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ARTICLE INFO ABSTRACT

Keywords Uterine serous carcinoma (USC) is an uncommon subtype of endometrial cancer with a poor prognosis. USCs
Uterine serous carcinoma have genomic alterations in the PI3K pathway. A prior phase II study of AKT inhibitor MK-2206 (an allosteric
MK-2206

AKT inhibitor, primarily affecting AKT1 and AKT2) in endometrial cancers resulted in progression-free survival
(PFS) of >6 months in five out of seven patients with USC. To further assess the activity of MK-2206 in USC, we
designed a phase II, single-stage assessment of MK-2206 in patients with advanced or recurrent high-grade serous
endometrial cancer, who had received up to two lines of prior therapy. MK-2206 (135 mg) was administered
orally once per week, in continuous 28-day cycles. Fourteen patients received treatment. The most common
treatment-related adverse events were diarrhea (36%), acneiform rash (36%), nausea (29%), fatigue (29%), and
hyperglycemia (21%); most events were grade 1-2. One confirmed partial response was observed in a patient
who was also alive and progression-free at 6 months. One additional patient was alive and progression-free at 6
months. The clinical benefit rate was 14.3% (95% CI: 1.8 to 42.8). Five patients had stable disease (35.7%) and
seven had progressive disease (50%); one was unevaluable. Median PFS was 2 months (95% CI: 1.6 to 4.4) and
median overall survival was 6.4 months (95% CI: 5.1 to not reached). In summary, MK-2206 had limited activity
in USC, although a few patients achieved sustained progression-free intervals in this study and in the previously
reported phase II trial of MK-2206. Further investigations are needed to identify features associated with

AKT inhibitor
PI3K/AKT pathway

response.
1. Introduction (Lu and Broaddus, 2020). The incidence of uterine cancers has increased
over the past two decades (Lu and Broaddus, 2020). Uterine cancers are
Uterine cancer is the most common gynecologic malignancy and the comprised of several histologic subtypes. Representing 80-90% of
fourth most common cancer diagnosed in women in the United States endometrial cancers, endometroid endometrial cancer is the most
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common type (Lu and Broaddus, 2020). Non-endometrioid endometrial
cancers, such as serous carcinoma, clear cell carcinoma, and carcino-
sarcoma, are rapidly increasing and have a higher incidence relative to
endometrioid cancers in Black women (Lu and Broaddus, 2020; Clarke
et al., 2019). These rare subtypes of endometrial cancer have worse
outcomes than endometrioid carcinomas and cause disproportionately
more deaths (Lu and Broaddus, 2020).

Uterine serous carcinoma (USC) is the most common of the non-
endometrioid endometrial cancers and is associated with a poor prog-
nosis (Lee et al., 2021; Bogani et al., 2021). USCs have a propensity to
spread outside the uterus and are associated with higher rates of lym-
phovascular invasion and lymph node involvement compared to endo-
metrioid endometrial cancers, with more than half of patients with USC
initially presenting with advanced stage disease (stage III-IV) (Lee et al.,
2021). Patients with USC also have worse outcomes by stage than pa-
tients with endometrioid endometrial cancer, including an increased
frequency of relapse and a shorter survival (Lee et al., 2021; Bogani
et al., 2021). New therapeutic targets are needed to improve treatment
of USC.

The Cancer Genome Atlas study of endometrial cancer identified four
molecular subtypes: copy-number low (mostly microsatellite stable
endometrioid cancers), copy-number high, hypermutated (microsatel-
lite unstable cancers) and ultramutated (cancers with POLE mutations)
(Cancer Genome Atlas Research Network et al., 2013). Uterine serous
carcinomas, along with a subset of endometrioid endometrial cancers,
were classified within the copy-number high subset. Genomic studies
focusing on USC showed a high frequency of copy-number aberrations
and TP53 mutations (Cancer Genome Atlas Research Network et al.,
2013; Kuhn et al., 2012; Zhao et al., 2013). Amplifications of ERBB2 and
overexpression of its encoded protein, HER2, are present in a large
proportion of USC. HER2 as a target has been exploited therapeutically,
with a phase II clinical trial showing benefit to adding trastuzumab
(anti-HER2) to chemotherapy in advanced and recurrent USC (Fader
et al., 2020). The PI3K pathway is frequently altered in patients with
USC, including mutations or amplifications of PIK3CA (30-60%), and
mutations in PTEN and PIK3R1 (Cancer Genome Atlas Research Network
et al., 2013; Kuhn et al., 2012; Zhao et al., 2013).

The PI3K pathway may represent a therapeutic target in USC and
other endometrial cancers. Multiple agents targeting the PI3K pathway
have been evaluated in clinical trials in endometrial cancer (Myers,
2013). However, to date, PI3K pathway inhibitors have not been vali-
dated in clinical trials for use in clinical practice, except for mTOR in-
hibitors everolimus (with letrozole) and temsirolimus. Evaluation of
new PI3K pathway inhibitors is ongoing, including isoform-selective
PI3K inhibitors (Vanhaesebroeck et al., 2021) and inhibitors of other
nodes in the pathway including AKT (Song et al., 2019; Hua et al., 2021;
Westin et al., 2021).

MK-2206 is an AKT inhibitor that was evaluated in a phase II trial in
recurrent endometrial cancer (Myers et al., 2020). MK-2206 is an allo-
steric inhibitor of AKT with activity against all three AKT isoforms but
the most pronounced activity against AKT1 and AKT2 (Hirai et al.,
2010). The phase II trial was a two-stage, two-arm, PIK3CA-mutation
stratified trial of MK-2206 as a single agent in women with recurrent
endometrial cancer (all histologies except carcinosarcoma) previously
treated with up to two lines of chemotherapy (Myers et al., 2020). A
dose-reduction from 200 mg to 135 mg weekly was required after an
initial cohort of patients exhibited toxicity. Subsequently, 36 patients
were treated (9 PIK3CA mutant, 27 PIK3CA wild-type (WT)). Common
toxicities included rash, fatigue, nausea, and hyperglycemia. One pa-
tient with partial response (PR) and a 6-month progression free survival
(PES), and two additional patients with 6-month PFS were observed in
the PIK3CA mutant group; one PR and four 6-month PFS were seen in
the WT group. Responses were not clearly associated with genomic al-
terations in the PI3K pathway. Although activity in the overall popula-
tion was limited, five of the seven patients with USC achieved 6-month
PFS.
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Based on the promising signal in USC in the phase II trial of AKT
inhibitor MK-2206, as well as the high frequency of PI3K pathway al-
terations in USC, we undertook a focused assessment of the efficacy of
MK-2206 in a cohort of USC patients.

2. Patients and methods

The current study was a phase II, single-stage assessment of MK-2206
in patients with advanced or recurrent uterine serous carcinoma. The
study was approved by the Dana-Farber Cancer Institute Institutional
Review Board and patients provided written informed consent for
participation.

2.1. Patient population and key eligibility criteria

Patients were required to have histologically confirmed recurrent or
persistent high-grade endometrial carcinoma with a serous component
(any proportion of serous histology was allowed), refractory to curative
therapy or established treatments. Patients must have had at least one
prior chemotherapeutic regimen for treatment of endometrial carci-
noma, and patients were allowed to have received up to one additional
prior treatment regimen (e.g., chemotherapy or anti-angiogenic agents;
hormonal therapy was not considered an additional line of treatment).
Prior use of any drugs targeting the PI3K pathway was not allowed. Prior
anti-cancer treatments must have been completed at least three weeks
prior to starting MK-2206, and toxicities of prior therapy must have
resolved to grade 1 or lower. Measurable disease, as defined by RECIST
1.1, was required. Patients were not stratified by PIK3CA mutation
status and mutation status is not available for this cohort.

Patients were required to be 18 years of age or older and have an
ECOG performance status of < 2, life expectancy of greater than 6
months, and the ability to tolerate oral medications. Laboratory evi-
dence of normal organ and bone marrow function was required,
including absolute neutrophil count > 1,500/mcL, hemoglobin > 9.0 g/
dL, platelets > 100,000/mcL, adequate liver and renal function, and no
evidence of hyperglycemia (HgbAlc < 7.5% and fasting blood glucose
less than 130 mg/dL). Additional exclusion criteria included significant
intercurrent illnesses; prolonged QTc interval (baseline QTc > 450 msec
(male) or 470 msec (female)), bradycardia, or bundle branch block;
diabetes, either requiring insulin or poorly controlled on oral agents;
brain metastases; and second malignancies (unless disease-free for at
least 5 years with low risk for recurrence, or a diagnosis of breast cancer
in situ, cervical cancer in situ, or basal or squamous cell carcinoma of
skin).

2.2. Interventions and assessments

MK-2206 (135 mg) was administered orally once per week, in
continuous 28-day cycles. Toxicity assessments were performed using
the National Cancer Institute Common Terminal Criteria for Adverse
Events version 4. Dose reduction guidelines were provided for hyper-
glycemia, diarrhea, rash, hematologic adverse events (absolute neutro-
phil count < 1000/mcL, platelets < 75,000/mcL, or hemoglobin < 8
mg/dL), any grade > 3 non-hematologic adverse events, and any grade 2
non-hematologic adverse events related to MK-2206 lasting > 7 days
despite maximal support. CT scans were performed every two months to
evaluate response. Optional pre-treatment and on-treatment biopsies
were included. Treatment was continued until disease progression, un-
acceptable toxicity, or patient withdrawal. Patients were followed for up
to 3 years or until death.

2.3. Study design and statistics
The trial design was a single-stage design for an independent analysis

of a cohort of USC patients. The primary endpoint of this study was a
composite endpoint of complete or partial response by RECIST or
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progression-free survival of > 6 months. PFS was defined as the time
from registration to disease progression (per RECIST 1.1) or death,
whichever occurred first, and summarized using the Kaplan-Meier
estimator. Responders were defined as those patients with either com-
plete or partial response or progression-free interval of 6 months or
longer. The proportion of responders was estimated and reported with a
binomial exact 95% confidence interval. Clinical benefit with MK-2206
was evaluated against a null response rate of 10% as indication of
inadequate efficacy. With 14 subjects, there was greater than 80%
power to reject a null rate of 10% if the true rate of clinical benefit is
36%, when using a binomial exact test with a one-sided alpha < 0.05. If
four or more responses were seen among the 14 subjects, the null hy-
pothesis would be rejected, and this would reflect sufficient efficacy for
further investigation of MK-2206.

3. Results
3.1. Patients

Fifteen patients were enrolled to the study, but one patient did not
receive the study treatment, yielding 14 patients for this analysis.
Baseline clinical characteristics of the enrolled patients are shown in
Table 1. The stage at diagnosis ranged from IA to IV, with half of patients
having advanced stage (III or IV). Seven patients had received 1 prior
line of treatment and the other seven patients had received two lines of
treatment.

3.2. Safety

Treatment-related adverse events are shown in Table 2. The most
common treatment-related adverse events of all grades were diarrhea
(36%), acneiform rash (36%), nausea (29%), fatigue (29%), and hy-
perglycemia (21%). Other gastrointestinal toxicities such as anorexia,
reflux, vomiting, and weight loss were also observed. Three grade 3
adverse events were reported (one each of diarrhea, rash, and anemia).
No grade 4 events were observed.

3.3. Clinical activity

The clinical benefit rate was 14.3% (95% CI: 1.8% to 42.8%). One
patient had a confirmed partial response, and two patients were alive

Table 1
Patient demographics and characteristics.
Overall
(N=14)
Age
Mean (SD) 64.8 (6.57)
Median (Min, Max) 63.9 (56.9, 84.5)
Race
White 12 (85.7%)
Black or African American 1(7.1%)
Other 1(7.1%)
Ethnicity
Non-Hispanic 12 (85.7%)
Ethnicity Not Known 2 (14.3%)
Stage at Diagnosis
1A 2 (14.3%)
1B 4 (28.6%)
1B 1(7.1%)
1IIA 1 (7.1%)
IIIC 4 (28.6%)
v 2 (14.3%)
ECOG Performance
00 - Fully active 9 (64.3%)
01 - Restricted 5 (35.7%)

Number of prior lines
1 7 (50.0%)
2 7 (50.0%)
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Table 2
Treatment-related adverse events.
Grade 1 Grade 2 Grade 3 All Grade

Adverse Events N % N % N % N %
Diarrhea 3 21 1 7 1 7 5 36
Rash, acneiform 2 14 2 14 1 7 5 36
Nausea 4 29 0 0 0 0 4 29
Fatigue 4 29 0 0 0 0 4 29
Hyperglycemia 3 21 0 0 0 0 3 21
Anorexia 2 14 0 0 0 0 2 14
Rash, maculo-papular 2 14 0 0 0 0 2 14
Anemia 0 0 0 0 1 7 1 7
Gastroesophageal reflux disease 1 7 0 0 0 0 1 7
Vomiting 1 7 0 0 0 0 1 7
Weight loss 1 7 0 0 0 0 1 7

and progression-free at 6 months (including the patient with the partial
response) among the 14 evaluable patients. Five patients had stable
disease (for less than 6 months) (35.7%), and seven had progressive
disease (50%); one patient was unevaluable. The study did not achieve
the benchmark for further investigation based on the primary composite
endpoint.

In terms of survival analysis, thirteen patients died and one was lost
follow up during the study period. Fig. 1a shows the PFS using RECIST to
determine disease progression. Median PFS was 2 months (95% CI: 1.6
to 4.4). Median overall survival (OS) was 6.4 months (95% CI: 5.1 to not
reached) (Fig. 1b).

4. Discussion

USC is a difficult-to-treat subtype of endometrial cancer with a poor
prognosis. The PI3K pathway is an attractive target in USC due to
frequent genomic alterations in this pathway, including mutations in
PIK3CA and PTEN. A phase II study of MK-2206, an oral allosteric AKT
inhibitor, in a cohort of patients with endometrial cancers demonstrated
a PFS of 6 months or longer in five of seven patients with USC (Myers
et al.,, 2020). These results motivated the current study, a phase II,
single-stage investigation of MK-2206 in patients with USC. Though
well-tolerated, MK-2206 showed limited activity in this larger cohort of
patients with USC, with only one of fourteen patients having a confirmed
partial response (objective response rate 7.1%), and two patients having
a PFS of 6 months or longer (including the patient with the partial
response) (clinical benefit rate 14.3%).

The clinical and genomic features associated with response or
resistance to AKT inhibition in USC remain to be determined. While the
prior study was stratified for PIK3CA mutation status, this feature was
not clearly associated with responses to MK-2206 (Myers et al., 2020).
Within the seven USC patients in that study; six were PIK3CA wild-type
and one was PIK3CA mutant. In the current study, patients were not
stratified by PIK3CA mutations and genomic data for the patients is not
currently available. It is therefore unclear whether genomic features
may be one explanation for the differences in response rate to MK-2206
in USC patients in the earlier study compared to this focused USC study.
Other factors that could have contributed to the relatively lower efficacy
in this study include differences in the study populations, or the lower
dose of MK-2206 which may have less inhibition of the signaling
pathway; these features should be examined in future studies. Another
limitation of this study is the small sample size, which might not have
allowed this trial to detect rare individuals with USC who may be sen-
sitive to MK-2206.

In future work, it will be important to further examine the genomic
and phenotypic features of the patients with USC in both studies to
determine whether alterations in the PI3K pathway or other molecular
or clinical characteristics are common to the patients who achieved
clinical benefit. Other candidate biomarkers for response to AKT inhi-
bition include mutations in AKT genes, alterations in other PI3K
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Fig. 1a. Progression-free survival by Kaplan-Meier analysis. Progression was defined based on imaging using RECIST.
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Fig. 1b. Overall survival by Kaplan-Meier analysis.

pathway genes such as PTEN or PIK3R1, or other oncogenic changes that
impact activity of the PI3K pathway or that bypass the PI3K pathway
such as RAS/MAPK pathway activation (Westin et al., 2021). Analysis of
biopsy specimens from the study may also enable investigation of
immunohistochemical markers of response to AKT inhibition such as
phosphorylation of AKT or GSKbeta (Hirai et al., 2010). Finally,
numerous other AKT inhibitors have been developed in recent years
with different pharmacologic characteristics and mechanisms of resis-
tance (Song et al., 2019), and it is possible that different inhibitors may
have more efficacy in the USC context, or different toxicity profiles that
allow dosing strategies with stronger or more sustained pathway inhi-
bition. In addition, AKT inhibition may enhance activity of other drug

classes including targeted agents (e.g., RAS pathway inhibitors, poly
(ADP-ribose) polymerase inhibitors (Westin et al., 2021), and chemo-
therapy (Hirai et al.,, 2010)). Given non-overlapping toxicities,
combining AKT inhibitors with other agents is a concept being tested in
other cancers that could be extended to USC in the future.

In summary, treatment with AKT inhibitor MK-2206 generated
modest partial responses and disease stability (e.g., > 6 months PFS) in
individual patients with USC, despite a lack of consistent activity in this
population. Further study is warranted to understand the characteristics
of USC patients who may attain benefit from AKT inhibition, either
alone or in combination with other treatments.
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