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ABSTRACT

Background

Primary findings from the METRIC (TMT212A2301) study demonstrated that trametinib improved progression-free survival (PFS) and overall survival (OS) as compared with chemotherapy in patients with unresectable or metastatic cutaneous melanoma with a BRAF V600E/K mutation. However, clinical data characterizing the long-term use of these therapies in combination with BRAF inhibitors or as monotherapies are limited.

Methods

In this open-label, phase 3 study, 322 patients with BRAF V600E/K-mutant metastatic melanoma were randomized in a 2:1 ratio to receive trametinib (2 mg orally, once daily; n = 214) or chemotherapy (dacarbazine [1000 mg/m 2 ] or paclitaxel [175 mg/m 2 ] intravenously, every 3 weeks; n = 108). Patients who progressed on chemotherapy were allowed to cross over and receive trametinib. Five-year results of efficacy and safety analyses are reported.

Results

The median PFS was 4.9 months in the trametinib arm versus 1.5 months in the chemotherapy arm (hazard ratio, 0.54; 95% confidence interval, 0.41-0.73). Landmark OS rates for trametinib versus chemotherapy arms at 1 year, 2 years, and 5 years were 60.9% versus 49.6%, 32.0% versus 29.4%, and 13.3% versus 17.0%, respectively.

Most patients (n = 70 [65%]) from the chemotherapy arm crossed over to the trametinib arm early in their treatment. No unexpected adverse events were reported.

Introduction

Recent advances in the treatment of patients with BRAF V600E/K-mutant unresectable or metastatic melanoma have been associated with clinically meaningful improvements in progression-free survival (PFS) and overall survival (OS) [START_REF] Ascierto | Cobimetinib combined with vemurafenib in advanced BRAF(V600)-mutant melanoma (coBRIM): updated efficacy results from a randomised, double-blind, phase 3 trial[END_REF][START_REF] Ascierto | Survival outcomes in patients with previously untreated BRAF wild-type advanced melanoma treated with nivolumab therapy: three-year follow-up of a randomized phase 3 trial[END_REF][START_REF] Hodi | Nivolumab plus ipilimumab or nivolumab alone versus ipilimumab alone in advanced melanoma (CheckMate 067) : 4-year outcomes of a multicentre, randomised, phase 3 trial[END_REF][START_REF] Wolchok | Overall survival with combined nivolumab and ipilimumab in advanced melanoma[END_REF][START_REF] Long | Dabrafenib plus trametinib versus dabrafenib monotherapy in patients with metastatic BRAF V600E/K-mutant melanoma: long-term survival and safety analysis of a phase 3 study[END_REF][START_REF] Robert | Two year estimate of overall survival in COMBI-v, a randomized, open-label, phase III study comparing the combination of dabrafenib (D) and trametinib (T) with vemurafenib (Vem) as first-line therapy in patients (pts) with unresectable or metastatic BRAF V600E/K mutation-positive cutaneous melanoma[END_REF][START_REF] Schachter | Pembrolizumab versus ipilimumab for advanced melanoma: final overall survival results of a multicentre, randomised, open-label phase 3 study (KEYNOTE-006)[END_REF][START_REF] Carlino | Outcomes by line of therapy and programmed death ligand 1 expression in patients with advanced melanoma treated with pembrolizumab or ipilimumab in KEYNOTE-006: a randomised clinical trial[END_REF][START_REF] Weber | Nivolumab versus chemotherapy in patients with advanced melanoma who progressed after anti-CTLA-4 treatment (CheckMate 037): a randomised, controlled, open-label, phase 3 trial[END_REF].

Targeted therapies and immune checkpoint inhibitors now represent the standard of care for patients with advanced disease. Despite these advances, a significant proportion of patients on either targeted therapies or immune checkpoint inhibitors develop resistance. Long-term benefit from either targeted therapies or immune checkpoint inhibitors has been observed in a subgroup of patients [START_REF] Ascierto | Cobimetinib combined with vemurafenib in advanced BRAF(V600)-mutant melanoma (coBRIM): updated efficacy results from a randomised, double-blind, phase 3 trial[END_REF][START_REF] Ascierto | Survival outcomes in patients with previously untreated BRAF wild-type advanced melanoma treated with nivolumab therapy: three-year follow-up of a randomized phase 3 trial[END_REF][START_REF] Robert | Two year estimate of overall survival in COMBI-v, a randomized, open-label, phase III study comparing the combination of dabrafenib (D) and trametinib (T) with vemurafenib (Vem) as first-line therapy in patients (pts) with unresectable or metastatic BRAF V600E/K mutation-positive cutaneous melanoma[END_REF][START_REF] Schachter | Pembrolizumab versus ipilimumab for advanced melanoma: final overall survival results of a multicentre, randomised, open-label phase 3 study (KEYNOTE-006)[END_REF].

Ipilimumab (anticytotoxic T-lymphocyte-associated protein 4 [anti-CTLA-4]) was

the first drug to demonstrate a durable clinical benefit lasting ≥ 5 years in a small proportion of patients within a molecularly unselected advanced melanoma population [START_REF] Schadendorf | Pooled analysis of long-term survival data from phase II and phase III trials of ipilimumab in unresectable or metastatic melanoma[END_REF]. Recently, 5-year landmark analysis from the randomized part (part C) of the phase 2 study (BRF113220) and 3-year landmark analysis from the randomized, phase 3, COMBI-d study reported long-term survival benefit with the combination therapy of dabrafenib (BRAF inhibitor) and trametinib (MEK inhibitor) in a subset of patients with BRAF V600-mutant metastatic melanoma [START_REF] Long | Dabrafenib plus trametinib versus dabrafenib monotherapy in patients with metastatic BRAF V600E/K-mutant melanoma: long-term survival and safety analysis of a phase 3 study[END_REF][START_REF] Long | Long-term outcomes in patients with BRAF V600-mutant metastatic melanoma who received dabrafenib combined with trametinib[END_REF]. The durable benefit observed in these long-term follow-up studies counters the idea that melanoma treatment with targeted therapies rapidly leads to deterioration after an initial response. A better understanding of the proportion and characteristics of patients who can derive long-term benefit and maintain tolerability is needed for optimal treatment strategies, which remains an unmet clinical need with the current therapies in this population.

In the current analysis of the phase 3 METRIC study (NCT01245062), we report a minimum 5-year follow-up data of trametinib (MEK inhibitor) monotherapy. At the time this trial was originally designed and implemented, the superiority of targeted combination (BRAF and MEK inhibitors) therapy over monotherapy had not been established. In a previously reported primary analysis, the median PFS was 4.8 months in the trametinib arm and 1.5 months in the chemotherapy arm (hazard ratio [HR], 0.45; 95% confidence interval [CI], 0.33-0.63; P < 0.001) in patients with unresectable stage IIIC or IV cutaneous melanoma with a BRAF V600 mutation [START_REF] Flaherty | Improved survival with MEK inhibition in BRAF-mutated melanoma[END_REF]. At 6 months, the rate of OS was 81% in the trametinib arm and 67% in the chemotherapy arm. The HR was 0.54 (95% CI, 0.32-0.92; P = 0.01), despite 47% patients in the chemotherapy group crossed over to receive trametinib at the time of the previously reported primary analysis [START_REF] Flaherty | Improved survival with MEK inhibition in BRAF-mutated melanoma[END_REF]. In an extended analysis, trametinib showed durable clinical benefit lasting ≥ 2 years in a subset of patients [START_REF] Schadendorf | Overall survival (OS) update on METRIC (NCT01245062), a randomized phase 3 study to assess efficacy of trametinib (T) compared with chemotherapy (C) in patients (pts) with BRAFV600E/K mutation-positive (+) advanced or metastatic melanoma (MM)[END_REF]. The data from the patients who have responded to trametinib monotherapy in this study allow to better understand the efficacy and safety associated with the long-term use of a targeted combination (BRAF and MEK inhibitors) treatment.

Methods

Study design and treatment

METRIC (TMT212A2301; NCT01245062) was a randomized, open-label, multicenter, phase 3 study to evaluate the efficacy and safety of trametinib monotherapy versus chemotherapy (dacarbazine or paclitaxel). The study design, treatment regimen, patient population, and end points have been reported previously [START_REF] Flaherty | Improved survival with MEK inhibition in BRAF-mutated melanoma[END_REF]. Patients with unresectable or metastatic cutaneous melanoma with a BRAF V600E/K mutation were randomized in a 2:1 ratio to receive either oral trametinib (2 mg once daily) or intravenous chemotherapy consisting of either dacarbazine (1000 mg/m 2 of bodysurface area) or paclitaxel (175 mg/m 2 ), every 3 weeks, at the discretion of the investigator.

Patients were stratified by baseline lactate dehydrogenase (LDH) levels (normal vs elevated) and prior chemotherapy for advanced disease (yes or no). Patients in the chemotherapy arm, who did not receive any further anticancer treatment after discontinuing chemotherapy and eventually had disease progression per Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1, were allowed to cross over to the trametinib arm. All patients were followed for survival irrespective of the initiation of crossover therapy and/or subsequent therapies. The endpoints evaluated in this analysis included PFS, OS, objective response rate (ORR), duration of response (DOR), and safety. The primary efficacy analysis was restricted to patients with the BRAF V600E mutation who did not have brain metastases at baseline. The protocol was approved by the institutional review boards at each study center and complied with country-specific regulatory requirements. All patients provided written informed consent at screening. The study was conducted in accordance with the provisions of the Declaration of Helsinki and Good Clinical Practice guidelines.

Assessments and statistical methods

Efficacy analyses were carried out in the intention-to-treat (ITT) population and in the primary efficacy population (PEP). PFS and OS were estimated using the Kaplan-Meier (K-M) method. Response rates and 95% CI are reported for the study groups.

We used the K-M method to calculate medians and interquartile ranges (IQR) to summarize the DOR. The patients who crossed over to receive trametinib after initial chemotherapy treatment were included in the chemotherapy arm for updated OS analysis. PFS was recorded separately during the crossover phase.

Safety analyses included all patients who had received at least 1 dose of the study drug. Safety assessments included physical examinations, vital signs, adverse events (AEs), serious AEs (SAEs), laboratory measurements, electrocardiograms, and echocardiograms/multigated acquisition for the determination of left ventricular ejection fraction, and are summarized according to the frequency of AEs in the total population. At the final data cutoff, the median (range) follow-up was 14.7 months (0-70) in the trametinib arm and 8.7 months (0-70) in the chemotherapy arm. The median (range) time to crossover was 3.1 months (1-20) and the median (range) duration of follow-up after crossover was 8.8 months (0-67).

Results

Patient disposition

Baseline demographics and characteristics

Among the 322 patients, 281 had BRAF V600E mutation, 40 had BRAF V600K mutation, and 1 had BRAF V600E/K mutation. Prior anticancer therapy was received by 301 patients (93%). Patient demographics and baseline characteristics were consistent between the treatment arms (Table 1). As expected in a general metastatic melanoma population, 65% of patients had Stage IV M1c disease, of which 37% of patients had elevated LDH. A total of 179 patients (56%) had ≥ 3 metastatic organ sites involved and > 50% patients had metastasis in lung and lymph nodes. In the chemotherapy arm, 70 patients (65%) crossed over to receive trametinib. The demographic and baseline prognostic characteristics of the crossover population were similar to the ITT population.

Efficacy

The median OS was 15.6 months in the trametinib arm versus 11.3 months in the chemotherapy arm (HR, 0.84; 95% CI, 0.63-1.11; Fig. 2). The landmark OS rates for the trametinib arm versus the chemotherapy arm at 1 year, 2 years, 3 years, 4 years, and 5 years were 60.9% versus 49.6%, 32.0% versus 29.4%, 20.6% versus 22.6%, 14.9% versus 20.4%, and 13.3% versus 17.0%, respectively (Fig. 2).

In the ITT population, the median PFS was 4.9 months in the trametinib arm compared with 1.5 months in the chemotherapy arm. Trametinib was associated with a 46% reduction in the estimated risk of progression or death (HR, 0.54; 95% CI, 0.41-0.73; Fig. 3A). The median PFS in the PEP was similar to that in the ITT population (Fig. 3B). In the crossover population, the median PFS was 3.0 months (95% CI, 2.7-4.8; Fig. 3C).

In the ITT population, 61 patients treated with trametinib had a confirmed response of either complete or partial response (29%; 95% CI, 22.6-35.1) and 109 (51%) had stable disease (SD) compared with 10 patients treated with chemotherapy who had confirmed complete or partial response (9%; 95% CI, 4.5-16.4) and 33 (31%) who had SD. The unconfirmed response rate in the ITT population in the trametinib arm was 40% (95% CI, 33.6-47.1) compared with 14% (95% CI, 8.0-21.9) in the chemotherapy arm (Table 2). In the crossover population, the unconfirmed response rate was 44% (95% CI, 32.4-56.7; Table 2). The median DOR in patients receiving trametinib was 5.3 months (95% CI, 3.6-6.9) compared with 8.1 months (95% CI, 3.5-11.1) in patients receiving chemotherapy.

The median time from study treatment discontinuation to start of subsequent anticancer therapy was 24 days (IQR range, 9-41) in the trametinib arm versus 35 days (IQR range, 30-49) in the chemotherapy arm. Follow-up anticancer therapy other than crossover therapy for patients in the chemotherapy arm was received by 208 patients: 158 (74%) in the trametinib arm and 50 (46%) in the chemotherapy arm (Table 3).

Safety

Safety was evaluated in 310 patients in the randomized phase (trametinib, n = 211; chemotherapy, n = 99) and in 70 patients in the crossover phase. In the randomized phase, the median duration of trametinib exposure was 4.8 months, and 23 patients (11%) continued trametinib beyond 12 months. The median (range) daily dose of trametinib administered in the study was 2 mg (0.5-2.0 mg).

The incidence of AEs was similar to that observed in the primary analysis [START_REF] Flaherty | Improved survival with MEK inhibition in BRAF-mutated melanoma[END_REF]. In the randomized phase, the most common AEs irrespective of study drug relationship were rash, diarrhea, fatigue, edema peripheral, nausea, and dermatitis acneiform in the trametinib arm (Table 4). Rash, diarrhea, and fatigue were the most common drugrelated AEs for trametinib in the randomized phase (Table 5). The most common AEs reported in the crossover phase were similar to those reported in the randomized phase.

Drug-related SAEs were observed in 37 patients (26 [12%] in the trametinib arm and 11 [11%] in the chemotherapy arm). A total of 6 fatal SAEs (trametinib, n = 4 versus chemotherapy, n = 2) were reported in the randomized phase, of which, 1 SAE (renal failure) in the trametinib arm was suspected to be treatment related. In the crossover phase, 2 instances of fatal SAEs were reported and 1 (pneumonitis) was suspected to be treatment related.

Discussion

In this study, an OS of at least 5 years was observed in approximately 13% of patients who received trametinib monotherapy. Trametinib was associated with a 16% reduction in the risk of death compared with chemotherapy despite crossover of approximately 65% of patients in the chemotherapy arm. The lack of statistically significant difference in the OS rates between trametinib and chemotherapy could be attributed to the crossover study design. In the absence of crossover, the between-group difference in the OS can be expected to be larger. Another potential reason could be the imbalance in the follow-up anticancer therapies between the treatment arms, as approximately 65% of patients received post-progression therapies. This 5-year landmark analysis did not show any unexpected AEs. The most common AEs of any grade irrespective of the study drug relationship included rash, diarrhea, fatigue, edema peripheral, and nausea. Trametinib was well tolerated, and the long-term safety findings were consistent with the results from previous analyses [START_REF] Flaherty | Improved survival with MEK inhibition in BRAF-mutated melanoma[END_REF][START_REF] Falchook | Activity of the oral MEK inhibitor trametinib in patients with advanced melanoma: a phase 1 dose-escalation trial[END_REF][START_REF] Kim | Phase II study of the MEK1/MEK2 inhibitor trametinib in patients with metastatic BRAFmutant cutaneous melanoma previously treated with or without a BRAF inhibitor[END_REF].

The results of long-term analyses from studies of dabrafenib and trametinib combination therapy in patients with unresectable or metastatic melanoma suggest that some patients can experience long-term responses. Patients with good baseline prognostic features (normal LDH levels, earlier-stage melanoma, fewer organ sites with metastases, and lower sum of lesion diameters) are associated with both durable responses and prolonged survival [START_REF] Long | Overall survival and durable responses in patients with BRAF V600-mutant metastatic melanoma receiving dabrafenib combined with trametinib[END_REF][START_REF] Long | Factors predictive of response, disease progression, and overall survival after dabrafenib and trametinib combination treatment: a pooled analysis of individual patient data from randomised trials[END_REF]. Additional analyses are needed to better understand the characteristics of patients who are likely to experience long-term benefit from treatment with targeted therapies. The results from this 5-year follow-up of patients in the METRIC trial are important as they will allow to conduct indirect comparisons with planned 5-year analyses of dabrafenib and trametinib combination therapy in the COMBI-d and COMBI-v studies.

In conclusion, this is the longest reported follow-up for trametinib monotherapy in patients with BRAF V600E/K-mutant metastatic melanoma. Some patients experienced long-term survival benefit with trametinib. Since 65% patients in the chemotherapy arm were permitted to cross over and receive trametinib, it is expected that this active treatment also contributed to the long-term survival of patients in the chemotherapy arm. Trametinib monotherapy might be an alternative and a reasonable therapeutic option for patients who are intolerant to anti-BRAF monotherapy and who progressed after immunotherapy. The findings from this extended analysis of trametinib monotherapy may serve as the basis for future indirect comparisons against long-term findings from other ongoing trials of dabrafenib and trametinib combination therapy. MSD, BMS, Roche, and Amgen, honoraria for lectures from Pfizer and honoraria for advisory board from Blueprint Medicines, outside the submitted work. R.D. has intermittent, project focused consulting and/or advisory relationships with Novartis, MSD, BMS, Roche, Amgen, Takeda, Pierre Fabre, Sun Pharma, and Sanofi, outside the submitted work. J.U. reports receiving fees from GSK/Novartis to conduct this clinical trial and is on the advisory board or has received honoraria and travel support from Amgen, BMS, GSK, LeoPharma, MSD, Novartis, Pierre Fabre, and Roche. J.L. 
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  total of 322 patients were randomized in a 2:1 ratio to receive trametinib (2 mg orally, once daily; n = 214) or chemotherapy (dacarbazine [1000 mg/m 2 ] or paclitaxel [175 mg/m 2 ] intravenously, every 3 weeks; n = 108). The first patient was randomized on December 24, 2010, and the last patient on July 05, 2011. Forty-one patients (19%) in the trametinib arm withdrew from the study compared to 31 (29%) in the chemotherapy arm (Fig.1). At data cutoff (December 16, 2016), 23 (11%) patients in the trametinib arm versus 14 (13%) in the chemotherapy arm withdrew from the study due to study closure/termination. No patients were on randomized chemotherapy at data cut-off; however, two patients were still receiving trametinib monotherapy at datacut in the randomized phase, and three patients were still receiving trametinib monotherapy at data-cutoff in the crossover phase.
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 1 Fig. 1. METRIC study schema.
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 2 Fig. 2. Overall survival in the intent-to-treat population.
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 3 Fig. 3. Progression-free survival: (A) investigator-assessed PFS the in intent-to-treat population, (B) investigator-assessed PFS in the primary efficacy population, and (C) investigator-assessed PFS in the crossover population. PFS = progression-free survival.

  

  

Acknowledgments

The authors acknowledge the patients, their families, and their caregivers, as well as all the investigators. The METRIC study group is grateful to all the physicians who contributed to the present study, the worldwide network of research nurses, trial coordinators, and operations staff for their contributions. We appreciate the support of the colleagues of the METRIC Study Team who contributed to the presented data. In addition, we thank Rajasree Solipuram, Rohitbhai Kachhadiya, and Sharol Janice Rodrigues of Novartis Healthcare Pvt. Ltd., for providing medical editorial assistance with this manuscript.

sponsored by GSK. Trametinib was designated as an asset of Novartis as of March 2, 2015, and Novartis took over the sponsorship of the trial after March 2, 2015.

Funding

This trial was initially sponsored by GSK. Trametinib was designated as an asset of Novartis as of March 2, 2015, and Novartis took over the sponsorship of the trial after March 2, 2015.

Conflict of interest statement

C.R. reports personal fees for participating as consultant in advisory boards for Roche, Pierre Fabre, Merck, Novartis, Amgen, and BMS, outside the submitted work. K.F. served as a consultant and received grant support and personal fees from Novartis, during the conduct of the study. He serves on the board of directors for Loxo Oncology, Clovis Oncology, Strata Oncology, and Vivid Biosciences; corporate advisory boards for X4 Pharmaceuticals and PIC Therapeutics; scientific advisory boards for Sanofi, Amgen, Asana, Adaptimmune, Fount, Aeglea, Array BioPharma, Shattuck Labs, Arch Oncology, Tolero, Apricity, Oncoceutics, Fog Pharma, and Tvardi; and a consultant to Genentech, BMS, Merck, Takeda, Verastem, Checkmate, and Boston Biomedical. P.N.