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INTRODUCTION

EEMCICIER  The purpose of this study is to compare the efficacy and safety of multisession radio-
surgery to those of single dose radiosurgery for metastatic brain tumors.

TR  Between February 2008 and February 2012, 90 patients with 196 metastatic brain
tumors were treated with cyberknife radiosurgery, and we reviewed these patients retrospectively.
Among them, 57 patients underwent single dose radiosurgery, and 33 patients multisession radiosur-
gery. Tumors involving the eloquent area and large tumors (>5 cc) were treated with multisession radio-
surgery. The median tumor volume and the median treatment dose of single dose radiosurgery were
2.05+0.72 cc and 19.76+1.54 Gy respectively, and in the case of multisession radiosurgery, 5.30+1.70
cc and 29.6+1.70 Gy respectively. The frequency of multisession dose was 3 to 5 times, on average
3.55 times, and 8.91 Gy were given per 1 session on average.

IS The overall survival (OS) of multisession radiosurgery was 16.0 months, whereas that
of single dose radiosurgery was 11.5 months. The radiologic tumor response rates were 90% in single
dose radiosurgery and 95.4% in multisession radiosurgery, respectively. Over 6-month and 1-year pe-
riods, the OS rates of single dose radiosurgery were 71.4% and 44.9%, whereas those of multisession
radiosurgery were 69.1% and 58.3%, respectively (p=0.83). Toxicities were seen in 18.1% in the single
dose radiosurgery group versus 4% in the multisession radiosurgery group. The difference was signifi-
cant (p<0.05).

In this study, the multisession radiosurgery group, despite the location and size con-
straints, did not differ from the single dose radiosurgery group when comparing the survival and recur-
rence rates, but complications and toxicity were lower. Thus, multisession radiosurgery is thought to be
beneficial for treatment of large tumors and tumors located in the eloquent area.

Key Words Metastatic brain tumor; Stereotactic radiosurgery; Fractionation; Survival; Toxicity.

whole brain radiation therapy (WBRT), stereotactic radiosur-
gery such as Gamma Knife and Cyberknife, and intensity

Metastatic brain tumors are the most common intracranial
tumors; they account for 25% to 35% of all cancer patients
and are a common cause of morbidity and mortality in pa-
tients with solid tumors [1]. Various treatment options have been
developed for metastatic tumors, such as surgical resection,
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modulated radiation therapy [2]. One such option is Cyber-
knife (Accuracy, Sunnyvale, CA, USA), an image-guided fra-
meless, real-time robotic radiosurgery system that has proven
its efficacy in prospective and randomized trials [3]. It has
been increasingly used to treat brain metastases as it avoids
many of the side effects of whole brain radiotherapy as well as
the need for invasive surgery [4,5]. The benefits of Cyberknife
include more accurate target localization and better dose de-
livery for the management of metastatic brain tumors [6]. In
addition, Cyberknife is highly reccommend in certain situations
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since it is minimally invasive, and therefore has lower risk. It
can be combined with other methods, and can also be an al-
ternative to other methods depending on the patient status
and tumor location. Cyberknife is available on an outpatient
basis [7,8], is capable of treating multiple lesions simultaneous-
ly, and can be used for repeated treatments in cases of regional
or local metastasis [9-11]. To date, the local malignant tumor
control rate for Cyberknife is approximately 83%, which is
comparable to other radiosurgery systems [12]. Although non-
invasive frameless stereotactic radiosurgery such as Cyberknife
has become increasingly popular, the majority of papers about
radiosurgery have been on frame-based stereotactic radiosur-
gery. The therapeutic impact of Cyberknife is still unclear since
there are few published papers on this treatment method.
There are few papers that compare single dose and multises-
sion radiosurgery. We compared the efficacy and complica-
tions of single radiosurgery and multisession radiosurgery us-
ing Cyberknife in a single institute.

MATERIALS AND METHODS

Patient characteristics and treatment

Between February 2008 and February 2012, we retrospec-
tively analyzed 196 lesions from 90 patients with metastatic
brain tumors that had been treated with Cyberknife. Patient
data of this study was approved by the Institutional Review
Board (IRB No.: SCHUH 2015-05-001). The numbers of pa-
tients who had been treated by single dose radiosurgery and
multisession radiosurgery were 57 (63.3%) and 33 (36.7%), and
the numbers of those with multiple tumors were 29 (50.9%)
and 9 (27.3%), respectively. Over 95% had Karnofsky perfor-

Table 1. Patient characteristics

mance status (KPS) scores above 70 in both the single dose ra-
diosurgery and multisession radiosurgery groups (54 vs. 32).
The number of patients who had previously had surgery was 11
(19.3%) in the single dose radiosurgery group and 13 (39.4%)
in the multisession radiosurgery group. Previous WBRT was
done in 18 patients (31.6%) in the single dose radiosurgery
group and 12 (36.4%) in the multisession radiosurgery group.
Sixteen (28.1%) patients in the single dose radiosurgery group
had systemic chemotherapy, while 11 (33.3%) in the multises-
sion radiosurgery group (Table 1). Among the 57 patients who
had single dose radiosurgery, the tumor origin was non-small
cell lung cancer (NSCLC) in 35 patients (61.4%), whereas only
9 out of 33 patients (27.3%) who had multisession radiosur-
gery had NSCLC as their primary tumor (Table 2).

Table 2. Distribution of tumor type in 90 patients

Tumor type SRS (%) MSR (%)
Breast 9 (15.7) 9(27.3)
Colon 3(5.2) 11 (33.3)
Stomach/eso. Ca. 0(0) 2(6.0)
Lung (NSCLC) 35(61.4) 9(27.3)
Lung (SCLC) 2(3.5) 0(0)
Melanoma 1(1.7) 0(0)
Kidney 2(3.5) 1(3.0)
MUO 0(0) 1(3.0)
Ovary 2(3.5) 0(0)
Hepatobiliary Ca. 3(5.2) 0(0)
Total 57 (100) 33 (100)

SRS, single-dose radiosurgery; MSR, multisession radiosurgery;
eso., esophageal; Ca., cancer; NSCLC, non-small cell lung cancer;
SCLC, small cell lung cancer; MUO, metastasis of unknown origin

Characteristics SRS (single) MSR pvalue
No. of Pts 57 33
Gender (M/F) 26/31 14/19 -
Age [mean (range)] 55.5(33-84) 55.6 (40—88)
Age (>65/<65) 16/41 6/27 -
KPS scale (=70%/<70%) 54/3 32/1 -
RPA class (I/II/III) 16/38/3 5/13/5 -
No. of lesion [mean (range)] 151 [2.65 (1-12)] 45[1.36 (1-6)] -
No. of treated lesions (1/2/>3) 28/9/20 24/6/3 -
Fractionated dose/accumulated dose (Gy) 8.91 (5-12)/ -
29.6 (21-30)
Previous surgery (%) 11/57 (19.3) 13/33 (39.4) 0.061
Previous WBRT (%) 18/57 (31.6) 12/33 (36.4) -
Previous chemotherapy (%) 16/57 (28.1) 13/33 (33.3) -
Previous surgery & WBRT (%) 6/57 (10.5) 7/33 (21.2) -
Previous surgery & SRS (%) 5/57 (8.8) 10/57 (17.5) -

SRS, single-dose radiosurgery; MSR, multisession radiosurgery; KPS, Karnofsky performance status; RPA, recursive partitioning analysis;

WBRT, whole brain radiation therapy
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Stereotactic radiosurgery

Tight thermoplastic masks were applied for immobilization,
and for all patients, we made treatment plans and did follow-
up research, using thin-cut Helical CT with slice thickness of
1-2 mm, fused with Gadolinium-enhanced MRI scans. Planned
target volume was derived by adding a 1 mm margin around
the gross tumor volume with dose-limiting structures, such as
eyes, optic nerve, optic chiasm and brain stem being properly
delineated. Median tumor volume in the single dose radio-
surgery group was 2.05+0.72 cc (range: 0.14-4.99 cc) and
5.30%+1.70 cc (range: 0.77-50.49 cc) in the multisession radio-
surgery group (p=0.026). Median treatment dose was 19.76%
1.54 Gy (range: 10-25 Gy) and median isodose line was 79.88%
(range: 42-88%) in the single dose radiosurgery group. Me-
dian treatment dose was 29.6+1.70 Gy (range: 21-30 Gy) and
median isodose line was 83.48% (range: 77-83%) in multises-
sion radiosurgery group. The mean number of sessions in the
multisession radiosurgery group was 3.55 (range of 3 to 5
times) at 8.19 Gy per one session. We defined biological effec-
tive dose (BED) as nd (1+d/a/b), where n is the number of
sessions, d is the daily dose, the unit of measurement was gray
(Gy), and the assumed a/b ratio was 10. Multinomial logistic
models were used to control for 2 potential confounding vari-
ables: BED and initial tumor volume. Treatments were deliv-
ered in a variable number of multisessions, and the relative
BED in the single dose radiosurgery group compared with
that in the multisession radiosurgery group had to be taken
into account. The mean BED prescription dose, for an /b ratio
of 10, in the single dose radiosurgery group was significantly
greater than that in the multisession radiosurgery (57.6 Gy
vs. 48.7 Gy, respectively; p<0.001). Dosimetric parameters
are summarized in Table 3.

Follow-up evaluation and statistical methods

After the Cyberknife procedures, we conducted serial ex-
aminations including neurologic and radiologic tests. Follow-
up MRI scans were routinely conducted every 3 months, and
additional scans were done in patients who developed unex-
pected neurological deteriorations. Systemic functional status
was measured with KPS score and recursive partitioning anal-
ysis (RPA) class. Volumetric response was measured using

Table 3. Dosimetric parameters
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gadolinium enhanced MRI, which helped in outlining the
tumors to check the volume. The data were uploaded to our
Dong-En information technology Picture Archiving and
Communication System. Total volume was calculated by mul-
tiplying the area of one plane to slice thickness. Response cri-
teria were defined as complete response (CR) when the tumor
was completely gone, partial response (PR) for tumor reduc-
tion over 50%, progression of disease (PD) if the tumor became
larger by at least 25%, and stable disease (SD) for tumor re-
sponse pattern that did not meet any of the other criteria. Lo-
cal progression (LP) is defined as enlargement of the previ-
ously treated tumor, and regional progression (RP) is defined
as a tumor that is newly discovered elsewhere. Toxicity was
graded according to the National Cancer Institute Common
Terminology Criteria for Adverse Event (version 4.0), which
defined Grade 1 as asymptomatic or mild symptoms that do
not require intervention, such as headaches; Grade 2 as symp-
toms that require some medications; Grade 3 as symptoms
that are not immediately life-threatening but require hospi-
talization; Grade 4 as life-threatening or requiring urgent inter-
vention; and Grade 5 as fatal. Survival rate was considered
from the date the treatment commenced to the last follow-up
date. For those patients who died, we considered the date of
death as the last follow-up date. The Kaplan-Meier Method
was used for statistical analysis. Univariate log-rank tests and
multivariate Cox regression analyses were used to compare
prognostic variables that were necessary for survival length
extension. SPSS statistical software (version 14.0; SPSS Inc.,
Chicago, IL, USA) was used for statistical analysis. The causes
of deaths were obtained from medical records and the opin-
ions of physicians. Phone calls were made when more detailed
information was needed.

RESULTS

Overall survival and tumor distribution

The mean follow-up periods for the single dose radiosur-
gery group and multisession radiosurgery groups were 10.4
months (range: 3.0-33 months) and 11.1 months (range: 3.2-
24 months), respectively. Overall survival (OS) in the single
dose radiosurgery group was 11.5 months, and 16.0 months

SRS (n=57) MSR (n=33) p value
Treatment dose/ 19.76%1.54 Gy/1 (10-25 Gy) 29.6+1.70 Gy/3.55 (21-30 Gy)
No. of fractions (range)
Treatement volume (cm?®) (range) 2.05%0.72 (0.14-4.99) 5.30%1.70 (0.77-50.49) 0.026

Prescription isodose line (%) (range) 79.88 (42-88)
Mean coverage (%) (range)

Conformality index (range) 3.37(1.18-6.49)

96.81 (95.24-100)

83.48 (77-83)
98.24 (95.14-100)
3.14 (1.10-6.73)

SRS, single-dose radiosurgery; MSR, multisession radiosurgery
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in the multisession radiosurgery group. OS rates at 6 months
and 1 year were 71.4% and 44.9%, respectively in the single
dose radiosurgery group, while in the multisession radiosur-
gery group they were 69.1% and 58.3%, respectively (p=0.83)
(Fig. 1). In the case of breast and colon cancer in the multis-
ession radiosurgery group, their ratios are 27.3% and 33.3%,
respectively, which are high when compared to the single dose
radiosurgery group. There was no statistically significant cor-
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Fig. 1. Kaplan-Meier curve demonstrating SRS and MSR survival
rates, respectively. Median survival rate was 71.4%, 44.9% in the
SRS group (1) and 69.1%, 58.3% in the MSR group (2) at 6 months
and 1 year (p=0.83). SRS, single-dose radiosurgery; MSR, multi-
session radiosurgery, OS, overall survival.

relation between the two groups (p=0.81) (Table 2).

Radiologic and clinical tumor response

Tumor responses were evaluated in 66 patients, except for
24 patients who were lost during follow-up. Distribution of
tumor responses in the single dose radiosurgery group was
CR, PR, SD, and PD in 6 (13.6%), 21 (47.7%), 13 (29.5%), and
4 (9.1%), respectively. If we regarded CR, PR and SD as tumor
responsiveness to treatment, then the overall tumor response
was 40 (90.0%). Distribution of tumor responses in the mul-
tisession radiosurgery group was CR, PR, SD, and PD in 5
(22.7%), 9 (40.9%), 7 (31.81%), and 1 (4.5%), respectively. The
overall tumor response in the multisession radiosurgery group
was 21 (95.45%). Even though the tumor response rate was
better in the multisession radiosurgery group, the difference
was not statistically significant (Table 4). In the single dose ra-
diosurgery group, clinical improvement was seen in 4/44 (9%)

Table 4. Relationship of clinical deterioration and radiologic pro-
gression, neurologic death

SRS MSR
Clinical deterioration 8 1
Radiologic deterioration 4 1
Neurologic death 4 1

SRS, single-dose radiosurgery; MSR, multisession radiosurgery

Table 5. Summary of studies analyzing efficacy of multisession radiosurgery for patients with brain metastases

Overall 6 mo . Median
Author & . No.ofpts/y MTV  F/U  Local control . Prognostic .
yr Device lesions (mL)  (mo) rate at 6 mo and 1 yr survival factor survival
rate/LPES (1 yr) (mo)
Shimamoto CK 48/77 1.5 9  80% (subgroup - - 7.2
etal,, 2002 >24 Gy Rx)
Nishizaki CK 71/148 29 11.0 83% 74%/47% KPS score 12.9
etal., 2006 extracranial
metastases
Kamath z-Med/LINAC 64/NR - 8.2 NR (overall - Pre. WBRT 7.1
et al., 2005 scalpel control in 86%)
Swimson & LINAC scalpel ~ 619/1569 12.8 -95% - Pre. WBRT 7.9
Frldman, (frame-based)
2008
Kwon, 2009 27/52 0.5 6.6 - 93.9%/68.2% Tumor size (<1 cc) 10.8
Joseph, 2009 IGRS 54/108 0.98 - 90% 88% - 8.3
Kim etal.,, 2011 SRS 98/109 2.21/500 7 93.0% 81%/71% (SRS) 'WBRT, extracranial 7.0/8.0
97%/69% (ESRT)  RPA, GPA
no. of lesions
Presentstudy CK 90/196  2.45/5.30 10.4 90.0% in SRS 71.4%/44.9% (SRS) KPS score 11.51in SRS
11.1 95.4% in MSR  69.1%/58.3% (MSR) RPA class 16.0 in MSR

Pre. WBRT

MTYV, mean tumor volume; LPFS, local progression-free survival; CK, cyberkinfe; LINAC, linear accelerator; IGRS, image-guided radiosur-
gery; SRS, single-dose radiosurgery; NR, not reported; MSR, nultisession radiosurgery; FSRT, fractionated stereotactic radiotherapy; KPS,
Karnofsky performance status; WBRT, whole brain radiotherapy; RPA, recursive partitioning analysis; GPA, graded prognostic assessment
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of cases, no change in 33/44 (73%) and deterioration in 8/44
(18%). In the multisession radiosurgery group, clinical im-
provement, no change and clinical deterioration were seen in
2/22 (9%), 19/22 (86%), and 1/22 (4%), respectively. In detail,
headache improved in 3 patients and 2 patients, respectively,
followed by dizziness and hemiparesis. In the single dose ra-
diosurgery group, there were 8 patients who showed clinical
deterioration. They were dizziness (1), headaches (4), general
weakness (1), lethargy (1), and hemiparesis (1). None of the
results took the radiologic response into account. Patients
who had dizziness and headache were hospitalized because
the symptoms could not be controlled by medication. Clini-
cal response in the multisession radiosurgery group was 95%
versus 82% in the single dose radiosurgery group. Even though
the results may not be statistically significant, the multisession
radiosurgery group did get better results than the single dose
radiosurgery group. Table 5 represents clinical deterioration,
radiologic progression and neurologic death. In the multises-
sion radiosurgery group, one patient who showed radiologic
progression resulted in neurologic death because of clinical
deterioration. In the single dose radiosurgery group, 8 pa-
tients deteriorated clinically. Among the 8 patients, 4 patients’
tumor sizes increased radiologically (radiologic progression),
3 patients’ tumor sizes were stable (SD) (2 of these received
hospital treatment because of uncontrolled headaches, and 1
for dizziness), and 1 patient’s tumor size decreased radiologi-
cally (PR). In these cases, 4 patients passed away due to neu-
rologic reasons (Table 5). Of the 4 patients whose tumors did
not increase in size, 3 patients had SD (3 cases) and 1 patient
had PR (1 case); all of the 4 patients’ brain edema increased in
size. Of the 8 patients who deteriorated clinically, 3 patients
had received radiation therapy previously.

Local and/or regional progression-free survival and
univariate and multivariate analyses of prognostic
factors

Among the 44 patients who had single dose radiosurgery
group, 21 (47.7%) and 9 (20.5%) showed regional and LP, re-
spectively. Among the 22 patients in the multisession radio-
surgery group, 7 (31.8%) and 5 (22.7%) had RP and LbP, re-
spectively. The numbers of patients who reached RP and LP
without recurrence of tumors in the single dose radiosurgery
group were 5 (11.3%), and 9 (20.5%), respectively. In the mul-
tisession radiosurgery group, the numbers were 4 (18.2%)
and 6 (27.3%). In the single dose radiosurgery group espe-
cially, 20 patients had more than 3 tumors; among them (ex-
cluding 5 patients who were not followed up on), 8 patients
had LP. In the multisession radiosurgery group, all 3 patients
had LP. In the single dose radiosurgery group, the RP-free sur-
vival rate was 70.5% at 6 months and 47.6% at one year; and

GS Lee et al.

in the multisession radiosurgery group, they were 63.8% and
43.9% (p=0.30). LP-free survival rates were 80% and 69% at
6 months and 1 year in the single dose radiosurgery group,
and were 92% and 70% in the multisession radiosurgery
group (p=0.42), which tells us that both are irrelevant to re-
gional and local free survival rate (Fig. 2). Many factors af-
fecting OS were investigated. The KPS score, RPA class, and
previous radiation therapy were associated with survival
based on univariate analysis. The KPS score and RPA class
were associated with survival based on multivariate analysis
(Table 6).

Toxicity and cause of death
Neurologic symptoms such as seizure were managed with

1.0+
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Cumulative survival
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Fig. 2. Local progression-free survival rates at 6 months and 1
year were 80% and 69%, respectively, for the single-dose radio-
surgery (SRS) group and 92% and 70%, respectively, for the mul-
tisession radiosurgery (MRS) group (p=0.42). LPFS, local progres-
sion-free survival.

Table 6. Prognostic variables predicting overall survival

p-value
Univariate Multivariate
Age (£65/>65) 0.144 0.59
KPS scale (=70%/<70%) <0.001 <0.001
RPA class (I/II/III) <0.001 <0.001
No. of intracranial metastatic 0.327 0.324
organ (0/1/>2)

Tumor location (eloquent/non eloq) 0.838 0.788
Previous WBRT 0.036 0.046
Previous chemotherapy 0.778 -
Previous SRS 0.201 -

0.439 -

KPS, Karnofsky performance status; RPA, recursive partitioning
analysis; WBRT, whole brain radiation therapy; SRS, single-dose
radiosurgery

Previous surgery
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Table 7. Toxicity

Grade SRS (n=44) . MSR (n=22) .
Toxicity (n) Toxicity (n)
(CTCAE ver. 4.0) MTD: 21.25+1.20 Gy MTD: 8.91 Gy/1 Fr
Total 8 (18.1%) 1 (4%)
1 3 (6.8%) Dizzy and general weakness (n=2) 0
Headache (n=1)
3(6.8%) Headache (n=3) 0
1(2.27%) Lethargy (n=1) 0
1(2.27%) Hemiparesis (n=1) 1 (4%) Brain edema and hemiparesis
(n=1)
5 0 0

CTCAE, common terminology criteria for adverse events; SRS, single-dose radiosurgery; MSR, multisession radiosurgery; MTD, maximum

tolerated dose

steroids or anticonvulsants, and most of the symptoms sub-
sided. There were 8 cases (18.1%) of adverse events in the sin-
gle dose radiosurgery group; common terminology criteria for
adverse events (CTCAE) grade 1 in 3 (6.8%), CTCAE grade 2
in 3 (6.8%), CTCAE grade 3 in 1 (2.27%), and CTCAE grade
4 in 1 (2.27%). There was 1 CTCAE grade 4 case (4%) in the
multisession radiosurgery group. Toxicities were seen in 18.1%
in the single dose radiosurgery group versus 4% in the multi-
session radiosurgery group. The difference was significant (p<
0.05) (Table 7). Of the 22 patients in the multisession radio-
surgery group that were successfully followed up on, 18 (80%)
died of systemic causes, 1 (5%) died of neurologic causes, and
the other patients died for unknown reasons. We analyzed the
cause of death in 44 patients in the single dose radiosurgery
group that was followed up on. In the single dose radiosurgery
group, neurologic death was seen in 4 (8%) patients, systemic
cause of death was seen in 30 (69%) patients, and death for un-
known reasons was seen in approximately 23%.

DISCUSSION

Stereotactic radiosurgery has emerged as a treatment for
brain metastases in the last 20 years. Stereotactic radiosur-
gery precisely delivers a single high dose of radiation to a small
target while sparing surrounding tissue. It is generally consid-
ered suitable for metastases <3 cm’ in size that are radiograph-
ically discrete. Single dose radiosurgery group can control mul-
tiple brain metastases without the neurological side effects of
WBRT or the need for invasive surgery [13].

A large retrospective study of patients with breast cancer
undergoing radiosurgery showed that the number of brain
metastases did not influence survival, whereas a total treated
volume <3 ¢cm’® was significantly associated with improved
survival in univariate and multivariate analysis [14]. This may
be because larger lesions are harder to control with radiation,
since the total safe dose is lower. Furthermore, larger metasta-
ses may also have more aggressive biology. For instance, they
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may represent a group with higher-than-average growth rates
and a more infiltrative growth pattern, making single dose ra-
diosurgery group less effective without a bigger margin. The
total volume of disease may also be important because, as
volume increases, pressure effects and associated neurological
dysfunction will also increase. This would frequently correlate
with a deterioration in performance status and increase the
risk of neurological death. One study is the Radiation Therapy
Oncology Group which was published in 2000. This paper
presented that acute toxicities increased as the treatment dose
was increased and that dose reduction was associated with a
decreasing local control rate [15]. Thus, much effort was de-
voted to reducing acute toxicities while improving the local
control rate with large-sized tumors. Multisession radiosur-
gery was suggested as a solution to this dilemma. Multises-
sion radiosurgery technique combines the advantages of sin-
gle radiosurgery and conventional radiation therapy (CRT).
Single radiosurgery offers spatial precision and high-dose ra-
diation, and CRT offers the sparing effect of fractionation as
well as potential application to large targets. Multisession ra-
diosurgery technique, especially applied to large target, had
reduced toxicities and escalated the dose and efficacy [16].
Thus, multisession radiosurgery can be performed on a large
sized tumor, on a lesion in the eloquent area or adjacent to cra-
nial nerves, or on a mass requiring re-irradiation.

A paper that compares single radiosurgery and multises-
sion radiosurgery showed that 376 metastatic brain tumors in
85 renal carcinoma patients treated with single dose radiosur-
gery group alone (tumor dose; 21.2+3.2 Gy) produced a mean
survival time of 11.1 months and a 94% local control rate,
with few side effects [17]. According to Wang et al. [18], treat-
ing 72 metastatic brain tumor patients with 10-36 Gy, in two
to five multisession, resulted in a tumor control rate of 95%,
and a radiation damage rate close to 4%. Ernst-Stecken et al.
[19] compared 51 patients treated with multisession radio-
surgery for tumors over 3 cc, or with some critical structures
nearby, to patients treated with through Phase II trials. They



gave 30 Gy in 5 sessions. The median survival time was 11
months, and 1-year local progression-free survival (LPFS) was
76%. They reported that multisession was more effective and
safer than single dose radiosurgery group. Aoyama et al. [20]
investigated 87 patients treated with 35 Gy, in 4 sessions. Their
median survival was 8.7 months, 1 year LPFS was 81%, and 4
(5%) cases were affected by toxicity. Manning et al. [3] pro-
spectively analyzed 32 metastatic brain tumor patients who
received 3-session treatment of 27 Gy. Their median survival
was 12 months. Four (13%) of them had seizures in follow-up
MRYI, and 2 (6%) had clinical radio-necrosis after treatment.
According to the research done for this article, there was no
significant difference in the patient control group between
single dose radiosurgery group and multisession radiosur-
gery groups, except for previous surgery. We were able to ob-
tain 7 papers that compared the efficacy and toxicity of single
dose radiosurgery group and multisession radiosurgery from
2006 to 2011. Almost all of the papers reported that multis-
ession radiosurgery was more effective and less toxic. The
published papers about multisession radiosurgery are sum-
marized in Table 5.

Speaking of rates of previous surgery, in our series, it was
39.4% (13/33) in the multisession radiosurgery group, which
means that there is a slightly significant difference from the
single dose radiosurgery group groups rate of 19.3%. The met-
astatic brain tumors in the multisession radiosurgery group
were bigger in size than the single lesions. Even though the
tumors were located in a critical area, tumor resection was the
first treatment to consider. Looking at the types of tumors in
the 90 patients who had Cyberknife therapy, NSCLC was the
most common. Breast cancer and colon cancer were relatively
more common in the multisession radiosurgery group, but
there was no significant difference, as in the case of other pa-
pers. The median survival was similar at 11.5 months in the
single dose radiosurgery group and 16.0 months in the mul-
tisession radiosurgery group, with p value equal to 0.83. Sur-
vival seems to be related to pretreatment prognostic factors
rather than stereotactic surgery itself, and with less toxicity in
the multisession radiosurgery group. There was a statistically
significant increase in the median survival of the multisession
radiosurgery patients compared with the single dose radio-
surgery group patients, despite the smaller calculated BED in
the multisession radiosurgery group. Even though there were
differences between the tumor size ranges of 2.4510.93 cc ver-
sus 2.0520.72 cc, the survival rates and recurrence rates were
similar in the single dose radiosurgery group and multises-
sion radiosurgery groups. According to the survey, age, KPS
score, RPA class, and previous radiotherapy turned out to be
relevant factors in the log rank test, which proved that the pa-
tient’s status before the treatment affected the survival rate
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and prognosis after the treatment. Preoperative status can be
the factor most influential to survival rate. Most of the papers
announced that, even though previous WBRT did not corre-
late to survival, it remarkably decreased intracranial relapse
and the need for salvage brain treatment [2]. However, Sta-
finski et al. [21] published a paper which set forth that in the
case of 1 brain metastasis, additional WBRT compared with
single radiosurgery increased 24 month tumor control rate
and improved survival. In this research, previously-received
radiotherapy was meaningful in logrank tests which did not
consider other factors. However, it was not significant in Cox
regression analysis which considered various factors. These
results were caused by not looking at extracranial metastasis,
number of tumors, etc. Also in this research, 20 patients had
more than 3 tumors in the single dose radiosurgery group, and
5 patients were excluded because of inability to follow-up. In
the remaining 15 patients, 8 patients were found to have new
metastasis. The new metastasis of 8 patients in the single dose
radiosurgery group and in all 3 of the patients in the multises-
sion radiosurgery group reflects the correlation between the
number of tumors and new metastasis. With regard to the ra-
diologic response, if CR, PR, and SD were considered tumor
response, it showed a difference of 95% versus 82%, and lack
of a statistically-significant difference notwithstanding, in
terms of clinical response, multisession suggested the better
result. More research is needed on whether multisession actu-
ally reduced acute complications more effectively in the treat-
ment of tumors.

See Table 4: after radiosurgery, radiologic response is also
important, but brain edema has a decisive effect on the clini-
cal results. In the single dose radiosurgery group, 4 patients
had radiologic progression. Among them the first follow-up
date was more than 10 months later in 2 patients.

This result shows that it is possible, if the first follow-up date
had been less than 10 months in 2 patients, that the patients
would have been radiologically classified in the “stable disease”
or “partial response” group regarding tumor size. Also, in gen-
eral, 1 case would have been expected to progress because a
small cell lung cancer case, which has poor response to radio-
therapy, was irradiated. The local-progression-free survival
rates at 6 months and 1 year were 80% and 69%, respectively,
in the single dose radiosurgery group; while they were 92%
and 70%, respectively, in the multisession radiosurgery group
(p=0.42). There was no significant difference between the
two groups. Toxicities were seen in 18.1% of the single dose
radiosurgery group, significantly more than the 4% seen in the
multisession radiosurgery group (p value<0.05). Most of the
toxicities were headaches and there was one case of neuro-
logic problems such as hemiparesis. The patients who re-
ported hemiparesis had these symptoms prior to radiosur-
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gery, rendering it difficult to determine whether the treatment
itself caused the symptoms, and acute toxicity affected just one
case in the multisession radiosurgery group, showing that
multisession obviously had fewer toxic effects than single
dose radiosurgery group. If the toxicity level is lower in the
multisession radiosurgery group, and the tumor is bigger
and located in a critical area, it would be beneficial to perform
multisession radiosurgery instead.

Although potential bias existed because we retrospectively
analyzed a small sample, we were able to compare the results
of single dose radiosurgery group and multisession radiosur-
gery using Cyberknife in a single center. Since there were no
articles to refer to, a single-center comparative study has its
value in contributing to consensus regarding toxicity criteria
and radiation technique. In addition, we adjusted for differing
multisession schedules by calculating for the BED using an
assumed a/b ratio of 10. We recognize that different histologi-
cal types will have varying ratios, but a value of 10 was chosen
for the purposes of this calculation. The limitation of this re-
search is that 10 Gy is generally a small quantity for meta-
static brain tumors. Since 2008, when WBRT began with Cy-
berknife, there were several cases which were irradiated with
a 10-Gy single dose for palliative treatment, and 1 case in which
the patient had 12 tumors treated with Cyberknife. We con-
sider that with Cyberknife, dose and the number of tumors
would create bias in results of toxicity evaluation.

In conclusion, despite the issues related to tumor size and
location, which can be the biggest sources of bias in compar-
ing single dose radiosurgery group and multisession radio-
surgery, there was no significant difference in LPFS between
the two groups. Moreover, toxicity was less frequently ob-
served in the multisession radiosurgery group than the single
dose radiosurgery group.

In this study, there are a number of limitations, such as the
following. Many of prognostic factors possibly affecting the
clinical outcomes have not been balanced by use of the eligi-
bility criteria. The effect of extent of surgical resection was not
analyzed. Continued studies should be done to find optimal
dosage and number of multisession radiosurgery sessions.
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