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Abstract While selective BRAF inhibitors have demon-

strated improved outcomes in patients with metastatic BRAF

V600E mutant melanoma, management of brain metastases

prior to and during therapy presents challenges. Stereotactic

radiosurgery (SRS) is an effective treatment for melanoma

brain metastases, but there is limited safety and efficacy data

on the use of SRS during BRAF therapy. An analysis was

performed of patients with metastatic melanoma and brain

metastases treated with SRS while on vemurafenib. MRI

scans were reviewed post-SRS to evaluate local control (LC)

as well as distant control. We identified 80 metastatic mela-

noma brain lesions treated in 24 patients. The median plan-

ning target volume was 0.28 cm3 (range 0.05–4.19 cm3), and

lesions were treated to a median dose of 24 Gy (range

15–24 Gy). The median follow up was 5.1 months (range

2–25.2 months). Eight (10 %) lesions showed progression at

a median of 6.1 months (range 2–20.1 months) following

SRS. Kaplan–Meier LC estimates at 6 and 12 months were 92

and 75 %, respectively. Fourteen (58 %) patients were noted

to have distant brain failure at a median of 3.4 months (range

1.9–16.1 months) following treatment with SRS. Median

overall (OS) from the date of SRS was 7.2 months (range

1.5–26.8 months) with a median of 11.9 months (range

1.5–28.5 months) since the date of brain metastases diagno-

sis. There was no evidence of increased toxicity with the

combination of SRS and vemurafenib. SRS to brain metas-

tases appears to be both safe and effective for patients treated

concurrently with BRAF inhibitors.
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Introduction

Progression of intra-cranial disease is the most frequent

cause of death in patients with melanoma metastases [1, 2].

Metastatic disease to the brain from melanoma has a poor

prognosis with a median survival of 3–5 months [1].

Approximately 40–60 % of cutaneous melanoma patients

harbor the BRAF mutation which results in the constitutive

activation of the serine–threonine protein kinase B-RAF

(BRAF) and the downstream mitogen-activated protein

kinase (MAPK) pathway [3, 4]. Ninety percent of activating

exon 15 BRAF mutations occur at the V600 codon (pre-

dominantly V600E). Vemurafenib is a selective inhibitor of

BRAF V600E, as well as other RAF kinases, leading to

inhibition of the MAPK pathway, inhibition of cellular

proliferation, cell cycle arrest, and apoptosis [5]. In a ran-

domized phase III trial of metastatic melanoma patients

whose disease harbored the BRAF V600E mutation,

vemurafenib improved overall response rates, progression-
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free survival, and overall survival (OS) when compared to

dacarbazine [6].

A phase II trial was reported by Long et al. of dab-

rafenib, a BRAF kinase inhibitor [7]. The authors reported

an approximately 40 and 30 % intracranial response rate in

patients with previously untreated and treated metastases,

respectively. The response of brain metastases to vemu-

rafenib appears encouraging [8, 9]. Results from 24 met-

astatic melanoma patients in an open label trial were

recently reported [9]. Seven (37 %) patients achieved

[30 % intracranial tumor regression, and three (16 %)

patients achieved a partial response. There has been hesi-

tation to combine vemurafenib with radiation treatment to

the brain due to case reports noting increased skin toxicity

[10–12]. Narayana et al. reported initial results of 12

patients treated with stereotactic radiosurgery (SRS) or

whole brain radiation treatment (WBRT) prior to or along

with vemurafenib [13] and Gaudy-Marqueste et al. recently

reported on 53 gamma knife radiosurgeries (GKRS) per-

formed prior to or alongside vemurafenib or dabrafenib in

30 patients [14]. In this study, we assess our results in the

combined treatment of vemurafenib and LINAC based SRS

for melanoma brain metastases.

Methods and materials

Between March 2010 and November 2013 a total of 80

consecutive lesions in 24 patients with the V600E mutation

were treated with concurrent vemurafenib dosed to 960 mg

two times a day. Patients were instructed to hold the drug

for 2–3 days before and after SRS treatment. Patients were

followed until May 2014. The records for these patients

were retrospectively reviewed. The study was approved by

our Institutional Review Board (IRB).

SRS technique

Metastases were defined using magnetic resonance imaging

(MRI) (Siemens Sonata, Siemens Medical Systems, Er-

langen, Germany) with 1 mm slices for treatment planning

purposes prior to the delivery of radiation. The MRI image

was co-registered and fused with computed tomography

(CT) imaging (General Electric Medical System, Milwau-

kee, WI). A uniform 1 mm expansion of the gross tumor

volume (GTV) was used to create the planning target

volume (PTV). All lesions were treated in a single fraction.

Doses were prescribed to ensure coverage of at least 95 %

of the PTV with the prescription dose. Dose selection was

based on the size of the lesion according to RTOG criteria

[15]. Dose level reductions were performed based on

proximity to critical structures and plan conformity.

Constraints placed on SRS planning included max point

doses of B8 Gy to the optic nerves and optic chiasm and

B16 Gy to the brainstem. Treatments were delivered using

multiple dynamic conformal arcs or intensity modulated

radiotherapy (IMRT). Patient immobilization was achieved

by using a commercially available head mask fixation

system (Brainlab AG, Feldkirchen, Germany). Treatments

were delivered with the BrainLab Novalis Classic LINAC

with 6 MV photons. Imaging was provided with the

BrainLab Exac Trac positioning system.

Follow-up

Patients in this study were followed with examinations by

the treating radiation oncologist, neurosurgeon, or medical

oncologist with MRI imaging at 2–3 month intervals. At

each visit neurologic status was assessed. Toxicity of treat-

ment was assessed by the Radiation Therapy Oncology

Group (RTOG) grading system. Local failure was defined as

a 20 % radiographic increase in the size of the previously

irradiated area according to RECIST criteria version 1.1

[16]. Distant brain failure was defined as new brain metas-

tases or leptomeningeal enhancement outside the previously

irradiated volume. The primary endpoint for this study was

local failure. Secondary endpoints included distant brain

failure, OS, and toxicity of treatment, and were calculated

from the date of treatment to the event date.

Statistical analysis

Statistical analyses were performed using JMP 11 (SAS

Institute Inc, Cary, NC, USA). Descriptive statistics were

used to summarize the cohort including median and range

for continuous variables or counts and percentages for

categorical variables. The OS, local control (LC), and

distant brain control (DC) rates were calculated from the

date of treatment to the date of death or progression using

the Kaplan–Meier method. A two-tailed p \ 0.05 was

considered statistically significant.

Results

Patient and lesion characteristics

Patient characteristics are summarized in Table 1. The

median age of patients was 58.5 years (range 21–88) and

the majority of patients were male (n = 19; 79.2 %).

Seven patients were treated with cytotoxic chemotherapy

prior to starting vemurafenib. In addition, prior to starting

treatment with vemurafenib, one patient was treated with

interleukin-2, 8 patients received ipilimumab, 6 patients

received a MEK inhibitor, and 2 patients received anti-PD1
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therapy. No patients presented with metastases to the brain

at the time of initial melanoma presentation. Seven patients

(29.2 %) were treated for a single site of metastases while

17 patients (70.8 %) were treated to multiple sites of

metastases (range 2–6).

Lesion characteristics are summarized in Table 2. The

median follow-up for all lesions following SRS was

5.1 months (range 2–25.2 months) with a follow-up of

6.3 months (range 2.4–26.8 months) following brain

metastases diagnosis. Total treatment dose was 15 Gy in 3

lesions (3.8 %), 16 Gy in 1 lesion (1.3 %), 18 Gy in 14

lesions (17.5 %), 20 Gy in 1 lesion (1.3 %), 21 Gy in 23

lesions (28.8 %), and 24 Gy in 38 lesions (47.5 %). The

median time from start of vemurafenib to SRS treatment

was 5.2 months (range 0.4–17.1 months).

Local and distant brain control

Eight lesions were found to undergo local failure. Rates of 6

and 12 month LC for all lesions were 92 and 75 %, Fig. 1.

Of the patients who experienced local failure, median time

to event was 6.1 months (range 2–20.1 months) post SRS.

Fourteen patients (58 %) were found to undergo distant

brain failure on follow-up imaging. In these patients,

distant brain failure occurred at a median of 3.4 months

(range 1.9–16.1 months) following treatment with SRS.

Nine of these patients (64 %) failed while on treatment

with vemurafenib. Rates of 6 and 12 month DC for all

patients were 45 and 23 %, respectively, as seen in Fig. 2.

Of the patients who experienced distant brain failure, 6

received whole brain radiation therapy and 5 patients

received further SRS to new sites of metastases.

Overall survival

Fifteen patients (62.5 %) were dead at the time of study

analysis. Median OS from the date of SRS was 7.2 months

Table 1 Patient characteristics

Variable n %

No. of patients 24

No. of lesions 80

No. of lesions treated per patient

Median 2.5

Range 1–13

Age (years)

Median 58.5

Range 21–88

Gender

Male 19 79.2

Female 5 20.8

KPS %

100 7 29.2

90 12 50.0

80 5 20.8

DS GPA

1 9 37.5

1.5 9 37.5

2 6 25.0

No. of metastases at presentation

Multiple 17 70.8

Single 7 29.2

KPS Karnofsky performance score, DS-GPA diagnosis specific gra-

ded prognostic assessment score

Table 2 Lesion characteristics

Variable n %

FU from SRS

Median (months) 5.1

Range (months) 2–25.2

FU from brain metastases diagnosis

Median (months) 6.3

Range (months) 2.4–26.8

Interval between start of vemurafenib and SRS

Median (months) 5.2

Range (months) 0.4–17

GTV

Median (cm3) 0.1

Range (cm3) 0.01–2.6

PTV

Median (cm3) 0.28

Range (cm3) 0.05–4.19

Diameter (mm)

Median 6.5

Range 2.6–20

Dose

15 Gy 3 3.8

16 Gy 1 1.3

18 Gy 14 17.5

20 Gy 1 1.3

21 Gy 23 28.8

24 Gy 38 47.5

Location of metastases

Basal ganglia 2 2.5

Cerebellum 9 11.3

Frontal 34 42.5

Occipital 5 6.3

Parietal 14 17.5

Temporal 15 18.8

Thalamus 1 1.3

GTV gross tumor volume, PTV planning target volume
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(range 1.5–26.8 months) with a median of 11.9 months

(range 1.5–28.5 months) since the date of brain metastases

diagnosis. There was a trend towards improved survival and

greater diagnosis specific graded prognostic assessment

(DS-GPA); OS rates at 6 and 12 months were 61 and 38 %

for class 1–1.5 and 100 and 83 % for class 2 (p = 0.07).

Toxicity

There was no evidence of scalp reactions or skin toxicity

after SRS in our treated cohort. Two months following

treatment, one patient was noted to have a seizure in a

previously treated temporal lobe metastases. MRI imaging

revealed hemorrhage and the patient was taken to the OR

for surgical resection. Pathology revealed tumor recurrence

and radiation necrosis. In addition, one patient was noted to

have grade 1 headaches after SRS and was prescribed

steroids. One additional patient experienced grade 1 fatigue

and vertigo following treatment, which subsided 1 week

following treatment. There was no evidence of grade 3 or

greater radiation toxicity noted.

Discussion

In this study of vemurafenib with SRS for the treatment of

melanoma brain metastases, we note several findings. First,

good LC is achieved in the combined treatment of vemu-

rafenib with SRS. However, many patients failed distantly

with a 12 month DC rate of 23 %. Finally, SRS appears to

be a safe treatment modality when combined with vemu-

rafenib with low rates of toxicity noted in our patient

cohort.

Randomized trials have shown a proven benefit to the

treatment of extracranial disease with vemurafenib. A phase II

trial of 132 patients showed that when using vemurafenib

alone an extracranial response rate of 53 % [95 % confidence

interval (CI) 44–62 %; 6 % with a complete response and

47 % with a partial response] can be achieved [17]. The

median OS of patients in the trial was 15.9 months. A phase III

randomized clinical trial was conducted comparing vemu-

rafenib with dacarbazine in 675 patients with previously

untreated, metastatic melanoma with the BRAF V600E

mutation [6]. OS was reported to be 84 % in the vemurafenib

group and 64 % in the dacarbazine group at 6 months.

Vemurafenib was associated with a relative reduction of 63 %

in the risk of death and of 74 % in the risk of either death or

disease progression, as compared with dacarbazine.

With improved extracranial systemic control, rates of

intracranial control have become increasingly important in

the management of metastatic melanoma. The response of

vemurafenib for metastatic disease in the brain appears

encouraging. Recently, results from an open label trial of

24 metastatic melanoma patients with non-resectable,

previously treated brain metastases was reported [9].

Median progression-free survival and OS was 3.9 and

5.3 months, respectively. Seven (37 %) patients achieved

[30 % intracranial tumor regression, and three (16 %)

patients achieved a confirmed partial response. Vemu-

rafenib was well tolerated with grade 3 AE reported in 4

patients. Mixed results have been reported in single insti-

tution case reports and series in the response of brain

metastases with vemurafenib [18, 19]. A phase II trial is

currently open and assessing the efficacy and safety of

vemurafenib in previously treated and untreated brain

metastases (clinicaltrials.gov: NCT01378975).

There has been caution in combining vemurafenib with

radiation treatment due to fears of increased toxicity. Studies

have revealed a radiosensitization effect with vemurafenib

[20] and several case reports have reported increased skin

toxicity. Radiation recall dermatitis has been reported in a

previously irradiated area as well as scalp reactions in

patients treated with WBRT [5, 10–12, 21]. However, with

the treatment of vemurafenib alone, cutaneous sequelae such

as squamous cell carcinomas, keratosis pilaris-like eruptions,

seborrheic dermatitis-like rashes, hand–foot skin reaction,

Fig. 1 Local control in all patients

Fig. 2 Distant brain control in all patients
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and photosensitivity have been reported [6, 22]. While a

synergistic effect may theoretically lead to increased toxicity

with the combined treatment of vemurafenib and radiation,

no significant skin reactions or unexpected toxicities were

noted in our patient cohort. The current treatment paradigm

at our institution is to hold vemurafenib for 2–3 days before

and after SRS treatment, due to the risks of presumed syn-

ergistic toxicity. Prospective studies are ongoing to assess the

safety and efficacy of concurrent radiotherapy and vemu-

rafenib (clinicaltrials.gov: NCT02145910).

Narayana et al. reported on outcomes in 12 patients who

received WBRT or SRS prior to or alongside vemurafenib

[13]. With a median follow-up of 12.2, 6 months LC,

freedom from new brain lesions and OS was reported as 75,

57, and 92 %. The distant brain failure rate was reported as

58.3 %, with a median time to failure of 14.5 months. In

addition, Gaudy-Marqueste et al. reported on 53 gamma

knife radiosurgeries (GKRS) performed in 30 patients

receiving vemurafenib or dabrafenib [14]. In 33 GKRS

there was concurrent BRAF inhibition, four of these were

with a transient break and in the remaining 20 BRAF

inhibition took place after GKRS. A [20 % increase in

volume was noted in 13 % of treated lesions. Similar to our

LINAC-based SRS cohort treated with concurrent vemu-

rafenib, minimal treatment toxicity was noted.

LC of lesions was fairly high in our study with results

that appear slightly better than those of patients treated with

SRS alone for melanoma brain metastases [23–25]. This

may indicate a synergistic effect between BRAF inhibitors

and SRS. The 6 month distant control of about 45 % in our

study is comparable to reports from Narayana et al. and

slightly better than a median of 12.9 weeks for a new brain

metastases reported by Gaudy-Marqueste et al. Both local

and distant failures in our study occurred not only after SRS

but vemurafenib treatment as well. OS was 11.9 months

from the date of brain metastases diagnosis in our cohort,

indicating a possible correlation between extracranial sys-

temic control with vemurafenib and effective radiosurgery

treatment to the brain. The limitations of this study include

its retrospective nature with a diverse patient cohort, which

was heavily pretreated with multiple systemic agents. In

addition, a variety of dosing strategies were used for SRS

treatment to differing locations within the brain.

In conclusion, this study reports findings on the treat-

ment of brain metastases with SRS with concurrent

vemurafenib. DC rates appear similar to previously

reported series of patients with melanoma brain metastases

treated with vemurafenib. We report high rates of LC for

patients treated with vemurafenib and SRS. In addition,

there were no reports of increased skin or other toxicities

noted in our patient cohort indicating SRS is a safe man-

agement option in the combined treatment of melanoma

brain metastases who are also receiving vemurafenib.
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