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Hypofractionated radiosurgery plus bevacizumab for locally recurrent brain metastasis with previously
high doseirradiation

Background

Selection of the appropriate treatment for recurbeain metastasis remains uncertain. Recent Stindiee

demonstrated a significant response rate and aduegbxicity using fractionated stereotactic radigery

(FSRS) in locally recurrent large brain metastpaisents. The purpose of this research was to atathe

efficacy and toxicity of FSRS with bevacizumab a®ea salvage treatment for locally recurrent brain

metastases with high dose irradiation previously.

Materials

Patients with recurrent brain metastasis previousdyliated were enrolled. The salvage FSRS rafrged 9.5

to 29 Gy (2-5 fx) with 62—75% isodose line by Cyoeife according to the brain tumor volume, sitedan

previous dose. Bevacizumab was prescribed fordgdes (5 mg/kg, g3w). The primary objective otetudy

was to identify the overall survival after salvagesatment. Secondary objectives included the dinesponse

(KPS), imaging response (MRI) and treatment-relatdbekrse events.

Results

From December 2009 to October 2016, 24 patients @erolled. The 1-year overall survival (OS) after

salvage SRS was 87.5%. Twenty-three (96%) patleadsa positive imaging response with a T2 volume

reduction range of 6 to 22 émedian 14 crfy p= 0.032, paired-test). Significant clinical improvement was

achieved (p<0.05, best KPS, paiteédst). Grade 1/2 fatigue was observed in 8 (334tigpts. Grade 3 fatigue

and headache occurred in 1 patient.

Conclusions
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Salvage FSRS with adjuvant bevacizumab treatmeestifavorable clinical and radiologic control as a

salvage treatment regimen. The diagnosis of RNL&hdfter salvage FSRS merit further study.

Key Words: SRS; Bevacizumab; Recurrent Brain Metastasis
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Introduction

In patients with malignancies, brain metastasesrmioc10-30% in adults. Due to improved systemardpy
and more prolonged survival, the incidence of bragtastases may increase. Patients with recurraimt b
metastases have an inferior prognosis and respatest salvage treatment options due to a lackimtal
efficacy. There are no standard approaches foemistivith recurrent brain metastases.

FSRS allows a precise treatment of the tumor wditeultaneously limiting the dose to the surrounding
previously irradiated normal tissue. Some prospedid retrospective studies have shown that FaR®e
well-tolerated, and the efficacy appears to be pgog in central nervous system tumors. [1-2] Rdgen
researchers have evaluated Fractionated StereoReudiosurgery as a treatment option for recurrent
glioblastoma and large brain metastases due to“thghapeutic ratio” (ratio of tumor cell killingptnormal
tissue toxicity) [3-4].

Bevacizumab (Avastin, Genentech, San Francisco \5%) is a humanized murine monoclonal antibody tha
is used directly against VEGF. The use of bevacauims resulted in a significant improvement otontes
in several diseases such as lung, kidney, coldracthbreast cancer and high-grade malignant glsdi&ija
Previously, VEGF was referred to as a “vasculamaability factor” with the potential to cause cégoy
endothelial leakage in cerebral tissues.

Prospective clinical trials have reported the safetd efficacy of concurrent stereotactic radiosuygvith
bevacizumab for the treatment of recurrent higldgrgliomas. Recurrent brain metastatic lesions igh
dose irradiation previously are quite often acconmgé by perilesional edema, which causes neurabgic
symptoms. Corticosteroids are used to alleviatenlmdema and reduce the mass effect, but theysaoeiated

with several debilitating long-term side effects.
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Thus, the goal of intervention in recurrent braietastasis, especially those with high dose irramhat
previously is to improve quality of life by contliolg the local disease while minimizing the risksignificant
toxicity. For this reason, we hypothesized that B&Rmbined with prophylactic treatment of low-dose
bevacizumab would provide the most effective apginaa the management of recurrent brain metastasis
minimizing acute toxicity [6]. The purpose of thesearch was to evaluate the efficacy and toxafiySRS
combined with the early use of low dose bevacizuash new salvage treatment scheme for locallymreau

brain metastases which were treated previously mgh-dose irradiation.

Materialsand Methods

Eligibility Criteria

This prospective study was performed accordingp¢oDeclaration of Helsinki. The protocol was revéeland
approved by the local ethical institutional revibaard. All patients provided written informed conse

The eligibility criteria were as follows: (1) lod¢glrecurrent intracranial metastasis previouslpated with SRS
or WBRT plus SRS; (2) lesions diagnosed based ewlthical course, serial magnetic resonance (MR)
imaging features, and PET when available; (3) lesimausing progressive neurological deterioratiwh a
refractory to conservative management; (4) 6 moattes previous irradiation; (5) >18 years of a@;patient
refused surgery due to physical conditions andifikeof surgery; (7) no contraindications for bexamab; (8)
KPS > 40.

Exclusion criteria were as follows: (1) hypertemsi(?) cerebrovascular or cardiovascular disedye; (

nonhealing ulcers or wounds; (4) proteinuria, retyasfunction.
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Baseline Evaluation and Treatment

The following data were recorded: age, sex, princarycer, number of brain metastases, interval frotal
radiotherapy to salvage SRS, volume of recurresibiie previous radiation dose, and imaging, anelbees
Karnofsky performance score. Blood routine, hepatal function, and medical records were also aedlyz
BED was calculated using the LQ model with an alipbia ratio of 10.

FSRS was performed using the CyberKnife Radiosalt@gstem (Accuray, Sunnyvale, CA, USA). Thin-slice
(2.25 mm) computed tomography (CT, GE Light spetchll6 Slice, USA) with iohexol contrast (Omnipagu
Amersham, Norway) and fat-suppressed thin-slicaf? MRI were used to scan the region of intere$ta@d
MRI scans were then fused using the CyberKnifemplansystem to identify the target. Radiation ongats,
neurosurgeons, and radiation physicists particgpateéumor delineation, planning, and dose selecfide
gross tumor volume was defined by an enhanced toméused images. The radiation dose was determined
according to the brain tumor volume, site and presiirradiation dose, ranging from 9.5 to 29 Gywno to

five sessions, prescribed to the 62—75% isodose Tihe dose was prescribed to cover the gross tualome
[1]. Bevacizumab (5 mg/kg, every three weeks) wasgribed to all patients after completion of the
CyberKnife treatment. Patients continued to recdigeurses of bevacizumab [6-7]. Systemic therapy w
chosen by the physician because no standard séicenteatment approach has been accepted fompstie
with recurrent brain metastases. Also, the reginmesl to be individualized according to the tumataton

status and histology.

Assessment and Toxicity
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After treatment, all patients underwent clinicatlaadiological follow-up every three months. Thdicdogical
examination included MRI and other necessary exatiains. KPS after treatment, adverse event occceren
and associated clinical outcomes were recordedciipxvas assessed using the CTCAE 4.0 (Common

Terminology Criteria for Adverse Events).

Endpoints and Statistics

The primary objective of this study was to identifig overall survival after salvage treatment. deoy
objectives included the clinical response (KPSadmg response and treatment-related adverse events
All characteristics were described by the frequenfoyategorical variables, by means and standardiiens
for normal distributional continuous data, and b median for nonmoral distributional continuoutada
Survival curves were estimated using the Kaplanekeiethod and compared with the log-rank test.

Univariate and multivariate analysis was perforrasithg a Cox proportional hazards regression model.

RESULTS

Patient Characteristics

Between December 2009 and October 2016, 24 patiarsenrolled in this prospective study (FigureThe
patient characteristics are listed in Table 1; fithe patients were male and 12 females, the mextjarwas 58
years (range from 36 to 73 years). All patientobad in this study were diagnosed based on tmeceli
course, serial magnetic resonance imaging featanesPET when available.

Twelve (50%) of the patients were diagnosed with-amall cell lung cancer (NSCLC), four (17%) with

digestive system cancer, four (17%) with breastearthree (13%) with small-cell carcinoma (SCL&J @ne
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(3%) with adenoid cystic carcinoma. The median turmume was 17.3 chr(range from 3.7 cfito 76.2 cni).
Eight (33%) patients had tumor volume smaller th@ren? and 16 (67%) larger than 10 &riThe median KPS
was 60 (range from 50 to 90).

Nine (37.5%) patients received WBRT followed by SB&d 15 (62.5%) underwent SRS previously. The

previous median BED was 60 (Figure 2, range frong 44.81.6).

Treatment Outcomes and Long-term Prognosis

With a median follow-up of 13.5 months (range fr8rto 29 months), the median overall survival astvage
treatment was 18 months (Figure 3).

Fourteen patients died, 5 died of the primary tyrBasf intracranial metastasis, 2 of pneumoniaf, Aeart
disease and 3 of other reasons. The positive irgagsponse was defined as both the MRI T1 and gi2-hi
intensity volume reduction at the first follow-ufiea treatment. Twenty-three (96%) patients hadsitve
imaging response within a T2 volume range of 62@®f (median 14 crf) p = 0.032, paired-test). One
patient showed no significant lesion volume redarcti

No patient experienced a decrease of KPS afteiniegd. Six patients (25%) had the best KPS afeattnent
range from 50 to 70, and 18 (75%) of the best KRgwreater than 80 (Table 2). Significant neuricklg

improvement was achieved (Best KPS, patrtgbst p<0.05, Figure 4).

Compliance and Toxicities
FSRS with bevacizumab was completed at the fukk dmsong all patients as planned. Fatigue and hkadac

were the main toxicities. Grade 3 fatigue and heladaccurred in 1 patient. No grade 4 toxicity whserved.
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Grade 1/2 fatigue was observed in 8 (33%) pati€atade 1 or 2 toxicities included headache, hypsita,

and nausea (Table 3).

Univariate and Multivariate Analysis of OS after salvage treatment
All potential prognostic factors, including demogin&c and clinical features, were evaluated usimgkhplan-
Meier and Cox model in univariate and multivariatalysis. No prognostic factors were found to s®asted

with OS after salvage treatment.
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Discussion
In patients with malignancies, brain metastasesricc10-30% in adults, and up to 50% of survivpadients
with brain metastases will develop progressionref/ipusly treated or new lesions [7]. For recurmdisease,
treatment with salvage SRS, WBRT, surgery or systémerapy can be administered, depending on ttenex
and location of the disease and the overall canditif the patient. Determination of the best opfmmiocally
recurrent brain metastases remains unknown. Howeuerto the poor performance status and tumotitotga
most patients with local recurrent brain metastasesot eligible for surgery. In recurrent lesignsviously
treated with radiotherapy, radiation necrosis (RN severe complication associated with salvage re
irradiation [8]. CyberKnife is a radiosurgery syst¢hat allows highly conformal image-guided radestipy
and shows a promising local control rate for cémeavous system tumors [9]. Bevacizumab was fdorok
effective in controlling extensive edema cause@blyand RN according to our experience. In this giulde
results demonstrated that FSRS combined with loged®vacizumab achieved promising radiological and

clinical outcomes for locally recurrent BM patiemsdiated with high dose previously.

The Effectiveness of Bevacizumab

The effectiveness of bevacizumab for the treatroéRN has been demonstrated in several retrosgectise
series and two randomized trials [10]. In an Armamidouble-blind trial, 14 cerebral RN patients were
randomly signed to bevacizumab (7.5 mg/kg evergehweeks for four courses) or the placebo groujerita
enrolled in the bevacizumab group showed improvemi@nVRI findings and neurologic symptoms. No
responses were observed in the placebo grouphéygatients had a response after crossover tregfjefhe

other randomized open-label Chinese trial enrdll&2l temporal lobe radiation necrosis patients after
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nasopharyngeal cancer treatment, comparing bevaeaizi{5 mg/kg every two weeks for four courses) to
glucocorticoids. The bevacizumab group had a radpgc response rate of 66% compared with 32%aen th
control group. The clinical improvement at 60 daxs higher in the bevacizumab group (62% versus)43%
with a similar recurrence rate (29% versus 27%xifdahally, in a retrospective study reported by oenter,
bevacizumab was found to be useful in preventingaR&l SRS [7]. Furthermore, considering the amntar

effect of bevacizumab, this agent was administereéke regimen applied in this study.

Reirradiation for Recurrent Brain Metastasis

There is limited data published on recurrent BMresliation. Surgical resection can be performeactueve
symptom relief and confirm the histological diagisoslowever, surgery is limited to treat lesionsle@ep
locations or functional areas. Age, life expectaaonyg systemic disease should also be taken intsidenation
[11]. In several studies, the benefit of salvag&36t recurrent BM patients has been discussetiZ3,3]. In
these studies, the dose and fractions were pertbaomeording to prior therapies, tumor site, antlesize.
Salvage WBRT may provide benefit for patients whereot eligible for surgery or SRS. Reirradiatioaym
result in delayed toxicity by exceeding the tole@anf the brain. Although the risk of RN is higler
previously irradiated patients, short-term sympgmatiiation in patients with a limited life expectanand

radiation-related delayed toxicity should be wemjhe

The safety and effectiveness of salvage reirramhatad been confirmed in several retrospectiveesd4-17].
Minniti et al. reported a 1-year OS of 37% aftdvage FSRS with 3 fractions of 7-8 Gy [14]. Anotlsaivage

SRS study reported by Rana et al. showed a 1-y8af®0.6% [15]. For FSRS, the anticipated biologic

10
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benefit of fractionation is to minimize damage twmal neural structures while suppressing the drafithe
neoplasm. It resulted in the highest “therapewtiof. Besides, bevacizumab can contribute to spmpt
improvement by controlling RN and brain enema. pajese study using adjuvant bevacizumab [9], Yamo e
al. reported that the application of salvage SR8 adjuvant bevacizumab in 5 patients, which addeyood

tumor control and symptom relief. Thus, FSRS wighidcizumab seems to be a promising salvage regimen.

This is the first study to combine adjuvant low-ed®vacizumab and salvage FSRS for recurrent Batettle
with high dose irradiation previously. The tumoturae in our study (median GTV of 17.3 &mvas much
larger than in previous studies (smaller than 3, anly one study had a median GTV volume of 12.3[dd).
Consistent with previous studies, patients who nmdet this new therapeutic regimen achieved batticell
and radiological improvement (Figure 5), and thgedr OS after salvage treatment was 87.5%. ThisOS
longer than previously reported. The addition gbadnt bevacizumab to FSRS may have contributedeo
better survival due to its role in tumor controlaeducing edema. Thus, the findings of this sfuayide a

safe and effective regimen for locally recurremgjéabrain metastases.

Limitations

Our study demonstrates that lose-dose bevacizuarabe safely administered with FSRS and provides a
feasible method for locally recurrent brain metsss$a Fatigue was the most frequent (33%) gradeokidty,
followed by headache (25%) and hypertension (184)y one patient had a grade 3 headache and fatigeie
patient had undergone WBRT plus SRS and more thariime of systematic therapy. No grade 4 toxieis

recorded.

11
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Although our results are gratifying, we cannot @vephasize the preliminary nature of these findihgs.
addition to the small population size of our d#tere are other limitations to this report. Fitsg optimal
number of courses of bevacizumab has not beenadkfinough the median number is 4, according tad mos
studies [18-19]. Thus, in this study, we administie4 courses of bevacizumab. This problem shostul lz
addressed considering the balance between medisl and clinical efficacy. Next, for previouslyadiated
BM patients, the differentiation diagnosis of looaturrence (LR) and RN is important for the dexisi
regarding salvage treatment. Both the previousesumhd our experience encountered the same diléhaha
for recurrent brain metastases after salvage ceatian, the diagnosis of LR and RN was extremdfiycdlt

[9]. Despite many diagnostic methods, including Mésed spectroscopy, perfusion [20-21] and meth&nin
positron emission tomography [22], diagnosis remadiifficult due to the overlapping radiographic epmnce.

Such is why we excluded progression-free survindllacal control as endpoints.

Conclusions
Salvage FSRS with early use of low dose adjuvanadizumab treatment showed favorable clinical and
radiologic control with manageable toxicity for &ky recurrent brain metastasis patients who undetwigh

dose irradiation previously. The diagnosis of R &R after salvage FSRS merit further study.

12
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Figurelegends

Figure 1. CONSORT diagram of thistrial.

Figure 2. Radar chart of initial and salvage BED in Gy (Cases are numbered
circumferentially and BEDs are plotted from the center).

Figure 3. Overall Survival After Treatment.

Figure 4. Paired t-test of best KPS before and after treatment.

Figure 5. Magnetic resonance imaging (MRI) of the patients. (A) Gadolinium-
enhanced MRI study before the initial irradiation. (B) Follow-up at 3 months after the
initial treatment. (C) Gadolinium-enhanced MRI study before the salvage FSRS
treatment with adjuvant use of bevacizumab. (D) Follow-up at 3 months after the

salvage treatment.



Table 1. Baseline Characteristics of Patients (n=24)

N %
Gender
Male 12 50
Female 12 50
Age, years
<60 14 58



>=55 10 42
Primary tumor
NSCLC 12 50
SCLC 3 13
Digesting system 4 17
Breast 4 17
Adenoid cystic carcinoma 1 3
Intervention before salvage SRS
SRS 15 63
WBRT+SRS 9 37
Tumor volume (cr)
<=10 8 33
>10 16 67
Time to recurrence after initial therapy (months)
<=12 8 33
12-24 9 38
>24 7 29
Initial BED
<=60 15 63
> 60 9 37
KPS
50-70 16 67
>= 80 8 33
Total 24 100

* Biological effective dose;
t Karnofsky performance scale.



Table 2. Treatment Outcomes

N %
Imaging Response
Positivé 23 96
Negative 1 4
Clinical Response (Best KPS)
50-70 6 25
>= 80 18 75
Total 24 100%

FPositive: Both T1 and T2 high intensify volume reduwafter treatment.



Table 3. Treatment-related adver se events

Grade 1-2 Grade 3
Adverse Events
N % N %
Fatigue 8 33 1 4
Headache 6 25 1 4
Hypertension 3 13 0 0
Nausea and vomiting 2 8 0 0
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Assessed for eligibilty (n= 26)

Exciued (n=2)

+ Not meeting inclusion critaria {n=0 )
+ Declined to participate {n=2 )

+ Ofher reasons (n=0 )

Allocated to intarvention (n= 24)
+ Received allocated intervention (n= 24)

l
B

Lot to follow-up (give reasons] (n=24)
Discontinued intervention (ghve reasons) (n= 0)
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Abbreviations list

Abbreviations Meanings

BED Biologically Effective Dose

CTCAE Common Terminology Criteria for Adverse Events
FSRS Fractionated Stereotactic Radiosurgery

KPS Karnofsky Performance

LR Local Recurrence

RN Radiation Necrosis

MRI Magnetic Resonance Imgaing

NSCLC Non-small Cell Lung Cancer

0S Overall Survival




