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KEYWORDS Abstract  Background: Melanoma brain metastases (MBM) have a poor prognosis. Systemic
Immunotherapy; treatments that have improved outcomes in advanced melanoma have been shown to have an
Targeted therapy; intracranial (IC) effect. We studied the efficacy and outcomes of combined immune check-
Melanoma brain point inhibitor ipilimumab/nivolumab (Combi-ICI) or targeted therapy (Combi-TT) as first-
metastasis; line treatment in MBM.

Stereotactic Methods: MBM patients treated with Combi-ICI or Combi-TT within 3 months after MBM
radiosurgery diagnosis. Endpoints were progression-free survival (PFS) and overall survival (OS).

Results: 53 patients received Combi-ICI, 32% had symptomatic MBM and 33.9% elevated
LDH. 71.7% required local treatment. The disease control rate was 60.3%. IC response rate
(RR) was 43.8% at 3-months with durable responses at 6- (46.5%) and 12-months (53.1%).
Extracranial (EC) RR was 44.7% at 3-months and 50% at 12-months. Median PFS was 9.6
months (95% CI 3.6-NR) and median overall survival (mOS) 44.8 months (95% CI; 26.2-NR).

63 patients received Combi-TT, 55.6% of patients had symptomatic MBM, 57.2% of pa-
tients had elevated LDH and 68.3% of patients required local treatment. The disease control
rate was 60.4%. ICRR was 50% at 3-months, but dropped at 6-months (20.9%). ECRR was
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69.2% at 3-months and 17.6% at 12-months. Median PFS was 5.8 months (95% CI 4.2—7.6)
and mOS 14.2 months (95% CI 8.99—-26.8).

In BRAFV600 patients, 26.7% of patients received Combi-ICI and 73.3% Combi-TT with
OS (p = 0.0053) and mPFS (p = 0.03) in favour to Combi-ICI.
Conclusion: Combi-ICI showed prolonged mOS with sustainable IC and EC responses.
Despite the initially increased efficacy, Combi-TT responses at 12 months were low. Combi-
ICI appeared superior to Combi-TT for OS and PFS in BRAFV600 patients. Other clinical
factors are determinants for first-line treatment choice.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Melanoma is one of the most frequent cancers to
metastasize to the brain [1]. Approximately 50% of pa-
tients with stage IV melanoma will eventually develop
brain metastases (MBM), and this proportion increases
up to 75% in autopsy reports [2,3]. Before the advent of
effective systemic therapy, patients with MBM have
historically had a poor prognosis and median overall
survival (mOS) in unselected patients with active MBM
ranged between 4 and 6 months [4—7].

Modern systemic therapies have revolutionized
melanoma treatment. The increased efficacy of immune-
checkpoint inhibitors with anti-CTLA4 and anti-PD1 in
advanced melanoma [8], as well as the introduction of
BRAF/MEK inhibitors that selectively inhibit tumour
growth in melanoma patients that harbour a BRAF
mutation, which is found in approximately 40% of
melanomas [9], have been shown to have a substantial
intracranial effect, as well [10]. Most recent data evalu-
ating the efficacy of BRAF/MEK inhibitors in asymp-
tomatic patients with MBM have shown response rates
(RRs) of 58% but the duration of response is short and
most patients progress within 6 months [11]. In contrast,
immunotherapy provides durable survival in patients
who respond with a 46% intracranial (IC) RR in
asymptomatic patients treated with combined immune
checkpoint inhibitor ipilimumab/nivolumab (Combi-
ICI), such that these drugs are now used for most pa-
tients with MBM [12,13].

Nevertheless, data investigating the efficacy of
contemporary systemic therapies in patients with the
intracranial disease remain scarce mostly because of the
fact that patients with poor prognostic factors, that is,
elevated LDH, reduced performance status at baseline and
symptomatic brain metastases, as well as previous local
treatments, such as stereotactic radiotherapy and surgery,
have been largely excluded from clinical trials until recently
[10,12—15]. In the present study, we sought to explore the
efficacy and outcome of patients treated with combined
ipilimumab/nivolumab (Combi-ICI) or targeted therapy
(Combi-TT) administered as first-line treatments in pa-
tients with MBM treated outside of clinical trials.

2. Patients and methods
2.1. Study design

We retrospectively assessed a total of 116 melanoma pa-
tients with MBM treated with Combi-ICI (n = 53) or
Combi-TT (n = 63) as first-line treatment within 3 months
of MBM diagnosis from four academic centres in Europe
and Australia. Disease characteristics, clinical and radio-
logic data were retrospectively evaluated using electronic
health records and local melanoma databases [16].
Extracranial (EC) and IC treatment response including
best overall response were assessed in accordance with
modified response evaluation criteria in solid tumors
(RECIST vl1.1[17]) using magnetic resonance imaging and
computed tomography or evaluated as metabolic response
using positron emission tomography in accordance with
each institution’s protocols. IC response in patients who
received local treatment was evaluated in those who
continued to have RECIST measurable disease intracra-
nially. Overall response rate (ORR) was defined as the
percentage of the patients with complete response (CR)
and partial response and disease control rate (DCR),
including CR, partial response and stable disease. IC and
EC RRs were calculated accordingly. Grading of immune-
related adverse events (irAEs) was based on the Common
Terminology Criteria for Adverse Events (CTCAE),
version 5.0. The data cut-off date was November 2020.

2.2. Statistics

Baseline characteristics were reported using descriptive
statistics. Continuous variables were tested with the
Wilcoxon rank test for significance. Categorical vari-
ables were tested with the Fisher exact test for signifi-
cance. Cox regression was used to calculate hazard
ratios of covariates for overall survival (OS) and pro-
gression-free survival (PFS). A p-value <0.05 was
considered statistically significant. OS and follow-up
(FU) were calculated from treatment initiation to last
patient contact or death. PFS was assessed from treat-
ment initiation to disease progression. OS and PFS are
presented graphically using Kaplan—Meier curves. Cox
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regression results are presented using forest plots. For
ICRR and ECRR, patients were censored if they had no
measurable disease, switched or stopped therapy or were
lost to FU. Statistical analyses were conducted using R
(version 3.6.1).

2.3. Ethics

Written informed consent for the use and collection of
data and available tissue for use in the retrospective
analysis was approved by the local ethics committee
(MelProg Project KEK-ZH 2014-0193, KEK 2017-
00494, Ethics Committee of Vaud 2019-00448).

3. Results
3.1. Patient characteristics

A total of 116 patients with MBM, 53 patients (45.7%)
treated with Combi-ICI and 63 patients (54.3%) treated
with Combi-TT were included for analysis. Baseline
characteristics are summarized in Table 1. Most of pa-
tients were male (65.5%), and the median age at diag-
nosis of MBM was 55.9 years (range 23—93). Median
FU for survival was 32.3 months (range 3.44—79.4
months). At diagnosis of brain metastases, 90.5% of
patients had ECOG performance status (PS) 0—1, 61.2%
of patients had 1-3 brain metastases, whereas 16.4% of
patients had more than 3 brain metastases. The
maximum diameter of MBM at treatment start was
>3 cm in 16.4% of patients. 76.8% of patients had BRAF
positive melanoma. At treatment initiation, EC metas-
tases included >2 organs in 45.7% of patients, and
46.5% and 37.9% of patients had elevated LDH and
s100 above the upper limit of normal (ULN), respec-
tively. 44.8% of patients had symptomatic brain metas-
tases at the time of diagnosis, and 26.7% required
steroids at treatment start and during treatment. 60% of
patients were treated with solely systemic drug therapy,
whereas in 40% systemic treatment was combined with
local treatment for MBM.

3.2. Combined immunotherapy cohort ( Combi-ICI)

Fifty-three patients with a median age of 56.2 years
(range 23—82) were treated with combination anti-PD1/
anti-CTLA4 as a first-line treatment. At diagnosis of
MBM, 92.5% of patients had ECOG PS 0—1, 62.3% of
patients had 1-3 brain metastases, and a maximum
diameter of MBM at treatment start was >3 cm in 3.8%
of patients. At treatment initiation, EC metastases
included >2 organs in 35.8% of patients, and 34% and
39.6% of patients had elevated LDH and s100 above
ULN, respectively. 32% of patients had symptomatic
brain metastases at the time of diagnosis, and 24.5% of

patients required steroids at treatment start. Most of
patients (71.7%) required local treatment, including
surgery (9.4%), SRS (20.8%) or both (24.5%) (Table 2).
Six patients (11.3%) received whole brain radiotherapy
(WBRT), and in three patients (5.7%), WBRT was
combined with surgery. The median treatment duration
was 1.39 months (range 0—24.4), and the median num-
ber of total infusions received was 3 (1—34). Reasons for
treatment discontinuation included treatment-related
toxicities in 60.4%, while only 14 patients (26.4%)
stopped the treatment due to progressive disease (PD).
Thirty-two patients (60.4%) experienced severe, grade
3—4 CTCAEv4 irAEs, and there was one treatment-
related death in a patient with endocrine irAE. After
treatment discontinuation, 29 patients (54.7%) required
subsequent systemic treatment, which mostly included
BRAF/MEK inhibitors (25%) or anti-PD1 mono-
therapy (21%) (Fig. 1).

DCR was achieved in 60.3% of patients (Table 2).
ORR was 45.3% with 24.5% CR. Median PFS was 9.6
months (95% CI 3.6-NR) and mOS 44.8 months (95% CI
26.2-NR). In landmark PFS analysis, 49.1% (95% CI
37.3—64.5) and 40.6% (95% CI 29.2—56.6) of patients
remained progression-free at 12- and 24-months,
respectively. OS analysis at 12-months was 79% (95% CI
68.6—90.8) with maintained efficacy at 24-months
(64.1%, 95% CI 52.0—79.0). ICRR was achieved in
43.8% of patients at 3-months, with durable responses at
6- (46.5%) and 12-months (53.1%). Similarly, ECRR was
achieved in 44.7% of patients at 3-months, 56.8% at 6-
months and 50% at 12-months. ICRR was numerically
higher in patients with symptomatic MBM than the
asymptomatic, and a similar pattern was also observed in
landmark PFS analysis, which might be attributed to the
number of patients, that received local treatment (all
symptomatic patients versus 52% for asymptomatic).
Nevertheless, OS rates were similar for both groups.

In the univariate Cox regression analysis for OS,
patients with LDH above ULN showed lower PFS (HR
2.3, p = 0.049) (Fig. 2). ECOG-PS was not favouring
patients with ECOG >2 but any statistical conclusion
would be misleading because this group was comparted
by only 2 patients. Nevertheless, a non-significant trend
towards a reduced risk of progression in patients with
local treatment was observed (SRS and operation)
(p = 0.072, HR 0.38).

3.3. Combi-TT cohort

Sixty-three patients with a median age of 54.9 years
(range 26—93) received first-line BRAF/MEK inhibitors,
including both dabrafenib/trametinib (87.3%) and
vemurafenib/cobimetinib (12.7%). At diagnosis of
MBM, 88.9% of patients had ECOG PS 0—1, 60.3% of
patients had 1-3 brain metastases with maximum
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Table 1

Baseline patient characteristics of the general population (n = 116) and patients treated with combined immune checkpoint inhibitor (Combi-ICI
group, n = 53) and targeted therapy (Combi-TT group, n = 63).

Baseline characteristics Total Combi-ICI Combi-TT
Median age at MBM diagnosis (years, range) 55.9 (23-93) 56.2 (23—82) 54.9 (26—93)
Sex (n, %)

Female 40 (34.5%) 19 (35.8%) 21 (33.3%)

Male 76 (65.5%) 34 (64.2%) 42 (66.7%)
Melanoma subtype (n, %)

Cutaneous 68 (50%) 23 (43.4%) 35 (55.5%)

Melanoma of unknown primary 24 (20.7%) 10 (18.9%) 14 (22.2%)

Mucosal 1 (0.9%) 2 (3.8%) —

Not reported 32 (27.6%) 18 (34.0%) 14 (22.2%)
Mutational Status (n, %)

BRAF V600 83 (71.6%) 23 (43.4%) 60 (95.2%)

BRAF Non-V600 3 (2.6%) 2 (3.8%) 1 (1.6%)

BRAF wild type 13 (11.2%) 13 (24.5%) —

NRAS 11 (9.5%) 11 (20.8%) -

Other 2 (1.7%) 2 (3.8%) —

Not reported 4 (3.4%) 2 (3.8%) 2 (3.2%)
S100 at treatment start (n, %)

Normal 7 (6.0%) 6 (11.3%) 1 (1.6%)

>ULN 11 (9.5%) 6 (11.3%) 5(7.9%)

>2 ULN 33 (28.4%) 15 (28.3%) 18 (28.6%)

Not reported 65 (56.0%) 26 (49.1%) 39 (61.9%)

LDH at treatment start (n, %)
Normal
>ULN
>2 ULN
Not reported
ECOG at treatment start (n, %)
0—1
2
3
Not reported
Adjuvant treatment before treatment initiation (n, %)
None
Anti-PD1
Anti-CTLA4
IFN-y
Extracranial sites of metastasis at treatment start (n, %)
<2 extracranial sites
>2 extracranial sites
Number of MBM at treatment start (n, %)
Solitary lesion
2—3 lesions
>3 lesions
Maximum diameter of MBM at treatment start (n, %)
<l cm
-3 cm
>3 cm
Not reported
Neurologic symptoms at treatment start (n, %)
Yes
No
Not reported
Steroid use at treatment start (n, %)
Yes
No
Not reported

41 (35.3%)
41 (35.3%)
13 (11.2%)
21 (18.1%)

105 (90.5%)
3 (2.6%)
2 (1.7%)
6 (5.2%)

110 (94.8%)
4 (3.4%)
1 (0.9%)
1 (0.9%)

63 (54.3%)
53 (45.7%)

48 (41.4%)
23 (19.8%)
45 (38.8%)

19 (16.4%)
37 (31.9%)
19 (16.4%)
41 (35.3%)

52 (44.8%)
57 (49.1%)
7 (6.0%)

31 (26.7%)
84 (72.4%)
1 (0.9%)

24 (45.3%)
14 (26.4%)
4(7.5%)

11 (20.8%)

49 (92.5%)
1(1.9%)
1 (1.9%)
2 (3.8%)

50 (94.3%)
3(5.7%)

34 (64.2%)
19 (35.8%)

23 (43.4%)
10 (18.9%)
20 (37.7%)

11 (20.8%)
21 (39.6%)
2 (3.8%)

19 (35.8%)

17 (32.0%)
29 (54.7%)
7 (13.2%)

13 (24.5%)
39 (73.6%)
1 (1.9%)

17 (27.0%)
27 (42.9%)
9 (14.3%)

10 (15.9%)

56 (88.9%)
2 (3.2%)
1 (1.6%)
4(6.3%)

60 (95.2%)
1 (1.6%)
1 (1.6%)
1 (1.6%)

29 (46.0%)
34 (54.0%)

25 (39.7%)
13 (20.6%)
25 (39.7%)

8 (12.7%)
16 (25.4%)
17 (27.0%)
22 (34.9%)

35 (55.6%)
28 (44.4%)

18 (28.6%)
45 (71.4%)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; MBM, melanoma brain metastases; LDH, lactate dehydrogenase; ULN, upper limit

of normal.
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ECRR at 6 months

25 (56.8%)

Table 2
Treatment characteristics and response of the patients treated with combined immune checkpoint inhibitor (Combi-ICI group, n = 53).
Treatment characteristics Total
Median treatment duration (months, range) 1.39 (0—24.4)
Number of total infusions received, n (%) 3 (1-34)
Local treatment of MBM, n (%)
Overall Symptomatic Asymptomatic
population (n = 53) MBM (n = 17) MBM (n = 29)
Surgery 5 (9.4%) 2 (12%) 2 (6.9%)
SRS 11 (20.8%) 3 (18%) 6 (21%)
WBRT 6 (11.3%) 1 (5.9%) 3 (10%)
Surgery & SRS 13 (24.5%) 10 (59%) 3 (10%)
Surgery & WBRT 3 (5.7%) 1 (5.9%) 1 (3.4%)
None 15 (28.3%) - 14 (48%)
Reason for treatment discontinuation, n (%)
PD 14 (26.4%)
Toxicity (irAE) 32 (60.4%)
Treatment completed 5 (9.4%)
Other 1 (1.9%)
Not reported 1 (1.9%)
Second-line systemic therapy after 29 (55%)
treatment discontinuation, n (%)
Type of second-line systemic therapy, n (%)
Anti-PD1 11 (21%)
Anti-PD1 + T-VEC 1 (1.9%)
Anti-PD1 + BRAF/MEK inhibitors 1 (1.9%)
Chemotherapy 2 (3.8%)
Anti-PD1 + Anti-CTLA4 1 (1.9%)
BRAF/MEK inhibitors 13 (25%)
Treatment-related toxicities (irAEs), grade 3—4, n (%)
Any 32 (60.4%)
Gastrointestinal 19 (35.8%)
Endocrine 9 (17.0%)
Lung 4 (7.5%)
Skin 3 (5.7%)
Nervous System 2 (3.8%)
Cardiovascular 2 (3.8%)
Musculoskeletal 1 (1.9%)
Renal 1 (1.9%)
Treatment-related toxicities (irAEs), grade 5, n (%)
None 52 (98.1%)
Endocrine 1 (1.9%)
Best overall response, n (%)
CR 13 (24.5%)
PR 11 (20.8%)
SD 4 (7.5%)
MR 4 (7.5%)
PD 20 (37.7%)
Not reported 1 (1.9%)
Intracranial response, n (%)
Overall Symptomatic Asymptomatic
population (n = 53) MBM (n = 17) MBM (n = 29)
ICRR at 3 months 21 (43.8%) 9 (53%) 10 (34%)
ICRR at 6 months 20 (46.5%) 9 (53%) 9 (31%)
ICRR at 12 months 17 (53.1%) 7 (41%) 8 (28%)
ICDCR at 3 months 29 (60.4%) 9 (53%) 15 (52%)
ICDCR at 6 months 24 (55.8%) 9 (53%) 11 (38%)
ICDCR at 12 months 21 (65.6%) 9 (53%) 8 (28%)
Extracranial response
Overall
population (n = 53)
ECRR at 3 months 21 (44.7%)

(continued on next page)
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Table 2 (continued)

Treatment characteristics Total
ECRR at 12 months 16 (50%)
ECDCR at 3 months 24 (51.1%)
ECDCR at 6 months 30 (68.2%)
ECDCR at 12 months 18 (56.2%)
Progression-free survival
Overall Symptomatic Asymptomatic
population (n = 53) MBM (n = 17) MBM (n = 29)
Median duration, months (95% CI) 9.6 months (3.60-NR) NR 5.55 months (3.01-NR)

At 6 months (95% CI)

At 12 months (95% CI)

At 24 months (95% CI)
Opverall survival

52.8% (41—68.1)
49.1% (37.3—64.5)
40.6% (29.2—56.6)

53% (34—83)
53% (34—83)
53% (34—83)

45% (30—67)
41% (27—64)
34% (21-57)

Overall Symptomatic Asymptomatic
population (n = 53) MBM (n = 17) MBM (n = 29)
Median duration, months (95% CI) 44.8 months (26.2—NR) NR 35.5 months (22.3-NR)

At 6 months (95% CI)
At 12 months (95% CI)
At 24 months (95% CI)

84.8% (75.6—95.1)
79% (68.6—90.8)
64.1% (52.0—79.0)

76% (59—100)
76% (59—100)
65% (46—92)

86% (74—100)
75% (61-93)
62% (45—84)

Abbreviations: CR, complete response; ECDCR, extracranial disease control rate; ECRR, extracranial response rate; ICRR, intracranial response
rate; ICDCR, intracranial disease control rate; irAE, immune-related adverse event; MBM, melanoma brain metastases; MR, mixted response;
NR, not reported; PD, progressive disease; PR, partial response; SD, stable disease; SRS, stereotactic radiosurgery; WBRT, whole brain

radiotherapy.

diameter >3 cm in 27% of patients and symptomatic
brain metastases in 55.6% of patients, thus requiring
steroids (28.6%) (Table 1). At treatment initiation, EC
metastases included >2 organs in 54% of patients, and

From first line to second line

57.2% and 36.5% of patients had elevated LDH and s100
above ULN, respectively. 68.3% of patients required
local treatment including surgery (15.9%), SRS (19%) or
both (11.1%). Fourteen patients (22.2%) received WBRT

1201

901

604

Number of patients

304

Treatment

Anti-PD1
Anti-PD1 and BRAFi/MEKi
Anti-PD1, TVEC

B Anti-PotAnt-CTLA

Anti-PD1/Anti-CTLA4 and BRAFI/MEKi
BRAFI/MEKi

Chemotherapy

first.line

Therapy line

second_line

Fig. 1. First-line and subsequent second-line treatment after disease progression in the study population.
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A Progression free survival of Combi-ICI B Overall survival of Combi-ICI
Combi-ICI n=53 Combi-ICI n=53
Strata == Median PFS 9.6 months Strata = Median OS 44.8 months
100 1,00
5 075 075
<
H 3
5 o H 050
8 : ¢
€ o ‘ 0zs i
000 0.00
° : * Survval time (mcn\hs? * “ * ‘ : * Survial time (mon(hs:;o * “ *
Number at risk Number at risk
= =
:TE; - 53 28 2 20 18 12 8 4 1 % - 53 44 40 34 29 19 9 5 1
’ ° ” Surval time (mumhs:)m * “ “ ‘ ° * ' sunvivaltme (mon(hsc;o * “ “
C Immunotherapy covariates mPFS HR n p value Univariate Cox Regression PFS
Age < 65 16.1 1 38
Age => 65 36 1.62 15 0.2 el
Sex - female 16.9 1 19
Sex - male 6 124 34 0.57 =i
BRAF mutant 6.5 1 23
BRAF wild-type 16.9 0.9 28 0.77 o=
Brain metastases 1-2 6.1 1 28
Brain metastases =>3 16.9 0.8 25 0.53 e
Brain metastases diameter < 1 cm 9.6 1 "
Brain metastases diameter => 1 cm 17.8 1.04 23 0.94 i
ECOG 0-1 13.1 1 49
ECOG =>2 1 12.72 2 0.002 e
$100 normal 4.3 1 6
$100 elevated 178 0.67 21 0.49 i
LDH normal 1 24
LDH elevated 39 23 18 0.049 e
Symptomatic - No 56 1 29
Symptomatic - Yes 0.74 17 0.48 el
Local therapy - none 5.3 1 15
Local therapy - Surgery + SRS 0.38 13 0.077 e
Local therapy - Surgery + WBRT 0.36 3 0.33 e
Local therapy - SRS 36 0.97 1 0.95 | —
Local therapy - Surgery 14.4 0.57 5 0.38 e
Local therapy - WBRT 17.8 0.51 6 0.3 e
Extracranial metastases <= 2 9.8 1 34
Extracranial metastases > 2 96 1.03 19 0.93 i
01 10 10.0
D Odds Ratio
Immunotherapy covariates mOS HR n p value Univariate Cox Regression OS
Age < 65 1 38
Age => 65 448 147 15 0.4 e
Sex - female 44.8 1 19
Sex - male 0.99 34 0.98 i
BRAF mutant 1 23
BRAF wild-type 448 1.33 28 0.54 | e ma |
Brain metastases 1-2 1 28
Brain metastases =>3 44.8 1.2 25 0.68 e
Brain metastases diameter < 1 cm 1 1"
Brain metastases diameter => 1 cm 448 1.38 23 0.64 I B
ECOG 0-1 44.8 1 49
ECOG =>2 1.3 5.46 2 0.025 e
$100 normal 1 6
$100 elevated 1.8 21 0.58 [
LDH normal 1 24
LDH elevated 355 215 18 0.15 H——
Symptomatic - No 35.5 1 29
Symptomatic - Yes 0.89 17 0.81 [ i
Local therapy - none 1 15
Local therapy - Surgery + SRS 0.42 13 0.22 e
Local therapy - Surgery + WBRT 0.68 3 0.73 | ———— E—
Local therapy - SRS 44.8 1.01 11 0.99 | s s |
Local therapy - Surgery 0.71 5 0.67 e
Local therapy - WBRT 24 1.02 6 0.98 | — c—
Extracranial metastases <= 2 44.8 1 34
Extracranial metastases > 2 0.81 19 0.66 e

1.0
Odds Ratio

Fig. 2. Kaplan—Meier curve for progression-free survival (PFS) (A) and overall survival (OS) (B) in patients treated with combined
immunotherapy (Combi-ICI). Univariate Cox regression analysis for PFS (C) and OS (D) of covariates in patients with Combi-ICI. HR,
hazard ratio; mOS, median overall survival; mPFS, median progression-free survival; n, number of patients; SRS, stereotactic radio-
therapy; WBRT, whole brain radiotherapy.
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with/without surgery (Table 3). The median treatment
duration was 5.45 months (range 0.66—54.5). Reasons
for treatment discontinuation included PD in 79.4% of
patients. Notably, 17.5% discontinued the systemic
treatment due to treatment-related toxicities. After
treatment discontinuation, 47 patients (74.6%) required
subsequent systemic treatment, which included anti-
PD1/anti-CTLA4 (32%) or anti-PD1 monotherapy
(25%) in the vast majority of patients. Notably, 2 patients
(3.2%) commenced combined immunotherapy and tar-
geted therapy as concomitant treatment (Fig. 1).

DCR was achieved in 60.4% of patients. ORR was
44.5% with 3.2% CR. Median PFS was 5.8 months (95%
CI 4.2—7.6) and mOS 14.2 months (95% CI 8.99—26.8).
In landmark PFS analysis, 48.7% (95% CI 37.6—63.1) of
patients remained progression-free at 6 months, which
significantly decreased at 12- and 24-months, with PFS
19.1% (95% CI 11.3—32.5) and 5.2% (95% CI 1.7—15.7),
respectively. A similar pattern was observed in OS
analysis at 6- (84.1%, 95% CI 75.6—93.7), 12- (51.3%,
95% CI 40.2—65.5) and 24-months (35.9%, 95% CI
25.6—50.4). ICRR was achieved in 50% of patients at 3-
months, with a significant reduction at 6- (20.9%) and
12-months (13.9%). Similarly, ECRR was achieved in
69.2% of patients at 3-months, 48.6% at 6-months and
17.6% at 12-months. ICRR, PFS and OS were similar in
symptomatic and asymptomatic patients.

In the univariate Cox regression analysis, the presence
of IC metastases >3 was independently associated with
decreased efficacy, including both PFS (HR 1.72,
p = 0.047)and OS (HR 2.05, p = 0.016) (Fig. 3). Although
no significant PFS difference was observed for patients
with >2 EC metastases, this was a negative prognostic
factor in the OS analysis (HR 1.88, p = 0.037). Similar to
the Combi-ICI group, ECOG >2 was associated with
decreased PFS and OS rates; nevertheless, the small patient
population precludes any statistical conclusion.

3.4. Subgroup analysis of BRAF-mutated patients

In the subgroup analysis of BRAFV600 patients
(n = 86), 23 (26.7%) patients received Combi-ICI and
63 (73.3%) patients received Combi-TT first line. For
patients in the Combi-TT group, several prognostic
factors were numerically favouring worse prognosis,
including LDH above ULN (57.1% versus 47.8%,
p = 0.5), number of EC metastases (>2 organs, 54%
versus 39.1%, p = 0.3), number of IC metastases (>3
lesions, 47.6% versus 39.1%, p = 0.6), steroid use at
treatment start (29% vs 8.7%, p = 0.053) and the
presence of neurologic symptoms at treatment start
(55.5% vs 26%, p = 0.12) (Table 4).

Treatment with Combi-ICI was associated with
significantly prolonged OS (p = 0.0053) and mPFS
(0.03) compared to Combi-TT; mOS in the Combi-ICI
group was not reached, whereas, in the Combi-TT
group, mOS was 14.2 months (Fig. 4). After disease

progression, nine patients with Combi-ICI received
BRAF/MEK, and 36 patients with Combi-TT switched
to combined immunotherapy and mPFS in second-line
therapy was 14.7 and 3.1 months, respectively (Fig. 5).
Univariate Cox regression analysis for the clinical fea-
tures showed that systemic treatment with Combi-TT
(HR 2.12, p = 0.014) and age >65 (HR 1.93,
p = 0.02) negatively influenced PFS significantly,
whereas Combi-TT (HR 2.8, p = 0.0076), number of EC
(>2) (HR 1.78, p = 0.037) and IC (>3) metastases (HR
1.95, p = 0.015) were negatively influenced OS signifi-
cantly. Multivariate analysis for PFS and OS confirmed
that systemic treatment with Combi-TT was significant
for PFS (HR 1.87, p = 0.047) and OS (HR 2.46,
p = 0.021) and ECOG >2 for OS (HR 5.24, p = 0.018)
(Supplementary Fig. sl and s2, available online).

4. Discussion

In this multicenter, retrospective study of MBM pa-
tients, first-line combined immunotherapy resulted in
prolonged mOS with sustainable IC and EC responses.
Clinicians seemed to prefer initiating combined targeted
therapy for patients with dismal disease characteristics,
such as LDH above ULN, multiple sites of IC and EC
metastases and symptomatic MBM at treatment start in
the first-line setting. Despite the initial increased ICRR
and ECRR, sustainable responses at 12 months were
achieved only in 12.7% of patients in the Combi-TT
cohort.

BRAFV600 patients with symptomatic MBM that
required corticosteroids and thus excluded from clinical
trials were more likely to receive Combi-TT in the real-
life setting. Despite the initial higher ICRR and ECRR
favouring Combi-TT, Combi-ICI eventually superseded
targeted therapy and resulted in long-term survival
benefit, with significantly prolonged mOS (p = 0.0053).
Even though the difference in mPFS was small (6.5
months for Combi-ICI versus 6 months for Combi-TT),
95% of the patients in Combi-TT had progressed at
24 months, whereas 40% of Combi-ICI remained
progression-free. These results are in line with an
exploratory analysis of survival data from clinical trials
in the metastatic setting, showing that BRAF/MEK in-
hibitors have superior PFS and OS within the first 12
months, later changing to the superiority of immuno-
therapy, with 3-year OS 41.3% for BRAF/MEK inhi-
bition and 58.4% Ipilimumab/Nivolumab [18]. In the
Combi-ICI cohort, there were no significant predictive
factors for efficacy besides high LDH, whereas, in the
Combi-TT cohort, the number of MBM >3 was inde-
pendently associated with decreased efficacy for both
PFS and OS and EC metastases >2 with decreased OS.

Currently, there are several clinical trials underway
investigating the optimal front-line treatment in pa-
tients with BRAF mutant melanoma (NCT02968303,
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Table 3

Treatment characteristics and response of the patients treated with targeted therapy (Combi-TT group, n = 63).

Treatment characteristics

Total

Median treatment duration (months, range)
Local treatment of MBM, n (%)

5.45 (0.7—54.5)

Overall Symptomatic Asymptomatic
population (n = 63) MBM (n = 35) MBM (n = 28)
Surgery 10 (15.9%) 1 (3.6%) 9 (26%)
SRS 12 (19.0%) 8 (29%) 4 (11%)
WBRT 10 (15.9%) 4 (14%) 6 (17%)
Surgery & SRS 7 (11.1%) 3 (11%) 4 (11%)
Surgery & WBRT 4 (6.3%) - 4 (11%)
None 20 (31.7%) 12 (43%) 8 (23%)
Reason for treatment discontinuation, n (%)
PD 50 (79.4%)
Toxicity (irAE) 11 (17.5%)
Second-line systemic therapy after 47 (75%)
treatment discontinuation, n (%)
Type of second-line systemic therapy, n (%)
Anti-PD1 16 (25%)
Anti-PD1 + Anti-CTLA4 20 (32%))
BRAF/MEK inhibitors 9 (14%)
Anti-PD1 + Anti-CTLA4 + 2 (3.2%)
BRAF/MEK inhibitors
Treatment-related toxicities, grade 3—4, n (%)
Any 5 (7.9%)
Gastrointestinal 1 (1.6%)
Skin 1 (5.7%)
Hematologic 1 (1.6%)
Fever 1 (1.6%)
CK elevation 1 (1.6%)
Treatment-related toxicities, grade S, n (%)
None 63 (100%)
Best overall response, n (%)
CR 2 (3.2%)
PR 26 (41.3%)
SD 10 (15.9%)
MR 2 (3.2%)
PD 20 (31.7%)
Not reported 3 (4.8%)
Intracranial response, n (%)
Overall Symptomatic Asymptomatic
population (n = 63) MBM (n = 35) MBM (n = 28)
ICRR at 3 months 27 (50.0%) 13 (37%) 14 (50%)
ICRR at 6 months 9 (20.9%) 3 (8.6%) 6 (21%)
ICRR at 12 months 5 (13.9%) 3 (8.6%) 2 (7.1%)
ICDCR at 3 months 36 (66.7%) 20 (57%) 16 (57%)
ICDCR at 6 months 16 (37.2%) 7 (20%) 9 (32%)
ICDCR at 12 months 9 (25%) 6 (17%) 3 (11%)
Extracranial response, n (%)
Overall population (n = 63)
ECRR at 3 months 36 (69.2%)
ECRR at 6 months 18 (48.6%)
ECRR at 12 months 6 (17.6%)
ECDCR at 3 months 43 (82.7%)
ECDCR at 6 months 21 (56.8%)
ECDCR at 12 months 8 (23.5%)
Progression-free survival
Overall Symptomatic Asymptomatic
population (n = 63) MBM (n = 35) MBM (n = 28)

Median duration, months (95% CI)
At 6 months (95% CI)
At 12 months (95% CI)

5.8 months (4.2—7.6)
48.7% (37.6—63.1)
19.1% (11.3=32.5)

4.6 months (3.2—8.3)
46% (32—66%)
23% (12—42%)

6.3 months (4.5—11.5)
57% (41=79%)
21% (11-44%)
(continued on next page)
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Table 3 (continued)

Treatment characteristics Total

At 24 months (95% CI)
Overall survival

5.2% (1.7-15.7)

1% (4.5—29%) 7.1% (1.9-27%)

Overall
population (n = 63)

Symptomatic
MBM (n = 35)

Asymptomatic
MBM (n = 28)

Median duration, months (95% CI)
At 6 months (95% CI)

At 12 months (95% CI)

At 24 months (95% CI)

14.2 months (8.99—26.8)
84.1% (75.6—93.7)
51.3% (40.2—65.5)
35.9% (25.6—50.4)

16.9 months (8.66—41.9)
80% (68—94%)
53% (39—73%)
38% (24—58%)

10.9 months (8.66—33.0)
89% (79—100%)

48% (33—71%)

33% (20—57%)

Abbreviations: CR, complete response; ECDCR, extracranial disease control rate; ECRR, extracranial response rate; ICDCR, intracranial disease
control rate; ICRR, intracranial response rate; irAE, immune-related adverse event; MBM, melanoma brain metastases; MR, mixted response;
NR, not reported; PD, progressive disease; PR, partial response; SD, stable disease; SRS, stereotactic radiosurgery; WBRT, whole brain

radiotherapy.

NCT02224781, NCT02631447). Although there are no
head-to-head prospective data comparing immuno-
therapy and targeted therapy in patients with active
MBM, increasing evidence for unresectable, stage IV
disease suggests that BRAF/MEK inhibitors show a
low rate of primary resistance with rapid tumour
eradication and thus superior short-term outcomes [19],
whereas immunotherapy shows higher rates of primary
resistance, but has more durable responses [20]. Our
study suggests significant survival benefits with higher
and durable IC and EC responses with first-line Combi-
ICI. These results are consistent with prior retrospec-
tive studies suggesting a significant survival benefit for
BRAF-mutant patients with MBM treated with Combi-
ICI compared to Combi-TT (p < 0.001) [21]. A similar
trend in favour of ICI is seen in a recent observational
study, which evaluated first-line TT and anti-PD—1
monotherapy in BRAFV600 mutant patients using
propensity matching [22]. On the other hand, in a
subgroup analysis of the DECOG study, no significant
difference in OS was demonstrated between first-line
immunotherapy versus targeted therapy in patients
with MBM, although patients in the targeted therapy
group showed slightly higher 1-, 2- and 3-year OS
rates [23].

Of note, 74.6% of BRAF mutant patients in our study
required subsequent systemic therapy upon progression,
which eventually included immunotherapy alone or
combined with targeted therapy in 60.2% of the cases.
Second-line combined immunotherapy after BRAF/
MEK inhibitor failure resulted in poor efficacy with
mPFS 3.1 months in the second-line treatment. A recent
study showed equivalent modest efficacy to second-line
immunotherapy treatment after resistance to targeted
therapy in patients with active MBM with ICRR <5%
and mPFS of 5.5 months [24]. Furthermore, clinical
data highlighting the optimal treatment sequence in
BRAF mutant patients with longer FU are needed.

Symptomatic brain metastases at baseline were
described in 32% of patients in the Combi-ICI group and

55.6% of patients in the Combi-TT group, and systemic
therapy was combined with SRS and/or surgery in 45.3%
of patients in the Combi-ICI group and 30.1% of patients
in the Combi-TT group, which might be attributed to the
small number of MBM <3 cm, which was more frequent
in the former treatment cohort. We observed a non-
significant survival benefit only in Combi-ICI patients
treated additionally with SRS and/or surgery, as well as
numerically higher ICRR and PFS in symptomatic pa-
tients than asymptomatic (in which systemic treatment
was frequently combined with local therapy), but these
results should be interpreted with caution because of a
low number of patients and the retrospective non-
randomized setting. Nevertheless, there was no signifi-
cant difference in OS between the groups. Clinical and
pre-clinical data support a synergistic effect between
immunotherapy and radiotherapy in both irradiated
and non-irradiated lesions [25—27]; yet, prospective,
randomized data investigating the survival outcome of
patients with combined local and systemic treatment for
MBM are currently lacking. Local treatment with
surgery or radiotherapy can increase local disease con-
trol, but the optimal management and combination still
represents a clinical complexity and should be evaluated
prospectively [6,7].

The retrospective nature, as well as potential bias due
to patient selection, are limitations of the present
study. Approximately 70% of the patients were BRAF
mutated, which might be explained by the availability of
treatment options that are not included in the present
study (e.g. anti-PD1 alone), as well as clinical trials and
patients’ eligibility (45% symptomatic at baseline).
Furthermore, we were unable to analyse smaller sub-
groups, due to the small proportion of patients in each
treatment group. The presence of symptomatic MBM at
treatment initiation was based on the patients’ medical
records, which might be a limitation in the retrospective
symptom assessment. A head-to-head comparison of
patients treated with first-line Combi-ICI or Combi-TT
is due to the heterogeneity of both groups not feasible.
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Fig. 3. Kaplan—Meier curve for progression-free survival (PFS) (A) and overall survival (OS) (B) in patients treated with combined
targeted therapy (Combi-TT). Univariate Cox regression analysis for PFS (C) and OS (D) for covariates in patients with Combi-TT. HR,
hazard ratio; mOS, median overall survival; mPFS, median progression-free survival; n, number of patients; SRS, stereotactic radio-
therapy; WBRT, whole brain radiotherapy.
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Table 4

Comparison of baseline characteristics of patients receiving targeted therapy (n = 63) or combined immune checkpoint inhibitor (n = 23) as a

first-line treatment in BRAF mutated patients.

Baseline & treatment characteristics Totalgrap Combi-ICIgrAF Combi-TT p-value®
Median age at MBM diagnosis (years, range) 55 (26—93) 55 (29-77) 55 (26—93) >0.9
Sex (n, %) 0.8
Female 30 (35%) 9 (39%) 21 (33%)
Male 56 (65%) 14 (61%) 42 (67%)
S100 at treatment start (n, %) 0.6
Normal 3 (3.5%) 2 (8.7%) 1 (1.6%)
>ULN 37 (43%) 14 (60.9%) 23 (36.5%)
Not reported 46 (53.5%) 7 (30.4%) 39 (61.9%)
LDH at treatment start (n, %) 0.5
Normal 26 (30.2%) 9 (39.1%) 17 (27%)
>ULN 47 (54.7%) 11 (47.8%) 36 (57.1%)
Not reported 13 (15.1%) 3 (13%) 10 (16%)
ECOG at treatment start (n, %) >0.9
0—-1 77 (89.5%) 21 (91.3%) 56 (88.9%)
>2 4 (4.7%) 1 (4.3%) 3 (4.8%)
Not reported 5 (5.8%) 1 (4.3%) 4 (6.4%)
Extracranial sites of metastasis at treatment start (n, %) 0.3
<2 extracranial sites 43 (50%) 14 (60.9%) 29 (46%)
>2 extracranial sites 43 (50%) 9 (39.1%) 34 (54%)
Number of MBM at treatment start (n, %) 0.6
1-2 lesions 47 (54.7%) 14 (60.9%) 33 (52.4%)
>3 lesions 39 (45.3%) 9 (39.1%) 30 (47.6%)
Neurologic symptoms at treatment start (n, %)
Yes 41 (47.7%) 6 (26%) 35 (55.6%) 0.12
No 41 (47.7%) 13 (56.5%) 28 (44.4%)
Not reported 4 (4.7%) 4 (17.4%) -
Steroid use at treatment start (n, %) 20 (23%) 2 (8.7%) 18 (29%) 0.053
Steroid use during treatment (n, %) 19 (25%) 4 (17%) 15 (28%) 0.3
Best overall response, n (%) 0.014
CR 8 (9.3%) 6 (26%) 2 (3.2%)
PR 3 (3.5%) 1 (4.3%) 2 (3.2%)
SD 29 (33.7%) 9 (39.1%) 20 (31.7%)
MR 30 (34.9%) 4 (17.4%) 26 (41.3%)
PD 13 (15.1%) 3 (13%) 10 (15.9%)
Not reported 3 (3.5%) - 3 (4.8%)
Intracranial response, n (%)
ICRR at 3 months 35 (40.7%) 8 (34.8%) 27 (42.9%) 0.7
ICRR at 6 months 15 (17.4%) 6 (26%) 9 (14.3%) 0.2
ICRR at 12 months 11 (12.8%) 6 (26%) 5(7.9%) 0.061
ICDCR at 3 months 48 (55.8%) 12 (52.2%) 36 (57.1%) 0.9
ICDCR at 6 months 24 (27.9%) 8 (34.8%) 16 (25.4%) 0.6
ICDCR at 12 months 16 (18.6%) 7 (30.4%) 9 (14.3%) 0.12
Extracranial response, n (%)
ECRR at 3 months 46 (53.5%) 10 (43.5%) 36 (57.1%) 0.4
ECRR at 6 months 29 (33.7%) 11 (47.8%) 18 (28.6%) 0.2
ECRR at 12 months 11 (12.8%) 5(21.7%) 6 (9.5%) 0.2
ECDCR at 3 months 54 (62.8%) 11 (47.8%) 43 (68.3%) 0.14
ECDCR at 6 months 37 (43%) 16 (69.6%) 21 (33.3%) 0.006
ECDCR at 12 months 14 (16.3%) 6 (26%) 8 (12.7%) 0.2

Abbreviations: CR, complete response; ECDCR, extracranial disease control rate; ECOG, Eastern Cooperative Oncology Group; ECRR,
extracranial response rate; ICDCR, intracranial disease control rate; ICRR, intracranial response rate; LDH, lactate dehydrogenase; MBM,
melanoma brain metastases; MR, mixed response; PD, progressive disease; PR, partial response; SD, stable disease..

@ Statistical tests performed: Wilcoxon rank-sum test; chi-square test of independence; Fisher’s exact test.

Finally, a significant proportion of patients (62.3%) Overall, this study shows that both combined immu-
received local treatment with SRS or WBRT in accor-  notherapy and targeted therapy resulted in increased IC
dance with each institution’s guidelines, wherein the  and EC efficacy and prolonged survival also in patients
absence of an international standardized radiotherapy  with unfavourable prognostic factors. In BRAF mutated
protocol might indicate possible differences in local patients, Combi-ICI outperforms Combi-TT in the first-

treatment.

line setting; however, patients with dismal disease
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Fig. 4. Kaplan—Meier curve for progression-free survival (PFS) (A) and overall survival (OS) (B) in BRAF-mutant patients treated with
combined immunotherapy compared to targeted therapy. Univariate Cox regression analysis for PFS (C) and OS (D) for covariates in the
abovementioned study population. HR, hazard ratio; mOS, median overall survival; mPFS median progression-free survival; n, number
of patients; SRS, stereotactic radiotherapy; WBRT, whole brain radiotherapy.
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Fig. 5. Progression-free survival (PFS) in second-line treatment in BRAF-mutant patients after progression to first-line treatment agent.

ICI, immunotherapy; TT, targeted therapy.

characteristics, such as symptomatic MBM or
LDH > ULN, were more likely to receive Combi-TT as
first-line treatment. Other clinical factors and disease
characteristics may guide first-line treatment in these
patients. Predictive models of response and further clin-
ical trials investigating systemic and local treatment se-
quences will help identify the best responders and direct
our therapeutic decisions.
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