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q Department of Medical Oncology, Novartis Pharma S.A.S., Rueil-Malmaison, France
r Department of Dermatology, AP-HP, & EA 4340, University UVSQ, University Paris-Saclay, Boulogne-Billancourt, France
Received 5 May 2022; received in revised form 6 July 2022; accepted 20 July 2022

Available online 25 September 2022
* Corresponding author.

E-mail address: caroline.dutriaux@chu-bordeaux.fr (C. Dutriaux).

https://doi.org/10.1016/j.ejca.2022.07.035

0959-8049/ª 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).

mailto:caroline.dutriaux@chu-bordeaux.fr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejca.2022.07.035&domain=pdf
https://doi.org/10.1016/j.ejca.2022.07.035
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
www.sciencedirect.com/science/journal/09598049
www.ejcancer.com
https://doi.org/10.1016/j.ejca.2022.07.035
https://doi.org/10.1016/j.ejca.2022.07.035


C. Dutriaux et al. / European Journal of Cancer 175 (2022) 254e262 255
KEYWORDS

Dabrafenib;

Trametinib;

BRAFV600-mutation;

Melanoma;

Brain metastases
Abstract Background: Despite the poor prognosis associated with melanoma brain metasta-

ses (BM), data concerning these patients and their inclusion in clinical trials remains scarce.

We report here the efficacy results of a subgroup analysis in patients with BRAFV600-mutant

melanoma and BM treated with BRAF and MEK inhibitors dabrafenib (D) and trametinib

(T).

Patients and methods: This phase IIIb single-arm, open-label, multicenter, French study

included patients with unresectable stage IIIc or IV BRAFV600-mutant melanoma with or

without BM. The present analysis focuses on patients with BM. Response rates were deter-

mined clinically and/or radiologically as per standard clinical practice. Progression-free sur-

vival (PFS) was estimated using the Kaplan Meier analysis and modelled with multivariate

Cox regression model. Risk subgroups were identified using an exponential regression tree

analysis. Significance was set at p < 0.05.

Results: Between March 2015 and November 2016, 856 patients were included and 275 (32%)

patients had BM. Median PFS was 5.68 months (95% confidence interval [CI], 5.29e6.87).

Significant independent factors associated with shorter PFS were ECOG �1, elevated serum

lactate dehydrogenase (LDH), �3 metastatic sites, and non-naı̈ve status. The binary-split clas-

sification and regression tree modelling identified baseline LDH and ECOG status as major

prognostic factors.

Conclusion: This is to date the largest, close to real-world, study in advanced BRAFV600-

mutant melanoma patients with BM treated with DþT. ECOG >1, �3 metastatic sites and

elevated LDH were associated with shorter PFS, a finding previously demonstrated only in

patients without BM. Further studies are warranted to determine the optimal treatment

sequence in this population.

ª 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

An estimated 2% of patients with cutaneous melanoma

and 40% of patients with metastatic disease develop

brain metastases (BM) at some point in the course of
their disease. These numbers are expected to rise due to

an increasing incidence of melanoma diagnoses and

longer survival due to the developments of efficient

treatments during the last decade.

Historically, the management of melanoma-related

BMs has been limited to local therapies including sur-

gical resection and radiation therapy and median overall

survival ranged from 4 to 5 months.
Despite the poor prognosis and the lack of alterna-

tives, most pivotal phase 3 clinical trials have excluded

patients with clinically active BM [1], and the data

concerning these patients are scarce.

Emerging treatment strategies for BRAF-mutated

metastatic melanoma include immunotherapy and tar-

geted therapies.

Recent studies have demonstrated the safety and ef-
ficacy of immune checkpoints, including anti-PD-1 and

anti-CTLA-4 therapy in patients with BM. Notably, the

combination of anti-PD-1 and anti-CTLA-4 therapy has

been shown to lead to 46% and 52% intracranial

response rates in treatment naı̈ve patients [2,3].

Regimens combining BRAF and MEK

inhibitors have shown potential for the treatment of

patients with unresectable (stage III) or distant
metastatic (stage IV) BRAF V600-mutant cutaneous

melanoma and BM.

The COMBI MB study was the first phase 2 trial

evaluating the combination of BRAF inhibitor dabra-

fenib plus trametinib in patients with BRAF

V600emutant melanoma that had metastasized to
the brain and remains, to date, the largest with 125

patients [4].

The trial showed that patients with BM respond to

treatment with BRAF and MEK inhibitors [4]. In

addition, one previous retrospective study (DESCRIBE

II) gathered real-world data in a large cohort of 271

patients with unresectable or distant metastatic BRAF

V600-mutant cutaneous melanoma, including 99 pa-
tients with BM, treated with combination dabrafenib

and trametinib [5]. Another retrospective case series

investigation of 24 patients with stage IV BRAF-mutant

BMs treated with encorafenib plus binimetinib reported

a clinical benefit rate of 63% [3]. Last, recent preliminary

results of the GEM1802/EBRAIN-MEL phase II trial in

63 patients have shown intracranial response rates of

64.3% in asymptomatic patients (among 14 evaluable
patients) and of 63.6% in symptomatic patients (among

11 evaluable patients) [6].

In March 2015, given that trametinib was not yet

commercially available in France, a study was launched

to grant a large number of patients (including patients

with BM) access to trametinib, based on the benefit of

dabrafenibetrametinib combination. An earlier analysis

http://creativecommons.org/licenses/by/4.0/
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provided efficacy and safety results of dabrafenib and

trametinib in the overall population. Here we report an

exploratory subgroup analysis to describe the response

of patients with BM and assess factors associated with

response in close to ‘real life’ conditions.
2. Methods

2.1. Participants

The study included patients aged 18 years and older with
histologically confirmed melanoma BRAF V600 posi-

tive mutation either unresectable (stage III) or distant

metastatic (stage IV) (American Joint Committee on

Cancer [AJCC] 7th edition) and with Eastern Cooper-

ative Oncology Group (ECOG) Performance Status

(PS) of 0e2 and in stable clinical condition (defined as

not needing any urgent treatment). Patients who had

received previous advanced melanoma treatments
(except BRAFi þ MEKi combination) were allowed.

Main exclusion criteria were history of malignancy other

than melanoma within 3 years, history of hepatitis B or

C virus and any other serious or unstable pre-existing

medical conditions. Some cardiovascular medical his-

tory (e.g. abnormal or non-available electrocardiogram

or echocardiogram values) were permitted. Patients with

active BM were eligible if they did not require or were
ineligible for immediate local treatment. The present

subgroup exploratory analysis focuses only on patients

from the study with BM at the time of study inclusion.

The study was conducted according to the ethical

principles of the Declaration of Helsinki and its amend-

ments and Good Clinical Practice guidelines. The study

protocol and all amendments were reviewed by the In-

dependent Ethics Committee or Institutional Review
Board for each study site. Patients were enrolled in the

program after providing signed and dated informed

consent.
2.2. Study design and treatment

This was a single-arm, open-label, multicentre, non-

randomised, access study. Patients received trametinib

2 mg orally once daily and, where appropriate, in com-
bination with dabrafenib 150 mg orally twice daily.

Treatment continued until a safety event warranting

discontinuation occurred, until disease progression, until

the patient withdrew consent or until trametinib was

granted authorisation to be reimbursed when used in

combination with dabrafenib (study termination). For

patients who were unable to tolerate the protocol-

specified dosing scheme, dose adjustments and in-
terruptions were permitted in order to keep the patient on

study drug.

Response to treatment was assessed every 4 weeks

during the first 2 months, then every 8 weeks or as per
standard clinical treatment. It was recommended to

monitor blood chemistry/biology, blood pressure and

temperature every 4 weeks during the first 6 months and

every 8 weeks thereafter. Safety was monitored

throughout the study and adverse events/severe adverse

events were collected up to 28 days after discontinuation

of the study.

2.3. End-points

The end-points presented here include the response rates

to treatment determined clinically and/or radiologically

by the investigator as per standard clinical practice and

evaluated by the investigator (RECIST criteria were

proposed but not mandatory), progression-free survival

(PFS) rates, the prognostic value of individual factors

and risk groups using an exponential regression tree

analysis model.

2.4. Statistical analysis

Categorical variables were reported as frequency and

percentage, while continuous variables were reported as

mean, standard deviation, median and range values.

Overall response rate (ORR) was defined as the per-

centage of subjects achieving a complete response or

partial response from the start of treatment until disease

progression or end of the study.
Median follow-up time was calculated using the

reverse KaplaneMeier method. PFS was defined as the

interval of time (in months) between the start date of

trametinib and disease progression or death due to any

cause, whichever occurred first. Patients without events

were censored at the time of last known visit (including

those withdrawn from the study due to authorisation of

trametinib). PFS was estimated using the KaplaneMeier
method, presented as median and survival rates in per-

centages, both with the 95% confidence interval (CI). The

prognostic value of individual factors (LDH, ECOG

status, number of metastatic sites, naı̈ve versus non-naı̈ve

status, prior immunotherapy treatment [interferons,

monoclonal antibodies, other antineoplastic agents]) was

assessed using the univariate Cox proportional hazards

model with a backward procedure. Variables significant
on univariate analysis or clinically relevant were included

in the multivariate Cox proportional hazard model.

Hazard ratios with their 95% CIs were calculated to

display risk changes. We used regression tree modelling

to identify patients with the highest risk of progression

depending on factor combinations. The regression tree

analysis recursively partitioned patients into binary

subgroups that best maximised differences between
outcomes. All possible splits for each factor were

assessed at each partition using a forward stepwise

splitting procedure to select the most significant split and

divide data into two risk groups when determining the

next split in the Cox model. Splits had to include at least



Table 1
Patient demographic and clinical characteristics at baseline.

Characteristics Total (N Z 275)

Age, years, mean (SD) 57.6 (14.8)

Gender male, n (%) 166 (60.4)

ECOG performance score, n (%)

0 144 (52.4)

1 91 (33.0)

�2 40 (14.6)

Type of BRAF mutation, n (%)

E 229 (83.3)

K 33 (12.0)

Other 13 (4.7)

Number of metastatic sites, n (%)

<3 84 (30.55)

�3 191 (69.45)

Baseline mean (SD) LDH, ULNa 418.1 (579.5)

Baseline LDH (ULN) in classes, n (%)

<1 115 (41.8)

[1e2[ 50 (18.2)

�2 21 (7.6)

Missing 89 (32.4)

Status regarding previous systemic treatment

Naive 121 (44.0)

Non-naive 154 (56.0)

Patients with prior �1 immunotherapy treatmentb

No 233 (84.7)

Yes 42 (15.3)

Previous treatment by gamma knife

Yes 20 (7.3)

No 255 (92.7)

n, number of patients in a group; LDH, lactate dehydrogenase;

ECOG, Eastern Cooperative Oncology Group; ULN, Over half the

patients (154/275, 56.0%) had taken therapy for unresectable advanced

or metastatic disease before participating in the study and 20 (7.3%)

patients had received treatment by gamma therapy.
a Based on patients with known LDH at baseline (n Z 628).
b Monoclonal antibodies (eg: ipilimumab, anti-PD1) (in 12.0% of the

patients), alpha-interferon.

Table 2
Efficacy outcomes.

End point Total (N Z 275)

ORR, n (%) 114 (41.5)

DCR, n (%) 194 (70.5)

Progression throughout the study, n (%) 164 (59.6)

Progression-free survival, months,

median (95% CI)

5.68 (95% CI 5.29e6.87)

ORR Z overall response rate; DCR Z disease control rate;

CI Z confidence interval.
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10% of all subjects treated patients [7]. The process was

then repeated in each subset of the data recursively until

either a small-sized group was obtained or no additional

splitting was available (no important covariate remains).

A restriction was imposed on the tree construction so

that terminal subgroups resulting from any given split

had to have at least 20 patients [8]. We included the

missing data in the analysis for homogeneity of the
studied population.

All p values reported were two-sided, and the sig-

nificance level was set at 5% (p < 0.05). Statistical

analysis was performed using the SAS� software

(version 9.4).

2.5. Sample size

This was an access study. The nature and purpose of the

study precluded the a priori specification of a sample

size. It was estimated that between 300 and 1000 patients

would be enrolled depending on the duration of the

study.

3. Results

3.1. Patients

Between March 2015 and November 2016, 856 patients

with melanoma received trametinib in combination with
dabrafenib [7]. Of the 856 patients, 617 patients had

M1c status, 275 of whom presented with brain metas-

tasis (BM). Baseline demographic and clinical charac-

teristics for patients with BM are presented in Table 1.

3.2. Efficacy

3.2.1. Response to treatment

Median follow-up of the study was 5.63 months (range,

0.03e20.53). ORR was 41.5%. Median PFS was 5.68

months (95% CI 5.29e6.87). There were 164 progression

events (disease progression or death, see Table 2).

3.2.2. Survival according to previous treatments

Median PFS of patients that had received previous

treatment was 4.96 months [95% CI, 4.04e5.78] versus

7.23 months [95% CI, 5.68e8.02] for those who had not
(HR Z 1.60; 95% CI, 1.14e2.25; p Z 0.0061).

Median PFS for patients that had previously received

treatment by gamma knife was 4.86 months [95% CI,

2.17e11.83] compared to 5.98 months [95% CI,

5.32e7.06] in patients that had not received any radio-

surgery treatment (HR Z 1.10; 95% CI, 0.63e1.90;

p Z 0.7350).

There was no statistically significant difference in the
median PFS of patients having received or not prior

immunotherapy (5.32 months [95% CI, 3.78; 6.87]

versus 5.98 months [95% CI, 5.29; 7.16], respectively)

(HR Z 1.04 [95% CI; 0.67e1.63]; p Z 0.8456).
3.3. Multivariate analysis

LDH level, ECOG PS and the number of metastatic

sites at baseline were found to be significant predictors

of PFS after treatment with D þ T in multivariate
analysis (Table 3). Patients with LDH �2 ULN (versus

<1 ULN; HR Z 2.50; 95% CI; 1.37e4.58; p Z 0.0030),

patients with ECOG PS 2 (versus ECOG PS Z 0;

HR Z 2.17; 95% CI; 1.37e3.44; p Z 0.0010) and pa-

tients with �3 metastatic sites (versus <3 metastatic



Table 3
Multivariate Cox proportional hazard analysis of PFS by prognostic factors (N Z 275).

Population (n) mPFS (95% CI), months Multivariate analysis

HR (95% CI) p value

LDH at baselinea

<1 ULN 115 7.06 [5.13; 8.34] 1 (Zref) e

[1; 2[ ULN 50 4.90 [3.65; 6.70] 1.30 [0.83e2.04] 0.2473

�2 ULN 21 2.89 [2.04; 7.23] 2.50 [1.37e4.58] 0.0030

Missing 89 1.44 [0.99e2.10] 0.0577

ECOG PSa

Stage 0 144 7.20 [5.68; 8.34] 1.00 (Zref) e
Stage 1 91 5.55 [4.44; 6.21] 1.36 [0.94e1.96] 0.0995

Stage � 2 40 3.88 [2.83; 4.93] 2.17 [1.37e3.44] 0.0010

Metastatic sitesa

<3 84 7.36 [5.78; 9.10] 1.00 (Zref) e
�3 191 5.39 [4.67; 6.01] 1.58 [1.10e2.28] 0.0142

Statusa

Naive 121 7.23 [5.68; 8.02] 1.00 (Zref) e
Non-naive 154 4.96 [4.04; 5.78] 1.60 [1.14e2.25] 0.0061

Pts with ‡1 prior immunotherapy treatment

No 233 e 1.00 (Zref) e

Yes 42 e 0.84 [0.52e1.35] 0.4719

Prior immunotherapy treatment was included in the multivariate model event thought it was not significant in univariate due to its clinical rele-

vance.

ECOG PS Z Eastern Cooperative Oncology Group Performance Status; BM Z brain metastasis; PFS Z progression-free survival,

CI Z confidence interval.
a Factors included in the regression analysis.
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sites; HR Z 1.58; 95% CI, 1.10e2.28; p Z 0.0142) had

an increased risk of progression.

In addition, patients previously treated were 1.6 times

as likely as naı̈ve patients to progress, and the difference

was statistically significant (95% CI, 1.14e2.25;

p Z 0.0061).

The classification and regression tree analysis was

performed using the number of metastatic sites, ECOG
PS, LDH category at baseline and the naı̈ve/non-naı̈ve

status (Fig. 1).

The binary-split classification and regression tree

modelling identified LDH levels and ECOG PS status at

baseline as major prognostic factors. Patients with

ECOG PS 0 and normal LDH had the lowest risk of

progression at both 6 and 12 months (6-month

PFS Z 61%; 95% CI, 51e70 and 12-month PFS Z 34
months; 95% CI, 24e45). On the other hand, patients

with ECOG PS �1 and having been previously treated

for the BM had the shortest median PFS (6-month

PFS Z 23%; 95% CI, 13e35 and 12-month PFS Z 5

months; 95% CI, 0.5e17).

Fig. 2 presents the KaplaneMeier curves for PFS in

melanoma patients with BM according to baseline

clinical characteristics.

4. Discussion

To our knowledge, this analysis reports on the largest
cohort of patients with BRAF-mutated melanoma and

with BM treated with a BRAF inhibitor. Data on

prognosis and predictive factors of progression in mel-

anoma patients with BM are scarce due to, mostly,
patients not having been allowed to participate in clin-

ical trials.

The longer survival of patients with BM due to more

effective systemic therapies has encouraged the recruit-

ment of this subpopulation in clinical trials. However,

inclusion criteria are often restraining and exclude many

patients seen in clinical practice, including pre-treated

patients, those with high ECOG or Karnofsky perfor-
mance status scores [4] and patients with leptomeningeal

involvement (which account for 5e7% of patients with

melanoma [9]).

At the time in which we carried out this study, most

reports also lacked data on the impact of previous sys-

temic or local treatments for BM and of sequencing,

either because the information was not collected or

because patients previously treated were not included.
While BMs are a common outcome among patients with

melanoma, no standard of care existed until recently.

Ongoing improvements in local therapies including ste-

reotactic radiosurgery and hypofractionated stereotactic

radiotherapy have led to improved tumour control and

better outcomes [10,11]. In 2017, the European Associ-

ation of Neuro-Oncology published evidence-based

guidelines to aid in the treatment of patients with BM
from solid tumours and stated that they could benefit

from targeted agents including BRAF inhibitors [1].

While the results in COMBI MB suggested that,

D þ T had good clinical activity and safety profile, the

study had some limitations as discussed by the authors.

There was not enough information on the previous or

subsequent local or systemic treatments, and the cohorts

were small-sized.



Fig. 1. Regression tree for progression-free survival, and 6- and 12-month survival rate estimates according to the KaplaneMeier method

(N Z 275).
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We report here the results of a subgroup analysis

carried out in patients with melanoma and with BM that

were treated with dabrafenib and trametinib in
Fig. 2. KaplaneMeier survival curvesePFS (N
conditions close to real life. The efficacy and safety of

D þ T in the overall population were reported recently

[7]. In our study, median PFS was 5.68 months (versus
Z 275). PFS, progression-free survival.
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8.02 months in the overall population) and ORR 41.5%.

In the DESCRIBE II study (36.5% of patients with

BM), patients with known BM achieved a median PFS

of 6.2 months. Our findings together with those from

DESCRIBE II demonstrate that the combination of

dabrafenib and trametinib provides clinical benefit to

this subgroup of patients [5].

In the COMBI MB trial, patients in cohort A
(without prior local brain-directed therapy) achieved a

PFS of 5.6 months (95% CI 5.3e7.4) and those in cohort

B (with prior local brain-directed therapy) achieved a

PFS of 7.2 months (95% CI 4.7e14.6).

We assessed, for the first time, the predictive factors

of PFS in patients treated with D þ T in patients with

melanoma metastasized to the brain. LDH level, ECOG

PS and the number of metastatic sites at baseline were
found to be significant predictors of PFS in patients

being treated with D þ T in multivariate analysis. These

are known potential predictive factors of response to

D þ T in patients with BRAF-mutated melanoma.

However, none of these have been validated as a

discriminant factor for selection in patients with BM.

The regression tree model allowed us to identify the

hierarchy of baseline prognostic factors revealed and
revealed that ECOG PS status as the most important

predictor of PFS. For patients with an ECOG PS Z 0,

LDH level was the next most important factor, whereas

for patients with ECOG PS >0, the naı̈ve/non-naı̈ve

status was the most determining. The present model did

not identify the number of metastatic sites, which was

the most important predictor of PFS in the overall

population of the study (including patients with and
without BM) [7].

The present study was carried out in conditions close

to real life and included patients with BM regardless of

the number or the symptomatic/asymptomatic nature of

metastases, ensuring the representativeness encountered

in routine clinical practice. Given the increasing inci-

dence of patients with BM, studies that include patients

with poor prognosis (i.e. leptomeningeal involvement)
are warranted to assess the benefits of such therapies in

this subgroup of patients. One of the limitations of the

study arose from the access study nature. Once trame-

tinib was authorised, patients were withdrawn from the

study, leading to short follow-up and insufficient data to

evaluate the effect of treatment on overall survival.

Also, information that would have been relevant for this

subanalysis, such as concomitant treatment with ste-
reotactic radiosurgery, was not collected as part of the

study.

This study contributes to the field of metastatic

melanoma by providing preliminary data on factors

predictive of response to D þ T in a subpopulation of

patients with BRAF-mutated melanoma and with BM.

Further studies should validate these factors for risk

assessment and patient selection. The ESMO has
recently issued some recommendations for the
management of metastatic melanoma, including patients

with BMs. The chosen therapy should take into

consideration the symptomatic nature of metastases.

For instance, for patients with asymptomatic BMs

(irrespective of BRAF mutational status), combination

ipilimumab and nivolumab have been shown to provide

disease control compared to targeted therapy. For pa-

tients with contraindication for immunotherapy or in
need of rapid response, combination D þ T is recom-

mended [12]. However, strong evidence on the optimal

synergies between different treatments is lacking. Clin-

ical phase 3 trials should be performed to define the

optimal combination of immunotherapy, targeted

treatment and local treatments including stereotactic

radiosurgery or surgery.
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