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Abstract

Purpose: Brain metastases are a common problem in patients with melanoma, but little is known 

about the effect of gene mutations on survival in these patients.

Methods and Materials: We created a retrospective multi-institutional database of 823 patients 

with melanoma and brain metastases diagnosed between 2006 and 2015. Clinical parameters, gene 

mutation status (BRAF, C-KIT, NRAS ), and treatment were correlated with survival. Treatment 

patterns and outcomes were compared with a prior era (1985–2005).

Results: BRAF status was known in 584 of 823 patients (71%). BRAF, NRAS, and C-KIT 
mutations were present in 51%, 22%, and 11% of tested patients, respectively. The median time 

from primary diagnosis to brain metastasis was 32 months, and overall median survival (MS) from 

the time of initial treatment of brain metastases was 10 months. MS for BRAF-positive and 

BRAF-negative patients was 13 months and 9 months, respectively (P = .02). There was no 

significant difference in MS in patients with or without NRAS or C-KIT mutations. The time from 

primary diagnosis to brain metastasis did not vary by mutation and was not associated with 
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survival after the diagnosis of brain metastases. MS for the 1985 to 2005 and 2006 to 2015 cohorts 

was 6.7 months and 10.0 months, respectively (P<.01). Reflecting treatment-trend changes, use of 

whole-brain radiation therapy decreased from 48% to 26% during this period. Among BRAF-
positive patients, 71% received targeted BRAF and/or MEK inhibitors and 57% received some 

combination of targeted therapy, chemotherapy, and/ or immunotherapy.

Conclusions: For melanoma patients with brain metastases, BRAF-positive patients survive 

longer than BRAF-negative patients and overall survival has improved from 1985–2005 to 2006–

2015.

Summary

This retrospective study of gene mutations in 823 melanoma patients with brain metastases shows 

that BRAF- positive patients survive longer than BRAF-negative patients after the diagnosis of 

brain metastases and that overall survival for these patients receiving diagnoses from 2006 to 2015 

is improved compared with 1985 to 2005.

Introduction

The management of metastatic melanoma is rapidly evolving. Recent landmark trials have 

shown a survival benefit for immunotherapy (both CTLA-4 and PD-1 inhibition, 

independently and in combination) in selected patients (1–3), as well as for targeted 

therapies (both BRAF and MEK inhibitors, independently and in combination) (4–6). 

Despite these advances, brain metastases remain a common cause of morbidity and death in 

melanoma patients. In 2016, an estimated 76,380 patients were diagnosed with melanoma 

and approximately 10,000 will die from the disease (7). In nearly half of all melanoma 

patients, brain metastases will develop at some point in the course of their disease (8, 9), and 

brain metastases are the cause of death in 20% to 54% of patients with melanoma (10). 

Although melanoma represents only 4% of all cancers, it has garnered intense interest 

because of the progress achieved with targeted therapies and immunotherapies. Multiple 

preclinical studies (11–13) and case reports (14–16) have described radiation-induced 

immune enhancement (abscopal effect). Melanoma is also of interest because it has the 

highest propensity of all cancers to metastasize to the brain, and the underlying biological 

susceptibility for this is ill understood (17).

We previously demonstrated that the survival of patients with brain metastases varies widely 

by diagnosis and diagnosis-specific prognostic factors as defined by the Diagnosis-Specific 

Graded Prognostic Assessment (GPA) (18, 19). The melanoma cohort in our original study 

(1985–2005, n = 481) had a median survival of 6.7 months from the time of initial brain 

metastasis treatment. The only significant prognostic factors for survival in the study were 

Karnofsky Performance Status (KPS) and number of brain metastases. Our group recently 

reported prolonged survival in lung adenocarcinoma patients with EGFR and ALK 
alterations (20), and the 2010 lung GPA was updated accordingly (21). Little is known about 

the impact of gene mutations and the aforementioned systemic therapies on prognosis for 

melanoma patients with brain metastases. The purpose of this study was to determine the 

effect of gene mutations on survival and the time from primary diagnosis to brain metastasis 

(TPDBM).
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Methods and Materials

We created a multi-institutional institutional review board—approved retrospective database 

of 823 patients with melanoma and brain metastases diagnosed between 2006 and 2015, 

nonoverlapping with our earlier cohort. Clinical parameters, gene mutation status (BRAF, C-
KIT, NRAS ), and treatment were recorded, and each was analyzed for association with 

survival (measured from time of initiation of treatment of brain metastases), TPDBM, and 

cause of death. The log-rank test and Wilcoxon rank sum test were used to compare median 

survival and TPDBM, respectively. Multivariate Cox regression was used to confirm that 

noted survival differences are independent of other prognostic factors in the GPA. Data 

regarding the source of the tissue (primary vs brain) used for mutation assessment were not 

collected. The mutation status was determined by a variety of different Clinical Laboratory 

Improvement Amendments (CLIA)-approved laboratory methods used in the 10 

participating academic institutions.

Results

Patient characteristics

Table 1 shows the patient characteristics. Salient observations include that two-thirds of 

patients were male patients, two-thirds of patients died of nonneurologic causes (as reported 

in the medical record or deduced on retrospective chart review), younger patients were more 

likely to be BRAF positive, and survival varied directly with KPS and indirectly with the 

number of brain metastases and the presence of extracranial metastases. Survival from the 

time of brain metastasis diagnosis did not correlate with the TPDBM. The 2010 melanoma 

GPA was again confirmed as an accurate tool to estimate survival.

Survival and TPDBM

Table 2 shows median survival and TPDBM by gene status. Among patients tested for gene 

status, BRAF, NRAS, and C-KIT mutations were present in 297 of 584 patients (51%), 63 of 

285 patients (22%), and 32 of 293 patients (11%), respectively. Only 2% of patients showed 

positive results for multiple mutations. Unlike lung cancer, there was no strong interaction 

among these mutations with respect to overall survival, so each was analyzed separately. 

Median TPDBM was 32 months, and median overall survival was 10 months from the time 

of first treatment of brain metastasis. Patients with known BRAF status survived longer than 

those with unknown BRAF status (11 months [interquartile range (IQR), 5–30 months] vs 8 

months [IQR, 4–17 months]; P = .0007). Notably, most of the patients with unknown BRAF 
status received diagnoses in 2006 to 2009 before BRAF testing became routine, and 

conversely, most of the patients with known BRAF status received diagnoses from 2010 to 

2015. Vemurafenib, the first BRAF- targeted therapy, was approved by the Food and Drug 

Administration on August 17, 2011. The difference in the survival rate between known and 

unknown BRAF status correlates with the steady improvement in survival over time. 

Similarly, patients with known NRAS status survived longer than those with unknown 

NRAS status (12 months [IQR, 6–30 months] vs 9 months [IQR, 4–21 months]; P = .002). 

There was no significant survival difference between patients with known and unknown C-
KIT status. BRAF-positive patients survived longer than BRAF-negative patients (13 
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months [IQR, 6–33 months] vs 9 months [IQR, 5–24 months]; P = .02) (Fig. 1). 

Furthermore, after we adjusted for the existing melanoma GPA, BRAF-positive patients had 

superior overall survival compared with BRAF-negative patients (hazard ratio, 0.74; 95% 

confidence interval, 0.61–0.90; P<.01). There was no significant survival difference between 

NRAS-positive and NRAS-negative patients (14 months [IQR, 5–36 months] vs 11 months 

[IQR, 6–32 months]; P = .79) or between C-KIT—positive and C-KIT—negative patients (9 

months [IQR, 7–25 months] vs 11 months [IQR, 5–30 months]; P = .95). Regarding 

TPDBM, there was no significant difference between known and unknown or positive and 

negative gene status for BRAF, NRAS, or C-KIT.

Treatment

Table 3 shows an analysis of median survival and risk of death (hazard ratio) by treatment 

and by treatment era, adjusted by GPA. Salient observations include the following: (1) Use 

of whole-brain radiation therapy (WBRT) decreased from 48% to 26% between the 2 

treatment periods (from 1985–2005 to 2006–2015); and (2) use of stereotactic radiosurgery 

(SRS) (76% and 78%) and surgery (18% and 17%) remained nearly the same. 

Chemotherapy data were not available for the earlier study period, and that period predated 

the use of targeted therapy and immunotherapy.

Chemotherapies, targeted therapies, and immunotherapies

Among BRAF-positive patients, 194 of 272 (71%) received BRAF and/or MEK targeted 

drugs and 156 of 272 (57%) received some combination of BRAF and/or MEK targeted 

drugs with either immunotherapy or chemotherapy. Immunotherapy use increased from 40% 

to 50% to over 70% between 2009 and 2011, whereas chemotherapy use declined from 70% 

in 2010 to 28% in 2014. From 2006 to 2015, almost half of all patients (405 of 823 [49%]) 

received chemotherapy (carboplatin [n = 228], paclitaxel [n = 99], temozolomide [n = 262], 

bevacizumab [n = 29], investigational agents [n = 18], other [n=105]). Regarding the timing 

of chemotherapy, nearly equal numbers of patients received chemotherapy before (228 of 

405 [28%]) and after (239 of 405 [29%]) the diagnosis of brain metastases. More than half 

(224 of 405 [55%]) had complete data in terms of the start and stop dates of chemotherapy. 

The median duration of chemotherapy was 2 months. Table 4 shows the number of patients 

receiving immunotherapy, targeted therapy, and chemotherapy by year and BRAF status.

Cause of death

The cause of death was known in 485 of the 649 patients (75%) who died during the follow-

up period, and the cause was nonneurologic in 304 of 485 (63%).

Comparison to historical cohort

In this series of 823 melanoma patients with brain metastases, not only did BRAF-positive 
patients survive longer than BRAF-negative patients from the time of initial treatment of the 

brain metastasis, but the overall survival of 10 months was significantly longer than in our 

prior report (1985–2005) (10 months vs 6.7 months, P<.01) (18). Furthermore, the data were 

analyzed before and after ipilimumab and vemurafenib were approved by the Food and Drug 

Administration (August 2011). There was no significant difference in median survival 
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between patients who received diagnoses of brain metastases from January 2006 to July 

2011 and those who received diagnoses from August 2011 to December 2015 (Table 5).

Discussion

BRAF-positive melanoma patients with brain metastases survive longer than BRAF-negative 

patients. For individual patients and their physicians, such information about prognosis helps 

them make choices regarding whether treatment is appropriate and, if so, which treatment is 

appropriate.

In the larger context, there may be other implications. The management of patients with 

brain metastases is evolving away from the use of WBRT because of concern about 

neurocognitive toxicity (22–25). SRS alone is now a standard of care for patients with an 

increasing number of brain metastases. With the advent of targeted therapies and 

immunotherapies, an increasing percentage of patients in whom brain metastases develop 

will be treated with these agents before, after, or both before and after the diagnosis of brain 

metastases. There is conflicting literature showing both the risk (26, 27) and the reward (28–

35) of combining targeted therapies and immunotherapies with SRS.

The risk of such treatment includes pseudoprogression, cerebral edema, and delayed 

vasculitic leukoencephalopathy with T-cell infiltration (pathologically confirmed in patients 

who required craniotomy after anti—PD-1 immunotherapy and SRS) (26). Another study 

showed an increased risk of symptomatic radiation necrosis with SRS and BRAF inhibitors 

(11% for SRS alone and 28% for SRS combined with BRAF inhibition) (27).

The underlying mechanism of improved survival in this and other retrospective studies 

remains unclear, but multiple studies have suggested that the combination of SRS with 

targeted therapies or with immunotherapy and/or targeted therapies not only is well tolerated 

(31–34) but may yield a survival benefit (28, 35). Retrospective analysis of data from 2 

prospective anti—PD-1 (nivolumab) trials showed that the combination of nivolumab and 

SRS was well tolerated and that local control of brain metastases and overall survival 

appeared improved compared with historical controls (28).

What, if anything, is appropriate to conclude from conflicting literature? The most apparent 

difference in the management between the 2 treatment eras is the use of targeted therapies 

and immunotherapy. SRS alone or in combination with WBRT has improved 1-year local 

control rates of brain metastases to approximately 80% to 85% (22–25), but use of SRS was 

similar in both eras. There are limited data on immunotherapy alone for brain metastases. In 

a 2-arm prospective phase 2 trial of ipilimumab used as a single agent, the responses rates 

were 25% and 10% in melanoma patients with brain metastases who were asymptomatic not 

requiring steroids and symptomatic requiring steroids, respectively (36). A preliminary 

report of a phase 2 trial of pembrolizumab alone in patients with brain metastases showed a 

response was seen in 4 of 18 patients (22%) with melanoma (37, 38).

So, if immunotherapy alone offers limited response rates for melanoma patients with brain 

metastases and combined SRS and targeted therapies and/or immunotherapies offer greater 

response rates and improved survival in this and other retrospective series, it is reasonable to 
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argue that the combination is additive and synergistic and that the drugs act as 

radiosensitizers or, conversely, the radiation induces an enhanced immune response 

(abscopal effect). These data are consistent with the mounting literature (11–16, 29, 30) 

suggesting radiation may induce such an effect in this patient population, but these data 

cannot distinguish which, if any, of these possible mechanisms are responsible for the 

findings. Furthermore, there are other possible explanations for the apparent improvement in 

survival: lead-time bias from improved and/or more frequent imaging resulting in earlier 

disease detection and treatment, as well as selection bias inherent in any retrospective study.

Another concern that may result in missed therapeutic opportunity is the recent discovery of 

discordance in BRAF status between the primary tumor and brain metastases (39, 40). This 

finding suggests BRAF status should be assessed for both the primary and brain metastases 

whenever clinically feasible.

The observation that extracranial response to BRAF inhibitors exceeds intracranial response 

led to investigation of the relative concentration of vemurafenib in plasma and cerebrospinal 

fluid. The mean concentrations of vemurafenib in plasma and cerebrospinal fluid were 53.4 

mg/L and 0.5 mg/L (approximately 1%), respectively (41). Reasonable explanations for the 

seemingly contradictory findings that BRAF inhibitors do not cross the blood-brain barrier 

and yet BRAF-positive patients with brain metastases survive longer than BRAF-negative 

patients with brain metastases include that: (1) BRAF-positive melanoma is an inherently 

less biologically aggressive disease, and survival after the diagnosis of brain metastases is 

unrelated to the use of targeted therapies; and/or (2) the BRAF inhibitors may enhance the 

radiosensitivity of BRAF-positive melanoma brain metastases, but BRAF inhibitors alone 

are inadequate treatment in these patients. This conclusion is consistent with a recent review 

and other literature that suggested an enhanced response in some series but no response in 

others and have yet to show that BRAF inhibitors extend survival of melanoma patients with 

brain métastasés (42, 43).

Many other questions remain, such as how the risk and reward of multimodality therapy 

varies by gene mutation; other prognostic factors; and/or radiation dose, volume, and 

fractionation. Prospective trials are needed to answer these questions and better define the 

effect of gene mutations, BRAF and/or MEK targeted drugs, and immunotherapy in 

melanoma patients with brain metastases. Until the results of these and other studies are 

known, retrospective data such as those presented in this article provide imperfect insights 

but nonetheless illuminate prognosis, as well as current practice patterns, and are hypothesis 

generating.

Several limitations must be noted: (1) The database used is retrospective with inherent 

selection bias; (2) the myriad types, combinations, sequences, and timing of the targeted 

therapies and immunotherapies, as well as the type and dose of radiation therapy, preclude 

any conclusion from these data regarding which treatment is most effective in this patient 

population; and (3) limited data were available regarding the toxicity of combined-modality 

therapy. Last, transition to a diagnosis-specific GPA that incorporates molecular variables 

(molecular melanoma GPA), such as gene status, is needed to more accurately estimate 

survival for these patients in the modem era of targeted therapies and immunotherapy, guide 
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clinical decision making, and stratify future clinical trials to ensure comparison of similar 

patient groups.
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Fig. 1. 
Kaplan-Meier curve of survival by BRAF mutation status. Abbreviations: BM = brain 

metastasis; MS = median survival.
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