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Abstract

of these agents.

Activation of phosphatidylinositol 3-kinase (PI3K)/AKT signaling is associated with endocrine
resistance in estrogen receptor positive (ER+) breast cancer. AKT is an important downstream effector
of the PI3K signaling pathway, regulating key cellular functions related to cancer progression and
survival. Preclinical evidence supports the evaluation of AKT inhibitors as a treatment strategy for
patients with ER+ breast cancer. Early phase clinical trials of AKT inhibitors provides preliminary
efficacy and key toxicity profiles. Clinical trials have been focused on combining AKT inhibitors with
hormonal therapy or cytotoxic chemotherapy. Here we present an update on the clinical investigation

Inhibiting AKT in Estrogen Receptor
Positive Breast Cancer: Preclinical
Evidence

Phosphatidylinositol 3-kinase (PI3K)/AKT
signaling pathway is one of the key
pathways associated with  endocrine
resistance in ER+ breast cancer (1-4).
Targeting mTOR, a downstream effector of
the PISK/AKT pathway, with the
rapamycin analogue everolimus, has been
shown to extend progression-free survival
(PFS) in patients with ER+ endocrine
resistant breast cancer(5). However, as
rapalogues induce feedback upregulation of
Akt (6, 7), which potentially limits their
anti-tumor activity, direct inhibitors of AKT
and PI3K are in clinical trial development
for more effective PI3K pathway
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inhibition(8-11). This review will focus on
AKT inhibitors.

AKT is a downstream effector of PI3K,
which is activated by receptor tyrosine
kinases either by direct or indirect
interaction through phosphorylation of
adaptor  molecules.  Activated PI3K
phosphorylates a membrane phospholipid,
phosphatidylinositol bisphosphate (PIP;) to
phosphatidylinositol trisphosphate (PIP3),
which binds to AKT and PDK1. PDK1 then
phosphorylates AKT at T308 residue in the
activating loop. In addition, mTORC2
activated by receptor tyrosine Kkinase
activity phosphorylates AKT in the
hydrophobic  motif, through multisite
phosphorylation of TSC2. This leads to
inactivation of TSC2, then accumulation of
RHEB in the GTP-bound form, and
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activation of mTORCL1. Several
downstream effectors such as S6K1 and
4EBP1 are activated by AKT and mTORC1,
leading to cell growth and proliferation
among many other cellular processes(12).
Other downstream effectors of AKT
include MDM2, GSK3, FOXO, BAD,
Casp9, eNOS, and PRAS40, thereby
regulating multiple cellular  functions
including survival, proliferation, growth,
metabolism, angiogenesis, and glucose
uptake(13-16). It should be noted that both
mMTORC1 and S6K could attenuate the
PI3K/AKT signaling by phosphorylation of
serine residues at IRS1 and further
degradation of IRS1. Inhibition of TORC1
may relieve the negative feedback on PI3K.
Inhibition of PI3K or AKT also may result
in feedback upregulation of several RTKs,
leading to increased cell survival(17).

Three isoforms of AKT exist with
potentially different cellular functions(18,
19). AKTL1 is known to promote cellular
survival and growth, but also has been
shown to be associated with inhibiting
cellular  migration(20, 21). AKT2
overexpression is more commonly seen in
human cancer, and is associated with
metastatic potential(19, 22). An AKT3-
deficient mouse model was shown to have
defects in brain development, and potential
roles in regulating the expression of ErbB2,
ErbB3, and ERa has been reported(23).
Upregulation of AKT3 appears to be
associated with resistance to AKTL1/2
specific inhibition(24). Loss of AKT1 has
been shown to increase  cellular
invasiveness, potentially leading to increase
signaling via AKT2, thus provides rationale
to inhibiting all isoforms.

Several genomic alterations lead to
constitutive  activation of PI3K/AKT
signaling. Somatic mutations in the gene
coding the alpha catalytic subunit of PI3K,
PIK3CA, occurs very frequently in up to
40% of ER + breast cancer(25, 26). Other
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genetic alterations that may lead to
activation of PI3K pathway are frequently
present, including activating AKT1
mutation in up to 4% and deleterious PTEN
aberrations in up to 24% of ER+ (luminal A
and B) breast cancer(26). In preclinical
models, PTEN loss or activating mutations
in PIK3CA/AKT1 were associated with
antitumor activity when treated with AKT
inhibitors(27, 28).

In addition to high frequency of molecular
aberrations leading to pathway activation,
several other key evidences support
targeting PISBK/AKT pathway to overcome
endocrine resistance in breast cancer.
Molecular crosstalk between PI3K/AKT
pathways and estrogen pathways leading to
hormone-independent activation of estrogen
receptor alpha, conferring endocrine
resistance has been reported(29, 30). Breast
cancer cells after long-term estrogen
deprivation (LTED) showed reliance on
PI3K signaling evidenced by gene
expression and proteomic analyses showing
increased  phosphorylation of effector
molecules in PI3BK/AKT pathway, such as
p-AKT, p-S6, p70S6K(3, 31-33). Activated
AKT signaling was associated with higher
risk of relapse and death in ER+ breast
cancer(34). In a recent publication by Ma
et al., estrogen deprivation was required for
AKT inhibition to induce apoptosis in
majority of cell lines tested(35). In addition,
in LTED cell lines, significant synergistic
effect was noted when treated with
fulvestrant and an AKT inhibitor, MK-2206.
These results are in line with previously
reported responses to AKT inhibition in
endocrine-resistant breast cancer
models(36).

AKT Inhibitors in Clinical Development

MK-2206 and AZD5363 are the two most
studied oral pan-AKT inhibitors in ER+
breast cancer. MK-2206 is an allosteric
inhibitor of AKT, with equal potency
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toward AKT1 (IC50, 5 nmol/L) and AKT2
(1C50, 12 nmol/L), and less potency against
AKT3 (IC50 65nmol/L)(37). AZD5363 is
an ATP competitive kinase domain
inhibitor of AKT, and inhibits all three
AKT isoforms with an 1C50<10nmol/L(38).
Both agents are being evaluated in phase |
and Il clinical trials in combination with
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ongoing trials using these AKT inhibitors
for patients with endocrine resistant breast
cancer are discussed in the next section. A
list of ongoing and completed clinical trials
with MK-2206 and AZD5363 in various
settings are shown in Table 1. Other AKT1
inhibitors, such as GSK2141795, have not
been studied in ER+ breast cancer.

various other

agents.

Completed and

Table 1. Overview of completed and ongoing clinical studies of MK2206 and AZD 5363

Agent NCT Identifier | Combination Phase | Population N Results
MK2206
Advanced breast cancer
with PIK3CA, AKT, PTEN
NCT01277757 | Single [ mutations or PTEN loss; | 5, 200mg, PR 1/21(56)
9 after at least one systemic 9
therapy in the metastatic
setting
Locally advanced ER+ _
NCTO1776008 | Anastrozole +- 1, breast cancer, PIK3CA 16 PCR=0/16, no added effect on
goserelin . . cell proliferation or apoptosis
mutated; Neoadjuvant
Metastatic ER+ breast
cancer, any number of
prior lines obut must not
have a history of disease RP2D MK2206= 150mg QW with
Anastrozole/ progression on prednisone prophylaxis, DLT= G3
NCT01344031 fulvestrant I anastrozole (Phase IA st rash, 2/30 PR, 9/30 SD>=6mo
and Phase IB), fulvestrant (35)
(Arm C), or both
anastrozole and
fulvestrant (Arm D)
MTD dalotuzumab 10mg/kg,
. 29 (1 MK2206=150mg. Common
NCT01243762 | Dalotuzumab | Solid tumors breast) G3AE: hyperglycemia,
maculopapular rash, fatigue (55)
MTD MK2206= 45mg QOD,
23 lapatinib 1500mg daily; No
- Solid tumors/ Breast (escalation), | CR/PR. DLTs included G3
NCT01245205 | Lapatinib ! cancer 5 breast fatigue, hypoNa, G2 mucositis,
(expansion) | G4 hypoNa, G3 rash,
hypocalcemia (57)
RP2D paclitaxel 80mg/m2 weekly
on day 1, and MK-2206 135mg
. Solid tumors/ breast 22 (14 weekly on day 2. No DLT. G3 AC:
NCT01263145 | Paclitaxel Ib cancer breast) fatigue, rash, hyperglycemia,
neutropenia. 5/21 PR, 9/21 SD
(42)
. » ) RP2D 135mg QW, DLTs= 2 G3
Paclitaxel, HER2 positive solid 16 (12 -
NCT01235897 trastuzumab | tumors breast) rash, 1 G3 neutropenia. 3 PR, 7
PR(44)
MTD 10 mg/d ridaforolimus 5
. ) . 35 (19 d/wk + 90 mg/wk MK-2206; DLT:
NCT01295632 | Ridaforolimus | Solid tumor/breast cancer breast) G3 rash, 2/16 PR in breast
cancer (58)
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MK-2206 135mg QD? MK-2206
94 (MK improves pCR rates compared to
Paclitaxel, Breast cancer, i standard chemotherapy in HR-
NCT01042379 trastuzumab I neoadjuvant 2206), 59 and HER2+, sufficiently for
(control) L
evaluation in a phase 3
neoadjuvant trial (43)
MTD for MK2206 = 60mg QOD or
" . 135mg QW (MTD not reached).
NCT00963547 Eajgﬁfg‘mab or |y HERZ posiive solid grle(ast) Common toxicities: fatigue,
P hyperglycemia, rash. 1 CR, 1PR,
5 SD>4mo (59)
AZD5363
DLTs: G3 hypoxia, diarrhea,
. . 41 (8 mucositis, maculopapular rash in
NCT01353781 | Single ! Solid tumors breast) continuous dosing; no DLT in
intermittent dosing. 2/37 PR (60)
NCT02077569 | Single 1l ER+ breast cancer Ongoing
NCT02465060 | Single 1l Akt mutated tumors Ongoing
Breast
NCT02299999 | Single 1l cancer/genomically Ongoing
selected
45
Tumors with AKT1 / (ongoing, - )
. Preliminary results: 5/18 PR, 14
NCT01226316 | Single/Fulvestrant | | PIKSC_ZA or PTEN 18 ER + target lesion shrinkage (61)
mutation breast
cancer)
Preliminary results: RP2D
NCT01992952 | Fulvestrant 1b/1l ER+ breast cancer AZE5363 400mg BID. Ongoing
(62)
NCT02338622 | Olaparib | Solid tumors Ongoing
NCT02423603 | Paclitaxel 1l TNBC Ongoing
NCT01625286 | Paclitaxel 1 ER+ breast cancer Ongoing
Clinical Studies: Combination with combined with anastrozole or fulvestrant,
Endocrine Therapy the recommended phase 2 dose of MK-

Single agent phase | study of MK-2206 in
multiple solid tumors established maximum
tolerated doses (MTDs) of 60mg orally
every other day or 200mg once weekly.
Most common toxicities include rash,
nausea, pruritus, hyperglycemia, and
diarrhea; with maculopapular rash being the
most common dose limiting toxicity
(DLT)(39, 40). In the study by Ma et al.,
authors assessed the combination therapy
with  MK-2206 and anastrozole or
fulvestrant in patients with ER + breast
cancer(35). Their study showed a similar
toxicity profile as with the single agent
MK-2206. Grade 2 or worse rash was
reported in 33% of patients treated. When
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2206 was 150mg once weekly. A total of 30
patients were treated on this study, with 15
patients having received no prior endocrine
therapy and the other 15 having received up
to 5 lines of endocrine therapy in the
metastatic setting. The clinical benefit rate
(CBR), including partial response and
stable disease for 6 months or greater, in 30
patients was 36.7% with trends towards
improved responses in earlier treatment
settings. Among 13 patients  with
measurable disease, the overall response
rate was 15.4%. While disease response
was not the primary objective of this study,
these responses are quite  modest
considering the strength of preclinical
evidence. As this trial did not include
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patients that had disease progression on
prior endocrine therapy, it is more difficult
to conclude whether the antitumor effect
was related to MK-2206 or the endocrine
therapy in this single-arm trial. The authors
suggest that one of the key reasons for lack
of striking responses in this phase | study
may be the dose-limiting rash related to
MK-2206. Rashes  were pruritic,
maculopapular in nature, and responded
better to  prednisone  rather  than
antihistamine therapy. Histologically, a
biopsy from a single patient who had rash
was consistent with  hypersensitivity
dermatitis. Despite adding prophylactic
prednisone to MK-2206 dosing, grade 3
rash still occurred at the single agent MTD
of 200mg in this study, thus limiting the
combination dose to 150 mg. Other clinical
trials with MK-2206 also report rash as one
of the common toxicities (41-43). It is
notable that in trials combining MK-2206
with paclitaxel or trastuzumab, a weekly
MK-2206 dose of 135mg was used (42, 44).

A subsequent neoadjuvant Phase Il trial of
MK-2206 in combination with anastrozole
in patients with PIK3CA mutant, clinical
stage Il or Il ER+ HER2- breast cancer
was conducted and reported recently (45).
The primary endpoint of the study was
pathologic complete response (pCR) to test
the hypothesis of enhanced cell death with
the addition of AKT inhibitor to estrogen
deprivation. Patients received single agent
anastrozole (goserelin was added if pre-
menopausal) during cycle 0 (28 days) while
waiting for the result of PIK3CA
sequencing. Those positive for PIK3CA
mutation was started on MK-2206 (150mg
PO weekly, with 20mg daily for 3 days of
prophylactic prednisone administered the
day before, the day of, and the day after
each MK-2206 dose) on cycle 1 day 2
(C1D2) and received a maximum of 4 28-
days cycles of combination therapy before
surgery. The trial was stopped at interim
analysis due to the lack of pCR among the
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16 patients enrolled in the first stage.
Analysis of tumor biopsies obtained at
baseline, following cycle 0 anastrozole
monotherapy, then 2 weeks post the
addition of MK-2206 failed to demonstrate
an enhanced effect on cell proliferation (by
Ki67 labeling index) and apoptosis (by
cleaved PARP) by MK-2206 over that
achieved by anastrozole alone. Although
AKT  phosphorylation was  reduced
following MK-2206 therapy, PRAS40
phosphorylation persisted. Dose limiting
toxicities were common in this trial, which
might have contributed to the modest effect
on target inhibition. Among the 14 patients
who completed for at least 1 cycle of MK-
2206, 5 required at least one dose reduction
due to grade 3 rash (n=4). One other patient
discontinued treatment following 2 cycles
of MK-2206 due to grade 4 ALT and AST
elevation. Authors concluded that MK2206
with anastrozole is unlikely to be more
effective than anastrozole alone in PIK3CA
mutant endocrine naive ER+ breast cancer.

Another phase | study reported tolerability
and preliminary antitumor activity of
AZD5363 in solid tumors with AKT1
E17K mutations(46). Among 18 patients
with ER + breast cancer, 3 patients with
confirmed partial response and 2 patients
with unconfirmed partial response were
reported. Two patients were treated with the
combination of fulvestrant and AZD5363
after disease progression on AZD5363, and
one of the two had tumor shrinkage with
concordant decline in AKT1 E17K mutant
allele fraction in cfDNA. In this study, 66.7%
of patients experienced toxicities grade 3 or
worse, with the most common being
hyperglycemia, rash and diarrhea.

Based on these clinical trials, while both
AKT inhibitors used in metastatic breast
cancer seem to show positive signals for
added efficacy, a larger proportion of
patients experienced toxicities that were
frequently dose-limiting.
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Clinical Studies: Combination with
Chemotherapy

A phase Ib study of paclitaxel in
combination with MK-2206 was conducted
based on the preclinical synergistic effect of
the combination (27). In this study of
paclitaxel and MK-2206, 14 patients with
metastatic breast cancer were treated. No
DLTs were reported and the MTD was
determined as paclitaxel 80mg/m2 and MK-
2206 200mg orally weekly; however, due to
grade 2 and 3 rash reported in the dose
expansion, RP2D was defined as MK-2206
135mg weekly. Four patients with
metastatic breast cancer had a partial
response in this study (42).

In the neoadjuvant setting, the results from
the MK-2206 arm of [-SPY2 trial, an
adaptive randomized trial of neoadjuvant
chemotherapy, have been reported. Upon
evaluating pathological complete response
rates of 57 control patients and 87 MK-
2206  treated patients, investigators
concluded that HER2 + / hormone receptor
(HR) negative, HER2 +, or HR - signatures
were predictive of statistical success in a
300-patient randomized phase 3 trial in the
neoadjuvant setting in combination with
paclitaxel. The results from 1-SPY2 indicate
that MK-2206 may have more prominent
activity in both HER2 + and HR - diseases,
than in HR + diseases. The patients on this
trial were not selected based on the
presence of PI3SK/AKT pathway related
molecular aberrations. The endpoint of the
I-SPY2 trial was pathologic complete
response rate in the neoadjuvant setting.
Therefore, we cannot yet infer AKT
inhibitors are ineffective in ER + breast
cancer based on this trial.

Interestingly, while rash was still reported
as one of the common adverse events, it
was not considered a DLT in either of the
chemotherapy combination trials. One
explanation may be the more common use
of steroids as a premedication to
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chemotherapy in these populations that may
have prevented development of severe rash.

Predicting Responses to PI3SK/AKT
Pathway Inhibition

Another impediment to immediate clinical
application of AKT inhibitors is the unclear
predictive  relationship  between the
presence of actionable mutations in
PI3K/AKT pathway and clinical responses
to the drug. In the phase I study by Ma et al,
16 patients had molecular profiling done.
Six patients had activating PIK3CA
mutations, including one patient with
concurrent AKT1 E17K and PIK3CA
H1047R. Among 6 patients, one had partial
response, another had stable disease for
more than 6 months. The patient with
concurrent AKT1 and PIK3CA mutation
had stable disease for less than 6 months,
and the other three patients with activating
PIK3CA mutations had progressive disease.
Based on this limited analysis, activating
PIK3CA mutation was not associated with
improved time to progression. In the
neoadjuvant  setting, MK-2206  in
combination with anastrozole failed to
improve pCR rate and induce apoptosis
despite the selection of patients with
PIK3CA mutant ER+ HER2- breast cancer
(45). It is notable that in a basket trial of
AZD5363 in patients with advanced solid
tumors with AKT1 mutations, 6 of the 20
patients with ER+  breast cancer
experienced partial response (4 confirmed,
2 unconfirmed). The median PFS of 5.5
months (95% CI, 2.9 to 6.9 months) for this
patient population, providing the first
clinical evidence that AKT1 E17K is a
therapeutic target in cancer (47). Ongoing
prospective studies, such as SAFIR 01(48)
and NCI-MATCH (NCT02465060), include
AKT inhibitors to address the potential
efficacy of molecularly matched therapies.

A phase | trial of MSC2363318A, a novel
dual p70S6K/Akt inhibitor is also ongoing
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in patients with molecular alteration in
PIBK/AKT pathway (NCT NCT01971515).

Future Directions

With only modest efficacy at tolerable
doses and lack of validated predictive
biomarkers, aside from mutations in AKT1
to AKT inhibition, yet with strong
preclinical scientific rationale, it seems
logical that the next best strategy is to
identify a tolerable combination that will
enhance the efficacy in treatment of
endocrine resistant breast cancer.

One such strategy may be combining CDK
4/6 inhibitor with a PI3K/AKT pathway
inhibitor. Both pathways play an important
role in breast cancer development and
progression. Inhibition of these pathways is
known to enhance the effect of endocrine
therapy in ER + breast cancer. Furthermore,
there are no significant overlapping
toxicities with neutropenia being the most
common grade 3/4 toxicity by CDKA4/6
inhibitors, such as palbociclib. While there
are no active trials combining a CDK 4/6
inhibitor and an AKT inhibitor registered at
this time, early phase trials such as ongoing
TRINITI-1 (NCTO02732119) attempt to
evaluate the combination of mTOR and
CDK 4/6 inhibition in addition to endocrine
therapy.

Several other combination strategies are
under investigation. Combining AKT
inhibitors and MEK/ERK inhibitors in
order to overcome potential kinome
reprogramming related to a single pathway
inhibition with AKT inhibitors appears
promising(49-51). Preclinical data
supporting the combination of both
PI3K/Akt pathway and MAPK pathway
inhibitors in ER + breast cancer have been
reported(49). In preclinical models of other
cancer types, blockade of autophagy with a
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MEK inhibitor in combination with a PI3K
inhibitor, BKM120 showed synergistic cell
growth suppression in lung cancer mouse
xenograft model(50). An early phase
clinical trial combining MK-2206 with
selumetinib, a MEK 1/2 inhibitor, showed
possible antitumor effect in KRAS driven
non-small cell lung cancer and low grade
ovarian cancer (51). A clinical trial
combining trametinib and an AKT inhibitor,
GSK2141795, in patients with triple
negative  breast cancer is ongoing
(NCT01964924).

Combination strategies with RTK inhibitors,
such as IGF-1R inhibitors, to address
feedback upregulation of RTKs providing
upstream activation of the PI3K pathway as
well as the MAPK pathway can be another
potential option. This concept is supported
by several preclinical studies suggesting the
importance crosstalk between the two
pathways in ER + breast cancer (52-54). A
phase | study of an anti-IGF-1 R antibody,
dalotuzumab, in combination with MK2206
showed favorable safety profile(55).

Further research into the mechanism of
dose limiting rash caused by AKT
inhibitors may also help identify better
ways to use these agents. As noted in study
by Ma et al., patients at higher doses of
MK-2206 appeared to have hypersensitivity
dermatitis that were controlled with
prophylactic prednisone. Thus, strategies
such as prophylactic medication or different
dosing schedules may reduce such toxicities
and potentially allow administration of
higher doses.

Finding an effective combination while
managing anticipated dose limiting
toxicities, such as hypersensitivity rash,
would be critical in the further clinical
development of AKT inhibitors in
endocrine resistant breast cancer.
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Figure 1. Conceptual diagram of PI3K pathway in breast cancer
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