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Abstract: Abstract: IntroductionIntroduction: Melanoma continues to represent the most serious
skin cancer worldwide. However, few attempts have been made to connect the body of research on ad-
vanced melanoma. In the present review, we report on strides made in the diagnosis and treatment of
intracranial metastatic melanoma. Methods: Relevant Cochrane reviews and randomized-controlled
trials published by November 2022 were systematically retrieved from the Cochrane Library, EMBASE,
and PubMed databases (N = 27). Search and screening methods adhered to the 2020 revision of the
Preferred Reporting Items for Systematic reviews and Meta-Analyses guidelines. Results: Although
the research surrounding the earlier detection of melanoma brain metastasis is scarce, several studies
have highlighted specific markers associated with MBM. Such factors include elevated BRAFV600
mutant ctDNA, high LDH concentration, and high IGF-1R. The approach to treating MBM is moving
away from surgery and toward nonsurgical management, namely, a combination of stereotactic radio-
surgery (SRS) and immunotherapeutic agents. There is an abundance of emerging research seeking
to identify and improve both novel and established treatment options and diagnostic approaches
for MBM, however, more research is still needed to maximize the clinical efficacy, especially for new
immunotherapeutics. Conclusions: Early detection is optimal for the efficacy of treatment and MBM
prognosis. Current treatment utilizes chemotherapies and targeted therapies. Emerging approaches
emphasize biomarkers and joint treatments. Further exploration toward preliminary identification,
the timing of therapies, and methods to ameliorate adverse treatment effects are needed to advance
MBM patient care.

Keywords: melanoma; cerebral metastases; MBM; early detection; systematic review

1. Introduction

The incidence of melanoma has exponentially increased in developed countries, ac-
counting for 1.7% of cancer diagnoses worldwide, and remains the fifth most diagnosed
cancer in the United States [1]. Incidence rates vary across geographical locations. The
annual incidence rates in regions with predominately fair-skinned populations have rapidly
increased between 4 and 6% in North America, Northern Europe, and New Zealand, while
countries in Asia have incidence rates that remain mostly unchanged [2]. These varying
incidences are likely attributed to differences in pigmentation characteristics as melanoma
is distinctly more prevalent among fair-skinned individuals and is rarely seen in darker-
skinned individuals [2]. Sex and gender disparities also exist in melanoma as incidence
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rates are higher in men than women [3]. Although melanoma represents 1% of all skin
cancers, it is responsible for over 80% of skin cancer deaths, signifying the importance of
screening for those with risk factors involving family or previous history of skin cancer, con-
genital disorders, and UV exposure from predisposing lifestyle/profession [1]. Melanoma
diagnoses are classified into five stages, 0–IV, where stage 0 is known as melanoma in situ,
and the last stage is defined as metastatic melanoma (MM) [4]. If melanoma is detected in
its early stages, there is a 99% 5-year survival rate for primary melanoma; however, this
number significantly drops to 27% for metastatic melanoma (SD ± 5–10%) [5]. Visceral
metastasis sites are associated with poor prognosis and survival in melanoma; the one-year
survival rate is 36%, 13%, and 1% in patients with metastasis to one, two, or three different
visceral sites, respectively [6].

Metastasis to the central nervous system (CNS) is a common occurrence for patients
with advanced-stage melanoma, where up to 60% of all melanoma patients will develop
brain metastasis during the progression of their disease [7]. The biological propensity
for melanoma to migrate to the brain is not fully understood, but epidemiologic data
implicate various factors that correlate to the development of melanoma brain metastasis
(MBM); some factors include male sex, primary tumor site on the trunk, and histopatho-
logic diagnosis of primary superficial spreading [6]. The diagnosis of MBM often results
in dismal outcomes associated with the rapid decline in the quality and quantity of life,
with the median overall survival (OS) from diagnosis of around 4–6 months [8]. Davies
et al. reported a median survival rate of 5.92 months following 1995 (N = 123, p = 0.01,
95% CI [0.60, 0.94]) [9]. Previously, the treatment options for patients with MBM were
limited to chemotherapy, whole-brain radiation therapy, stereotactic radiosurgery, and
surgical resection [10]. However, the further development of targeted therapy, immunother-
apy, and radiation therapy offers promising strategies and investigations to improve the
outcome, treatment, and understanding of brain metastases [8,10]. The Food and Drug
Administration approved checkpoint inhibitors and BRAF/MEK-targeted therapy in 2011
due to their enhanced survival benefits. As of 2016, the median survival of unresectable or
metastatic melanoma patients was nearly two years with these therapies, while traditional
chemotherapy ranged between 6 and 9 months [10]. Middleton et al. that found patients
treated with temozolomide had a median survival time of 7.7 months and those adminis-
tered temozolomide and dacarbazine had a lower median time at 6.4 months (95% CI [0.92,
1.52] [11]. Despite these advancements in the treatment for metastatic melanoma, MBM
remains associated with high morbidity and mortality and poor median survival duration.
The weighted median overall survival was recently reported between 5 and 9 months for
single-agent chemotherapy, immunotherapy alone, or targeted therapy. These findings
reflect the need for further studies on brain metastases and treatments to improve disease
outcomes and extend the lifespan of patients with MBM [11,12].

This study aimed to review and summarize the detection and diagnosis of melanoma
brain metastases, discuss the current treatment options, and highlight emerging clinical
evidence and focus areas for future research.

2. Methods

A systematic query of the Cochrane Library, EMBASE, and PubMed was performed
from database inception to 29 November 2022. The search and filtration processes were
conducted in accordance with the current Preferred Reporting Items for Systematic re-
views and Meta-Analyses (PRISMA) guidelines (Figure 1) [13]. Criteria for inclusion were
(1) primary scientific focus on intracranial metastatic melanoma; (2) evidence-supported
reporting of early detection, diagnosis, and/or treatment protocols for melanoma that
has metastasized to the brain; and (3) reputable discussion of future directions for MBM
research. Abstracts and articles that were not originally written in English were excluded.
To limit methodological biases, only full-length articles archived in the Cochrane Database
of Systematic Reviews and randomized-controlled trials were included. Ongoing clinical
trials with yet-published results were excluded. Keyword search for peer-reviewed journal
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articles pertinent to our described focus (e.g., “intracranial melanoma” AND “detection”)
returned a total of 301 eligible results (36 from Cochrane Library, 57 from PubMed, and 208
from EMBASE). After manual removal of duplicate results and filtration in accordance with
our defined inclusion and exclusion criteria, we retained a total of 27 Cochrane reviews
and randomized-controlled trials for review in the present study. Authors MJD, IM, and
AB defined the inclusion and exclusion criteria. Authors DR, BG, JTT, and GK conducted
the literature search and filtration processes. Authors MJD and KTR resolved any article
selection disputes.
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3. Results
3.1. Detection and Diagnosis of Melanoma Brain Metastases

Metastatic melanoma that travels to the brain is a severe outcome of melanoma and
is often given a poor prognosis [14]. Patients with metastatic brain melanomas have
very high mortality rates, and the median survival rate after diagnosis is six months [15].
Additionally, in many cases, brain metastases are only detected in the later stages of cancer
and are usually made up of multiple lesions [16]. The location of the metastasis often
makes surgical resection difficult, which is compounded when the number of lesions is
greater and when the size of the lesions is smaller. Moreover, even the effectiveness of
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treatment for a single or solitary brain metastasis is unclear and varies by patient [16].
Presymptomatic contrast CTs or MRIs are the primary method to identify CNS lesions.
This identification is followed by characterization, conventionally achieved by the use of
the Breslow thickness index and Clark level staging system as well as the notation of its
subtype, mutation status, and anatomical location. The Breslow thickness index measures
how vertically deep the tumor penetrates the skin layers to foretell the general likeliness of
it spreading. The Clark scale is a 5-level scale that similarly specifies the number of skin
layers a tumor invades. Though not fully comprehensive or infallible, these techniques
are reliable for melanoma diagnoses/prognoses. As for determining the most effective
treatment, however, there is still no reliable biomarker for MBM [15]. Studies have also not
shown how these biomarkers may change throughout treatment and how they may signify
improvement [16,17].

A promising biomarker is cell-free circulating tumor DNA (ctDNA) in determin-
ing the prognosis. A study revealed through quantitative PCR that the elevated pre-
treatment BRAFV600-mutant ctDNA concentration was associated with worse survival
rates; conversely, low ctDNA and high lactate dehydrogenase (LDH) are associated
with better survival rates when measured at week four, as demonstrated by univariate
analysis (p < 0.0001) [17]. Evidence is increasingly demonstrating that pretreatment ctDNA,
which is undetectable, is associated with significantly longer progression-free survival and
overall survival [17]. Syeda et al. found that detectable ctDNA is associated with LDH
concentration, the number of metastatic sites, the median sum of lesion diameters, and
increased tumor burdens [17]. These results suggest that BRAFV600-mutant ctDNA could
function as a predictive biomarker for overall and progression free survival prognosis.
Furthermore, patients treated with dabrafenib plus trametinib, which maintained normal
LDH levels and fewer than three organ sites with metastases, had the longest progression-
free survival and overall survival [18]. Conversely, patients with more than two times the
normal LDH concentrations had the shortest progression-free survival and overall survival
rates [18]. Moreover, the patients with disease progression and new CNS lesions reported
worse outcomes with a median survival time after progression of 4 months (n = 171) [18].
Due to the severe prognoses associated with metastatic brain melanoma, many studies
often exclude this patient population from their studies. However, one study specifically
examined melanoma patients with brain metastases and assessed the risk factors associated
with the progression of their disease. Eastern Cooperative Oncology Group (ECOG) scores
are frequently used by oncology health care professionals to assess the performance status
of a patient in terms of functional status and ability for self-care for directing treatment
decision and prognosis, where the scores are between 1 and 5, indicating increasing levels of
disability [19]. Progression-free survival (PFS) is the duration of time between the initiation
of a treatment to the progression of a disease or worsening, and this measure is used to
determine how well a treatment works [20]. The results indicated that the following factors
were associated with lower progression-free survival: ECOG &1, elevated serum LDH
&three metastatic sites, and non-naive status [21]. Conversely, patients with ECOG 0, less
than three metastatic sites, and LDH under the normal limits, typically had the highest
progression-free survival (PFS) after six months [21]. Table 1 captures these factors and
other predictors.

Table 1. Summary of the risk factors that are independently associated with MBM progression-
free survival.

Factors Associated with Lower PFS Factors Associated with Increased PFS

ECOG & 1 ECOG = 0

Elevated Serum LDH LDH < ULN

&3 Sites of Metastasis <3 Sites of Metastasis

Non-Naïve Status No Prior Treatment
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Additional risk factors have been assessed for the development of brain metastasis.
Despite the previous proposal, a recent study found that an ulcerated primary was not
associated with an increased risk of CNS progression [15]. When comparing patients with
macroscopic lymph node involvement (or in-transit metastases) and patients with lymph
node micrometastases, there was no significant difference in the CNS relapse rates across
both groups [15]. Patients in stage IIIC were also more likely to have CNS progression than
stage IIIA or IIIB [15]. In a comparable study, 10% of patients with stage III disease were at
risk for, and up to 46% of stage IV patients will develop brain metastasis [15].

An additional study utilizing patient-derived xenografts (PDX) and live tissue sam-
ples established several biomarkers that may be implicated in MBM diagnosis. Notably,
tumors from patients given therapy displayed significantly higher levels of IGF-1R than
those from patients without therapy [22]. This finding supports previous findings that
IGF-1R signaling may confer melanoma resistance to BRAF inhibitors, which suggests
that the increased tyrosine kinase receptor expression modulates a response in cancer
treatments [22]. Accordingly, samples with BRAF hotspot mutations were significantly
more concurrent and deleterious than other mutations overall [22]. PDX derived from
patients with stage IIIB/C melanoma showed spontaneous metastasis in animals to be
independently correlated with patient outcomes [22]. A 2013 study tested the capacity of
whole-body diffusion-weighted imaging (WB-DWI) alone to detect metastases in a separate
cohort of 19 advanced melanoma patients compared to WB-DWI plus contrast-enhanced
magnetic resonance imaging [23]. The results indicated that although WB-DWI alone was
powerful for extracranial metastasis, several brain metastases were undetected [19]. Still,
as Petralia and colleagues demonstrated, albeit a decade ago at the time of writing, we can
do well with less [23].

3.2. Treatment of Melanoma Brain Metastases

Although current cancer treatment paradigms may reflect any combination of surgery,
chemotherapy, radiotherapy, and immunotherapy with subsequent medical management,
the options for treating melanoma brain metastases remain limited. As per usual practice,
neurosurgery is a viable option for patients with solitary or single brain metastasis and
for those desiring symptomatic relief. These surgical resections must still be followed
by radiotherapy or a drug regimen that targets clinically undetectable micrometastases
that likely remain elsewhere in the brain [24]. Regardless of surgical candidacy, systemic
agents such as chemotherapeutics are prescribed to metastatic patients. However, such
options fall short for MBM cases because penetration through the blood–brain barrier
complicates drug delivery. Of the chemotherapy drugs that can enter the brain, they
still only show modest efficacy [25]. As such, a recent push to unveil therapeutic targets
that do not evade MBM treatment has spurred a burst of novel immunotherapy options.
Several labs have looked at two new classes of drugs, immune checkpoint inhibitors and
small-molecule targeted drugs, as alternatives to conventional chemotherapy. Both have
significantly improved progression-free survival rates and patient prognosis of stage IV
melanoma patients with brain metastases [25]. For example, previous research has cited
that the co-administration of temozolomide (TMZ) and IFN-α2b exhibits antitumor activity,
increased response rates, and in some instances, complete remission [26]. Temozolomide
with sorafenib also showed antiangiogenic effects [27]. In vitro studies have also reported
synergistic antitumor activity from TMZ with cisplatin. Even more promising, numerous
phase III trials of a TMZ-based regimen administered to melanoma patients reported a
reduction in CNS metastases from developing, proposing that the drug has prophylactic
potential in patients with melanoma [28]. Therefore, temozolomide exposure is an attractive
and encouraging treatment option that should be considered not only for first-line brain
metastasis treatment, but also for early-stage melanoma presentation (see Figure 2).
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Figure 2. Temozolomide crosses the blood–brain barrier to target high-grade glioma cells. Figure
created with BioRender.com (accessed on 17 December 2022).

Furthermore, evidence on the efficacy of ipilimumab and nivolumab, immune check-
point inhibitors of PD-L1, is conflicting. Gritsch et al. reported a correlation between
these agents and longer recurrence-free survival (RFS) and distant metastasis-free survival
(DMFS) in MBM patients [29]. In the same year, Guo et al. claimed that PD-1 inhibitors had
questionable long-term neurological and cognitive sequelae; the drugs could potentially
exacerbate radiation-related necrosis [30]. High-dose injections of Allovectin-7, on the
other hand, have been shown to be well-tolerated in stage III/IV MBM patients, but the
results are lesion-specific [31]. Others have explored IFN-α and interleukin-2 (IL-2) both
independently and jointly. Controversially, Li et al.’s randomized control trials brought
them to the conclusion that subcutaneous INF-α injections are safer than IL-2 injections, but
IL-2 is more effective at eradicating tumors and for relapse-free outcomes. Although IL-2
had greater brain tumor responses, it also induced more severe toxicities elsewhere in the
body, ultimately diminishing the patients’ quality of life and posing a threat for their overall
survivability [32]. Despite some ambiguities and the warranting of more testing, there is
overwhelming evidence of immunotherapeutic (IT) approaches being key to formulating
an effective management plan for complete tumor response in MBM.

For optimal success rates, IT is combined with radiation. Traditionally, two forms of
radiotherapy are deferred to—whole-brain radiotherapy (WBRT) and stereotactic (SRS)
radiosurgery—for treating metastatic spread to the CNS. SRS has recently gained traction,
whereas WBRT has also proven to be wholly unpromising for treating MBM. A com-
prehensive look into past research revealed the role of WBRT as controversial, failing to
consistently prove benefits for treating MBM [18,33]. Moreover, some contend that WBRT
is radioresistant and that unnecessary exposure to radiation toxicities worsens patient
neurocognitive function. Specifically, patients receiving WBRT showed a neurocognitive
decline in the form of memory loss and impaired executive function [24]. Manipulating
WBRT dosage also showed no difference in effect on brain tumor size change or overall sur-
vivability, again indicating that WBRT is most likely not a favorable treatment approach [34].
Though most reporting on and the analysis of WBRT efficacy in MBM cases align with the
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aforementioned negative findings, a select few studies have seen WBRT improve palliation
by prolonging both intracerebral and intracranial control [35,36]. Additionally, Janavicius
and colleagues promoted WBRT as a means of preserving memory and neurocognitive
function in MBM patients, which is in direct contention with earlier findings. However,
Janavicious’s research group simultaneously ceded to WBRT critics, admitting that WBRT
does not appear to benefit the survival outcomes [24,37]. For these reasons, this treatment
modality is currently deemed as controversial. At best, there may be some narrow indications
for WBRT, but by and large, WBRT seems to provide a much greater risk than reward.

The second form of radiotherapy, stereotactic radiosurgery (SRS), has experienced a
rapid uptake among patients with brain metastases. It has become the preferred radiothera-
peutic option for numerous reasons. In SRS, external ionizing radiation beams are precisely
focused on metastatic tumors, minimizing toxicity exposure. SRS has been demonstrated
to be well-tolerated and to extend survivability when paired with immunotherapy [36–39].
Alone, SRS does provide a durable early response, but the effects are minimal when not
administered concomitantly with IT [29].

Among the described treatment methods, the combined treatment of SRS and im-
munotherapy for MBM yields the best treatment pattern outcomes, and presently, it is the
most scientifically supported therapeutic approach for targeting MBM. The most optimal
results for OS and PFS are derived from conjunctive treatments via immunotherapies and
radiotherapies in patients with MBM. Future work should pursue the optimal combination
ratio and timing of the two therapies.

3.3. Emerging Clinical Evidence and Focus Areas

There is a variety of emerging clinical evidence relevant to melanoma brain metastases.
A large quantity of new research seeks to identify and improve novel and established treat-
ment options. Emerging trials showcase how newly tested combinations of medications
can increase the clinical efficacy for metastatic melanoma. For example, the characteriza-
tion of nivolumab and ipilimumab therapy is ongoing as the effects still need to be fully
understood, especially in active brain metastases. A phase II trial led by Long achieved
significant intracranial response in patients with active melanoma brain metastases [40].
With no treatment-related deaths, intracranial response was achieved across three patient
cohorts, with 46% (95% CI, 29–63) in the first cohort showing intracranial response, fol-
lowed by 20% (95% CI, 7–41) in the second cohort, and 6% (95% CI, 0–30) in the third
cohort [40]. Complete intracranial response was stimulated across the three patient cohorts
at rates of 17%, 12%, and 0%; however, grade 3 or 4 treatment-related adverse events
occurred in all three cohorts in 54%, 16%, and 13% of patients, respectively [40]. Despite
treatment-related adverse effects, joint nivolumab and ipilimumab therapy showed a high
intracranial response, indicating its potential as a primary therapy option for untreated and
asymptomatic melanoma brain metastases [40].

Since Long et al.’s contributions, a smattering of other encouraging data points has
surfaced. Di Giacomo et al. recently presented the first phase III trial exploring the
improved survival of patients with asymptomatic brain metastases following ipilimumab
treatment alongside fotemustine or nivolumab treatment [41]. Their results indicated that
treatment with ipilimumab and nivolumab provided the highest four-year survival rate
of the tested combinations at 41% (95% CI, 20.6–61.4) [41]. More recently, Larkin et al.
confirmed that independent nivolumab treatment maintained superior efficacy compared
to independent ipilimumab treatment for patients enrolled as per the American Joint
Committee on Cancer version 8, similar to version 7 criteria [42]. A focus on the further
characterization of dual treatment versus the independent treatment of both drugs for
patients diagnosed by the latest criteria is still necessary to identify a treatment course
with the highest clinical efficacy. In their own trial follow-up, Tjulandin et al. identified
prolgolimab, an lgG1 anti-PD-1 monoclonal antibody, as another therapy option for non-
resectable, metastatic melanoma patients [43]. Other treatments involving anti-PD-1 options
are also being further researched. Eggermont et al. investigated pembrolizumab treatment,
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finding a three-year progression-free survival rate of 32% (95% CI 25–40) when crossing
over into treatment following the placebo [44]. With a plethora of emerging treatment
course options, higher power trials are necessary to characterize the efficacy of each option.
Benchmark studies between therapy option candidates are needed to identify the highest
efficacy treatment method.

In addition to improving drug therapy, emerging research addressing other clinical
course features for patients with melanoma brain metastases is also abundant. Radiother-
apy approaches, in particular, can often improve the accuracy and accessibility. A study
conducted by Tran et al. assessed the pre-trial cost-effectiveness of whole-brain radiother-
apy, hippocampal-avoidant radiotherapy, and observational methods such as stereotactic
radiosurgery or surgery alone (Figure 3) [45]. Hippocampal avoidant radiotherapy was
shown using probabilistic sensitivity analysis as the preferred method in 77% of simula-
tions. Other studies have confirmed the data quality from observational methods such as
whole brain radiotherapy and the preferred hippocampal avoidant radiotherapy [35,36].
Aside from the cost considerations, additional research addressing improvable features of
utilized observational methods could lead to better patient outcomes and conserve clinical
resources. Despite the magnitude of emerging research, further studies are needed to
identify prospective front-line therapy options that promote greater clinical efficacy.

Life 2023, 13, x FOR PEER REVIEW 9 of 15 
 

 

 

Figure 3. Illustration of two observational methods: radiosurgery and surgery alone. Figure created 

with BioRender.com (accessed on 18 December 2022). 

4. Discussion 

The early detection and treatment are significant for MBM disease management 

[45,47]. MBM is typically detected in the later stages of cancer, which may be attributed to 

both the low permeability of the BBB and the lack of reliable biomarkers (at the time of 

writing) [17,48,49]. Currently, the biomarkers under study for early diagnosis include 

BRAFV600-Mutant ctDNA, LDH, and IGF-I [13]. The efficacy of LDH is under continued 

investigation with conflicting reports on the survival rates of patients with low versus 

high levels. There is less debate regarding the potential of the BRAF mutation. Higher 

rates of BRAF mutations were reported among MBM compared to primary and extracra-

nial melanoma metastases [49]. Similar findings outside the data reviewed reported larger 

cases of MBMs and worse neurological symptoms among patients with tumor BRAF mu-

tations compared to their wild-type counterparts [45]. The BRAFV600 mutation correlates 

with hyperactivation of the MAPK signaling pathway. Biomarkers are a viable option for 

the diagnosis of MBM and further studies implicate the NRAS and CKIT mutation as in-

dicators, though unreliable markers [50,51]. Detection imaging through WB-DWI had a 

lower SE in detecting metastases and was reported to be effective at detecting extracranial 

metastasis [23]. MRI remains the preferred method for detecting brain lesions [22]. Alt-

hough MRI is not considered effective among patients with completely resected stage III 

melanoma prior to administering adjuvant treatment [52], an awareness of the risk factors 

aids in early detection. Currently, MBM is reported to favor left-side tumors with a signif-

icantly higher risk in males than females [53]. 

Treatment combining targeted and immunotherapies with radiotherapy appears op-

timal for OS and PFS in patients with MBM, though co-administration is linked to adverse 

effects [40,54,55]. The combination of treatments is associated with increased radiation 

necrosis and grade 3/4 toxicities [55]. Incorporating radiotherapy, SRS is becoming 

Figure 3. Illustration of two observational methods: radiosurgery and surgery alone. Figure created
with BioRender.com (accessed on 18 December 2022).

A review of 2762 studies of melanoma brain metastasis outlined several risk factors
associated with hazard for death and survival benefit [46]. Hazard of death was associated
with increased age, presence of extracranial metastasis, and an increased Charlson–Deyo
score of 1 or 2 (comorbidity index) [46]. Increased survival was associated with government
and private-based insurance and treatment at an academic center [46]. Furthermore, WBRT
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and WBRT + IT were associated with increased risk of death, whereas SRS + IT was
associated with a survival benefit [46].

The BRAF gene plays a crucial role in determining patient treatment. Inhibitors of
BRAF downstream MAPK and/or MEK are more effective than chemotherapy in the
treatment of BRAFV600E-mutated metastatic melanoma [47]. However, the issue of drug
resistance remains a significant challenge. A novel drug, E6201, acts as an ATP-competitive
MEK1 inhibitor that has shown success in patients with brain metastasis with BRAF V600E
and CTNNB1 mutations [47]. While the effect of CTNNB1 on the MEK pathway is unknown,
E6201 provides insights into the mechanism of metastatic melanoma progression into brain
metastasis [47]. A different study using patient derived xenografts highlighted RAS and
MAP2K1/2 mutations as conferring resistance to BRAF inhibition [22]. Additionally, the
established melanoma cell lines showed a significant bias toward BRAF, TP53 mutations,
and CDKN2A loss [22]. Pre-clinical data by several groups have suggested that combining
BRAF/MEK inhibitors with PI3K/mTOR inhibitors may overcome resistance in BRAF
mutant melanomas [22]. A case study focused on BRAF G466E and BRAF K601E mutations
with decreased and increased kinase activity, respectively. The results indicated that
mutations resulting in increased MAP kinase activity may respond better to MEK inhibitors,
whereas patients with mutations resulting in low MAP kinase activities may benefit from
treatment with inhibitors of various immune checkpoints [48].

4. Discussion

The early detection and treatment are significant for MBM disease management [45,47].
MBM is typically detected in the later stages of cancer, which may be attributed to
both the low permeability of the BBB and the lack of reliable biomarkers (at the time
of writing) [17,48,49]. Currently, the biomarkers under study for early diagnosis include
BRAFV600-Mutant ctDNA, LDH, and IGF-I [13]. The efficacy of LDH is under continued
investigation with conflicting reports on the survival rates of patients with low versus high
levels. There is less debate regarding the potential of the BRAF mutation. Higher rates
of BRAF mutations were reported among MBM compared to primary and extracranial
melanoma metastases [49]. Similar findings outside the data reviewed reported larger
cases of MBMs and worse neurological symptoms among patients with tumor BRAF mu-
tations compared to their wild-type counterparts [45]. The BRAFV600 mutation correlates
with hyperactivation of the MAPK signaling pathway. Biomarkers are a viable option
for the diagnosis of MBM and further studies implicate the NRAS and CKIT mutation as
indicators, though unreliable markers [50,51]. Detection imaging through WB-DWI had
a lower SE in detecting metastases and was reported to be effective at detecting extracra-
nial metastasis [23]. MRI remains the preferred method for detecting brain lesions [22].
Although MRI is not considered effective among patients with completely resected stage
III melanoma prior to administering adjuvant treatment [52], an awareness of the risk
factors aids in early detection. Currently, MBM is reported to favor left-side tumors with a
significantly higher risk in males than females [53].

Treatment combining targeted and immunotherapies with radiotherapy appears opti-
mal for OS and PFS in patients with MBM, though co-administration is linked to adverse
effects [40,54,55]. The combination of treatments is associated with increased radiation
necrosis and grade 3/4 toxicities [55]. Incorporating radiotherapy, SRS is becoming pre-
ferred compared to WBRT due to its precise approach targeting metastatic tumors and
minimizing adverse effects such as memory loss, as seen with WBRT [24,33]. The com-
bination of BRAF + MEK inhibitors was shown to yield superior outcomes and prolong
OS [49,50]. The addition of trametinib has been reported to improve OS compared to
dabrafenib alone in patients with BRAF Val600 mutation-positive melanoma [56,57]. A
second-line therapy of combined BRAF + MEK displayed the highest survival outcome
when relative to immune checkpoint blockade therapy [50]. The most optimal treatment
appears to be a combination including SRS and immunotherapy.
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Clinical trials investigating emerging therapies are focused on immune checkpoint
inhibitors and small-molecule targeted drugs. Temozolomide, in combination with so-
rafenib, has exhibited antiangiogenic effects indicating treatment potential [27]. Moreover,
the co-administration of temozolomide and IFN-α2b showed improved responses and sur-
vival [26]. Additional immunotherapies including nivolumab and ipilimumab need further
investigation regarding the optimal combination ratio and timing of treatment administra-
tion. The administration of ipilimumab alone improved OS, but may be enhanced with
nivolumab [58]. There is a reported high intracranial response across cohorts of MBM pa-
tients treated with nivolumab and ipilimumab [40]. These reports are concurrent to those of
patients responding with over 80% tumor regression following combined ipilimumab and
nivolumab therapies [59]. Prolgolimab has also been identified as a potential therapy for
non-resectable, metastatic melanoma patients [43]. Similarly, metastatic melanoma tumors
have been reported to reduce in size following treatment with anti-PD-1 therapy through
activated CD8+ T cells at the tumor site [60–62]. Anti-PD-1/L1 therapy minimized MBM
and improved overall survival in mice with robust T cells in extracranial and intracranial
metastatic sites when sequenced prior to MAPKi [61]. MEKi and anti-PD1 treatment in the
BRAF wild-type subgroup induced a high tumor control rate of 83% and a median PFS of
7.1 months [63]. This combination of anti-PD1 with BRAFi and/or MAPKi requires further
prospective studies. There is no reported difference in OS between first-line BRAFV600

and MEK inhibitors when compared to nivolumab + ipilimumab treatment, though both
showed an improvement among patients [64]. This contradicts the reports of second-line
ipilimumab + nivolumab following BRAF-MEKi, which showed poor activity, with MBM
resisting treatment among both lines [64]. Emerging preclinical data for inhibitor buparlisib
treatment was shown to be effective in mouse models [65]. Buparlisib alone displayed
reduced proliferation, tumor progression, and induced apoptosis among the tissue samples.
It is important to note that these findings were found in the brain tissues of treatment-naïve
samples [65].

Though early detection is necessary to improve the efficacy of disease manage-
ment, combined treatments appear to be most promising for improving the ongoing
approaches [47,48]. Currently, therapies are incorporated into treatment courses regardless
of surgical intervention; therefore, it is vital to ensure their efficacy. Further investigation
into early detection and risk factors is necessary to improve the treatment and survival
rates among patients with MBM, as brain metastasis is responsible for more than half of
all melanoma deaths [65]. Objective treatment plans cannot be listed as each patient must
receive specific treatment based on their medical history and preferences.

5. Limitations

A primary limitation of the present review was the lack of available original literature
meeting the established criteria set. Furthermore, the severity of melanoma that metasta-
sizes to the brain limits the number of cases available to be studied and the time frame in
which researchers have to test courses of treatment [15]. These limitations may pose issues
in procuring cohorts that meet the study criteria and in gathering results from longitudinal
studies exceeding six months [15]. Additionally, while ctDNA is a promising biomarker for
predicting the course of metastatic melanoma, there exists evidence highlighting difficulties
in its detectability in some patients weeks after the onset of treatment [17]. As a result
of acquired resistance, solely looking at BRAFV600-mutant ctDNA may not represent a
sufficient avenue to predict the clinical outcomes of advanced melanoma [17]. Existing
studies are also yet to discern between the adverse effects of administered immunother-
apies versus those associated with disease toxicities due to a lack of information on the
timing of administration [55]. This information is needed to differentiate the sources of
outcomes such as gangrene and impaired cognitive function [55]. The combination of
immunotherapy treatments such as dabrafenib and trametinib showed promising results in
increasing patient survival, as reported by Long and colleagues [18]. Overall, these and the
other discussed drug combinations were tolerated well, but poor responsiveness observed
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in a subset of patients validates the demand for greater granularity of patient information
in pooled research moving forward [17]. Future research should thus aim to isolate risk
factors (genomic and otherwise) that may potentiate misjudged hazards associated with
prospective immune therapy cocktails.

6. Conclusions

The present review identified current and emerging detection methods and treatments
for MBM. Across sources, detection was reported to be predominantly through imaging
including WB-DWI and MRI. Biomarkers were noted as potential indicators, though they
are not currently reliable. The present treatment mainly relies on chemotherapies and
targeted therapies as the BBB obstructs the success of other treatment methods. Approaches
combining detection methods or treatments enhance the efficacy of both. The optimal ratio
and timing of conjunctive therapies remain under investigation, though this administration
method is associated with adverse effects. The patient survival rate and quality of life
may improve with the minimization of the negative effects associated with combined
treatment. Further investigation into the early detection of MBM—which may be attained
with reliable biomarkers—would be most effective for disease management. With this,
an objective course for care cannot be described as each patient requires personalized
treatment based on their medical history and preference. The continued exploration of
melanoma must include metastatic melanoma to improve the efficacy of detection and
treatment. Overall, sources that include MBM point toward progress and patient benefits
regarding risk, detection, survival, and treatment.
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