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Summary

Introduction—This Phase Ib trial investigated the safety, tolerability, and recommended phase 2 

dose for the pan-PI3K/mTOR inhibitor, GSK2126458 (GSK458), and trametinib combination 

when administered to patients with advanced solid tumors.

Patients and Methods—Patients with advanced solid tumors received escalating doses of 

GSK458 (once or twice daily, and continuous or intermittent) and trametinib following a zone-

based 3 + 3 design to determine the maximum tolerated dose (MTD). Assessments included 
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monitoring for adverse events and response, and evaluating pharmacokinetic (PK) measures. 

Archival tissue and circulating free DNA samples were collected to assess biomarkers of response 

in the PI3K and RAS pathways.

Results—57 patients were enrolled onto the continuous dosing cohort and 12 patients onto an 

intermittent BID dosing cohort. Two MTDs were established for the continuous daily dosing: 2 

mg of GSK458 with 1.0 mg of trametinib or 1.0 mg of GSK458 with 1.5 mg of trametinib; no 

MTD was determined in the intermittent dosing cohort. The most frequent adverse events were 

rash (74 %) and diarrhea (61 %). Dose interruptions due to adverse events occurred in 42 % of 

patients. No significant PK interaction was observed. One patient achieved partial response and 12 

patients had stable disease >16 weeks. Mutations in RAS/RAF/PI3K were detected in 70 % of 

patients, but no pattern emerged between response and mutational status.

Conclusion—GSK458 plus trametinib is poorly tolerated, due to skin and GI-related toxicities. 

Responses were minimal, despite enrichment for PI3K/RAS pathway driven tumors, which may 

be due to overlapping toxicities precluding sufficient dose exposure.
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Introduction

Components of the phosphoinositide 3-kinase (PI3K)/AKT and RAS/RAF/MEK pathways 

are frequently co-mutated or aberrantly co-expressed in human cancers leading to 

proliferation, survival and treatment resistance [1]. Synergistic antitumor effects have been 

observed in preclinical models when inhibiting both pathways simultaneously [2–5].

GSK2126458 (GSK458) is a potent, reversible dual pan-PI3K and mammalian target of 

rapamycin (mTOR) inhibitor. The maximum tolerated dose (MTD) of GSK458 was 

established at 2.5 mg once daily. Twice daily (BID) dosing was later selected as the 

preferred administration schedule because of a more favorable pharmacokinetic (PK) profile. 

The most frequently reported treatment-related adverse events (AEs) observed were 

diarrhea, fatigue, nausea, decreased appetite, vomiting, and hyerpglycemia [6]. Trametinib 

(Mekinst®) is a reversible, selective inhibitor of MEK1/MEK2 kinase that is approved for 

the treatment of metastatic or unresectable BRAF V600E/K mutant melanoma. The 

recommended phase II dose (RP2D) of trametinib is 2 mg once daily. The most frequently 

reported treatment-related toxicities are rash or acneiform dermatitis, diarrhea, fatigue, 

nausea, and vomiting [7]. In vitro synergy for cell growth inhibition is observed with the 

GSK458 and trametinib combination in breast, colorectal, lung, and pancreatic cancer cell 

lines (GSK data on file).

The primary objective of this Phase Ib trial was to determine the safety, tolerability, and 

RP2D for the GSK458 and trametinib combination when administered to patients with 

advanced solid tumors. Secondary objectives were to evaluate PK, pharmacodynamic 

effects, and clinical activity of the combination.
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Patients and methods

Study population

Patient age ≥ 18 years with relapsed or refractory solid tumors who provided written 

consent, had an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1, 

and adequate hematologic and organ function were enrolled. Key exclusion criteria were: 

treatment with anti-cancer therapy within 28 days, history of retinal vein occlusion or central 

serous retinopathy or visible retinal pathology, diabetes (type 1 or 2), uncontrolled systemic 

diseases, unstable brain metastases, history of major cardiovascular disease, and/or pregnant/

lactating females. To enrich for patients with increased likelihood to derive clinical benefit, 

the study was amended to specifically enroll KRAS-mutant colorectal cancer (CRC), 

KRAS-mutant non-small cell lung cancer (NSCLC), BRAF-mutant melanoma previously 

treated with a BRAF inhibitor, pancreatic, endometrial, ovarian, bladder, triple negative 

breast cancer, and other cancers with a rationale for co-treatment with PI3K and MEK 

inhibitors. Prior therapy with PI3K and MEK pathway inhibitors was permitted.

All relevant Institutional Review Boards approved the protocol, in compliance with the 

recommendations of the Helsinki Declaration. Written informed consent was obtained from 

each patient before enrollment.

Study design

This open-label, multicenter study (NCT01248858) evaluated three administration 

schedules: continuous GSK458 once daily plus trametinib once daily for 28 days (cohorts 1–

9), continuous GSK458 twice daily plus trametinib once daily for 28 days (cohort 10), and 

intermittent GSK458 BID (4 days on, 10 days off) plus trametinib once daily for 28 days 

(cohorts 11 and 12). Patients fasted for 1 h before and 2 h after dosing of both study 

medications. Dose escalation followed a zone-based design (3 + 3) with rules for continuous 

and intermittent dosing of GSK458 together with continuous daily trametinib dosing (Fig. 

1). A conservative starting dose of 0.5 mg once daily for both drugs (~70 % reduction) was 

based upon potential overlapping toxicities of diarrhea, rash, and possible cardiac toxicities.

Safety and efficacy assessments

Patients were assessed for safety on days 1, 8, 15, 29, 43, and then every 4 weeks. Clinical 

monitoring included routine chemistry, hematology, vital signs, echocardiogram (monthly), 

electrocardiogram, physical examination, ophthalmic examination (baseline then as needed), 

and AE assessment per National Cancer Institute Common Terminology Criteria for 

Adverse Events (NCI-CTCAE) criteria (version 4.0). Additional safety evaluations included 

daily home fingerstick blood glucose, and intermittent monitoring of fasting blood glucose 

and insulin levels, hemoglobin A1C, 1,5-anhydroglucitol, C-peptide, fasting lipid panel, and 

troponin. Dose limiting toxicities (DLT) definitions included grade 4 hematologic toxicities 

or febrile neutropenia, and most grade 3 non-hematologic toxicities that occurred in the first 

28-day treatment period. Exceptions included grade 3 or greater nausea, vomiting, diarrhea, 

mucositis/esophagitis that responded to standard supportive treatment(s) within 48 h, 

electrolyte disturbances that responded to correction within 24 h, and asymptomatic grade 3 

hypertension that was adequately controlled by the addition of up to two additional 
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antihypertensive medications. Additional DLT criteria included grade 3 rash that did not 

improve to grade ≤ 2 within 7 days despite optimal supportive treatment(s) or required a 

dose reduction upon restarting therapy, ALT >3× upper limit of normal (ULN) with 

concurrent bilirubin >2× ULN, absolute decrease of ejection fraction to less than lower limit 

of normal and >10 % decrease from baseline confirmed within 7 days, inability to receive 

≥75 % of scheduled doses due to toxicity, or grade 2 or higher toxicity that occurred beyond 

28 days at the judgment of the investigator and medical monitor. The MTD was defined as 

the highest dose at which ≤1/6 patients experienced a DLT in the first 28 days of therapy. 

Anti-tumor efficacy was assessed by CT/MRI at week 6 and then every 8 weeks based on 

clinical evaluation and RECIST 1.1 criteria [8].

Pharmacokinetic considerations

Two sparse PK samples were collected from all patients in the study pre-dose and 1–3 h 

post-dose on Days 29, 43, 99 of continuous dosing. For the GSK458 alternate dose schedule 

of 4 day on/10 day off, PK samples were collected pre-dose and at 1, 2, 4 h on days 1, 4, 15, 

and predose, 1, 2, 4, 6, 8, 24 h on day 18, and predose days 29, 43, 99.

Population PK (POP PK) analysis using NONMEM software (version 7.2) was performed 

both analytes (GSK458 and trametinib) to characterize the PK of GSK458 alone and in 

combination with trametinib to assess for possible interaction. A two-compartment model 

with first order absorption and elimination was used to describe concentration time profile of 

GSK458. First-order conditional estimation method with interaction was applied for the 

model development as well as covariate identification. The mean population clearance, inter 

compartment clearance, volume of distribution in central and peripheral compartment, 

absorption rate constant, inter-subject variability as well as residual error were estimated. 

Final model selection was based on evaluation of goodness-of-fit plots, biological 

plausibility, precision of parameter estimates, and the minimum objective function value. 

Covariates affecting PK of GSK458 were also explored.

Archival tumor and circulating free DNA (cfDNA) characterization

Archival formalin-fixed paraffin embedded tumor samples were collected to assess 

biomarkers of response (eg, loss of PTEN, PIK3CA, and RAS mutations). Pre-treatment 

plasma samples were characterized for somatic mutations using circulating free DNA 

(cfDNA) [9] in the continuous daily dosing cohort to explore the relationship between 

cfDNA and anti-tumor activity.

Statistical analysis

Dose escalation decisions were based on synthesis of all relevant available clinical, PK, and 

laboratory data and not solely on DLT information. Data were modeled using an adaptive 4-

parameter Bayesian logistic regression model (BLRM) with overdose control principle [10]. 

The BLRM was fitted on the DLT data accumulated throughout the dose-escalation in the 

first 28 days to model the dose-toxicity relationship of GSK458 and trametinib when given 

in combination. All available dose-DLT relationships of single agents GSK458 and 

trametinib were included in the BLRM fitting with 10 % weight. A non-informative 

Jeffrey’s prior was used for the model parameters. [11, 12].
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Results

Patient characteristics and treatment delivered

From 03 December 2010 to 28 August 2013, 57 patients were enrolled into the continuous 

dosing cohort and 12 patients to an intermittent BID dosing cohort (Table 1). The database 

was locked on 01 May 2014. The study included a range of tumor types with more than half 

being KRAS-mutant colorectal, breast, KRAS-mutant NSCLC, or pancreatic cancer. The 

median time on treatment was 52 days (range: 14–492 days) for the continuous dosing 

cohort and 72 days (range: 35–357 days) for the intermittent dosing cohort.

Dose escalation and DLTs

Eight DLTs were observed across the 12 dose levels explored (Table 2). At 1 mg of 

trametinib with 1 mg daily GSK458, 1/6 patients had a DLT of G2 folliculitis requiring a 20 

day interruption in study treatment; with 1.5 mg GSK458 daily 1/8 patients had a DLT of G3 

diarrhea; at 2 mg GSK458 0/7 patients had DLTs. 1.5 mg of trametinib could be given safely 

with 1 mg GSK458, but 2 mg of trametinib with 0.5 mg of GSK458 exceeded the MTD with 

3/5 patients experiencing DLTs of G3 stomatitis, G3 hypertension, and G3 

hypophosphatemia with G2 diarrhea. Therefore two MTDs were established for continuous 

daily dosing: 2 mg of GSK458 with 1.0 mg of trametinib or 1.0 mg of GSK458 with 1.5 mg 

of trametinib.

BID dosing of GSK458 was also explored to allow sustained exposures across the majority 

of the 24 h dosing period. At the first dose level, 1.5 mg of trametinib with 0.5 mg BID 

GSK458 exceeded the MTD with two DLTs of G3 mucositis and an asymptomatic 20 % 

decrease in LVEF (confirmed with 7 day follow up). Due to inability to achieve full 

monotherapy doses for both agents on continuous dosing schedules, two cohorts of 

intermittent dosing (int GSK458 at 0.5 mg BID and 0.75 mg, administered twice daily for 

four days on and ten days off) were explored in combination with continuous dosing of 

trametinib at 1.5 mg QD. At the 0.5 mg BID int GSK458 dose, 1/7 patients experienced a 

G3 DLT of central serous retinopathy. Although all five patients dosed cleared the 0.75 mg 

BID int GSK458 dose, the study was terminated since neither continuous nor intermittent 

exposures to GSK458 that had been predicted as being necessary for on target activity of the 

combination were anticipated to be achievable.

Safety and tolerability

AEs across all dose combinations irrespective of causality are shown in Table 3 There were 

no treatment related grade 4 or 5 AEs. Rash (74 %) and diarrhea (61 %) were the most 

frequent all grade toxicities, and the main treatment-related grade 3 AEs occurring in 7 (10 

%) and 4 (6 %) of the 69 patients respectively. Other common all-cause AEs included 

vomiting (45 %), fatigue (39 %), nausea (35 %), mucositis (35 %), and peripheral edema (33 

%). Although only 12 patients were treated in the intermittent dosing cohorts, the toxicities 

observed were similar to that observed in the continuous dosing cohorts.

Dose interruptions due to AEs were common, occurring in 29 (42 %) of patients due 

primarily to skin and GI-related toxicities. Thirteen patients (19 %) had at least one AE 
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leading to permanent discontinuation of study treatment. Treatment related dose reductions 

were reported in 4 % of patients. Sixteen treatment related serious AEs occurred in 8 

patients including rash (3), asthenia/fatigue (3), stomatitis (2), pyrexia (2), and one each of 

dehydration, diarrhea, hypertension, left ventricular dysfunction, acute renal failure, and 

vomiting. A summary of drug-related AEs by maximum toxicity grade across all dose 

combinations is shown in Fig. 2. Nine deaths were reporting during the study period, none of 

which were related to study treatment.

Pharmacokinetics

GSK458 had an estimated population clearance of 3.25 L/h, inter-compartment clearance of 

2.71 L/h, central and peripheral volume of distribution of 8.95 and 38.4 L respectively 

(Table 4). The inter-individual variability on clearance and central volume was 

approximately 53 % and 97 % respectively. PK of the GSK458 was compared when 

administered alone as single agent and in combination with trametinib. No significant 

difference was observed in post hoc estimates following administration of GSK458.

Efficacy

Of the 69 patients, 57 were assessable for radiographic response (Fig. 3). One partial 

response was observed in a KRAS mutant ovarian cancer patient who remained on study for 

>400 days at the time of data analysis in the continuous BID dosing cohort. Stable disease 

>16 weeks was observed in 12 patients. Of the 48 patients enrolled in the continuous daily 

dosing cohort, plasma at baseline was available for 30 patients to evaluate for cfDNA. 

Mutations in KRAS, NRAS, BRAF or PIK3CA were detected in 21/30 (70 %). None of the 

three patients (ocular melanoma, renal cell carcinoma, and gall bladder cancer) in the 

continuous daily dosing cohort with stable disease >16 weeks had detectable cfDNA at 

baseline.

Discussion

In this study, we established two MTDs for continuous once daily dosing: 2.0 mg 

GSK458/1.0 mg trametinib, and 1.0 mg GSK458/1.5 mg trametinib. We determined that 0.5 

mg GSK458 BID continuous plus 1.5 mg trametinib QD exceeded the MTD; the MTD was 

not established for GSK458 intermittent dosing (4 days on, 10 days off) prior to study 

termination. Even at low doses of GSK458 and trametinib tolerability was poor, primarily 

due to skin and GI-related toxicities that necessitated dose interruptions in 42 % and 

treatment discontinuation in 19 %. Exposures to GSK458 in this study were similar to 

GSK458 monotherapy [13], indicating that our inability to administer GSK458 at doses near 

the single agent MTD in combination with trametinib was not due to a PK interaction.

Despite enrichment for tumor types with somatic PI3K and/or MAPK pathway alterations, 

minimal anti-tumor activity was observed with the GSK458 and trametinib combination. 

This is inconsistent with extensive pre-clinical data showing additive or synergistic 

responses with the combination [2–4]. Other trials with PI3K or AKT and MEK inhibitor 

combinations have also reported poor tolerability, with frequent overlapping side effects 

including rash, diarrhea, nausea, and mucositis, limiting the doses of either drug 
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administered in combination and demonstrating disappointing efficacy [14–20]. In 

preclinical studies, intermittent dosing regimens of a PI3K and MEK combination showed 

similar activity to a continuous dosing schedule with improved tolerability [21]. Here, we 

explored intermittent dosing of GSK458 (4 days on, 10 days off) with continuous daily 

dosing of trametinib but failed to observe improved tolerability. Further exploration of the 

intermittent schedule was discontinued before the MTD was defined after modeling 

predicted that we would be unable to deliver GSK458 and trametinib in combination doses 

sufficient to produce adequate inhibition of the PI3K/AKT and RAS/RAF/MEK pathways 

required for anti-tumor activity in preclinical models.

There are several limitations to our study. First, our study was terminated prior to 

completion of the planned PK studies to assess the effect of GSK458 on trametinib 

exposures at the MTD. Second, only two intermittent dosing schedules were explored. We 

did not evaluate an intermittent schedule of trametinib, due to its long plasma half-life of 

five days. It is possible that intermittent scheduling of another PI3K or AKT and MEK 

inhibitor combination might be associated with improved tolerability, particularly with a rest 

period from both drugs. Third, the study was terminated before a planned serial biopsy 

cohort was enrolled; therefore, we were not able to assess the level of pharmacodynamic 

inhibition of the PI3K/AKT and RAS/RAF/MEK pathways in tumor tissues at the MTDs 

defined.

The NCI Investigational Drug Steering Committee has recently published recommendations 

for phase I with novel drug combinations [22]. Our experience with GSK458 and trametinib 

highlights the importance of rigorous assessment of DLTs and drug exposures for novel 

combinations with overlapping toxicities that may limit optimal dosing. Due to poor 

tolerability and limited anti-tumor activity no further development of the GSK458 and 

trametinib combination is planned, which is in keeping with termination of other PI3K or 

AKT and MEK inhibitor combinations [20, 23, 24].
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Highlights

• We report a phase Ib study of the PI3K/mTOR inhibitor, GSK2126458, and 

trametinib

• The combination is poorly tolerated, due to overlapping skin and GI toxicities

• Efficacy was limited, possibly due to dosing limitations
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Fig. 1. 
Summary of dose escalation design and tolerability. a continuous daily dosing schedules, b 
intermittent dosing schedules. BID=twice daily; GSK468=GSK212458; MTD=maximum 

tolerated dose; QD=daily; T=trametinib

Grilley-Olson et al. Page 11

Invest New Drugs. Author manuscript; available in PMC 2020 October 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
Summary of drug-related adverse events by maximum toxicity grade across all dose 

combinations. a The category of rash was comprised of the following collapsed preferred 

terms: dermatitis acneiform, erythema, rash, rash erythematous, rash macular, and rash 

maculo-papular. b The category of mucositis was comprised of the following collapsed 

preferred terms: aphthous stomatitis, mouth ulceration, mucosal inflammation, and 

stomatitis

Grilley-Olson et al. Page 12

Invest New Drugs. Author manuscript; available in PMC 2020 October 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3. 
Time on study treatment by disease type by RECIST version 1.1 best response category.* 

Non-CR/Non-PD (green), Non-complete response/Non-progressive disease; PD (purple), 
Progressive disease; NE (orange),Not evaluable; SD (red), Stable Disease; PR (blue), partial 

response. * This figure reflects the updated treatment duration from database lock on 01 

May 2014 (last patient off treatment on March 31st, 2015)
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