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Objectives: To determine the ability of a second
course of stereotactic radiosurgery (SRS) to control
brain metastases as well as to document the
incidence of radiation necrosis (RN) after reirradiation
with SRS.

Methods and Materials: Between 2001 and 2010,
37 patients with 43 retreated lesions were treated
with >2courses of SRS to the same brain metastasis.
Patient, tumor, and treatment characteristics as well
as follow-up data were collected. Magnetic resonance
imaging was reviewed to assess tumor response
to treatment. Development of RN, as confirmed by
pathology or imaging, was recorded. Local control,
overall survival, and predictors of RN were analyzed.

Results: The most common histology was melanoma
(n=20, 47%) followed by lung (n=9, 21%), and breast
(n=8, 19%) cancer. RN was identified in 7/43 (16%)
lesions. Using a competing risk model for analysis, with
death as the competing risk, the incidence of RN was
11.6% and 16.5% at 6 and 12 months, respectively,
and the incidence of local failure was 16.7% and 19.4%
at 6 and 12 months, respectively. There was not a
statistically significant association between radiation
dose, mean tumor size, number of months between
SRS courses, use of WBRT, or use of surgery and the
development of RN. Median survival after the second
course of SRS was 8.3 months, and median survival for
those with and without RN was 14.1 and 7.7 months,
respectively (p=0.23).
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Conclusion: Reirradiation with SRS can lead to tumor
response in the majority of patients with a low incidence
of RN.
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1. INTRODUCTION

Radiotherapy for brain metastases (BMs) has
evolved from the use of whole brain radiotherapy
(WBRT) to increased utilization of focal treatment
with stereotactic radiosurgery (SRS). Improvements in
oncologic care and lengthening of survival in patients
with metastatic disease will necessitate additional
treatment options for patients with BMs. At the
time of disease progression, salvage options include
retreatment with a second course of WBRT [1,2,3],
treatment with WBRT if SRS was previously utilized,
or salvage SRS for patients previously treated with
WBRT [4,5,6,7,8,9]. There is limited data regarding
retreatment with SRS for a lesion previously treated
with SRS.

The goal of this study was to determine the ability
of a second course of SRS to control BMs as well as to
document the incidence of radiation necrosis (RN) after
SRS reirradiation. All patients with BMs treated with
two or more courses of single fraction, linear accelerator
based SRS to the same lesion were evaluated.
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2. MATERIALS AND METHODS

All patients with BMs treated with SRS between
years 2001 and 2010 were identified. In total, 548
patients were treated with SRS for metastatic disease.
One-hundred fifteen patients received more than one
course of SRS treatment, and of these, 43 patients
received two courses of SRS to the same location.
Patients were excluded if they did not have follow-up
magnetic resonance imaging (MRI) after the second
course of SRS (no follow-up brain MRI (n=5). One
patient was excluded because the exact location of
the retreated lesion could not be identified. A total of
37 patients, with 43 retreated lesions, met inclusion
criteria. Patient and tumor characteristics including
date of birth, date of death, history of diabetes
mellitus, hypertension, and smoking, and tumor
histology were collected. Dates of surgical excision
were documented. Radiotherapy data, including
dates of SRS or WBRT and radiotherapy doses, were
recorded.

Radiosurgery was delivered via a linear
accelerator based radiosurgical technique utilizing a

single isocenter. Until the years 2008/2009, patients
were treated with a Brainlab frame-based system,
after which institutional planning transitioned to
a Brainlab custom mask with ExacTrac image
guidance. Lesions were outlined without a margin,
and treatments were most frequently delivered using
5 dynamic conformal arcs. In the majority of cases,
dose was prescribed per RTOG 9005 [10] guidelines,
with lesions 3.01-4.00 cm in diameter treated to 15 Gy
and lesions 2.01-3.00 cm treated to 18 Gy. Variation
did occur with lesions <2 cm, where in the earlier
years of the study these lesions were prescribed 20
Gy, and during the last year they were prescribed 24
Gy. Prescription isodose lines were chosen per our
institutional standard [11], where the chosen isodose
volume covers 95% of the tumor volume, and 95% of
the dose covers 99% of the tumor volume.

Spoiled Gradient Echo (SPGR) MRI scans at the
time of diagnosis were evaluated and greatest axial
dimensions were documented. Axial dimensions were
measured on all subsequent SPGR and diagnostic
MRI scans. Lesions were categorized as complete
response (CR), partial response (PR) (>20% decrease

Table 1. Patient, tumor and treatment characteristics for 43 lesions treated with two courses of SRS to a single

brain metastases.

n (%)
Patient Characteristics
Median age at diagnosis (years) 51
History of diabetes mellitus 0 (0%)
History of hyptertension 8 (19%)
Smoking history > 10 pack years 12 (28%)
Primary tumor type
Melanoma 20 (47%)
Non-small-cell lung cancer 9 (21%)
Breast adenocarcinoma 8 (19%)
Sarcoma 4 (9%)
Renal cell carcinoma 2 (5%)
Treatment characteristics
Median SRS dose, 1% course 18 Gy
Median SRS dose, 2™ course 18 Gy
Median time (months) between courses 9 months
Median tumor size at 2™ course of SRS 1.5cm
History of WBRT 17 (40%)
History of surgical resection of brain metastasis 13 (30%)
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in size), progressive disease (PD) (>20% increase in
size), or stable disease (SD) (not a CR, PR, or PD).
Development of RN, as confirmed by pathology or
imaging, was recorded.

Fisher’s exact test was utilized to analyze
predictors of RN with statistical significance set
at p < 0.05. The median tumor size at the time of
the second SRS course was 1.5cm and the median
number of months between treatment was 9 months,
and therefore for comparison, lesion size was
categorized as <1.5 cm versus >1.5cm, and number
of months between SRS courses was categorized as
<9 months versus >9 months. The “cuminc” function
in the “cmprsk” package in “R” statistical computing
software was used to analyze the competing risk of
radiation necrosis and death, and local failure and
death. The software uses the method of Gray (1988)
to estimate cumulative incidence. Kaplan-Meier
curves were generated for overall survival.

3. RESULTS

A total of 43 lesions in 37 patients were evaluable.
There were 13 males and 24 females, and the median
age at the time of reirradiation was 51 years (range
27-84) (Table 1). The most common histology was
melanoma (n=20, 47%) followed by lung (n=9, 21%),
breast (n=8, 19%), sarcoma (n=4, 9%), and renal cell
carcinoma (n=2, 5%). At the time of retreatment, 32
lesions were <2 cm in greatest dimension, 8 lesions
were 2-3cm, and 3 lesions were >3cm. A total of
eight (22%) patients had a medical history significant

SRS reirradiation for brain metastases
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Figure 1 (a). Overall survival for all patients

for hypertension requiring medical management, and
12 (32%) patients had a history of smoking >10 pack
years. No patients had a history of diabetes mellitus.

RN was identified in 7/43 (16%) lesions. Using a
competing risk model for analysis, with death as the
competing risk, the incidence of radiation necrosis
was 11.6% at 6 months and 16.5% at 12 months.
Three cases of RN were confirmed by pathologic
evaluation after surgery, and 4 cases were identified
by imaging. Table 2 summarizes diagnostic and
treatment details for patients with RN. The median
number of months from the second course of SRS to
the diagnosis of RN was 2.8 months. Table 3 provides

Table 2. Seven cases of radiation necrosis in patients treated with a second course of stereotactic radiosurgery to

a single lesion

Diagnostic method Histology Months from 2™ SRS Treatment Months from 2" SRS
course to diagnosis of RN course to death

Diagnostic MRI Lung 2.1 Surgery 9.7
Melanoma 24 Surgery alive
Melanoma 2.6 Surgery 15.5

MR Spectroscopy Breast 2.8 Steroids 16.4
Melanoma 34 Steroids 4.3
Melanoma 8.1 Steroids 11.5
Sarcoma 94 Steroids 14.1

Median= 2.8 Median=14.1

Abbreviations: RN= radiation necrosis; SRS= stereotactic radiosurgery
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Figure 1 (b). Overall survival for patients with and
without radiation necrosis

a comparison of patients with and without RN.
The mean duration between SRS courses was 10.9
months for patients without RN and 8.5 months for
patients with RN. The mean tumor size at the second
course of SRS was 14.7 mm for patients without RN
and 19.3mm for patients with RN (p=0.2). There was
not a statistically significant association between
mean tumor size (<1.5 versus >1.5 cm), number of
months between SRS (<9 versus >9 months), use

of WBRT, or use of surgery and the development of
RN. Of the patients with RN, none had a history of
hypertension, and one patient had a >10 pack year
history of smoking.

Median follow up was 7 months (range 1-45
months). Of lesions without RN (n=36), 17 (47%)
were stable, 7 (19%) had a PR, 1 (3%) had a CR,
and 11 (31%) had PD after the second course of
SRS. Using a competing risk model for analysis,
with death as the competing risk, the incidence of
local failure was 16.7% at 6 months and 19.4% at 12
months. Disease control according to histology and
treatment parameters are outlined in Table 4.

At the time of this review, 32 patients had died and
5 were alive with disease. Median survival after the
second course of SRS for all patients was 8.3 months
(Figure la), and median survival for those with and
without RN was 14.1 and 7.7 months, respectively
(p=0.23, Figure 1b).

4. DISCUSSION

The American College of Radiology recently
published Appropriateness Criteria for retreatment of
BMs [12]. Options for re-treatment include WBRT,
SRS, surgery, chemotherapy, and supportive care.
Several institutions have described the use of repeat
WBRT for progressive metastases after an initial
course of WBRT [1,2,3], and in our review, this was the

Table 3. Treatment characteristics for lesions without and with radiation necrosis

RN absent (n=36) RN present (n=7) p-value
Median radiation dose
First course 20 Gy 18 Gy
Second course 20 Gy 18 Gy
Treatment prior to or between SRS courses
Surgical resection of brain metastasis 10 (28%) 3 (43%) 0.35
WBRT 14 (39%) 3 (43%) 0.58
Tumor size at time of 2™ SRS 0.36
<l.5cm 21 (58%) 3 (43%)
>1.5cm 15 (42%) 4 (57%)
Number of months between SRS courses 0.53
<9 months 18 (50%) 3 (43%)
>9 months 18 (50%) 4 (57%)

Abbreviations: RN= radiation necrosis; WBRT= whole brain radiotherapy; SRS= stereotactic radiosurgery
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Table 4. Local control of metastases without radiation necrosis

N SD CR/PR PD
(n=36) (n=17) (n=8) (n=11)
Histology
Melanoma 16 5 (31%) 4 (25%) 7 (44%)
Lung 8 5 (63%) 1 (13%) 2 (25%)
Breast 7 2 (29%) 3 (43%) 2 (29%)
Sarcoma 2 2 (100%) - -
Renal cell 3 3 (100%) - -
Median radiation dose (dose range)
1* SRS course 20 Gy 20 Gy 20 Gy
(18-24 Gy) (15-22.5 Gy) (17-22 Gy)
2" SRS course 18 Gy 20 Gy 20 Gy
(14-24 Gy) (15-20 Gy) (15-24 Gy)
Mean number of months between courses 9.2 10.4 9.8
Mean tumor size before 2™ course (mm) 15.6 13.8 14.0

Abbreviations: RN= radiation necrosis; SD= stable disease; PR= partial response; CR= complete response; PD=

progressive disease; SRS= stereotactic radiosurgery

initial treatment for the 17 patients who had received
prior WBRT. The Mayo Clinic reported on 86 patients
who underwent repeat WBRT with a median dose of
30 Gy for the first course and 20 Gy for the second
course [3]. Partial improvement or complete resolution
of symptoms was seen in 70% of patients. Median
survival after reirradiation was 4 months. Son et al.
evaluated 17 patients who underwent repeat WBRT
with a median dose of 35 Gy for the first course and
a median dose of 21.6 Gy for the second course [2].
Seventeen patients received repeat treatment, and of 10
patients with complete follow-up data, 8 experienced
complete or partial symptom resolution. Median
survival after retreatment was 5.2 months. Sadikov
etal. [1] evaluated 72 patients treated with repeat WBRT
and found a 4.1 month median survival after the second
course of treatment. The most common fractionation
regimens were 20 Gy in 5 fractions for the first course
and 25 Gy in 10 fractions for the second course. Among
55 patients with evaluable follow-up, 67% had stable
or improved disease after reirradiation. Sadikov et al
reviewed WBRT reirradiation studies; after retreatment,
median survival ranged from 2-4 months, and 27-75%
of patients had stable or improved disease. These

21-28 pp RSBRT 205.indd 25

studies have demonstrated that repeat WBRT is feasible
and has the potential to provide disease control.
Unfortunately, ~WBRT is associated with
neurocognitive toxicity [13,14], and a standard two to
three week course of daily treatment affects quality of
life in patients with metastatic disease Neurocognitive
toxicity after a second course of WBRT is not well
documented but a repeat course of WBRT is likely to
result in neurologic compromise. When possible, it
is preferable to deliver SRS to patients with limited
intracranial and stable extracranial disease in an effort
to both increase the likelihood of disease control and
avoid the burden of WBRT. As systemic therapies
improve, more patients will live with BMs, and
treatment modalities which increase the therapeutic
ratio will become increasingly important. Therefore,
SRS has been utilized as salvage treatment after WBRT
in select patients [4,5,6]. The one-year local control
rate after salvage SRS ranges from 65-91%, and the
median survival ranges from 7-10 months [6]. Chao
et al. [4] reported on 111 patients who underwent
WBRT (median dose 37.5 Gy), followed by salvage
SRS (dose range 15-24 Gy). Local control after SRS
was achieved in 75% of patients. Median survival after
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SRS was 9.9 months for the entire group and was longer
in patients with a >6 month interval between WBRT
and salvage SRS (median survival 12.3 months for > 6
months versus 6.8 months for <6 months). In a French
study involving 54 patients treated with salvage SRS
after WBRT, the 1 and 2 year local control rates were
91.3% and 84%, respectively, and the median survival
was 7.8 months [5]. On multivariate analysis, Recursive
Partitioning Analysis (RPA) class and interval between
WBRT and SRS predicted for overall survival and
brain-disease free survival.

In the salvage setting, most patients are treated
with repeat WBRT or with salvage WBRT or with
salvage SRS, whichever treatment modality was not
previously utilized. In select patients with a good
performance status, controlled extracranial disease, and
limited intracranial disease, a repeat course of SRS for
progression of a lesion previously treated with SRS is a
potential treatment option. Outcomes after treatment of
a brain metastasis with two courses of SRS are not well
documented. Most salvage SRS series include both
retreatment of progressive lesions as well as treatment of
new, distant sites in the brain. We found that retreatment
with SRS is feasible and effective in controlling BMs
in approximately two-thirds of patients. Kwon et al.
reported a 6 month local control rate of 90.7% in 43
patients who underwent a second course of gamma
knife radiosurgery as salvage treatment for progressive
BMs [15]. In this study, 30 patients received retreatment
to a previously treated lesion. Median survival after the
second course of SRS was approximately 8 months.
We report a similar median survival of 8.3 months, and
in our series, patients with RN had a longer median
survival than those without RN. It can be postulated that
patients with longer survival have more time in which
to develop RN, however we found that the median time
to RN development was only 2.8 months while the MS
for this group was 14.1 months. The exact cause of the
lengthened survival in the RN is difficult to ascertain,
however, at a minimum, it appears that RN does not
result in a survival detriment.

Toxicity, including RN, after reirradiation, with
either WBRT or SRS is difficult to measure and is often
not well documented [1,2]. In patients who received
two courses of WBRT, Kurup et al. [16] reported 1 case
of RN in 56 patients while Hazuka and Kinzie [17]
found 3 cases of RN on 8 autopsy specimens. Wong et
al identified 5 out of 86 patients who had radiographic
abnormalities consistent with radiation-related changes,
however in 4 cases, these changes were present after the
first course of WBRT [3]. In patients treated with SRS
salvage after WBRT, the rate of RN ranges from 2-11%
[4,6,10]. In RTOG 9005 [10] patients were treated with
SRS as salvage treatment for progression of disease
after WBRT. In total, 64% of patients had BMs, and
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the incidence of RN was 11% at 2 years. Chao et al.
found 2 cases (2%) of RN in 111 patients treated with
salvage SRS after WBRT [4]. One case was diagnosed
on positron emission tomography and one case was
confirmed on pathology after surgical resection. An
Italian study including 69 patients who underwent
WBRT followed by salvage SRS documented 4
cases (6%) of RN suspected by MRI and confirmed
by SPECT-CT [6]. No symptomatic treatment was
necessary in these 4 patients.

Repeat treatment with SRS after an initial course of
SRS to a single lesion has a greater potential to result
in RN given the high radiation doses used for SRS. In
our series, a second course of SRS lead to RN in 16% of
patients. RN did not appear to be associated with SRS
dose or use of WBRT but may have been associated
with the time interval between courses of SRS, size of
the treated lesion, and use of surgery. Similarly, Kwon
et al. identified 8 cases of RN in 43 patients (18.6%),
30 of whom underwent 2 courses of SRS to the same
lesion [15]. Chin et al. found 17 cases of symptomatic
RN amongst 243 patients (n=157 metastases, 17/157
(11%)) treated with GKS for brain tumors [18]. Of
these 17 patients, 4 (23.5%) had undergone 2 or more
radiosurgical treatments to the same tumor. Therefore,
Chin et al. cautioned against the use of repeat SRS for
progression BMs. Yamaka et al. evaluated outcomes in
41 patients treated with repeat gamma knife radiosurgery
for new or progressive BMs [19]. In four cases in which
SRS was performed for tumor progression, 1 developed
RN. Other investigators have reported lower rates of
RN after retreatment with a second course of SRS.
Mariya et al. reported a RTOG/EORTC grade 4 CNS
toxicity in two out of two patients who underwent three
courses of SRS to a single lesion but no grade 4 toxicity
in 6 patients who underwent only two courses of SRS
[20]. Repeat SRS outcomes for 27 patients with benign
and malignant tumors (4 cases of BMs) were evaluated
by Bhatnagar et al. [21]. In this series, there were 3
patients with radiographic evidence RN, all of which
were clinically occult.

Due to the low rate of RN after RT, we were unable
to identify variables associated with RN. Potential
predictors of RN include large tumor size, high doses
of RT, and short duration between SRS courses. In our
series, the median dose for patients with RN was 18
Gy versus a median dose of 20 Gy for patients without
RN. This is possibly attributable to the larger mean
maximum tumor dimension in the RN group versus the
group without RN. As expected, the mean number of
days between treatment courses was fewer for patients
with RN versus patients without RN. Surgical resection
of the target lesion and WBRT were performed, either
before or between courses of SRS, in a greater number
of patients with RN versus without RN.

4/4/2014 11:53:01 AM



Limitations of this study include the challenge
in identifying and distinguishing RN versus tumor
progression on routine imaging. In addition, while this
series, to our knowledge, represents the largest reported
series of patients retreated with a second course of SRS
to the same lesion, the small sample size and limited
number of events prohibits a robust statistical analysis of
predictors of local control and RN. Finally, our patient
population is comprised of a relatively high percentage
of melanoma patients, and most lesions were small
(£2cm) at the time of retreatment, and so these outcome
data may not be generalizable to all patients.

CONCLUSIONS

Retreatment with SRS to a single lesion is associated
with a relatively low risk of RN, and reirradiation with
SRS provides high rates of tumor control thereby allowing
the majority of patients to avoid the toxicities and
inconveniences associated with WBRT. Repeat SRS for
progressive BMs should be considered in patients with a
good performance status, a limited number of intracranial
metastases, and with controlled extra-cranial disease.
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NOMENCLATURE
Brain metastases BMs
Centimeters cm
Complete response CR
Magnetic resonance imaging MRI
Partial response PR
Progressive disease PD
Radiation necrosis RN
Spoiled gradient echo SPGR
Stable disease SD
Stereotactic radiosurgery SRS
Whole brain radiotherapy WBRT
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