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Abstract In the present study we have evaluated the effi-

cacy and toxicity of repeated stereotactic radiosurgery

(SRS) in patients with recurrent/progressive brain metas-

tases. Between March 2006 and October 2014, 43 patients

(21 men and 22 women) with 47 lesions received a second

course of SRS given in three daily fractions of 7–8 Gy.With

a follow-up study of 19 months, the 1- and 2-year survival

rates from repeated SRS were 37 and 20 %, respectively,

and the 1- and 2-year local control rates were 70 and 60 %,

respectively. Actuarial local control was significantly better

for breast and lung metastases as compared with melanoma

metastases; specifically, 1-year local control rates were

38 % for melanoma, 78 % for breast carcinoma and 73 %

for non-small cell lung cancer (NSCLC) metastases

(p = 0.01). The cause of death was progressive sys-

temic disease in 25 patients and progressive brain disease in

11 patients. Stable extracranial disease (p = 0.01) and

Karnofsky performance status (KPS; p = 0.03) were pre-

dictive of longer survival. Radiologic changes suggestive of

brain radionecrosis were observed in 9 (19 %) out of 47

lesions, with an actuarial risk of 34 % at 12 months. Neu-

rological deficits (RTOGGrade 2 or 3) associated with brain

necrosis occurred in 14 % of patients. In conclusion, a

second course of SRS given in three daily fractions is a

feasible treatment for selected patients with recurrent/pro-

gressive brain metastases. Further studies are needed to

explore the efficacy and safety of different dose-fractiona-

tion schedules, especially in patients withmelanoma or large

metastases.
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Introduction

Stereotactic radiosurgery (SRS) has been increasingly used

for the treatment of patients with brain metastases, with a

reported local control of 70–90 % at 12 months [1–5]. Two

randomized trials showed similar survival benefits and

functional independence between patients with 1–4 brain

metastases treated with SRS alone or SRS plus whole brain

radiation therapy (WBRT) [3, 5], indicating that brain

metastases can be managed initially with SRS alone,

potentially avoiding the decline of neurocognitive function

and quality of life associated with WBRT [6].

For patients whom brain metastases recur after SRS, the

evidence regarding the safety and efficacy of salvage

therapies is limited. Treatment options include WBRT

(3,5), surgery [7, 8] or SRS [9–16]. For patients with

recurrent/progressive brain metastases receiving salvage

SRS, a few studies report a variable survival time of

7–10 months (9–16); however, most of the series include

metastases that recur after WBRT or distant from the

irradiated tumor site. Thus, the efficacy and risk of radia-

tion-induced toxicity following a second course of SRS for

recurrence/progression at the previously irradiated sites

remain unsubstantiated.
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In the present study we have evaluated the clinical

outcomes and toxicity of repeated SRS given as three daily

fractions (3 9 7–8 Gy) in patients with recurrent/progres-

sive brain metastases. In addition, the prognostic signifi-

cance of different clinical and treatment parameters has

been investigated.

Patients and methods

Patients’ data were obtained from a prospectively main-

tained database of patients with brain tumors treated at

Sant’Andrea University Hospital. We identified 936

patients who received SRS alone for brain metastases

between March 2006 and October 2014. After SRS,

patients had a complete neurological examination and brain

magnetic resonance imaging (MRI) every 2–3 months or as

appropriate according to the neurological conditions.

Among them, 43 patients who received a second course of

SRS for recurrent/progressive disease at original sites of

irradiation were included in the final analysis. All patients

initiated dexamethasone therapy the first day of treatment

at doses of 4–8 mg per day and maintained high doses

steroids for 1 week. The Institutional Review Board

approved the study.

The gross tumor volume (GTV) was identified on the

basis of 1 mm gadolinium enhanced axial MRI fused with

computerized tomography (CT) images. A margin of

1–2 mm was geometrically added to GTV to generate the

planning target volume (PTV). A margin of 2 mm was

used in our initial clinical experience with multi-fraction

SRS (n = 26), and subsequently reduced to 1 mm

(n = 17). Doses were 3 9 8 Gy for metastases\2 cm and

3 9 7 Gy for metastases C2 cm in maximum size, pre-

scribed to the 80–90 % isodose line to achieve at

least 95 % coverage of the PTV by the planned dose. Dose

distributions were achieved with 4–7 noncoplanar dynamic

arcs or 6–12 conformal beams by using a 120-leaf multileaf

collimator in a Varian linear accelerator with 6-MV photon

beam. CT imaging and, more recently, the ExacTrac�

image-guided system were used for setup verification

before each fraction. Patients were treated in 3 consecutive

days in outpatient clinic.

After treatment, patients were examined clinically every

2 months. At each visit, a neurologic examination was

performed, and the severity of complications was rated

according to the Radiation Therapy Oncology Group

(RTOG) toxicity criteria. MRI was made every 2 months or

as appropriate according to the neurological conditions.

Complete and partial responses were defined as total

radiographic disappearance of lesion or decrease in tumor

volume[50 %. Distant failure was defined by the presence

of new brain metastases or leptomeningeal enhancement

outside the irradiated volume. Diagnoses of tumor pro-

gression or radionecrosis were determined on the basis of

histologic findings (in patients who underwent surgical

resection) or assessed subjectively using dynamic suscepti-

bility-weighted contrast-enhanced (DSC) perfusion MRI

and 3,4-dihydroxy-6-(18)F-fluoro-L-phenylalanine (18F-

DOPA) positron emission tomography (PET)-CT scans. as

previously reported [17]. In summary, tumor progression

was defined by any increase of tumor on contrast-enhanced

T1-weighted images in at least two subsequent MRI studies

associated with: a cerebral blood volume ratio (rCBV)[ 2.0

at dynamic susceptibility-weighted contrast-enhanced

(DSC) perfusion images (calculated for each lesion by

dividing the tumor CBV by the mean CBV value obtained in

the contralateral normal appearing white matter), and—a

maximum lesion to maximum background uptake ratio

(SUVLmax/Bkgrmax)[ 1.6 at F-DOPA PET-CT. Stable or

shrinking contrast-enhanced lesions over a 6-month obser-

vational period associated with: a rCBV\ 2.0 at DSC per-

fusion images, and—a SUVLmax/Bkgrmax\ 1.6 at F-DOPA

PET-CT, were diagnosed as radionecrosis. The same neu-

roradiology team reviewed all neuroimages to assess the

therapeutic response and radionecrosis.

Local control, survivals, and risk of brain radionecrosis

were estimated using the Kaplan–Meier method calculated

from the time of repeated SRS. Patients who did not show

recurrence were censored at the time of last follow-up.

Patients who had received salvage WBRT were subse-

quently excluded from the analysis. Univariate analysis,

using the log-rank test for categorical variables and the Cox

proportional hazards model for continuous variables, was

performed to identify prognostic factors associated with

clinical outcomes. The following factors were tested: tumor

size (\2 vs C2 cm), SRS dose and conformity index

(prescribed isodose volume/tumor volume encompassed by

the prescription isodose volume) during either first or

second SRS, interval between treatments, sex, age (\65

vs C65 years), pretreatment KPS score (B70 vs [70),

number of brain metastases (1 vs [1), diagnosis-specific

graded prognostic assessment (DS-GPA) class [18], his-

tology (melanoma vs others), and extracranial disease

(stable vs progressive). In addition, we have analyzed the

correlation between the risk of radionecrosis and—normal

brain volume receiving 12 Gy (V12Gy) during the initial

SRS—and the volumes receiving 15 Gy (V15Gy), 18 Gy

(V18Gy) and 21 Gy (V21Gy) during repeated SRS. Prog-

nostic factors with a p value\ 0.1 were included in a

multivariate analysis performed using a Cox proportional

hazards regression model.
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Results

Patient and treatment characteristics

Between March 2006 and October 2014, a total of 43

patients received a second course of SRS (3 9 7–8 Gy) for

recurrent or progressive brain metastases. Patients and

tumor characteristics are summarized in Table 1. There

were 21 men and 22 women for a total of 47 lesions.

Originally, patients received single-fraction SRS for a

single metastasis (n = 18) or for 2–3 metastases (n = 25).

The median time interval between SRS treatments was

17 months (range 6–56 months). Thirty-one patients had

extracranial disease at the time of reirradiation. Median

GTV volume was 12.3 cc (range 1.5–33.1 cc) and median

PTV volume was 16.4 cc (range 2.4–37.9 cc). The mean

conformity index was 1.55 (range, 1.29–2.1). The median

minimum coverage was 97 % (range 93–100 %). At the

time of analysis (March 2015), 36 patients had died.

Local control

With a median follow-up study of 19 months (range

2–27 months), the crude local control was 81 %, with the

1- and 2-year local control rates of 70 and 60 %, respec-

tively (Fig. 1). Nine lesions recurred locally after repeated

SRS; salvage therapy consisted of WBRT in 3 patients,

surgical resection in 5 patients, and supportive care in one

patient. Seven (15 %) metastases had a complete response,

15 (32 %) had a partial response, and 16 (34 %) remained

stable. A clinical neurological improvement of pre-SRS

existing symptoms was recorded in 11 (27 %) out of 43

patients during the follow-up.

At univariate analysis, melanoma histology (p = 0.02),

radiation schedule of 3 9 7 Gy (p = 0.03), and large

volumes (p = 0.04) were associated with worse control;

however, only melanoma histology was predictive of local

failure at multivariate analysis (p = 0.01; HR 7.1, 95 %CI

1.9–21) (Table 2). Specifically, the 1-year local control

rates were 38 % for melanoma, 78 % for breast carcinoma

and 73 % for NSCLC metastases. No other factors,

including the maximum size of metastases at the time of

first SRS, and the interval between the first and the second

course of SRS were predictive of local control.

Overall survival and distant failure

The median survival was 10 months, and the 1- and 2-year

survival rates were 37 and 20 % (Fig. 2). 25 (58 %)

patients succumbed to their extracranial disease and 11

(26 %) to their brain disease. Nineteen patients had new

brain metastases at distant sites and 4 patients progressed at

either local or distant brain sites of reirradiation. The 1- and

2-year actuarial rates of developing new brain metastases

were 58 and 72 %, respectively (Fig. 3). Salvage therapy

Table 1 Patient characteristics and treatment parameters

Parameter No (%)

Number of patients 43

Sex (F/M) 22/21

Age (years)

median 61

\65 30 (70)

C65 years 13 (30)

Histology

NSCLC 17 (39)

Breast carcinoma 9 (21)

Melanoma 11 (26)

Others* 6 (14)

KPS

Median 80

Range 60–100

Extracranial diseae

Present 31 (72)

Absent 12 (28)

Number of metastases

Single 18 (42)

Multiple (2 or 3) 25 (58)

DS-GPA score

B1.0 9 (21)

1.5–2.5 15 (35)

C3 19 (44)

Interval between treatments (months)

Median 17

Range 6.0–56

SRS dose

8 9 3 Gy 20 (46)

7 9 3 Gy 23 (54)

GTV (cm3)

Median 12.3

Range 1.5–33.1

PTV (cm3)

Median 16.4

Range 2.4–37.9

Conformity index*

Median 1.55

Range 1.29–2.1

KPS Karnofsky Performance Status, DS-GPA Diagnosis-Specific

Graded Prognostic Assessment; GTV, Gross Target Volume; PTV,

Planning Target Volume

*Others histologies include 2 colon, 1 bladder, 1 ovarian and 2 renal

carcinomas, *calculated as prescribed isodose volume/tumor volume

encompassed by the prescription isodose volume
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consisted of WBRT (n = 6), SRS (n = 14), or both

(n = 3). Median survival was similar for patients receiving

WBRT or SRS (5.6 vs 7.1 months, respectively; p = 0.2).

At multivariate analysis, stable extracranial disease

(p = 0.01; HR 0.18, 95 %CI 0.11–0.58) and KPS[ 70

(p = 0.03; HR 0.44, 95 %CI 0.28–0.83) were associated

with a significant survival benefit (Table 2). According to

the DS-GPA, median survival times were 16.5, 11 and

7.3 months in patients with DS-GPA scores of 0–1, 1–2.5,

and 3–4, respectively (p = 0.001); however, DS-GPA

scores were not included in the multivariate analysis

because they are not independent of age, KPS, and pres-

ence of extracranial disease. The presence of multiple

metastases was the only factor associated with early distant

brain failure (p = 0.03).
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Fig. 1 Probability of local control

Table 2 Factors affecting the clinical outcomes after repeated stereotactic radiosurgery

Univariate analysis Multivariate analysis

HR (95 % CI) p value HR (95 % CI) p value

Local control

Hitology (melanoma vs others) 7.9 (1.5–31) 0.02 7.1 (1.9– 21) 0.01

Radiation dose (3 9 8 vs 3 9 7 Gy) 0.09 (0.11–0.85) 0.03 0.15 (0.2–1.3) 0.09

Maximum size of lesion at second SRS (C2 vs\2 cm) 3.2 (1.1–13.9) 0.04 1.6 (0.9–11.2) 0.1

Overall survival

KPS (C70 vs\70) 0.42 (0.21–0.83) 0.01 0.44 (0.28–0.83) 0.03

Extracranial disease (stable vs progressive) 0.2 (0.13–0.72) 0.004 0.18 (0.11–0.58) 0.01

DS-GPA score

0–1 versus 2.5 11 (2.6–29.5) 0.004

0–1 versus 3–4 14 (3.8–39) 0.001

1–2.5 versus 3–4 5.2 (1.6–16.5) 0.005

Distant failure

No of brain metastases (2–3 vs 1) 2.2 (1.1–5.2) 0.04 2.3 (1.1–5.1) 0.03

Extracranial disease (stable vs progressive) 0.4 (0.2–0.82) 0.03 0.8 (0.2–2.1) 0.1

Brain radionecrosis

Time interval between radiosurgeries, months (\24 vs C24) 3.1 (0.8–19.2) 0.07 1.8 (0.9–17.4) 0.1

V18Gy (C16.1 vs\16.1 cm3) 2,2 (0.9–9.5) 0.09 1.6 (0.8–7.3) 0.2

V18–12Gy (C10 vs\10 cm3) 3.5 (1.1–13.3) 0.03 3.1 (1.1–13.6) 0.04

Factors were measured before repeated SRS. HR hazard ratio; KPS Karnofsky performance status, DS-GPA diagnostic-specific graded prognostic

assessment; V18 Gy volume of normal brain receiving 18 Gy; V18–12 Gy volume overlap between the normal brain receiving a dose of 18 and

12 Gy during the first and the second course of stereotactic radiosurgery
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Toxicity

Brain radionecrosis, as suggested by MR/PET imaging

(n = 5) or confirmed by histology (n = 4), was the most

important complication occurring in 9 (19 %) out of 47

lesions. Median time to necrosis was 8 months (range

4–15 months). Neurological complications associated with

radiological changes suggestive of radionecrosis occurred

in 6 patients (grade 3 motor deficits in 3, grade 2 speech

deficits in 1, and grade 2 confusion in 2 patients), requiring

surgery or high-dose dexamethasone; symptoms improved

in 4 patients as results of medical or surgical treatment.

Other complications included headache, seizures, and

haemorrhage in 2,3 and 2 patients, respectively.

The actuarial risk of radionecrosis after repeated SRSwas

34 and 44 % at 1 and 2 years, respectively. Median V15Gy,

V18Gy, and V21Gy were 24.8, 16.1, and 6.6 cm3, respectively.

The only factor significantly associated with the develop-

ment of brain radionecrosis was the magnitude of overlap

between the volume of normal brain receiving 18 Gy at

repeated SRS and the volume of normal brain receiving

12 Gy at the first course of SRS (V18–12Gy). The risk of

radionecrosis was 53 % for V18–12Gy C 10 cm3 and 15 %

for V18–12Gy\ 10 cm3 (p = 0.02). At univariate analysis,

no other factors were predictive of radionecrosis, including

radiation dose, size of lesion, and interval between the first

and second course of SRS; however, large V18Gy (p = 0.09)

and the interval between treatments 0f less than 2 years

(p = 0.07) were of borderline significance.

Discussion

For patients who develop recurrent/progressive brain metas-

tases at the site of the primary SRS, the potential clinical

benefits of further irradiation, surgery or chemotherapy

remain undetermined. WBRT is a feasible treatment for

patients with progressive intracranial disease after SRSwith a

reported median survival of 4-6 months [3, 5], although data

on local control and neurologic death for patients with

metastases progressing at the site of the primary SRS treat-

ment are limited. A few studies report the outcome of surgical

resection for patients with recurrent/progressive brain

metastases who had previously received SRS with or without

WBRT [7, 8]. In a series of 32 patients with progressive/

recurrent brain metastases who had SRS as part of their initial

treatment and then treated with surgical resection, Truong

et al. [8] observed amedian survival of 8.9 months, with 48 %

of patients who died for neurological causes. In another series

of 61 patients who underwent surgical resection for 1–3 pro-

gressive/recurrent brain metastases, Vecil et al. [7] reported a

median survival time and a distant recurrence time of

11.1 months and 8.4 months, respectively, while the median

local recurrence was not reached. Cause of death was neuro-

logic in 15 % of patients and neurologic/systemic combined

in 34 % of patients.

Using a second course of SRS given in three fractions of

7–8 Gy, we observed actuarial 1- and 2-year local tumor

control rates of 70 and 60 %, respectively. The 1- and

2-year survival rates were 37 and 20 %, and respective

distant failure rates were 58 and 72 %, necessitating further

SRS or WBRT in 44 and 21 % of patients, respectively. A

few studies have evaluated the use of SRS for progressive/

recurrent brain metastases in patients whose initial treat-

ment included SRS or WBRT [9–16]. Kwon et al. [16]

observed a median survival time of 8 and 6-month local

control rate of 91 % in 43 patients who received a second

course of SRS for progressive brain metastases. In another

series of 45 patients initially treated with SRS with or

without WBRT, Chen et al. [10] showed a local control rate

of 90 % and a median survival of 8 months after repeated

SRS. A similar local control of 77–90 % and median sur-

vival of 7–10 months have been reported with the use of

SRS for brain metastases progressive after WBRT [11–15].

Overall, our study confirms that repeated SRS is a feasible

option for patients with recurrent/progressive brain

metastases which is associated with local control and sur-

vival advantages, possibly avoiding the potential neu-

rocognitive impairment associated with WBRT.

Analysis of prognostic factors showed that the presence

of extracranial disease and KPS B 70 were associated with

shorter survival, while the melanoma histology was the

only factor predictive of worse local control as compared

with breast carcinoma and NSCLC metastases. In a series

of 153 melanoma brain metastases treated with SRS, Selek

et al. [19] reported local control rates of 69.2 and 39.3 %

for lesions B3 and [3 cm at 1 year, respectively. In

another prospective study of 36 patients with 1–3

radioresistant brain metastases, Manon et al. [20] observed

0

,2

,4

,6

,8

1

0 5 10 15 20 25 30
Time (months)

P
ro

ba
bi

lit
y 

of
 d

is
ta

nt
 fa

ilu
re

 

Fig. 3 Cumulative incidence of distant brain failure
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6-month local failure and risk of neurological death of 32

and 38 %, respectively. More recently, the use of molec-

ular targeted agents in patients with metastatic melanoma,

including the BRAF inhibitor vemurafenib in patients with

BRAF(V600) mutated metastatic melanoma, or the anti

programmed death-1 (PD-1) receptor monoclonal anti-

bodies pembrolizumab and nivolumab in combination with

the anti cytotoxic T-lymphocyte antigen 4 (anti-CTLA-4)

ipilimumab, has resulted in significant survival advantages

and response rates of 40–60 % [21–23]. The potential

benefits of combining SRS with targeted agents, or surgery

plus SRS to the resection cavity in patients with recurrent

melanoma brain metastases need to be assessed in future

studies.

Radiation-induced brain necrosis represents the most

important late toxicity reported after SRS, leading to neu-

rological complications in 2–32 % of patients [11, 24–34].

A cumulative risk of radionecrosis of 5–12 % has been

reported after multi-fraction SRS with doses of 27–35 Gy

given in 3–5 fractions [26, 27, 29, 34]. Using multi-fraction

SRS (3 9 9–12 Gy), we have recently observed a risk of

radionecrosis of 9 and 18 % at 1 and 2 years, respectively,

in a series of 135 patients with 171 brain metastases [34].

At multivariate analysis, the volumes of normal brain

irradiated to 18 and 21 Gy were the most predictive inde-

pendent risk factors for radionecrosis. In contrast, a higher

risk of radionecrosis up to 69 % has been observed after

single-fraction SRS, with the normal brain volume exposed

to 10–12 Gy reported as the most important predictive

variables [31, 32]. In view of the potential advantage of

fractionation over single-fraction SRS in reducing the risk

of radiation-induced toxicity, we have used a three-fraction

schedule. Radiological changes suggestive of radionecrosis

occurred in 19 % of treated lesions, with an estimated risk

of 37 and 44 % at 1 and 2 years, respectively, and this was

associated with severe neurological complications (RTOG

Grade 3 or 4) in 14 % of patients. The V18–12Gy was the

only significant predictor of radionecrosis, with a cumu-

lative risk of 53 % for volumes C10 cm3. Although our

schedule resulted in an acceptable incidence of severe

neurological deficits, further studies need to explore new

strategies for the management of progressive metastases,

including different radiation schedules (single-fraction

versus multi-fraction SRS), or alternative treatment as the

use of the laser-induced thermotherapy [35], in order to

decrease the risk of radionecrosis while improving the local

control. In this regard, we have started a trial at our insti-

tution comparing the efficacy and safety of two different

dose fractionation schedules (3 9 8 and 5 9 6 Gy) in

patients with recurrent brain metastases.

In conclusion, a second course of SRS at doses of

21–24 Gy in three daily fractions appears to be a feasible

treatment modality for progressive/recurrent brain

metastases. It results in acceptable local control and risk of

neurological toxicity; however, melanoma histology and

large metastases are associated with reduced local control.

Further studies are needed to define the optimal manage-

ment of patients with recurrent brain metastases.
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