure 2 shows posterior probability distributions of pCR for
the MK-2206 and control arms within all 10 signatures after
all patients completed surgery. Table 2 lists mean pCR
rates and 95% probability intervals for all 10 signatures.

The estimated pCR rate for HER2-positive patients was
48% in the MK-2206 arm compared with 29% in the
control arm. The resulting probability that theMK-2206 arm
was superior to the control arm for HER2-positive patients
was 94%, and the probability of success for MK-2206 in
a 300-patient equally randomized phase III neoadjuvant
trial was 76%. The benefit seen in HER2-positive patients
was concentrated in the HR-negative/HER2-positive sig-
nature, where the estimated pCR rate was 62% v 35% for
theMK-2206 and control arms, respectively, with an 84.9%
probability of phase III trial success. In HR-negative pa-
tients, pCR rates were 46% v 25.8% in the MK-2206 and
control arms, respectively, predicting an 81.7% chance of
phase III success. The benefit seen in the HR-negative
subset included both HER2-negative and HER2-positive
patients. Little benefit was seen in HR-positive/HER2-
negative patients, with estimated pCR rates of 17% v 13%
in the MK-2206 and control arms, respectively. I-SPY
2 implemented a time-adjusted model for efficacy analysis
(Data Supplement) after stopping the HER2-positive con-
trol arm; the results are qualitatively similar, where the
highest probability for success is observed within the
3 graduating signatures.

The exploratory analysis of survival outcomes suggests that
patients who achieved a pCR had a better EFS than those

TABLE 1. Demographics and Baseline Characteristics of Participants

Characteristic
MK-2206 Arm,

No. (%)
Control Arm,
No. (%)

No. of patients 94 57

Median age, years
(range)

53 (25-73) 46 (28-71)

Ethnicity

White 74 (79) 49 (86)

African American 7 (7) 4 (7)

Asian 12 (13) 3 (5)

Other/mixed 1 (1) 1 (2)

HR status

Positive 44 (47) 30 (53)

Negative 50 (53) 27 (47)

HER2 status

Positive 34 (36) 10 (18)

Negative 60 (64) 47 (82)

Median longest diameter
by MRI, cm (range)

3.8 (0-16) 3.5 (2-15)

Node status

Palpable 41 (44) 27 (47)

Nonpalpable 48 (51) 30 (53)

NA 5 (5) 0 (0)

Abbreviations: HER2, human epidermal growth factor receptor 2;
HR, hormone receptor; MRI, magnetic resonance imaging; NA, not
available.
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pCR rate

Control: 22%

MK-2206: 39%

95% PI,10%-35%

95% PI, 26%-52%

Prob(>Ctl) = 97%
Prob(Ph3) = 74%

0.0 0.2 0.4 0.6 0.8 1.0

All

pCR rate

Control:
21%

MK-2206: 35%

95% PI, 11%-31%

95% PI, 25%-44%

Prob(>Ctl) = 98%
Prob(Ph3) = 68%

0.0 0.2 0.4 0.6 0.8 1.0

HR− (signature 2)

pCR rate

Control: 26%

MK-2206: 46%

95% PI, 12%-39%

95% PI, 33%-59%

Prob(>Ctl) = 99%
Prob(Ph3) = 82%

0.0 0.2 0.4 0.6 0.8 1.0

HR+

pCR rate

Control: 16%

MK-2206: 23%

95% PI, 4%-27%

95% PI, 11%-34%

Prob(>Ctl) = 82%
Prob(Ph3) = 43%

0.0 0.2 0.4 0.6 0.8 1.0

HER2+ (signature 3)

pCR rate

Control: 29% MK-2206: 48%

95% PI, 8%-49%

95% PI, 33%-64%

Prob(>Ctl) = 94%
Prob(Ph3) = 76%

0.0 0.2 0.4 0.6 0.8 1.0

HR−HER2+ (signature 1)

pCR rate

Control: 35%

MK-2206: 62%

95% PI, 11%-59%

95% PI, 44%-80%

Prob(>Ctl) = 97%
Prob(Ph3) = 85%

0.0 0.2 0.4 0.6 0.8 1.0

HR+HER2+

pCR rate

Control: 22%
MK-2206: 35%

95% PI, 2%-42%

95% PI, 17%-53%

Prob(>Ctl) = 84%
Prob(Ph3) = 59%

0.0 0.2 0.4 0.6 0.8 1.0

HER2−

pCR rate

Control:
18%

MK-2206: 29%

95% PI, 8%-27%

95% PI, 18%-40%

Prob(>Ctl) = 95%
Prob(Ph3) = 59%

0.0 0.2 0.4 0.6 0.8 1.0

HR–HER2−

pCR rate

Control: 22%

MK-2206: 40%

95% PI, 9%-35%

95% PI, 25%-55%

Prob(>Ctl) = 97%
Prob(Ph3) = 76%

0.0 0.2 0.4 0.6 0.8 1.0

HR+HER2−

pCR rate

Control: 13%

MK-2206: 17%

95% PI, 3%-23%

95% PI, 6%-29%

Prob(>Ctl) = 74%
Prob(Ph3) = 33%

FIG 2. Probability distributions for MK-
2206 and control arms within each of the
predefined biomarker signatures. The
corresponding 95% probability intervals
(PIs) are represented by the arrows for
each. The mean of each distribution is
the estimated rate of pathologic com-
plete response (pCR). HER22, human
epidermal growth factor receptor 2 neg-
ative; HER2+, human epidermal growth
factor receptor 2 positive; HR–, hormone
receptor negative; HR+, hormone recep-
tor positive; MP2, MammaPrint pos-
itive; Prob(.Ctl), probability superior to
control; Prob(Ph3), probability of phase
III success.
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who did not, regardless of arm (Data Supplement). In
addition, patients who received MK-2206 may have had
improved EFS compared with control in graduating sig-
natures (Fig 3). However, the trial was not powered to
address treatment benefits in EFS; these data are reported
without significance assessment.

Adverse Events

Adverse events (AEs) related to paclitaxel and MK-2206,
with or without trastuzumab, were consistent with previous
studies.10,14,20,21 Clinically relevant grade $ 3 AEs (and
select grade 1/2 AEs) in the MK-2206 and control arms are
listed in Table 3 (see the Data Supplement for all grade 1
and 2 AEs). AEs for HER2-positive and -negative patients
were combined. The most common nonhematologic grade
$ 3 AE associated with MK-2206 was rash. Two types of
rash were reported: maculopapular and acneiform. Fifty
percent of patients reported maculopapular rash in the MK-
2206 arm (of which 14% were grade 3) compared with
21% in the control arm (all of which were grade 1 and 2),
and 36% of patients who received MK-2206 reported
acneiform rash (8.6% grade $ 3) compared with 23% in
the control arm (all grade 1 and 2). There were 2 serious
AEs as a result of grade 3 rash that were reported to be
probably or definitely related to MK-2206. MK-2206–related
rashes generally first presented within the first 4 weeks of
therapy (median, 12 days) and resolved promptly (median,
16 days) with drug holiday, topical steroids, and/or a short
course of oral steroids. Eighty-five percent of these patients
were successfully rechallenged with MK-2206 after initial
rash presentation.

Dose reductions and early discontinuation of study therapy
were more common with MK-2206 than control. In the MK-
2206 arm, 26 patients (27.7%) had a dose reduction
during the experimental phase (either in MK-2206 or in
paclitaxel), and 18 patients (19%) discontinued therapy
early because of toxicity. Themost common reason for dose
reduction and toxicity-related early discontinuation was
rash. Paclitaxel dose reductions were similar between the
MK-2206 and control arms, with low rates seen in both
groups (3.2% v 1.8%, respectively). There was no signif-
icant difference in rates of dose reductions and early dis-
continuations during the AC phase between the MK-2206
and control arms.

DISCUSSION

I-SPY 2 establishes a new clinical trial paradigm for efficient
phase II development of novel agents in patients with early-
stage breast cancer at high risk of early recurrence.
Through adaptive randomization that is based on pre-
specified biomarker signatures and shared control arms,
I-SPY 2 identifies tumor subtypes that are particularly
sensitive to a given experimental agent. MK-2206 was the
third agent to graduate from I-SPY 2, graduating in HER2-
positive, HR-negative/HER2-positive, and HR-negative
disease. Our final results predict a 76%, 85%, and 82%
probability, respectively, that MK-2206 will successfully
demonstrate superiority to controls in a 300-person phase
III neoadjuvant trial in each subtype. Consistent with other
trials, data from I-SPY 2 suggest that pCR is strongly
prognostic for EFS.22 An exploratory analysis suggests that

TABLE 2. Final Predictive Probabilities of Success of MK-2206 in Phase III Testing in All 10 Predefined Biomarker Signatures
Estimated Rate of Pathologic

Complete Response,
% (95% probability index)

Biomarker Signature MK-2206 (n = 94) Control (n = 57)
Probability That MK-2206 Is

Superior to Control, %
Predictive Probability of Success

in Phase III Trial, %

All 34.7 (25.5-43.9) 20.9 (10.9-30.9) 97.8 67.7

HR+ 22.6 (11.2-34) 15.7 (4.3-27.1) 81.9 42.5

HR2 46.0 (32.9-59.1) 25.8 (12.3-39.3) 98.5 81.7*

HER2+ 48.3 (32.6-64) 28.6 (8.4-48.8) 94.3 75.6*

HER22 29.1 (18.3-39.9) 17.8 (8.4-27.2) 95.2 59.2

MP2 (Ultrahigh) 39.2 (26.3-52.1) 22.2 (9.7-35.1) 96.7 75.5

HR+/HER2+ 34.7 (16.7-52.7) 22.2 (2.4-42) 84.2 59.3

HR+/HER22 17.4 (6.2-28.6) 12.9 (2.7-23.1) 74.2 33.3

HR2/HER2+ 61.8 (44-79.6) 35.0 (10.7-59.3) 96.6 84.9*

HR2/HER22 39.8 (25.1-54.5) 22.2 (9.3-35.1) 96.7 75.5

Abbreviations: HER2, human epidermal growth factor receptor 2; HR, hormone receptor; MP2, MammaPrint positive.
*MK-2206 graduated in the HR-negative (HR2), HER2-positive (HER2+), and HR2/HER2+ signatures (highlighted in boldface). The

predefined efficacy threshold for graduation (85% probability of success in a 300-patient phase III trial) was met before all patients in those arms
completed chemotherapy and end point assessment. The predicted probability of success for the 3 graduating signatures was reduced slightly
after graduation, after the remaining participants treated before the enrollment cutoff reached surgery and were included in the analyses. MP2
(Ultrahigh) was determined by use of the MammaPrint 70-gene profile.
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MK-2206 improves EFS in patients with the sensitive
biomarker signatures. However, the numbers of patients
within each arm and signature are small, EFS is a sec-
ondary end point, and I-SPY 2 was not powered to evaluate
EFS differences between arms.

For breast cancer, among the numerous agents that target
the PI3K/Akt/mTOR pathway, only the mTOR inhibitor
everolimus and the a-specific PI3K inhibitor alpelisib are
approved in metastatic HR-positive/HER2-negative dis-
ease. Here, the greatest benefit was observed in HER2-
positive disease, where prior studies in the metastatic

setting have been disappointing. Everolimus offered no
meaningful benefit in progression-free survival (PFS) when
added to chemotherapy and trastuzumab in the BOLERO-1
and BOLERO-3 phase III studies of HER2-positive meta-
static breast cancer in first- and later-line settings,
respectively.23,24 A signal of activity was, however, observed
in HR-negative/HER2-positive patients previously treated
with taxane and trastuzumab, and a significant PFS benefit
was seen in patients with tumors that harbored alterations
in the PI3K pathway.25 PI3K pathway mutations, found in
20%-30% of all HER2-positive breast cancers, have been
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implicated in trastuzumab resistance; however, results
have been inconsistent across multiple studies.26-30 The
treatment landscape for HER2-positive early-stage breast
cancer is evolving. The addition of pertuzumab, neratinib,
or trastuzumab emtansine (graduates from I-SPY 2 in the
HER2-positive subset8,31,32) to trastuzumab-based che-
motherapy results in . 90% 4-year invasive disease-free
survival in stage II-III HER2-positive disease, but at the cost
of additional toxicities, and only a small subset of patients
benefit.33-35 Thus, there is room for additional agents in this
space, not only for the highest risk patients who need more
despite dual-antibody therapy, but also for those at lower
risk who may do well with targeted therapy alone and can
be spared chemotherapy altogether. Our biomarker work
using reverse-phase protein analysis showed that elevated
phosphoproteins downstream of Akt (eg, mTOR, glycogen
synthase kinase) were associated with response to MK-

2206, specifically in the HER2-positive subset.36 We and
others have shown that HR-positive/HER2-positive luminal
tumors have lower HER2 protein expression (and HER2/
CEP17 ratios) and respond poorly to HER2-targeted ther-
apies.37 MK-2206 may be a better option for patients with
this tumor profile.

MK-2206 graduated also in HR-negative disease, albeit of
limited clinical utility because HR-negative/HER2-positive
and triple-negative breast cancer (TNBC) are currently
treated with distinct regimens. Although posterior proba-
bilities for TNBC itself were below the I-SPY 2 graduation
threshold, MK-2206 seems superior to paclitaxel alone
(96.7% probability), with a predicted 75.5% chance of
phase III success (per I-SPY 2 specifications). Other studies
have supported a role for Akt inhibitors in TNBC because
9%-22% have PIK3CA mutations.38 A significant im-
provement in PFS was correlated with PI3K/Akt/PTEN

TABLE 3. Selected Grade 3-4 Adverse Events Reported During Each Course of Therapy for the Experimental and Control Arms
MK-2206 Arm (n = 94), No. (%) Control Arm (n = 57), No. (%)

Adverse Events
Paclitaxela Plus

MK-2206 (n = 94)
AC

(n = 60b)
Paclitaxela

(n = 57)
AC

(n = 43b)

Grade $ 3

Anemia 0 (0.0) 1 (1.7) 1 (1.8) 4 (9.3)

Febrile neutropenia 4 (4.3) 5 (8.3) 2 (3.5) 2 (4.7)

Neutrophil count decreased 13 (13.8) 6 (10) 3 (5.3) 2 (4.7)

Dermatitis acneiform 8 (8.6) 0 (0.0) 0 (0.0) 0 (0.0)

Rash maculopapular 13 (14.0) 0 (0.0) 0 (0.0) 0 (0.0)

Hypertension 5 (5.4) 2 (3.3) 2 (3.5) 0 (0.0)

Nausea 0 (0.0) 1 (1.7) 0 (0.0) 0 (0.0)

Diarrhea 3 (3.2) 0 (0.0) 0 (0.0) 1 (2.3)

Stomatitis 1 (1.1) 0 (0.0) 0 (0.0) 1 (2.3)

Fatigue 2 (2.2) 1 (1.7) 0 (0.0) 0 (0.0)

Hyperglycemia 4 (4.3) 0 (0.0) 0 (0.0) 0 (0.0)

Grade 1/2

Rash maculopapular 34 (36.2) 5 (8.3) 8 (14.0) 5 (11.6)

Dermatitis acneiform 26 (27.7) 0 (0.0) 13 (22.8) 0 (0.0)

Stomatitis 37 (39.4) 16 (26.7) 10 (17.5) 10 (23.3)

Hypertension 14 (14.9) 7 (11.7) 12 (21.1) 5 (11.6)

Toxicity

Dose reductions 26 (27.7) 6 (6.4) 1 (1.8) 2 (3.5)

All 34 (36.2) 6 (6.4) 14 (24.6) 3 (5.3)

Toxicity 18 (19.1) 2 (2.1) 5 (8.8) 2 (3.5)

Progression 4 (4.3) 1 (1.1) 1 (1.8) 0 (0.0)

Other 12 (12.8) 3 (3.2) 8 (14.0) 1 (1.8)

Median (range) 174 (66-266) 165 (112-289)

NOTE. Adverse events that occurred in . 5% of patients, as well as others of clinical interest, are presented.
Abbreviation: AC, paclitaxel, doxorubicin, and cyclophosphamide.
aWith or without trastuzumab.
bExcludes patients who discontinued early during receipt of the study agent (ie, paclitaxel with or without MK-2206) phase.
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alterations by the addition of the oral Akt inhibitor ipata-
sertib to paclitaxel in the phase II LOTUS trial of untreated
metastatic TNBC.39,40 Similar findings were reported with
capivasertib (AZD5363).41 However, ipatasertib added to
12 weeks of paclitaxel in the FAIRLANE study of early
TNBC showed no improvement in pCR rate.42 I-SPY 2,
unlike FAIRLANE, administered anthracycline chemo-
therapy preoperatively, which may have contributed to the
higher pCR rates and different results observed in I-SPY
2. We assessed expression and protein biomarkers in the
AKT pathway; and paradoxically, in the triple-negative
subset, higher levels of phosphorylated Akt and its sub-
strates were associated with reduced response to MK-
2206. However, we did observe positive associations with
phospho-ErbB2 (Y877) and NRG1 expression in this
subtype.43 Whether MK-2206 and other Akt inhibitors have
a role in TNBC remains to be seen and will depend on
the performance of other promising agents in develop-
ment, including pembrolizumab (an I-SPY 2 graduate
that nearly tripled pCR rates compared with standard
chemotherapy44).

A limitation of this study is the high rate of early discon-
tinuation of therapy (in both the MK-2206 and the control
arm). The majority of dose reductions and early discon-
tinuations were due to rash. Because the protocol included

no standardmedical management guidelines for the rash, it
may have affected the willingness of patients and providers
to continue study therapy with a dose reduction. In general,
the rash was self-limiting with holding drug and initiation of
oral steroids. The majority of patients were able to tolerate
the lower 90 mg/d dose. Despite a higher rate of early
discontinuation in the MK-2206 arm compared with con-
trol, MK-2206 resulted in a higher pCR rate and a trend
toward improved EFS.

Our data suggest activity of an Akt inhibitor combined with
standard neoadjuvant treatment in HER2-positive breast
cancer and possibly a signal in TNBC as well. Significant
cutaneous adverse effects were seen; however, MK-
2206–related rash may be manageable with increased
provider and patient education as well as with clear
guidelines for toxicity management. While the future de-
velopment of MK-2206 remains unclear at this time, with no
planned trials in breast cancer, other Akt inhibitors like
ipatasertib and capivasertib are actively being tested. Akt
inhibitors may very well be active agents in both early and
advanced breast cancer across receptor subtypes, but
strategies to prevent or mitigate the adverse effects of PI3K/
Akt/mTOR pathway blockade and to predict vulnerable in-
dividuals at particular risk for toxicity will be critical for the
success of this class of agents.
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