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Abstract: Background. Brain metastases are one of the leading causes of death in melanoma patients.
This systematic review and meta-analysis aimed to look at the variables that affect melanoma patients’
intracranial treatment responses to immunotherapy and targeted therapy. Methods. A systematic
search of PubMed and Scopus up to December 2023 was conducted to identify trials investigating
treatment response of melanoma brain metastasis. This meta-analysis presents summary estimates
(SEs) of treatment response and odd ratios (ORs) for the comparison between symptomatic and
asymptomatic metastases. Generalised linear mixed models were used for the SE of the proportion
of clinical responses and 95% CIs are reported. We investigated between-study heterogeneity using
meta-regression. Results. We included 19 independent clinical trials for a total of 1074 patients with
brain metastases. The SE of the overall response was 36% 95%CI [27%; 47%], I? = 84%, similar to
the SE for symptomatic metastases: SE = 29% 95%CI [16%,; 47%], 12 = 80%. A significantly higher
response of symptomatic metastases was observed between patients who had previously received
immunotherapy compared to those who had not (47% vs. 9%, p-value = 0.001). The SE was greater for
asymptomatic metastases (38% 95%CI [29%; 49%], 12 = 80%), and among these, patients that received
the combo-immunotherapy importantly responded more than those who had received monotherapy
(45% vs. 26.1%, p-value = 0.002). The major limit of our analysis is the absence of data about the
specific intracranial response separately in asymptomatic and symptomatic patients in seven studies.
Conclusions. This study shows the importance of starting immunotherapy as early as possible in
asymptomatic patients. Randomised trials with greater statistical power are needed to find the best
strategies for symptomatic and asymptomatic brain metastases.

Keywords: melanoma; brain metastases; immunotherapy; targeted therapy

1. Introduction

One of the primary factors contributing to the mortality of patients with metastatic
melanoma is brain metastasis, which is considered among the major factors of poor
prognosis [1]. After breast and lung cancer, melanoma causes the most metastases to
the brain. During their clinical history, more than half of subjects” brain metastases are
detectable during staging scans. [2]. Central nervous system involvement is characterised
in approximately 15% of stage III melanoma [3] and 75% of stage IV.

Prognostic factors in individuals with melanoma are based not only on the presence
or absence of brain involvement but also on the metastases’ number and localisation, intra-
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and extracranial disease extension, leptomeningeal involvement, Eastern Cooperative
Oncology Group (ECOG) performance status, patient’s age, LDH levels, and mostly the
tumour burden. BRAF mutation presence or absence, the patient’s clinical conditions,
ECOG performance status, comorbidities, and eventual autoimmune disease are factors
that may influence the therapeutic strategy.

Chemotherapeutics, such as fotemustine [4], temozolomide [5], carmustine, and
dacarbazine [6], were the first drugs tested for the treatment of melanoma brain metastases.
Nevertheless, due to the inconsistent evidence of chemotherapy efficacy, in recent years,
we have been exploring the path of immunotherapy, targeted therapy, and more recently
adoptive therapy. Moreover, different drugs such as BRAF/MEK inhibitors have been
tested in several studies with encouraging results [7-13]. Recent findings of trials that
tested immunotherapy [14-18] have opened a new scenario and led to new studies on the
combination of immunotherapy and targeted therapy (TT) [19-22] or chemotherapy [23].
Locoregional treatments, such as surgery and radiotherapy, have been considered the
gold standard for the treatment of melanoma brain metastases for several years. Re-
cent discoveries of the efficacy of BRAK/MEK inhibitors and immunotherapy in the
central nervous system changed the systemic treatment of metastatic melanoma. The
most recent studies have shown the effectiveness of combining radiotherapy and immune
check-point inhibitors [23-25]. The efficacy of stereotactic radiotherapy within 6 months
of receiving anti-PD-1 nivolumab in 26 pretreated patients with advanced resected and
unresectable melanoma with brain metastases was demonstrated in a retrospective study
by Ahmed et al. [23]. This retrospective analysis showed a 12-month local brain metastasis
control rate in 85% of cases and a distant brain metastasis control rate in 53% of cases, due
to a synergic effect with the anti-PD-1 inhibitor and stereotactic radiation. Furthermore,
they demonstrated a median OS of 12 months from the date of immunotherapy initiation
and 11.8 months from the date of radiation. Interestingly, the administration of nivolumab
before, during, or after the radiotherapy showed a lower rate of neurotoxicities compared to
the exclusive radiation treatment [24]. Williams et al. performed a phase I study involving
16 eligible patients, with the aim of evaluating the maximum tolerable dose (MTD) and
safety of ipilimumab with stereotactic radiosurgery (SRS) or whole-brain radiotherapy
(WBRT) in patients with brain metastases (BMs) from melanoma. Five patients were treated
with whole-brain radiation therapy (WBRT) (arm A) and eleven with stereotactic radio-
surgery (SRS) (arm B). Seven patients overall in arms A and B received ipilimumab 3 mg/kg
and nine patients received a dose of 10 mg/kg. The authors concluded that the concomi-
tance of ipilimumab 3 mg/kg and 10/kg with SRS is safe. The overall intracranial response,
defined by the irRC, was immune-related SD in five patients (3%) and immune-related PR
in one patient (7%) [25].

This systematic review and meta-analysis aimed to estimate intracranial responses
to different treatments in melanoma metastatic to the brain and investigate factors influ-
encing responses to immunotherapy and targeted therapy in brain metastases. Summary
estimates of treatment responses from the most recent literature, including results from
the most recently conducted trials, are presented. Unfortunately, there was a substantial
lack of data from trials comparing immune check-point inhibitors with combinations of
targeted therapies.

2. Materials and Methods

We performed a systematic review and meta-analysis of randomised studies published
until December 2023.

2.1. Search Strategy

We reviewed published reports using validated search strategies from PubMed (http:
/ /www.ncbinlm.nih.gov/entrez/query.fcgi, accessed on 1 December 2023) and Scopus
(https:/ /www.scopus.com/search/form.uri?display=basic#basic, accessed on 1 December
2023) databases using the following search terms and syntax: (brain metastases OR cere-
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brum OR cerebral OR brain) AND (melanoma) AND (clinical study OR trial) AND (therapy
OR treatment OR therapeutics). We searched Medline and Scopus databases using the
search terms “brain metastases”, “melanoma”, “trial”, “target therapy”, and “immunother-
apy.” We also performed manual searches of references cited in the retrieved articles and
preceding reviews on the topic. Presentations given at international conferences were
also retrieved (American Society of Clinical Oncology, American Association for Cancer
Research, European Society of Medical Oncology, European Cancer Organization, Society
for Melanoma Research, and European Association of Dermato-Oncology). We did not
exclude studies based on the date of publication or the language of the article. Additional
studies found in the bibliography of relevant articles were also included. Patients were
enrolled in international multicentric trials from every continent.

2.2. Inclusion and Exclusion Criteria

We included articles describing clinical trials and reporting data regarding the radiolog-
ical response of brain metastases in melanoma patients. All studies had to be independent
to avoid including duplicate data in the summary estimation. In the case of multiple
reports from the same study, we considered estimates from the most recent publication. We
considered as eligibility criteria clinical trials assessing immunotherapy and brain radiation
therapy in symptomatic and asymptomatic patients with melanoma brain metastases,
including intracranial response /benefit.

2.3. Data Retrieval and Quality Assessment

We collected frequencies of treatment responses of brain metastases in asymptomatic
and symptomatic patients. Two researchers independently retrieved the data and cross-
checked them. If there was a discrepancy, these two compared the search results and
found a consensus. We recorded the first author, year of publication, trial name and
registration number, study phase, treatment, type of immunotherapy (if performed), and
information regarding local therapy, previous immunotherapy, and previous TT, and ECOG
performance status. The authors did not specify any type of neurological symptoms, but
they divided patients based on whether local treatment or high-dose corticosteroids were
needed or not. Consequently, we considered asymptomatic patients to be all the subjects
with evaluable radiological intracranial tumour burden without neurological symptoms
and who did not request either a local treatment (radiotherapy or neurosurgery) or the use
of corticosteroids. On the other hand, the dose and duration of corticosteroid treatment
for symptomatic patients were directly proportional to both the size and number of brain
metastases and peritumoural oedema. The quality of our systematic review was assessed
according to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) checklist [26] (Supplementary Table S1). We used the Cochrane risk-of-bias tool
to assess the quality of clinical studies included in the analysis (Supplementary Table S2).

2.4. Statistical Analysis

Generalised linear mixed models were used for the summary estimation (SE) of the
proportion of clinical responses and 95% Cls, as well as summary of odds ratios (SORs)
and 95% Cis, to assess differences between the responses of patients with asymptomatic
and symptomatic brain metastases. The percentage of variability due to heterogeneity
between studies was evaluated with the I? index [27]: I? < 50% was interpreted as an
indication that the heterogeneity found between studies was not statistically significant [27].
Subgroup analyses and meta-regression were used to investigate sources of between-study
heterogeneity in terms of type of treatment, type of immunotherapy (if performed), local
therapy, previous immunotherapy, previous TT, ECOG PS, sample size, and publication
year. In addition, sensitivity analyses were carried out to investigate the stability of
the summary estimates concerning each study by excluding individual studies from the
analysis. Egger’s linear regression [28], Begg’s correlation test [29], and visual inspection
of funnel plots were used to assess the presence of publication bias. All reported p-values
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were two-sided and a p-value < 0.05 was considered statistically significant. Meta-analyses
were carried out using the RStudio software (R version 4.0.0).

3. Results
3.1. Characteristics of Eligible Studies

Based on the search strategy, we initially identified 674 articles. Full-text review was
undertaken for 102 potentially suitable articles, while 83 studies were excluded because
they did not include brain responses or were not clinical trials. After the application of the
inclusion and exclusion criteria (Figure 1), there were 19 independent studies included in
the review.

674 records identified through Records excluded because duplicates
database search (0=303)

Y

Records excluded (n. 269)

- Not included target therapy or
immunotherapy

- Not included melanoma brain
metastases

A 4

Y

371 records screened

h 4

102 full-text articles assessed
for eligibility

Full-text articles excluded (n. 83)

- Not included brain responses
- Not clinical frials

Y

A 4

19 studies included in this
review

Figure 1. Flowchart of study selection process.

A total of 1074 patients were included in the quantitative analyses. The main character-
istics of the selected studies are presented in Table 1. Information regarding the responses
in the symptomatic and asymptomatic brain metastasis patients is reported in Table 2.
Patients were enrolled from each country. No relevant differences in demographic terms
were detected.
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Table 1. Characteristics of the 19 studies included, comprising provided 36 and 1074 patients.

Name of the First Author PY Trial Number Male % Mean Phase  Treatment Type Previous  Previous  ECOG Treatment
Study Age Immuno Immuno TT PS
Ipilimumab Margolin 2012 NCT00623766 61 59 II Immuno mono No Yes Ipilimumab
Dabrafenib Falchook 2012 NCT00880321 60 62.5 I TT No Yes 2 Dabrafenib
BREAK-MB Long 2012 NCT01266967 60 53 I TT Yes No 1 Dabrafenib
Pilot study Dummer 2014  NCT01253564 54 47 I 1T Yes Yes 2 Vemurafenib
NIBIT-M1 Di Giacomo 2014  NCT01654692 70 55 I Immuno Immuno  Yes Yes 1 Ipilimumab + fotemustine
Nivo+ RT Ahmed 2015 NCT01176461 © o4 Immuno mono Yes Yes 1 Nivolumab + RT
/NCT01176474
vemurafenib Arance 2016  NCT01307397 57 55 I 1T Yes Yes 2 Vemurafenib
vemurafenib McArthur 2016  NCT01378975 62 53 I TT NA NA 1 Vemurafenib
Ipi + WBRT Williams 2016  NCT01703507 75 60 I Immuno mono No No 1 Ipilimumab + RT
Pembrolizumab Goldberg 2016  NCT02085070 67 65 I Immuno mono Yes Yes 1 PD-1 inhibitor pembrolizumab
COMBI-MB Davies 2017  NCT02039947 60 53 I TT Yes No 1 Dabrafenib + trametinib
Pembrolizumab Kluger 2018  NCT02085070 65 65 I Immuno mono Yes Yes 1 Pembrolizumab
CheckMate 204 Tawbi 2018  NCT02320058 69 59 II Immuno combo Yes Yes 2 Nivolumab + ipilimumab vs. nivo vs. nivo
ABC Long 2021  NCT02374242 75 55 I Immuno combo No Yes 2 Nivolumab + ipilimumab vs. nivo vs. nivo
NIBIT-M2 Di Giacomo 2021 NCT02460068 62 58 M Immuno mono  No No 1 Ipitimumab + fotemustine v ipilimumab +
TRIDENT * Burton 2021  NCT02910700  NA NA 1 Immuno + TT ~ mono Yes No NA E;‘r’ﬁé‘t‘;‘l;bo: faezrcff:fg’n;tiag;ﬁit;‘i’igirb*
GEM 1802 Marquez-Rodas 2021  NCT03898908 40 49 I TT NA NA 2 Encorafenib + binimetinib
MEMBRAINS*  Borch 2022 NCT03563729 :;A 5N5A 1 I/T;nﬁzz: T ombo No No 2 iﬁﬁi{fl‘t‘gﬁaﬁ) ﬁorv‘i‘e’glg;“iﬁho;gxf ihﬁiilumab
TRICOTEL Dummer 2022 NCT03625141 NA NA I Immuno +TT combo Yes Yes 2 Atezolizumab + cobimetinib + vemurafenib

* Only abstract available. Mono: mono immune. Combo: combo immuno. NA: not available. TT: targeted therapy. Gender and age data were extrapolated for the overall cohort

when available.
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Table 2. Total symptomatic and asymptomatic metastases and correspondent clinical responses.

First Author PY Trial Number i/ﬁ?apstt(:szzti:esponses g;tnilplt);trl;?itcs ﬂgt};stases l?/lsei:;fat:geglecsponses 1(;?11111;?:)111E1thcw1\1/1t:’castases ;(:sa;onses FI[’::?elnts
Margolin 2012 NCT00623766 1 21 8 51 9 72
Long 2012 NCTO01266967 24 83 30 89 54 172
Falchook 2012 NCT00880321 9 10 9 10
Di Giacomo 2014 NCT01654692 - - 7 20 7 20
Dummer 2014 NCTO01253564 10 19 - - 10 19
Ahmed 2015 Eg%:gﬁ;gig}l/ 21 26 - - 21 26
McArthur 2016 NCTO01378975 10 56 16 90 26 146
Goldberg 2016 NCT02085070 - - 4 14 4 14
Arance 2016 NCT01307397 - - - - 12 66
Williams 2016 NCT01703507 1 15 - - 1 15
Davies 2017 NCT02039947 10 17 60 108 70 125
Tawbi 2018 NCT02320058 3 18 54 101 57 119
Kluger 2018 NCT02085070 6 23 6 23
Marquez-Rodas 2021 NCT03898908 7 11 14 16 25
Long 2021 NCT02374242 1 16 23 60 24 76
Burton * 2021 NCT02910700 - - - - 4 10
Di Giacomo 2021 NCT02460068 - - 17 53 17 53
Dummer 2022 NCT03625141 11 24 16 41 27 65
Borch * 2022 NCT03563729 3 18 - - 3 18

* Only abstract available.
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3.2. Overall Response

In the analysis of overall response, 19 papers were considered in which there was
information on treatment clinical response. The SE of the overall response was 36% (95% CI
27%; 47%, Figure 2). Between-study heterogeneity was significant (1> = 84%). There were
no significant differences in response by type of treatment, type of immunotherapy (if
performed), local therapy, previous immunotherapy, previous TT, or ECOG PS (Table 3).

Study Events Total GLMM, Random, 95% CI GLMM, Random, 95% CI
Margolin (2012) 9 72 0.125([0.059; 0.224] -

Long (2012) 54 172 0.314 [0.245; 0.389] .-

Falchook {2012) 9 10  0.900[0.555; 0.997] : =
Di Giacomo (2014} 7 20 0.350[0.154; 0.592] —B—
Dummer (2014} 10 19 0.526 [0.289; 0.756] — B
Ahmed (2015) 21 26  0.808[0.606; 0.934] : ——
McArthur (2016) 26 146  0.178[0.120; 0.250] -

Goldberg (2016) 4 14 0.286[0.084; 0.581] .

Arance (2016) 12 66  0.182[0.098; 0.296] |

Williams (2018) 1 15 0067[0.002 0319 -—

Davies (2017) 70 125  0.560 [0.468; 0.649] - -

Tawbi (2018) 57 119  0.479[0.387; 0.572 -

Kluger (2018) 6 23 0.261[0.102; 0.484] — B
Marquez-Rodas (2021) 16 25  0.640[0.425; 0.820] - ——
Long (2021) 24 76 0.316[0.214; 0.433) —=—

Burton (2021) 4 10  0.400([0.122; 0.738] .

Di Giacomo (2021) 17 53 0.321[0.199; 0.463] —

Dummer (2022) 27 65  0.415([0.294; 0.544) -

Borch (2022) 3 18  0.167[0.036; 0.414] ——

Total (95% CI) 1074  0.360 [0.265; 0.467] ——

Heterogeneity: Tau® = 0.7909; Chi® = 114.88, df = 18 (P < 0.01); > = 84% | ' ! ' ' !
0 02 04 06 08 1

Proportion

Figure 2. Overall treatment responses of brain metastases in melanoma patients. Reported measures
of heterogeneity: Tau? (prespecified value for the square root of the between-study variance, restricted
maximum-likelihood estimator).

Table 3. Subgroup analysis for the overall treatment responses of brain metastases in melanoma patients.

N Proportion (95% CI) r p-Value
Treatments 0.22
Immunotherapy +TT/TT 9 0.43[0.29; 0.58] 88.2%
Immunotherapy 10 0.30 [0.19; 0.44] 80.9%
Type of Inmunotherapy 0.46
Combo Immunotherapy 4 0.37[0.28; 0.48] 66.4%
Mono Immunotherapy 8 0.30[0.17; 0.48] 79.7%
No Immunotherapy 7 - - -
Local therapy 0.16
Yes 14 0.30[0.21; 0.40] 80.2%
No 9 0.43[0.28; 0.61] 84.7%
Previous Immunotherapy 0.28
Yes 11 0.41[0.31; 0.52] 80.0%
No 6 0.27[0.11; 0.52] 76.4%

Missing 2 - -
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Table 3. Cont.

N Proportion (95% CI) ? p-Value

Previous TT 0.40

Yes 11 0.40 [0.26; 0.55] 82.9%

No 6 0.31[0.19; 0.46] 81.9%

Missing 2 -
ECOG PS 0.25

2 8 0.43[0.28; 0.59] 79.2%

1 10 0.31 [0.19; 0.45] 88.3%

Missing 1

We also carried out a leave-one-out analysis and did not find any significant change.
In particular, excluding Ahmed, a retrospective analysis of two trials designed not to assess
brain metastasis responses, the summary estimate did not change (33.5% (5% CI 25.3%;
43%), I? = 83%).

3.3. Response of Symptomatic Metastases

In the analysis concerning the response of symptomatic metastases, 12 studies are
included. The summary estimate of the overall response was 29% (95% CI [16%; 47%],
Figure 3), with high between-study heterogeneity (I> = 80%). A significant difference in
response was observed for patients who had previously received immunotherapy, who
responded significantly more than those who had not (47% vs. 9%, p-value = 0.001, Table 4,
Figure 4). A borderline significant difference was found in the clinical response for those
who had had immunotherapy plus TT or TT alone who responded more and those who
had had immunotherapy alone (40% vs. 13%, p-value = 0.07, Table 4, Figure 5).

Study Events Total GLMM, Random, 95% CI GLMM, Random, 95% CI
Margolin (2012) 1 21 0.048[0.001;0.238) H—

Long (2012) 24 83 0.289[0.195; 0.399) B

Dummer (2014) 10 19 0.526 [0.289; 0.756] =
Ahmed (2015) 21 26 0.808 [0.606; 0.934] § —B—
McArthur (2016) 10 56  0.179[0.089; 0.304] ——

Williams (2016) 1 15 0.067[0.002;0.319] -M—>-

Davies (2017) 10 17 0.588 [0.329; 0.816] fe— R
Tawbi (2018) 3 18  0.167[0.036;0414) —B——
Marquez-Rodas (2021) 7 11 0.636 [0.308; 0.891] —+

Long (2021) 116  0.062[0.002;0302] -EE—

Dummer (2022) 11 24 0.458[0.256; 0.672] ——
Barch (2022) 3 18  0.167[0.036; 0.414] B

Total (95% CI) 324 0.287 [0.157; 0.466] e ——

Heterogeneity: Tau® = 1.5047; Chi = 54.42, df = 11 (P <0.01); * = 80% | ! ! ! ' !
0 02 04 06 08 1

Proportion

Figure 3. Treatment responses of symptomatic brain metastases in melanoma patients. Reported
measures of heterogeneity: Tau? (prespecified value for the square root of the between-study variance,
restricted maximum-likelihood estimator).
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Table 4. Subgroup analysis for treatment responses of symptomatic brain metastases in melanoma patients.

N Proportion (95% CI) ? p-Value

Treatments 0.07
Immunotherapy + TT/TT 7 0.40[0.27; 0.54] 68.8%
Immunotherapy 6 0.13[0.03; 0.41] 85.8%

Type immuno 0.97
Combo immuno 4 0.20 [0.09; 0.39] 65.6%
Mono immuno 0.19 [0.02; 0.77] 91.4
No immuno 4 - -

Local therapy 0.41
Yes 10 0.26 [0.14; 0.42] 73.8%
No 2 0.48 [0.09; 0.90] 93.0%

Previous Immunotherapy 0.0001
Yes 0.47[0.29; 0.65] 80.2%
No 4 0.09 [0.04; 0.18] 0%
Missing - -

Previous TT 0.86
Yes 6 0.29 [0.10; 0.59] 83%
No 4 0.26 [0.11; 0.48] 71.3%
Missing -

ECOG PS 0.85
2 0.30 [0.15; 0.51] 68.7%
1 0.27[0.10; 0.57] 86.8%

Study or
Subgroup Events Total GLMM, Random, 95% CI GLMM, Random, 95% ClI

Margolin (2012) 121 0.048[0.001; 0.238)
Williams (2016) 1 15  0.067[0.002;0.319) -——
Long (2021) 1 16 0.062[0.002;0.302] -f—-
Borch (2022) 318 0.167 [0.036; 0.414) o=
70  0.086 [0.039; 0.178] -

Long (2012) 24 83 0.289 [0.195; 0.399] R
Dummer (2014) 10 19 0.526 [0.289; 0.756) ——
Ahmed (2015) 21 26 0.808 [0.606; 0.934] : —8—
Davies (2017) 10 17 0.588 [0.329; 0.816] —
Tawbi (2018) 3 18 0.167 [0.036; 0.414] —
Dummer (2022) 11 24 0.458 [0.256; 0.672) B

187  0.467 [0.292; 0.650] | e —
Total (95% Cl) 257  0.271[0.132; 0.475] ———

Heterogeneity: Tau? = 1.6665; Chi® = 44.03, df = 9 (P < 0.01); I* = 50%

Test for subgroup differences: Chi° = 15.14, df = 1 (P < 0.01)

T T T
0.2 04 0.6
Proportion

Figure 4. Subgroup analysis for treatment responses of symptomatic brain metastases in melanoma
patients. Reported measures of heterogeneity: Tau? (prespecified value for the square root of the
between-study variance, restricted maximum-likelihood estimator).
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Study or

Subgroup Events Total GLMM, Random, 95% CI GLMM, Random, 95% CI
Margolin (2012) 1 21 0048[0.001;0.238) ——

Ahmed (2015) 21 26  0.808 [0.606; 0.934] : ——

Williams (2016)
Tawbi (2018)
Long (2021)
Borch (2022)

15 0.067[0.002;0.319] -BB—
18 0.167 [0.036; 0.414]
16 0.062 [0.002; 0.302]
12 0.083 [0.002; 0.385]
108 0.134[0.034; 0.407]  —m——

[

g

Long (2012) 24 83 0.289[0.195; 0.399] ——
Dummer (2014) 10 19 0.526 [0.289; 0.756) —
McArthur (2016) 10 56 0.179 [0.089; 0.304] -
Davies (2017) 10 17 0.588[0.329; 0.816] ——
Marquez-Rodas (2021) 7 11 0.636(0.308; 0.891] ——
Dummer (2022) 11 24 0.458 [0.256; 0.672] ——
Barch (2022) 2 6 0.333[0.043;0.777] -

216 0.400 [0.274; 0.540] ———
Total (95% CI) 324  0.281[0.155; 0.454] ——
Heterogeneity: Tau® = 1.5089; Chi° = 54 92, df = 12 (P < 0.01); F = 78% | f ' f f !
Test for subgroup differences: Chi® = 3.21, df = 1 (P = 0.07) 0 02 04 06 08 1

Proportion

Figure 5. Subgroup analysis for treatment responses of symptomatic brain metastases in melanoma
patients by previous immunotherapy. Reported measures of heterogeneity: Tau? (prespecified value
for the square root of the between-study variance, restricted maximum-likelihood estimator).

3.4. Response of Asymptomatic Metastases

In the analysis concerning asymptomatic metastases, 13 were analysed. The SE of the
overall response was greater than for symptomatic metastases (38% 95% CI [29%; 49%],
Figure 6), with high between-study heterogeneity (I* = 80%). A significant difference in re-
sponse was observed for patients who received immunotherapy: patients who received the
combo-immunotherapy obtained a deeper response than those who had received monother-
apy (45% vs. 26.1%, p-value = 0.002, Table 5). Patients with ECOG PS of 2 responded
objectively more than patients with an ECOG PS of 1 (52 % vs. 30%, p-value = 0.01, Table 5);
however, this effect was lost in a multivariate meta-regression model controlling for the
treatment. Neither sample size nor publication year was significantly associated with
response (p-value = 0.74 and p-value = 0.63, respectively).

Study Events Total GLMM, Random, 95% CI GLMM, Random, 95% CI
Margolin (2012) 8 51  0.157[0.070; 0.286] -

Long (2012) 30 89  0.337[0.240; 0.445) ——

Falchook (2012) 9 10  0.900[0.555; 0.997] : —i
Di Giacomo (2014) 7 20 0.350(0.154; 0.592) —

McArthur (2016) 16 90  0.178[0.105;0.273] e

Goldberg (2016) 4 14 0.286 [0.084; 0.581] ———

Davies (2017) 60 108  0.556[0.457;0.651] - B

Tawbi (2018) 54 101  0.535[0.433; 0.635) C——

Kluger (2018) 6 23 0.261[0.102; 0.484] ———
Marquez-Rodas (2021) 9 14 0.643(0.351;0.872) - - e
Long (2021) 23 60 0.383[0.261;0.518] ——

Di Giacomo (2021) 17 53 0.321[0.199; 0.463] ——

Dummer (2022) 16 41 0.390[0.242; 0.555] —B—

Total (95% Cl) 674  0.381[0.288; 0.485] e

Heterogeneity: Tau? = 0.4598; Chi® = 60.50, df = 12 (P < 0.01); I = 80% | ! J ‘ ! '
0o 02 04 06 08 1

Proportion
Figure 6. Treatment responses of asymptomatic brain metastases in melanoma patients. Reported

measures of heterogeneity: Tau? (prespecified value for the square root of the between-study variance,
restricted maximum-likelihood estimator).
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Table 5. Subgroup analysis for treatment responses of asymptomatic brain metastases in
melanoma patients.

N Proportion (95% CI) ? p-Value
Treatments 0.21
Immunotherapy + TT/TT 6 0.47 (0.28-0.66) 86.8%
Immunotherapy 7 0.33 (0.24-0.44) 73%
Type immuno 0.002
Combo immuno 3 0.45 (0.36-0.54) 55.1%
Mono immuno 5 0.26 (0.19-0.34) 11.9%
No immuno 5
Local therapy 0.78
Yes 10 0.39 (0.30-0.48) 74.3%
No 3 0.45 (0.13-0.82) 85.3%
Previous Immunotherapy 0.98
Yes 7 0.41 (0.32-0.51) 67%
No 4 0.41 (0.17-0.70) 79.6%
Missing 2 - -
Previous TT 0.79
Yes 8 0.38 (0.26-0.52) 74.40%
No 3 0.41 (0.29-0.54) 83.90%
ECOG PS 0.01
2 5 0.52 (0.38-0.67) 63%
1 8 0.30 (0.21-0.40) 81.90%

3.5. Comparison between Symptomatic and Asymptomatic

The SE of the OR for the comparison between symptomatic and asymptomatic was not
significant (0.70, 95%CI [0.43-1.15], I? =30.5, Figure 7), and no publication bias emerged.
However, in the subgroup analysis (Table 6), there was a significant reduction in the like-
lihood of responding to treatment in those who had had only immunotherapy and were
symptomatic compared with asymptomatic (ORpnmuno+1T/TT = 0.98 vS. ORimmuno = 0.17,
p-value = 0.001, Figure 8) and a significant reduction in the probability of response
among patients that had previously received immunotherapy (ORprevious immuno = 0.74
vS. ORpo previous immuno = 0.17, p-value = 0.05).

We investigated also the influence of previous radiotherapy, but we did not find any
significant differences.

3.6. Methodological Quality

The full data regarding quality assessment according to the Cochrane Collaboration
risk-of-ias tool (CCRBT) are described in Supplementary material Table S2. Overall, we
found a low risk of bias, and this is not surprising, since only three studies were phase III
randomised trials.
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Figure 7. Odds ratios for treatment responses of symptomatic vs. asymptomatic brain metastases in
melanoma patients. Reported measures of heterogeneity: Tau? (prespecified value for the square root
of the between-study variance, restricted maximum-likelihood estimator).

Table 6. Subgroup analysis for treatment responses of symptomatic vs. asymptomatic brain metas-

tases in melanoma patients.

N OR (95% CI ? p Value
Treatment
Immuno TT/TT 0.98 [0.65-1.47] 0.00% 0.001
Immuno 0.17 [0.06-0.46] 0.00%
Type immuno
Combo immuno 0.34 [0.07-1.64] 53.54% 0.819
Mono immuno 0.27 [0.03-2.30] -
No immuno - -
Local therapy
Yes 0.61[0.32-1.17] 47.30% 0.47
No 1.0 [0.42-2.40]
Previous Immuno
Yes 0.74[0.35-1.54] 66.80% 0.05
No 0.17 [0.04-0.75] 0%

NA
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Table 6. Cont.
N OR (95% CI) r? p Value
Previous TT
Yes 4 0.34 [0.10-1.16] 60.98% 0.17
No 2 0.88 [0.51; 1.53] 0.00%
NA -
ECOG PS
2 0.45 [0.13- 1.50] 64.12% 0.27
1 0.87 [0.55- 1.37] 0.00%
TT/IMMUNO+TT
Study OR 95 Cl1%
Marquez-Rodas (2021) 0.97 (0.19-5.03) i
Long (2021) 0.80 (0.42-1.53) —i—
Davies (2017) 0.14 (0.40-3.23) —.—
McArthur (2016) 1.01 (0.42-2.40) R
Summary 0.98 (0.65-1.47) -
1?= 0%
IMMUNO
Study OR 95 Cl%
Margolin (2012) 0.27 (0.03-2.03) L
Long (2021) 0.11(0.01-0.87) i
Tawbi (2018) 0.17 (0.05-0.64) ——
Summary 0.17 (0.06-0.46) ———

I’= 0%

| L N O B
0044 Q088 0477 0354

L B 1

0.707 1410 4,00

Figure 8. Odds ratios for treatment responses of symptomatic vs. asymptomatic brain metastases in

melanoma patients by treatment. Reported measures of heterogeneity: Tau? (prespecified value for

the square root of the between-study variance, restricted maximum-likelihood estimator).
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4. Discussion

This is the largest comprehensive systematic review and meta-analysis carried out.
We show that overall, the SE of the treatment response is low (36% with 95% CI 27%-47%),
indicating that less than half of the patients responded; however, there is a large hetero-
geneity due to treatment and type of disease. Although we do not observe a meaningful
difference between intracranial benefit in asymptomatic and symptomatic patients, sub-
group analysis and meta-regression found a statistically significant better brain metastasis
response in symptomatic patients who received immunotherapy compared to patients who
received a combination (immunotherapy and TT): 47% vs. 9%, p-value = 0.001. Reduction
in number of asymptomatic metastases was more substantial when patients received the
combo-immunotherapy compared to those who had received monotherapy: 45% vs. 26.1%,
p-value = 0.002.

Our hypothesis is that maybe T-cell activation by immune check-point inhibitors
should be more effective in at early stage of intracranial dissemination or in an asymp-
tomatic disease. The onset of cerebral oedema could adversely affect the intracranial
immune activity. The authors did not provide in-depth data regarding the different re-
sponses to immunotherapy in terms of gender and age. The lack of comparative trials
between oral targeted therapy versus intravenous immunotherapy represents the main
limitation influencing physician choice in clinical practice.

For several years, locoregional treatment of melanoma brain metastases, such as
surgery and radiotherapy, was considered the gold standard. The current analysis has
provided a quantification of intracranial benefit for each type of treatment, aiming to find
the best strategy in melanoma patients affected by brain metastasis.

Similar to what was found in Rulli’s meta-analyses [30], which considered intracranial
response for 12 clinical trials, there was no considerable difference in asymptomatic patients
versus symptomatic ones. However, we observed that the clinical remission or partial
response to different types of treatment exclusively depends on neurological symptoms. An
important observation concerns the response of patients who have not previously received
first-line immunotherapy, as this response is different in patients with symptomatic or
asymptomatic brain metastases.

The first randomised phase III trial [17] already showed that patients with untreated
asymptomatic brain metastasis immunotherapy (p-value = 0.017) had significantly im-
proved overall survival (OS) compared to fotemustine: patients receiving ipilimumab
plus nivolumab, had a 4-year OS rate that was significantly higher than those receiving
fotemustine (41% vs. 11%). Additionally, patients receiving ipilimumab plus nivolumab
experienced significantly fewer high-grade adverse events (AEs) (30%) than those receiv-
ing either of the fotemustine-containing arms (48% and 69%, respectively). Furthermore,
Hussein Tawbi and co-authors [14] reported in the CheckMate 204 trial a remarkable rate
of 72% for asymptomatic patients, with 3-year OS when treated with nivolumab plus
ipilimumab. These impressive data on long-term outcomes turn dogma upside down,
because the melanoma patients in this group have historically had very poor therapeutic
outcomes and have been difficult to treat. Patients with melanoma and brain metastases
were previously routinely excluded from industry-sponsored clinical trials with immune
check-point inhibitors because of their poor prognosis and the prevailing dogma that the
blood-brain barrier would prevent effector immune cells from migrating to the brain. Pa-
tients with untreated brain metastases have a better prognosis due to both a limited number
and small metastases, which can be translated into a reduction in intracranial oedema and
neurological symptoms. This explains the higher response rate to check-point inhibitors in
asymptomatic patients. On the opposite side, an individual with symptomatic disease may
have a poor prognosis because of reduced compliance with pharmacological interventions,
request for an invasive treatment such as neurosurgery, one or more visits to radiotherapy
departments, and need for high-dose steroids and drugs for preventing convulsions and
reducing brain oedema. In conclusion, early immunotherapy for asymptomatic patients
may quickly reduce the spread of intracranial malignant melanocyte dissemination and the
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consequential deterioration of the systemic clinical conditions. Symptomatic metastases re-
quire high doses of steroids, which can decrease the effectiveness of T lymphocytes against
cancer cells. This could reduce the check-point inhibitors activity in symptomatic patients.

Given that clinical response and survival from asymptomatic brain metastases are
higher, it may be possible to omit radiation in selected patients. For symptomatic brain
metastases, outcomes are worse with immunotherapy and localised treatment such as
stereotactic radiosurgery should be suggested for control. It is suggested that immunother-
apy be started as soon as possible [30].

Check-point inhibitor treatment response can be obtained in patients on lower doses
of steroids, while daily steroid doses above 25 mg appear incompatible with CPI benefit,
as demonstrated by Borch et al. in the initial report from the MEMBRAINS trial, where
patients treated with lower daily doses of corticosteroids obtained a better response in
comparison to those receiving high doses [20].

The effectiveness of combining radiotherapy and immune check-point inhibitors for
brain metastases has been shown in recent trials. Ahmed et al. [23] wrote a retrospective
analysis of a clinical trial primarily designed to assess the neurotoxicity of nivolumab, not
brain benefit. The very high response rate for stereotactic radiotherapy within 6 months
of receiving anti-PD-1 nivolumab in 26 pretreated patients with advanced resected and
unresectable melanoma may be due to the study design. In fact, some patients were
pretreated on protocol NCT01176461, with 10 a peptide vaccine, and 7 patients were
treated on protocol NCT01176474 in an adjuvant setting with a peptide vaccine. Some
received cytotoxic chemotherapy before starting nivolumab, and some received prior
immunotherapies or targeted agents. Anyway, the exclusion of this trial did not change
our summary results.

Gender and age are recognised risk factors linked to the development of melanoma
brain metastases, in particular male gender and age over 60 years. Several publications
showed in general a female advantage that gives women significantly longer survival
compared to men, confirmed by pooled clinical trials and multivariate analyses [31]. Con-
sidering the known advantages of the female immune system, it is not easy to understand
why the recently developed immunotherapies showed better improvements in men than in
women [32,33]. On the other hand, standard combo treatment for brain metastases does
not show a significantly different effect by gender.

The major limit of our analyses is the absence of data about the specific intracranial
response separately in asymptomatic and symptomatic patients in seven studies. In addi-
tion, we considered symptomatic patients who had received a previous surgical or radiant
treatment and who were treated with high doses of steroids. Another limitation is the
absence of a randomised trial that directly compares the intracranial benefit with TT vs.
immunotherapy. Moreover, the mixture of phase I, II, and III trials introduces heterogeneity
due to the patient’s performance status, dose level received, number of cycles received, use
of steroids allowed or not, and number and type of previous therapeutic interventions.

In conclusion, the current meta-analyses described groups of patients affected by
melanoma brain metastasis with symptomatic and asymptomatic disease, and found
different results from the administration of immunotherapies or targeted therapies. Ran-
domised trials with more statistical power should be designed to identify the best strate-
gies for symptomatic and asymptomatic brain metastases considering the toxicity and
the activation of T cells induced by immunotherapy, which could result in cerebral
peritumoural oedema.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/app14062222 /51, Table S1: Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) checklist; Table S2: Cochrane Collaboration Risk of Bias Tool (CCRBT).
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