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Editorial

MK-2206 window of opportunity study in breast cancer
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The course of drug discovery and development is expensive, 
and takes 10–15 years with a high failure rate. Promising 
candidate drugs that pass in vitro investigations undergo  
in vivo testing for efficacy and safety. Novel cancer 
treatments are often assessed in patients who did not benefit 
from standard treatments. These heavily pretreated patients 
may have developed significant heterogeneity and multidrug 
resistance. They may also have a high tumor burden, which 
may limit activity of novel agents and stop their future 
development.

An ima l  s tud i e s  p rov ide  ev idence  about  d rug 
effectiveness, however, preclinical pharmacokinetic (PK) 
and pharmacodynamic (PD) data determine how a new 
treatment might work in the clinic. Although, safety and 
tolerability is presumably established in phase I trials, there 
is often limited knowledge about biologic effects achieved at 
the recommended phase II dose. In a window of opportunity 
(WoO) trial, treatment naïve patients agree to postpone 
standard anticancer therapy for a short period, in order to 
receive the investigational agent in the period between the 
diagnostic biopsy and the delivery of the standard treatment 
(surgical resection, chemotherapy or radiation therapy), 
or as seen in this study, the trial takes advantage of natural 
scheduling delays that occur between initial consultation 
and surgery. This allows learning about anticancer activity 
of the intervention in a patient who is not exposed to 
previous therapies. Such studies can better define biological 
effects of the therapy and outline the target patient 
population for the following studies. In turn, development 
and identification of promising drugs could speed up. 

WoO trials are usually short, in the order of 2–6 weeks of 
treatment, making it difficult to achieve clinical endpoints 
such as objective response. The endpoint of WoO trial is 
usually biomarker modulation. The collection of before 
and after treatment tumor biopsies allows determination of 
extent of target inhibition, cell proliferation and apoptosis, 
and identification of other biomarkers.

In breast cancer, deregulation and activation of the 
phosphoinositide 3-kinase (PI3K)/Akt pathway is associated 
with tumorigenesis and disease progression. Activating 
mutations in PIK3CA  and AKT1 ,  and inactivating 
mutations in negative regulator PTEN are reported (1). 
In vitro data suggest that breast cancers with a low level 
PTEN expression or a mutant PIK3CA depend on Akt for 
oncogenic signaling (2). MK-2206 is an allosteric inhibitor 
of Akt that inhibits xenograft tumor growth in models with 
PIK3CA mutation or PTEN loss (3).

In a recent issue of Clinical and Translational Oncology, 
Kalinsky and colleagues reported results of a New York 
Cancer Consortium trial, an open-label, single-arm, 
presurgical WoO, multicenter trial with MK-2206 (4). 
Twelve newly diagnosed clinical stage I-III patients with 
histologically confirmed operable invasive breast cancer 
were enrolled. Formalin-fixed paraffin embedded samples 
were obtained from pretreatment core breast biopsies and 
posttreatment surgical specimens. Patients received two 
weekly doses of MK-2206 prior to surgery. The starting 
dose was 200 mg. Despite dose reductions, the trial was 
terminated after 12 patients due to grade III side effects 
observed at the lowest dose. In total, 5 patients experienced 
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mucositis, 5 rash, 4 pruritus, and 3 hyperglycemia. There 
was a trend to reduction in pAkt after MK-2206 in both 
treatment and control groups. There was no significant 
change in expression of tumor markers Ki-67, pS6 
Ser235/236, PTEN, and stathmin. There was no significant 
association between dose level and PK. Compared to 
controls, MK-2206 significantly increased serum glucose, 
insulin, C-peptide, and had a trend to an increase in 
IGFBP-3. C-reactive protein levels were increased in both 
MK-2206 and control arms, resulting in no difference. 
Seven patients had enough available tissue to perform 
mutation analysis and matched phospho-marker data. Three 
patients had PI3K/Akt pathway mutations: (I) PIK3CA 
H1047R; (II) PIK3CA E542K; and (III) PTEN. Because of 
the small cohort, it was not possible to evaluate differences 
in phospho-marker changes and PI3K pathway mutations. 
One limitation, also acknowledged by Kalinsky et al., was 
about the tumor collection. It is advised to perform pre and 
posttreatment sample collection with the same approach to 
limit the impact of tumor heterogeneity and to standardize 
the procedure (5).

WoO trials are trials that are more challenging to 
conduct, as often there is no clear clinical benefit for the 
patient due to the short treatment course. Thus, accrual 
relies on recruitment of truly informed patients that 
understand the importance of this study design for scientific 
advancement, and would like to “pay it forward”. Thus, 
kudos to the New York Cancer Consortium for successfully 
conducts this multicenter trial. Equally notable is that fact 
that the team recognized that the side effects were greater 
than expected, and discontinued the trial.

WoO trials are usually conducted in an operable, curable 
population, thus they raise several concerns about safety 
and efficacy. While some trials are being conducted with 
well-established agents, many others are conducted with 
drugs earlier in development. At the minimum, the safety 
and recommended phase 2 dose should be established, 
and expected adverse need to be acceptable for an earlier, 
curable population.

In this trial, MK-2206 treatment was short, two doses 
were given in nine days, so that surgical resection would not 
be delayed. Primary endpoint was reduction of pAkt S473 
in breast tumor tissue from diagnostic biopsy in surgery, 
which is a marker of target inhibition. Secondary endpoints 
included changes in other PI3K/Akt pathway markers, 
tumor proliferation (Ki-67), insulin growth factor pathway 
blood markers, pharmacokinetics (PK), genomics, and MK-
2206 tolerability. Primary and secondary aims were defined 

with an initial plan to enroll 24 patients. However, grade III 
side effects led to an early termination after enrolling only 
12 patients. At the time of study initiation, the safety and 
tolerability of the compound had already been established in 
a phase I trial (6). A weekly 200 mg dose was established as 
recommended phase II dose in a follow up study, at least in 
part based on toxicity profile (7). Notably in Kalinsky et al. 
the toxicities were what had been reported before, however 
the severity was greater than expected by investigators. This 
is in part potentially due to a lower tolerance for toxicity in 
a WoO setting by patients and physicians compared to trials 
conducted in heavily pretreated patients with more limited 
options. However, similar studies by other teams, 200 mg 
dose was found to be too high and in a recent phase II trial, 
the weekly dose was defined as 75 mg to keep the patients 
on study (8). Although early termination is not uncommon, 
a meta-analysis of WoO trials showed that treatment 
was stopped because of adverse effects in 4% of the  
patients (9). This emphasizes the delicate balance between 
scientific discovery and concerns about safety, especially in 
WoO setting.

In spite of its early termination, this report meaningfully 
adds to the literature. Although Gonzalez-Angulo et al. 
reported a significant decrease in pAkt S473 and pAkt  
T308 (10) with the combination of MK-2206 and paclitaxel 
by reverse phase protein arrays both in platelet rich plasma 
and in tumor biopsies, Ma et al. also described incomplete 
inhibition of Akt pathway (8) with combination of MK-
2206 and aromatase inhibition. Differences in drug 
doses, tissue preservation methods and assays (such as 
immunohistochemistry and reverse phase protein arrays) 
may have an effect on the results. Kalinsky et al. showed 
that there was a trend to decrease in pAkt after MK-2206 
treatment, but this was also observed in the control group 
and there was no significant difference between these two 
groups. In Kalinsky et al. most of the assays did not detect 
a significant effect. The fact that trial accrual halted, limits 
study power. Enrolling 24 patients would allow having 
greater than 90% power to distinguish an effect. However, 
in the balance, at least at this dose the study suggests the 
safety concerns outweigh efficacy of the agent in this 
molecularly unselected patient population.

There are several WoO breast cancer trials ongoing, 
many testing endocrine agents and targeted therapies, 
metformin, statins, and anti-inflammatory drugs (5,9,11). 
Short preoperative WoO studies teach us about molecular 
markers, mechanisms of action, clinical efficacy of novels 
agents and generate hypothesis for better treatment options, 
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such as drug combinations. WoO trials will not replace but 
would be expected to help in designing better phase II/III 
studies by helping to identify predictive biomarkers and 
PD markers of response. In some cases, unfortunately the 
therapy may have adverse events that may not be deemed 
tolerable for this patient population. But in other rare 
occasions, like in the recent WoO trial with talazoparib 
in patients with deleterious BRCA mutations reported by 
Litton et al. (12), there may be dramatic activity even with 
short term treatment, leading to a rapid path forward for 
a new therapeutic agent. Thus, biomarker-intensive WoO 
trials need to continue to be part of our armamentarium of 
clinical trials in early drug development.
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