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Abstract

Background. Treatment options for patients with melanoma brain metastasis (MBM) have changed significantly
in the last decade. Few studies have evaluated changes in outcomes and factors associated with survival in MBM
patients over time. The aim of this study is to evaluate changes in clinical features and overall survival (OS) for
MBM patients.

Methods. Patients diagnosed with MBMs from 1/1/2009 to 12/31/2013 (Prior Era; PE) and 1/1/2014 to 12/31/2018
(Current Era; CE) atThe University of Texas MD Anderson Cancer Center were included in this retrospective anal-
ysis. The primary outcome measure was OS. Log-rank test assessed differences between groups; multivariable
analyses were performed with Cox proportional hazards models and recursive partitioning analysis (RPA).
Results. A total of 791 MBM patients (PE, n = 332; CE, n = 459) were included in analysis. Median OS from MBM
diagnosis was 10.3 months (95% Cl, 8.9-12.4) and improved in the CE vs PE (14.4 vs 10.3 months, P<.001). Elevated
serum lactate dehydrogenase (LDH) was the only factor associated with worse OS in both PE and CE patients.
Factors associated with survival in CE MBM patients included patient age, primary tumor Breslow thickness, prior
immunotherapy, leptomeningeal disease, symptomatic MBMs, and whole brain radiation therapy. Several factors
associated with OS in the PE were not significant in the CE. RPA demonstrated that elevated serum LDH and prior
immunotherapy treatment are the most important determinants of survival in CE MBM patients.

Conclusions. OS and factors associated with OS have changed for MBM patients. This information can inform con-
temporary patient management and clinical investigations.

© The Author(s) 2022. Published by Oxford University Press on behalf of the Society for Neuro-Oncology.
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e The overall survival of MBM patients has improved significantly over time.

¢ Factors associated with survival in these patients have changed.

e Prior immunotherapy and serum LDH are associated with shorter survival from

MBM diagnosis

Importance of the Study

Melanoma has one of the highest rates of CNS metas-
tasis among all solid tumors. While there have been
many changes in the treatments available for patients
with melanoma brain metastases (MBMs) in recent
years, there are limited data about if/fhow MBM pa-
tient outcomes have changed over this time. This ret-
rospective analysis of a large cohort of MBM patients
demonstrates that overall survival (0S) has improved
significantly over time and that key factors associated
with worse survival consistently identified in previous

Melanoma is one of the most common causes of brain metas-
tasis. Approximately 40-60% of metastatic melanoma patients
develop melanoma brain metastasis (MBM)."-* MBMs are as-
sociated with significant morbidity and mortality, and thus
are a significant problem in this disease."* Historically, the
primary treatments for MBMs were surgery and/or radiation.
However, treatments for patients with MBMs have evolved
over the last decade, including the use of immunotherapy
with single-agent anti-PD1 (nivolumab and pembrolizumab;
FDA approval, 2014) and combination immunotherapy
with ipilimumab and nivolumab (2015). For patients with a
BRAFY6%0 mutation (present in 40-50% of cutaneous melan-
omas), available targeted therapies include single-agent BRAF
inhibitors, which have largely been replaced by combination
regimens with MEK inhibitors (dabrafenib and trametinib,
FDA approval, 2014; vemurafenib and cobimetinib, 2015;
encorafenib and binimetinib, 2018). There have also been im-
provements in the use of CNS-directed radiation due to tech-
nical advances in stereotactic radiosurgery (SRS).56
Historically, the median overall survival (OS) from
MBM diagnosis has been 4-6 months.®”"" In recogni-
tion of the impact of MBMs on prognosis, the American
Joint Committee on Cancer (AJCC) 8th edition melanoma
staging system refined the categorization of patients with
distant metastasis by adding M1D as a new M-category to
include patients with central nervous system metastasis,
further stratified by whether or not the serum lactate de-
hydrogenase (LDH) level is elevated.'? Previous studies
have identified several factors associated consistently
with worse OS following MBM diagnosis, including un-
controlled extracranial disease, poor performance status,
older age, greater than 3 MBM lesions, and elevated serum
LDH.37-"" However, with the many changes in the treatment
landscape relatively little is known about the contempo-
rary outcomes of MBM patients, and particularly if/how
new therapeutic approaches have impacted factors asso-
ciated with patient outcomes. An improved understanding

studies were not significant in the contemporary co-
hort. Recursive partitioning analysis (RPA) showed that
immunotherapy prior to MBM diagnosis, and serum
lactate dehydrogenase (LDH) at MBM diagnosis, are
associated with shorter survival in contemporary MBM
patients. This information can inform MBM patient man-
agement, as well as the design and interpretation MBM
clinical trials. The results also highlight subsets of pa-
tients for whom new therapeutic approaches are crit-
ically needed.

of contemporary factors that impact survival in MBM pa-
tients would enhance the counseling and management of
patients and inform the design, interpretation, and prioriti-
zation of clinical trials for this population.

To address this need, we reviewed the clinical features
and outcomes of a large cohort of MBM patients treated
at a single institution between 2009 and 2019. Based on
the timing of the aforementioned FDA approvals, we sep-
arately analyzed outcomes and factors associated with OS
in patients diagnosed with MBMs before 2014 (“Prior Era”;
PE) and since 2014 (“Current Era”; CE). Our analysis dem-
onstrates improving OS and changes in factors associated
with OS for MBM patients.

I
Methods

Study Design and Patients

Under an institutional review board-approved protocol, we
conducted a single-center, retrospective cohort study of
patients diagnosed with MBM from 1/1/2009 to 12/31/2018
who received their initial MBM treatment atThe University
ofTexas MD Anderson Cancer Center. We defined PE as pa-
tients diagnosed with MBM from 1/1/2009 to 12/31/2013,
and CE as patients diagnosed with MBM from 1/1/2014 to
12/31/2018. Patients were excluded if they had uveal or mu-
cosal melanoma, concurrent non-melanoma malignancy,
initial treatment for MBM at another institution, or if brain
imaging studies from initial diagnosis of MBM (prior to ini-
tiation of treatment) were unavailable for review.

Data

Demographic and clinical data collected included age at
MBM diagnosis, gender, primary tumor features (histologic

ABoroouQ

-0InaN



Hasanov et al.: Outcomes in melanoma brain metastases

subtype, ulceration status, mitotic rate, Breslow thickness),
and BRAF mutational status. Features collected at MBM di-
agnosis included: serum LDH level; presence of symptoms
from MBMs; presence of leptomeningeal disease (LMD);
status of extracranial (EC) disease at the time of MBM di-
agnosis (none; present but controlled; present and uncon-
trolled); number and maximum size of MBM lesions; prior
immune or targeted therapy treatment; and steroid use at
initial treatment for MBM. Initial MBM treatment(s), and
all subsequent treatment(s) received, were also collected.
Initial treatment was defined as a treatment regimen ini-
tiated within 6 weeks of MBM diagnosis. The “immuno-
therapies” treatment category included single-agent
ipilimumab, nivolumab, pembrolizumab or interleukin-2
(IL-2), and ipilimumab + nivolumab combination immu-
notherapy. Targeted therapies included single-agent BRAF
(BRAFi), single-agent MEK (MEKi), combination BRAFi +
MEKi, and c-KIT (KITi) inhibitors.

Statistical Analysis

The primary outcome measure was OS time computed
from the date of MBM diagnosis to the date of last known
vital status. Patients alive at the last follow-up date were
censored. The Kaplan-Meier method was used to estimate
OS and group differences were assessed using the log-
rank test. The association between OS and groups of in-
terest was determined using univariate and multivariable
Cox proportional hazards regression models as well
as Recursive Partitioning Analysis (RPA). Initial MBM
treatment(s), and treatment(s) received at any time point
after MBM diagnosis, were included in the Cox regression
models as time-dependent covariates. In addition, the RPA
was employed to determine the relative importance of
clinical factors based on their discriminative ability, which
was scaled from 0% to 100%. RPA was performed using R
version 3.5.0. All other statistical analyses were performed
using SAS 9.4 for Windows (Copyright © 2002-2012 by
SAS Institute Inc., Cary, NC). All statistical tests used a sig-
nificance level of 5%. No adjustments for multiple testing
were made.

Results
Patient, Disease, and Treatment Characteristics

A total of 791 patients diagnosed with MBM from 2009 to
2019 were identified, including 332 in the PE and 459 in
the CE. The median follow-up from MBM diagnosis was
11.7 months (range, 0.0-141.2), 10.1 months (range, 0.8-
141.2), and 13.3 months (range, 0.0-82.8) for the full cohort,
PE, and CE cohorts, respectively. Patient demographics,
disease features, and treatments are shown inTable 1.
There were no significant differences in gender or pri-
mary tumor features between the patients diagnosed with
MBM in the 2 eras. The prevalence of the BRAF/6%0 muta-
tion was similar (PE, 46%; CE, 45%), but CE patients were
less likely to have unknown mutation status (CE, 11%; PE,
18%). Several factors differed between the PE and CE at
the diagnosis of MBM. Patients diagnosed with MBM in

the PE were younger (median 58.1 [range, 15.6-93.3] vs
62.2 years [range, 16.3-93.6], P = .001) and had a larger
MBM maximum size (median 1.1 [range, 0.1-7.5] vs 1.0 cm
[range, 0.1-7.5], P = .021). CE patients were more likely to
have elevated LDH (37% vs 28%, P = .007) but were also
more likely to have controlled EC disease (23% vs 15%,
P=.020). More CE patients (41% vs 14%, P < .001) received
immunotherapy prior to MBM diagnosis, but there was
no significant difference in prior targeted therapy (17% vs
14%, P=.32) (Table 1).

Approximately 50% of patients received multiple treat-
ment modalities in the first six weeks after MBM diagnosis,
which did not differ between the PE and CE. Craniotomy
(18% vs 11%, P=.004) and SRS (60% vs 53%, P=.050) were
both utilized more frequently as initial MBM treatment in
the PE. Systemic therapy was used more frequently in the
CE (64% vs 46%, P < .001), and the types of systemic ther-
apies used as initial treatment(s) for MBMs also changed.
Chemotherapy was used more frequently in the PE (26%
vs 13%, P < .001), while immunotherapy (39% vs 12%,
P < .001) and targeted therapy (22% vs 14%, P = .009)
were more frequent in the CE (Table 1). Analysis of treat-
ments received at any time after MBM diagnosis similarly
showed increased utilization of craniotomy (34% vs 19%,
P < .001), SRS (76% vs 65%, P = .001), and chemotherapy
(61% vs 34%, P <.001) in the PE, and more frequent treat-
ment with immunotherapy (70% vs 47%, P<.001) in the CE
(see Supplemental Table S1). The use of whole brain radia-
tion therapy (WBRT) as initial treatment, or as treatment at
any time after MBM diagnosis, did not differ between the
PE and CE.

OS from MBM diagnosis improved over time. The me-
dian OS from MBM diagnosis was 10.3 months (95% Cl,
8.9-12.4) for PE and 14.4 months (95% Cl, 12.2-17.7) for CE
patients (P < .001) (Figure 1A). One- and two-year OS rates
from MBM diagnosis were 45% and 27% for PE and 56%
and 39% for CE patients, respectively.

Univariate and Multivariable Analysis of Factors
Associated with Overall Survival

Patient demographics, disease characteristics at MBM di-
agnosis, and initial treatment(s) for MBM(s) were assessed
for associations with OS after MBM diagnosis by univariate
(see Supplemental Table 2) and multivariable (Table 2) Cox
proportional hazards regression models. These analyses
were performed separately for the PE and CE cohorts to
evaluate for changes in factors associated with OS. Factors
that were significant in univariate analysis were included
in multivariate models.

While several features at the diagnosis of MBM were as-
sociated with OS on multivariable analysis in each cohort
(Table 2), only elevated serum LDH was significant in both
PE (HR, 1.8; 95% Cl, 1.24-2.75; P = .002) and CE (HR, 2.0;
95% Cl, 1.43-2.78; P < .001; Figure 1B) patients. Additional
factors associated with worse survival in PE include prior
targeted therapy (HR, 2.8; 95% Cl, 1.66-4.59; P < .001) and
>3 MBMs at diagnosis (HR, 2.0; 95% Cl, 1.22-3.21; P=.006);
Controlled (HR, 0.5; 95% ClI, 0.34-0.87; P = .012) or absent
(HR, 0.2; 95% ClI, 0.09-0.42; P < .001) EC disease were as-
sociated with improved OS (vs Uncontrolled EC disease).
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Table 1. Patient, Disease and Treatment Characteristics

Characteristic No. (%)
All Patients Prior Era Current Era
(n=791) (n=2332) (EY))

Follow-up from MBM diagnosis, median (range), 11.7 (0.0-141.2) 10.1 (0.8-141.2) 13.3(0.0-82.8) 544
months
Age at initial MBM diagnosis, median (range), years 60.9 (15.6-93.6) 58.1 (15.6-93.3) 62.2 (16.3-93.6) .001¢
Gender

Male 528 (67) 218 (66) 310 (68) .59

Female 263 (33) 114 (34) 149 (32)
BRAFV600 mutation

Yes 358 (45) 153 (46) 205 (45) .005

No 321 (41) 118 (36) 203 (44)

Unknown 112 (14) 61(18) 51(11)
Melanoma subtype

Superficial spreading 217 (27) 89 (27) 128 (28) .45¢

Nodular 122 (15) 56 (17) 66 (14)

Acral lentiginous 39 (5) 12 (4) 27 (6)

Lentigo maligna 39 (5) 17 (5) 22 (5)

In situ 2 (<1) 2(1) 0

Spindle cell 2 (<1) 1(<1) 1(<1)

Unknown 370 (47) 155 (47) 215 (47)
Breslow thickness, median (range), mm 2.5(0.0-29.0) 2.4 (0.2-29.0) 2.5(0.0-25.2) 344
Primary tumor ulceration 191 (24) 80 (24) 111 (24) .94
Mitotic rate, median (range)/mm? 5.0 (0.0-58.0) 5.0 (1.0-54.0) 5.5 (0.0-58.0) .91d
LDH at initial MBM diagnosis

Elevated 261 (33) 92 (28) 169 (37) .007

Not elevated 530 (67) 240 (72) 290 (63)
Extracranial stage IV disease status'

Controlled 154 (19) 49 (15) 105 (23) .020

Uncontrolled 568 (72) 250 (75) 318 (69)

No 63 (8) 29 (9) 34(7)

Unknown 6(1) 4(1) 2 (<1)
Prior immunotherapy 233 (29) 46 (14) 187 (41) <.001
Prior targeted therapy 124 (16) 47 (14) 77 (17) .32
Number of brain metastasis at diagnosis

Median (range) 2 (1-300) 2 (1-200) 2 (1-300) 724

1 330 (42) 140 (42) 190 (41) .73

2 146 (18) 63 (19) 83(18)

3 73(9) 32 (10) 41 (9)

>3 239 (30) 97 (29) 142 (31)

Unknown 3(<1) 0 3(1)
Brain metastasis maximum size, median (range), cm 1.0 (0.1-7.5) 1.1 (0.1-7.5) 1.0 (0.1-7.5) .0214
Leptomeningeal disease at initial MBM diagnosis 43 (5) 19 (6) 24 (5) .68
Symptomatic brain metastasis at diagnosis 218 (28) 80 (24) 138 (30) .06
Concurrent steroid use at initial MBM treatment 325 (41) 147 (44) 178 (39) N
Initial MBM treatment?

Craniotomy 111 (14) 61 (18) 50 (11) .004

SRS 439 (55) 198 (60) 241 (53) .050

WBRT 149 (19) 64 (19) 85 (19) .78
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Table1. Continued

Characteristic No. (%) PValue®©
All Patients Prior Era Current Era
(n=791) (n=2332)2 (n=459)b
Systemic 447 (57) 152 (46) 295 (64) <.001
Chemotherapy 146 (18) 87 (26) 59 (13) <.001
Immunotherapies 217 (27) 39(12) 178 (39) <.001
Targeted therapies 146 (18) 47 (14) 99 (22) .009
Total number of initial MBM treatments
Median (range) 1(0-4) 1(0-4) 2 (0-3) .18
<2 410 (52) 184 (55) 226 (49) .10
>2 381 (48) 148 (45) 233 (51)
<3 709 (90) 302 (91) 407 (89) .34
>3 82 (10) 30(9) 52 (11)

Abbreviations: LDH, lactate dehydrogenase; MBM, melanoma brain metastasis; SRS, stereotactic radiosurgery; WBRT, whole brain radiation therapy.
The bold values represent statistical significance.

aPatients diagnosed with MBM at 2009-2013 period.

bPatients diagnosed with MBM at 2014-2018 period.

CFisher’s exact test or its generalization.

dWilcoxon rank-sum test.

eChi-square test.

fExtracranial Stage IV disease status at the initial MBM diagnosis.

9Patients could have had more than one type of therapy.
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Figure 1. Kaplan—-Meier OS curves are presented by different features. (A) 0S curves by prior (2009-2013, median 0S 10.3 months)
and current (2014-2018, median 0S 14.4 months) era. (B) 0S curves in the current era by LDH status. Median OS of patients with elevated and not
elevated LDH were 7.2 and 21.9 months, respectively. (C) OS curves in the current era by LMD status; patients with LMD had median survival of
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Patients who received and did not receive immunotherapy prior had median OS of 10.4 and 21.0 months, respectively. (Abbreviations: 0S, overall
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Table2. Multivariable Analysis of Overall Survival

Age at MBM dx
LDH at MBM diagnosis

Breslow thickness

Extracranial stage IV disease

Category

Continuous
Not elevated
Elevated
Continuous

Uncontrolled

HR (95% ClI)

PValue

Current Era
HR (95% Cl)

PValue

Controlled
No
Unknown
Prior immunotherapy No
Yes
Prior targeted therapy No
Yes
Number of brain metastasis at diagnosis 1
2
3
>3
Unknown
Brain metastasis maximum size Continuous
Leptomeningeal disease No
Yes
Symptoms Asymptomatic
Symptomatic
BRAF V600-Mutation No
Yes
Unknown
Initial MBM treatment?®
Craniotomy Yes vs No
SRS Yes vs No
WBRT Yes vs No
Chemotherapy Yes vs No
Immunotherapies Yes vs No
Targeted therapies Yes vs No

1.01 (1.00, 1.02) 13 1.02 (1.01, 1.03) .004
1 (Reference) NA 1 (Reference) NA
1.85 (1.24, 2.75) .002 2.00(1.43, 2.78) <.001
0.98 (0.94, 1.02) .31 1.04 (1.00, 1.08) .039
1 (Reference) NA 1 (Reference) NA
0.54 (0.34, 0.87) .012 0.77 (0.51, 1.16) .21
0.20 (0.09, 0.42) <.001 0.71(0.39, 1.31) .27
1.80 (0.24,13.42) .57 3.20 (0.70,14.66) 13
1 (Reference) NA 1 (Reference) NA
1.08 (0.70, 1.67) 74 2.03 (1.45, 2.82) <.001
1 (Reference) NA 1 (Reference) NA
2.76 (1.66, 4.59) <.001 1.20 (0.76, 1.90) .44
1 (Reference) NA 1 (Reference) NA
1.13(0.71, 1.79) .61 1.10 (0.71, 1.71) .67
1.81 (0.97, 3.39) .06 1.63 (0.96, 2.78) .07
1.98 (1.22, 3.21) .006 1.33(0.87, 2.03) .19
NA NA 1.67 (0.21,13.45) .63
1.23(1.00, 1.51) .053 1.02 (0.84, 1.23) .85
1 (Reference) NA 1 (Reference) NA
1.38 (0.66, 2.89) .40 2.54 (1.23,5.25) .012
1 (Reference) NA 1 (Reference) NA
0.96 (0.58, 1.59) .89 1.63 (1.11, 2.40) .013
1 (Reference) NA 1 (Reference) NA
0.97 (0.63, 1.50) .88 1.45 (0.95, 2.22) .08
1.94 (1.19, 3.16) .008 1.51 (0.87, 2.60) 14
0.52 (0.27, 1.02) .059 0.86 (0.47, 1.55) .61
0.54 (0.35, 0.83) .006 0.97 (0.68, 1.40) .88
1.14 (0.64, 2.02) .65 1.93 (1.16, 3.22) .01
0.67 (0.45, 1.01) .056 0.92 (0.58, 1.46) .73
0.48 (0.27, 0.84) .010 0.82(0.57, 1.16) .26
0.40 (0.23, 0.68) <.001 0.86 (0.54, 1.35) .51

Abbreviations: HR, hazard ratio; LDH, lactate dehydrogenase; MBM, melanoma brain metastasis; SRS, stereotactic radiosurgery; WBRT, whole

brain radiation therapy.
The bold values represent statistical significance.
2ncluded in the model as time-varying covariate.

In the CE, factors associated with worse OS included in-
creased age (HR, 1.0; 95% Cl, 1.01-1.03; P=.004), increased
primary tumor Breslow thickness (HR, 1.0; 95% CI, 1.00-
1.08; P =.039), the presence of LMD (HR, 2.5; 95% Cl, 1.23—
5.25; P=.012; Figure 1C), the presence of symptoms from
MBMs (HR, 1.6; 95% ClI, 1.11-2.40; P = .013; Figure 1D), and
prior immunotherapy (HR, 2.0; 95% Cl, 1.45-2.82; P < .001;
Figure 1E).

Different initial treatment(s) for MBM were also associ-
ated with differences in OS (multivariable model) between
the cohorts. Initial SRS was associated with improved OS

in the PE (HR, 0.5; 95% ClI, 0.35-0.83; P=.006) but not in the
CE (P = .88). Initial WBRT was associated with worse sur-
vival in the CE (HR, 1.9; 95% Cl, 1.16-3.22; P=.011) but not in
the PE (P =.65). Among systemic regimens, both initial im-
munotherapy (HR, 0.5; 95% Cl, 0.27-0.84; P =.010) and ini-
tial targeted therapy (HR, 0.4; 95% CI, 0.23-0.68; P <.0001)
were associated with improved OS in the PE. Conversely,
no specific initial treatment was significantly associated
with improved survival in the CE on multivariable analysis.

In an alternative multivariate model including
treatment(s) delivered at any time after MBM diagnosis

1315
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BRAF Mutation
Prior targeted TX
Age

MBM Max size
Melanoma subtype
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Breslow thickness
Symptomatic
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Number of MBM
LMD

Months bw diagnoses
Prior immunotherapy
LDH

—40 -30 —20 -10

Relative importance of clinical factors
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o
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Figure 2. Relative importance of factors associated with OS after MBM diagnosis. Prior era and current era prognostic factors
with their relative importance bars are shown on the left panel and right panel, respectively. Only measures with relative importance >5% in either
group are included in the figure. *Months btw diagnosis: months between primary diagnosis and MBM diagnosis. (Abbreviations: 0S, overall sur-

vival; MBM, melanoma brain metastasis).

(see Supplemental Table 3), SRS was associated with im-
proved OS in both the PE (HR, 0.5; 95% CI, 0.31-0.69;
P < .001) and CE (HR, 0.7; 95% CI, 0.51-1.00, P = .048).
Treatment with immunotherapy at any time was also as-
sociated with improved survival in the PE (HR, 0.6; 95%
Cl, 0.43-0.87; P =.006). Treatment with chemotherapy (HR,
1.5; 95% Cl, 1.09-2.14; P = .013) or WBRT (HR, 2.2; 95% ClI,
1.5-3.2; P<.001) at any time was associated with worse OS
in the CE cohort.

Recursive Partitioning Analysis to Evaluate
Relative Importance of Factors Associated with
Overall Survival

Due to the observed differences, we performed RPA to ex-
plore the relative importance of significant factors in the
PE and CE (Figure 2). In the PE, the most important factors
associated with worse OS were the presence of any EC dis-
ease and MBM maximum size. In the CE, the most impor-
tant factors were elevated LDH and prior immunotherapy.
To inform contemporary MBM patient outcomes further,
we performed stratification of the CE patients based on the
factors identified by RPA (Figure 3).The initial split on these
patients was based on LDH level at MBM diagnosis (ie the
factor with the highest percentage of relative importance).
For those with elevated LDH, the next discriminant was the
number of MBMs. For patients with >3 MBMs, the final dis-
criminant was months from primary melanoma to MBM

diagnosis. Overall, patients with elevated LDH, >3 MBMs
and <51 months from primary melanoma to MBM diag-
nosis exhibited the worst OS (n = 47; HR = 3.4; median OS
4.3 months).The best outcomes were observed for patients
with a normal LDH; no LMD or neurological symptoms; pri-
mary melanoma Breslow thickness of <2.8 mm; and no EC
disease at MBM diagnosis (n = 12; HR 0.13; median OS not
reached).

Discussion

The treatment options for MBM patients have changed
substantially over the past decade. In this study, which rep-
resents one of the largest single-center cohorts reported
to date, as expected we observed an improvement in OS
from MBM diagnosis over time. The reasons for this sur-
vival increase are likely multi-factorial, as we observed
significant differences in both patient characteristics at
MBM diagnosis and in the treatments these patients sub-
sequently received. Importantly, the change in outcomes
was accompanied by changes in factors associated with
survival.Together these results provide new information to
consider in the counseling and management of contempo-
rary MBM patients.

The most important factor impacting OS in the PE in this
cohort was the presence of extracranial metastatic disease,
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Figure 3. Recursive partitioning analysis of the factors associated with overall survival in current era MBM patients. This
figure illustrates the prognostic stratification of the patients according to presence or absence of several patient, disease, or treatment related

factors. (Abbreviations: V, number of patients in each group; HR, hazard

consistent with several prior studies.3”"" Likely reflecting
the increasing effectiveness of systemic therapies, the
presence of extracranial disease in the CE was not signif-
icantly associated with survival—but the extent of extra-
cranial disease was important as serum LDH was the most
significant factor associated with survival in that cohort.
This observation is consistent with the worse outcomes
observed in patients with elevated serum LDH in all regis-
tration studies of current FDA-approved systemic therapies
for metastatic melanoma over the last decade.’*?°The re-
lationship between LDH and clinical outcomes has been
observed in some clinical trials in MBM patients,?'?2 while
in other studies it has not been reported.?®?5 Notably, in-
creased serum LDH was the only factor associated with
survival in both the PE and CE cohorts. This observation
reinforces the inclusion of LDH in the AJCC 8th edition
melanoma M1D category,'? its use in decision-making and
clinical trial design in contemporary MBM patients, and
the continued unmet need for more effective treatments
for these patients. Interestingly, Breslow thickness was
associated with MBM patient survival in the CE cohort.
The most recent update (8th edition) of the AJCC staging
system for cutaneous melanoma includes primary tumor
Breslow thickness in the staging criteria for patients with
regional metastases (Stage lll) based on association with
melanoma-specific survival. Notably, the AJCC 8th edition
did not update staging criteria for patients with distant me-
tastases (stage IV) due to the rapid changes in treatments
and outcomes for these patients. The association identi-
fied in our MBM cohort supports further investigation of
Breslow thickness associations in stage IV melanoma.’?

ratio; m0S, median overall survival, MBM, melanoma brain metastasis).

While LDH likely reflects extracranial disease burden and/
or biology, we also observed significance of additional MBM
features, albeit with differences between CE and PE patients.
Consistent with previous studies increased number of MBMs
was associated with worse OS in the PE, but it was not sig-
nificant in the CE. This difference may reflect improvements
in SRS that have enabled the treatment of a greater number
of MBMs. The development of effective systemic therapies
for MBMs may also contribute to this change, as the number
of MBMs has not been associated with outcomes in MBM
clinical trials.?® In contrast to the lesser importance of MBM
number, the presence of neurological symptoms from MBMs
and LMD were significant factors associated with survival in
CE but not PE patients. Patients with symptomatic MBMs or
LMD are frequently excluded from clinical trials evaluating
systemic therapies for CNS disease. In the clinical trials that
have included patients with symptomatic MBMs, worse out-
comes have been observed with single-agent immune check-
point inhibitors; dual checkpoint inhibition with ipilimumab
and nivolumab; and combination targeted therapy with
dabrafenib and trametinib.?3?7-2° This association, and the
results from those clinical trials, highlight the need for new
therapeutic strategies for patients with symptomatic MBMs-
and ideally prospective clinical trials designed specifically for
that patient population instead of their continued exclusion.
Furthermore, this finding supports the rationale for CNS im-
aging as part of surveillance in stage IV patients to facilitate
discovery of asymptomatic MBMs when they are more ef-
fectively treated. Finally, the presence of LMD was associ-
ated with strikingly poor outcomes (Figure 1C; Table 2 and
Supplemental Table 3). Among the aforementioned trials,
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only the ABC study allowed patients with LMD to participate,
and itincluded only four such patients.?? The development of
more clinical trials for melanoma patients with LMD remains
a critical need, the feasibility of which is supported by recent
studies of pembrolizumab and of ipilimumab and nivolumab
in patients with LMD from multiple cancer types.303

Consistent with the changing therapeutic landscape of
this disease, we observed significant differences in the in-
itial treatments used for MBM patients in the PE and CE.
Initial treatment was less likely to include craniotomy or
chemotherapy, and more likely to include immunotherapy
or targeted therapy in the CE. Interestingly, among the in-
itial treatments for MBM patients in the CE only the use
of WBRT was significantly associated with (worse) OS on
multivariable analysis. Due to the retrospective nature of
this analysis, this association may be due to other patient
or disease features associated with the clinical decision to
use this therapy, and this finding should not be interpreted
as an assessment of the efficacy of this treatment modality
In addition, CE patients who had received immunotherapy
prior to MBM diagnosis had markedly worse outcomes
(P < .001). Whether this is due to the emergence of or se-
lection for resistant cancer cells, or due to the overall lack
of durably effective treatments in the post-immunotherapy
setting, is unknown. However, this association again high-
lights a novel clinical variable that previously was not
linked with survival outcomes in MBM patients and is
likely to become increasingly prevalent with the recent ap-
provals of anti-PD1 immunotherapies in the adjuvant set-
ting for stages Il and Ill melanoma patients.%?

Limitations

While our study represents one of the largest contempo-
rary cohorts of MBM patients reported to date, it reflects a
single-institution experience. Thus, associations will need
to be tested in independent cohorts to determine their
generalizability. In addition, this data was collected retro-
spectively by chart review, and due to missing data and
inconsistent documentation, we could not include the pa-
tient performance status at MBM diagnosis in our analysis.
Finally, we did not evaluate neurologic death specifically,
which is the most immediate measure of the impact of
MBM on survival.

Conclusions

Our retrospective cohort study results show significant
changes in the outcome and factors associated with sur-
vival for MBM patients over the last decade. Several clin-
ical variables associated with worse OS in PE patients
(increased MBM number and extracranial disease status)
were less significant in the CE. In turn, prior immuno-
therapy, LMD, and neurological symptoms were novel
factors associated with worse OS in the CE patients with
RPA demonstrating the key importance of elevated serum
LDH and prior immunotherapy in contemporary patients.
Several previous studies have evaluated factors associ-
ated with outcomes in MBM patients. Multivariable anal-
ysis of newly diagnosed brain metastasis patients between

1985 and 2007 resulted in the Diagnosis-Specific Graded
Prognostic Assessment (DS-GPA) scoring system. The
DS-GPA for melanoma included Karnofsky performance
score and number of brain metastases. This was later up-
dated with the data from patients diagnosed with MBM
from 2006 to 2015, result in the addition of age, BRAF
status, and extracranial metastases. Analysis of our PE co-
hort, which included patients diagnosed with MBM from
1/1/2009 to 12/31/2013, similarly identified extracranial
stage IV disease, number of brain metastases, and BRAF
mutation status as factors significantly associated with OS.
Our CE cohort includes patients diagnosed from 1/1/2014
to 12/31/2018, in part to capture the impact of changes in
disease management and outcomes with contemporary
systemic therapies (ie approval of ipilimumab + nivolumab
in 2015), and thus is largely non-overlapping with the most
recent DS-GPA. These changes in treatments, along with
the inclusion of other variables that were feasible to collect
from a large single-institution database, likely contributed
to the identification of novel associations with OS, in-
cluding prior immunotherapy. Our findings support the ra-
tionale to evaluate these factors in future multi-institutional
studies.®33-3% |n addition to providing new information
to guide prognostic assessment and decision-making in
MBM patients, these results identify key scenarios in which
new approaches and clinical trials are critically needed.
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