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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 .

melanoma cerebral metastases MBM early detection

| 1. Introduction

The incidence of melanoma has exponentially increased in developed countries, accounting for 1.7% of cancer
diagnoses worldwide, and remains the fifth most diagnosed cancer in the United States [l. 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
rates are higher in men than women [l 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, congenital disorders, and UV exposure from predisposing lifestyle/profession [,
Melanoma diagnoses are classified into five stages, 0-1V, where stage 0 is known as melanoma in situ, and the
last stage is defined as metastatic melanoma (MM) M. 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%) Bl 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 (9],

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 4. 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 histopathologic diagnosis of primary superficial
spreading (8. 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 &,
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| 2. 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 . Patients with metastatic brain melanomas have very high mortality rates, and the median survival rate
after diagnosis is six months 19, Additionally, in many cases, brain metastases are only detected in the later stages
of cancer and are usually made up of multiple lesions 1. 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 treatment for a single or solitary brain metastasis is unclear and varies
by patient 1. 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 19, Studies have also not shown how these biomarkers may change throughout treatment and how they

may signify improvement 1211121,

A promising biomarker is cell-free circulating tumor DNA (ctDNA) in determining the prognosis. A study revealed
through quantitative PCR that the elevated pretreatment 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) 12, Evidence is
increasingly demonstrating that pretreatment ctDNA, which is undetectable, is associated with significantly longer
progression-free survival and overall survival 12, 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
(12 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 23, Conversely, patients with more than two times the normal LDH concentrations had
the shortest progression-free survival and overall survival rates 13l 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) 131, 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 24!,
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 (15 The results indicated

that the following factors were associated with lower progression-free survival: ECOG =1, elevated serum LDH
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>three metastatic sites, and non-naive status €. 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
i)

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 19,
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 9,
Patients in stage IIC were also more likely to have CNS progression than stage 1A or 11IB 29, In a comparable
study, 10% of patients with stage Ill disease were at risk for, and up to 46% of stage IV patients will develop brain

metastasis 19,

| 3. 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 4. 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 (8. 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 18, For example, previous research has cited that the co-administration of temozolomide (TMZ) and
IFN-02b exhibits antitumor activity, increased response rates, and in some instances, complete remission 12,
Temozolomide with sorafenib also showed antiangiogenic effects (29, In vitro studies have also reported synergistic
antitumor activity from TMZ with cisplatin. Even more promising, numerous phase Il 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 [2L. 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 1).
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Figure 1. 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 checkpoint 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 22, 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 231, High-dose injections of Allovectin-7, on the other hand, have been shown to be well-
tolerated in stage IlI/IV MBM patients, but the results are lesion-specific 24, Others have explored IFN-a 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-a 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 (22, 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.

The second form of radiotherapy, stereotactic radiosurgery (SRS), has experienced a rapid uptake among patients

with brain metastases. It has become the preferred radiotherapeutic option for numerous reasons. In SRS, external
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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 28127128129 A|one,

SRS does provide a durable early response, but the effects are minimal when not administered concomitantly with
T[22,

Among the described treatment methods, the combined treatment of SRS and immunotherapy 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.

| 4. 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 treatment options. Emerging trials showcase how
newly tested combinations of medications can increase the clinical efficacy for metastatic melanoma. For example,
the characterization of nivolumab and ipilimumab therapy is ongoing as the effects still need to be fully understood,
especially in active brain metastases. A phase Il trial led by Long achieved significant intracranial response in
patients with active melanoma brain metastases 9. 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,
followed by 20% (95% Cl, 7-41) in the second cohort, and 6% (95% CI, 0-30) in the third cohort B9, 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 B9, 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 29

In addition to improving drug therapy, emerging research addressing other clinical course features for patients with
melanoma brain metastases is also abundant. Radiotherapy 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
radiotherapy, hippocampal-avoidant radiotherapy, and observational methods such as stereotactic radiosurgery or
surgery alone (Figure 2) 1. Hippocampal avoidant radiotherapy was shown using probabilistic sensitivity analysis
as the preferred method in 77% of simulations. Other studies have confirmed the data quality from observational
methods such as whole brain radiotherapy and the preferred hippocampal avoidant radiotherapy (28132, 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.
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Figure 2. lllustration of two observational methods: radiosurgery and surgery alone. Figure created with
BioRender.com (accessed on 18 December 2022).

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 (231,
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 [B8l. While the effect of CTNNB1 on the MEK pathway is unknown, E6201 provides insights into
the mechanism of metastatic melanoma progression into brain metastasis [23l. A different study using patient
derived xenografts highlighted RAS and MAP2K1/2 mutations as conferring resistance to BRAF inhibition 24!,
Additionally, the established melanoma cell lines showed a significant bias toward BRAF, TP53 mutations, and
CDKN2A loss B4, Pre-clinical data by several groups have suggested that combining BRAF/MEK inhibitors with
PI3K/mTOR inhibitors may overcome resistance in BRAF mutant melanomas 24!, 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 33,
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