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Abstract The treatment of brain metastases is changing.

Many different radiotherapy options are now available and

under clinical evaluation. As part of this effort, we retro-

spectively evaluated the efficacy and toxicity of hypo-

fractionated stereotactic radiotherapy (HSRT) in patients

with up to three brain metastases. Sixty-five patients with

81 lesions were treated with hypofractionated radiotherapy.

Median dose was 24 Gy in three fractions. Median follow-

up was 24.6 months. Actuarial tumour control was 75 and

45% at 9 months and 24 months after treatment, respec-

tively. Median survival time was 7.5 months, and 32%

of the patients died from brain tumour progression. Actu-

arial overall survival was 75% at 3 months and 25% at

12 months. Recursive partitioning analysis class was the

only significant prognostic factor. Neoadjuvant whole-

brain radiotherapy (in 29 patients) had no impact on sur-

vival or local control. Neurological status improved in 42

patients (65%). Adverse events were rare and usually mild.

This experience suggests HSRT should be considered as an

alternative approach in the treatment of one to three met-

astatic lesions in selected patients.

Keywords Cerebral oligometastases � Hypofractionated

stereotactic radiotherapy � Whole-brain radiotherapy

Introduction

Brain metastases occur in 25% of cancer patients [1].

Treatment of brain metastases has historically included

whole-brain radiotherapy (WBRT), which can produce

tumour control, improve quality of life, and attenuate

neurological symptoms. Life expectancy of patients treated

with WBRT, however, is still disturbingly brief (2.8–5.3

months) [2], and the long-term risks of serious and per-

manent toxic effects resulting from WBRT are less

understood [3, 4].

One of the most comprehensive retrospective meta-

analyses yet to be published about single or oligo brain

metastases has shown that single dose stereotactic radio-

surgery (SRS) along with WBRT leads to a significantly

longer overall survival compared to WBRT alone, for

patients with good performance status (Karnofsky perfor-

mance status (KPS) [70) and single brain metastases (level

1 evidence). Moreover, the authors pointed out that SRS, in

combination with WBRT, seems to be more effective than

WBRT alone in terms of local control in patients with one

to four metastases and KPS [70 (level 2 evidence), and

may lead to significantly longer survival in patients with

two to three metastases (level 3 evidence). The authors

note that the incidence of distant recurrence is lower when

WBRT is added [5]. Several previous studies have reported

similar results [4, 6–23]. SRS has been limited traditionally

by the lesion’s dimensions and the proximity of critical

structures. At the same time, the extent of late toxicity

following WBRT is not well established, and so whether

late toxicity is a major concern for clinicians is an open

question [24].

Hypofractionated stereotactic radiotherapy (HSRT), by

focusing the field of impact of the radiation, would theo-

retically improve the sparing of critical structures, and

M. Marchetti (&) � I. Milanesi � C. Falcone � M. De Santis �
L. Fumagalli � L. Fariselli

Department of Neurosurgery, Division of Radiotherapy,

Fondazione IRCCS Istituto Neurologico ‘‘C.Besta’’,

Via Celoria 11, 20133 Milan, Italy

e-mail: marchettimarcello@gmail.com

L. Brait � L. Bianchi

CyberKnife Center CDI, Milan, Italy

123

Neurol Sci (2011) 32:393–399

DOI 10.1007/s10072-010-0473-4



consequently may limit the long-term side effects of radi-

ation therapy. In this sense, hypofractionated radiotherapy

could have a primary role in the treatment of brain

metastases, especially when these are close to critical

structures, or have a main diameter larger than 3.5 cm.

Nevertheless, the literature lacks reports of previous

experiences with hypofractionated radiotherapy for olig-

ometastases. This retrospective review evaluates the efficacy

and toxicity of hypofractionated stereotactic radiotherapy

with or without WBRT in patients with three or fewer brain

metastases arising from solid tumours.

Patients and methods

Patients

In the period between January 2001 and August 2005, 65

patients bearing 81 brain metastases were treated. Of these,

48 lesions were treated using a Philips SL 75/5 LINAC-

based stereotactic system (Philips Medical Systems, Best,

The Netherlands) with a dynamic micromultileaf collima-

tor (DMLC) (3DLine International, Milan, Italy), and 33

lesions were treated with CyberKnife� (Accuray Incorpo-

rated, Sunnyvale, CA, USA). Patient selection criteria for

stereotactic radiotherapy (SRT) at our institute were: a

recursive partitioning analysis (RPA) classification I or II,

one to three brain metastases, a single lesion with a

diameter more than 35 mm, inoperable patients, multiple

and very large lesions after WBRT (with RPA class I or II).

The neurological status of the patients was prospectively

classified according to the European Organization for

Research and Treatment of Cancer (EORTC) scale (see

Table 1) [25, 26]. Patient, lesion, and treatment charac-

teristics are summarized in Table 1. Forty-eight patients

(74%) had a solitary and 17 (26%) had multiple metastases;

36% of the lesions were subtentorial. Mean tumour volume

was 8.0 cc (range, 0.3–48.2 cc). Twenty-six patients (40%)

belonged to RPA class I and 39 patients (60%) to RPA class

II. All 81 lesions were treated radiosurgically. Twenty-nine

patients (44.5%) received neoadjuvant WBRT. Sixty-five

percent of the patients initially presented with motor,

speech, or cerebellar impairments; a minority had seizures

without focal deficit (16%), or experienced headaches (9%).

Ten percent of the patients were asymptomatic. Mean

neurological score before treatment was two.

Treatment plan and delivery

Thirty-six patients were treated with a 6-MV, LINAC-

based stereotactic system using a DMLC with a 4-mm leaf

thickness at isocentre. Twenty-nine patients were treated

with CyberKnife, a robotic LINAC-based (6-MV photons)

system that employs an image-guided localization system

to track the target position, and to aim the radiation beams

with a large number of possible angles. Because fixed

stereotactic frames were not necessary with either system,

each patient was positioned comfortably with an individ-

ually fitted thermo-shell headrest attached to a mouthpiece

assembly, and a non-invasive immobilization frame in the

case of the Philips Linac treatment. Patients underwent

contrast-enhanced CT and MR imaging of the entire brain

using a slice thickness of 1.25–2 mm. These images were

fused with automatic image fusion software based on sur-

face matching using Ergo?? (Elekta AB, Stockholm,

Sweden), and with a mutual information algorithm using

CyrisTM (Accuray) to define the gross tumour volume

Table 1 Patient and lesion characteristics

Parameter No. patient %

Age

\30 0 0

30–40 2 3.1

40–50 16 25.4

50–60 16 25.4

60–70 16 25.4

[70 15 20.6

M/F 25/40 38.5/61.5

RPA class

1 26 40

2 39 60

3 0 0

Eortc neurological status

1 no neurological deficit 9 13.9

2 some deficit but functions

adequate for useful work

27 41.5

3 deficit causing moderate

functional impairment

29 44.6

4 deficit causing major

functional impairment

0 0

Metastases site No. lesions

Frontal 21 25.9

Parietal 7 8.6

Temporal 6 7.4

Occipital 9 11.1

Cerebellum 29 35.8

Other 9 11.1

Primary site

Lung 27 33.3

Breast 22 27.2

Colon-rectum 7 8.6

Melanoma 6 7.5

Kidney 7 8.6

Other 12 14.8
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(GTV) that was taken to be identical to the clinical target

volume (CTV). The planning target volume (PTV) was

defined to encompass the CTV plus a 2-mm margin in all

directions [10]. Accuracy of the entire system was evalu-

ated to be under 1 mm in the CyberKnife system and 2 mm

in the 3DLine system. Median dose was 24 Gy in three

fractions to a median isodose line of 78% for the Cyber-

Knife system, and 80% for the LINAC-based system. The

selected dose could be considered equivalent to 15 Gy in a

single fraction [27]. Pre-SRT conventional WBRT (30 Gy

in 3 Gy/fraction) was administered to 29 patients.

Quality criteria

The prescription isodose line included at least 95% of the

PTV. For each plan, the dose–volume histogram (DVH)

was calculated for the PTV and the organs at risk (OAR).

Ergo?? and the CyberKnife On-TargetTM Treatment

Planning System (Accuray) were used for dose calculation,

and to input the contours defining the target volumes and

the OAR on CT-MR fused images. For each plan, the

conformity index (CI), as described by Paddick [28], and

the homogeneity index (HI), which is the ratio of the

maximum dose to the prescription dose (MDPD), were

evaluated. Cerebral V15 was 5% or lesser.

Follow-up and statistics

All patients were evaluated with clinical and radiological

follow-up using MRI after 2 months and every 3 months

thereafter. Median follow-up was 24.6 months. End points

were local tumour control rate, survival rate, functional

neurological status at the end of treatment, and toxicity. In

this evaluation, we defined complete response (CR) as

[50% decrease, partial response (PR) as 25–49% decrease,

stable disease (SD) as 0–25% decrease, and progressive

disease (PD) as[25% increase in the size of the lesion on

MRI [29]. When patients had more than one lesion, local

response of each metastasis was reported individually. The

functional neurological status was evaluated every

2 months. Survival was defined as the time period between

the beginning of the therapy and the last follow-up or

death. Death was assumed to be brain-related unless it was

confirmed to be attributable to extracranial causes. Patients

whose deaths were due to neither neurologic reasons nor

systemic progression were classified as unknown.

Overall survival and local control curves were calcu-

lated by the Kaplan–Meier method. Univariate analyses

were performed using the log-rank test, and stepwise for-

ward conditional multivariate analyses were conducted

using the Cox regression model to calculate the prognostic

value of different variables related to survival and local

tumour control (see Tables 2 and 3). The variables with

p \ 0.15 in the univariate analysis were included in the

multivariate analysis.

Toxicity was evaluated according to the central nervous

system toxicity criteria of the RTOG/EORTC late radiation

morbidity scoring schema [30].

Results

Overall survival

Median overall survival was 7.5 months (confidence

interval, 5.9–9.2 months) with a median follow-up of

24.6 months. Patients who received WBRT had a median

survival of 6.7 months (CI: 4.6–8.7 months). We found no

difference in survival between patients who received SRT

as primary therapy, and patients who received SRT after

WBRT (p = 0.39). Survival curves for the two groups did

not differ according to the log-rank test (Fig. 1).

Table 2 Univariate and multivariate analyses of prognostic factors

for survival

Variable Univariate

p value

Multivariate

p value

Age

\50 versus [50 years ns ns

KPS

C90 versus \90 ns ns

RPA

Class I versus class II \0.05 \0.005

Primary tumour

Breast versus non Breast ns ns

Renal and melanoma

versus all the others

ns ns

Infratentorial metastasis

Absent versus present ns ns

Total PTV (median)

\8 cc versus [8 cc ns ns

WBRT

Yes versus no ns ns

KPS Karnofsky performance status, RPA recursive partitioning

analysis, PTV planning treatment volume

Table 3 Univariate and multivariate analyses of prognostic factors

for local control

Variable Univariate

p value

Multivariate

p value

Age ns ns

Volume ns ns

Histology ns ns

WBRT ns ns
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Actuarial overall survival was 61 and 25% at 6 and

12 months, respectively (Fig. 2). The 23 patients in RPA

class 1 had a median survival of 11.4 months (CI: 6.8–16.0

months), whereas the median survival time for the 37

patients in RPA class 2 was 5.0 months (CI: 3.5–6.4

months, P = 0.015) (Fig. 3).

Death was attributed to systemic disease progression in

21 patients (40.4%), to intracerebral progression in 24

patients (46.1%) of which 15 were sub-tentorial, and to

unknown causes in 7 patients (13.5%).

Local control

Two patients failed to follow-up at the first follow-up scan

at 2 months, and 79 lesions were evaluated (96%). MR

scans at 6 months were available in all surviving patients

with a total of 42 lesions. The 2-month local control rate

was 90%. After 6 months, CR was achieved with seven

metastases (16.7%), PR in 10 metastases (23.8%), and SD

in 21 metastases (50%). Four lesions (9.5%) progressed.

Actuarial local control was 79, 58.6, and 45% at 6, 12, and

24 months, respectively (Fig. 4). Twenty-six patients

(40%) developed new cerebral metastases (distant brain

failure, DBF). Median time to DBF was 4.7 months (range,

3–18 months). Patients who received WBRT along with

SRT had a 6-month actuarial DBF rate of 20% compared

with the 65% DBF rate in the same interval among patients

who received SRT alone (p = 0.003).

Prognostic factors

Results of the univariate and multivariate analyses for

prognostic factors regarding survival are shown in Table 2.

The RPA class was found to be the only statistically sig-

nificant prognostic factor, with patients in the RPA class 2

having a worse prognosis than those in the RPA class 1

(p \ 0.001). All other analyzed variables failed to dem-

onstrate any significant correlation with local control

(Table 3). Tumours such as melanoma and clear cell

Fig. 1 Survival curves of patients with or without whole brain (WB)

irradiation: solid line HSRT without WB, dotted line HSRT ? WB

Fig. 2 Actuarial overall survival

Fig. 3 Kaplan-Meier curves for overall survival in patients with RPA

class 2 (dotted line) and RPA class 1 (solid line)
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carcinoma that are considered radioresistant appeared well

controlled with SRT with a 1-year actuarial local control of

58%.

Neurological status

Sixty-five percent of the evaluable patients had an

improvement of functional neurological status 2 months

after SRT, compared with three patients reporting deterio-

ration, and the remaining patients maintaining stable func-

tion. At day 7 after therapy, all the patients with stable or

improved neurological status reduced the steroids intake,

progressively, until it was suspended completely.

Toxicity

Treatment-related complications were observed in three

patients during the early follow-up period (\3 months).

These complications consisted of oedema, which did not

cause major neurological complications. The condition was

reversed through long-term high-dose steroid therapy. One

patient underwent surgery due to a persistent drug-refrac-

tory oedema. The histologic work-up following the surgery

pointed to radiation necrosis.

Dosimetry

Mean PTV volume corresponded to tumour volume plus a

2-mm margin. Mean cerebral V15 Gy was 5%. This data

confirms the sharp fall-off in dose gradient with either

system, including while treating larger lesions.

The collected data indicated a more favourable target

coverage with the CyberKnife system using similar CI for

both systems. The CI for the CyberKnife system was a

mean 0.73 (range 0.56–0.86) compared with the CI for the

LINAC system of 0.55 (0.48–0.70). Both systems produced

a good HI, calculated as MDPD: a mean of 1.30 in the case

of CyberKnife (range 1.19–1.47) and 1.24 with the LINAC

system (range 1.06–1.33).

Discussion

This study retrospectively analyzed outcomes of 69

patients who had received HSRT with or without WBRT

for one to three metastatic lesions. A total dose of 24 Gy in

three fractions was delivered to the 80% isodose line. In 29

patients, the treatment was preceded by a standard regimen

of WBRT, consisting of 30 Gy delivered in 3-Gy fractions.

The results of this analysis are in general agreement

with earlier reports on HSRT. Actuarial local tumour

control rates at 1 year have been reported as 64–91% [21,

23, 31]. In our study, the actuarial local control was 79% at

6 months and 59% at 12 months; in longer-term survivors,

the actuarial local control rate at 24 months reached 45%.

WBRT did not influence local control or overall sur-

vival, but it has been shown to reduce DBF. The question

of whether the use of WBRT as a pre-treatment option

would improve the chances of survival of patients treated

with SRS was recently analysed by Lindsey et al. (2010).

The authors report a non-significant difference between

using SRS alone and SRS plus WBRT in terms of overall

survival, but at the same time they point out to a degree of

a tendency towards a lower incidence of distant recurrence

following WBRT [5].

Many questions remain unanswered regarding HSRT.

Lindvall et al. [22] have compared the benefits of hypo-

fractionated conformal stereotactic radiotherapy (HCSRT)

with those of WBRT followed by a boost of SRS in

treatment of cerebral metastases. Even though they did not

observe a statistical difference between the two groups in

local tumour control, they did observe that eight patients

(25%) in the group treated with HCSRT had only devel-

oped new metastases in areas not covered by the irradia-

tion. In contrast none of the patients treated with WBRT

and SRS boost had developed new metastases (p =

0.0005). Despite this finding, they argued that ‘‘neoadju-

vant treatment of the whole brain in patients with a short

life expentancy was not necessary, as most patients would

not live long enough to experience a new brain metasta-

sis.’’ Moreover, a recent review by Schlienger et al. [32]

has provided the most comprehensive examination on

HSRT, and conceded that inclusion of WBRT could be a

‘‘confusing parameter.’’

Fig. 4 Actuarial local tumour control
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In the current study, patients who did not receive WBRT

had the same probability of survival as those who did.

There was also no evidence of better local tumour control

among patients who received the combination therapy.

Another topic of debate remains the identification of

relevant prognostic factors both for survival and local

control. In the present study, the only statistically signifi-

cant factor was identified as the RPA class. We would like

to emphasize that in our series, we did not include any

patients belonging to the RPA III class. Based on the RPA

class, there was no survival difference between the two

subgroups who did and did not receive neoadjuvant WBRT

(p = 0.33, hazard ratio = 1.09). However Chidel et al.

(2000), through their multivariate analysis, were able to

show that the RPA class (p = 0.023) was in fact an inde-

pendent predictor of overall survival [33].

Previous investigators have demonstrated that lesion

volume is a prognostic factor for local tumour control and

toxicity. However, again, we did not observe this rela-

tionship among treatment groups when stratified by tumour

volume. This could be attributed to the patient selection

criteria, which in this study included patients with tumours

as large as 8 cc. Other researchers studied significantly

smaller volumes [34].

In terms of local control, the histology of the disease

also did not appear to be statistically significant, as long as

sufficiently high doses are employed to overcome the rel-

ative resistance of histologies such as melanoma or clear-

cell carcinoma. In fact the 1-year actuarial local control of

these pathologies reached 58%, a percentage not dissimilar

to that of breast cancer, a pathology that is considered

radiosensitive..

This together with some of the statistical results of the

current study could be limited by the small sample size of

certain sub-groups but, in our opinion, this finding stresses

the contribution of individual response variability to

radiotherapy treatment above other factors.

With respect to toxicity, the present regimen of HSRT

was well tolerated with similar results reported by several

others [32, 34–37, 38]. Five percent of the patients showed

moderate acute toxicity in the form of oedema, and one

patient required surgical intervention. This could be related

to the extremely conformal distribution of the dose and the

sharp fall-off that allowed more efficient sparing of the

surrounding normal brain tissues. In the present study, only

the 5% of the normal brain received 15 Gy or more.

Because of the difficulty of collecting data relating to

either neurological or radiological status during follow-up

in patients with short life expectancy, few reports provide

an accurate analysis of functional and morphological out-

come of the patients. In the present series, more than half of

the patients experienced an improvement of neurological

status as evaluated at 2 months after treatment.

Conclusions

In conclusion, HSRT, with or without WBRT, provides

reasonable and comparable tumour control and survival in

patients with up to three metastatic lesions in their brain,

even in the case of larger tumours. The neurological tox-

icity rate was low, and because of the non-invasive nature

of the adopted restraints, the patient compliance is very

high. These results suggest HSRT should be considered as

an alternative approach in the treatment of one to three

metastatic lesions in selected patients instead of the stan-

dard WBRT or in addition to it. Although a specific

schedule for HSRT has not yet been established, the high

target coverage with CyberKnife or IMRT may allow a

dose escalation study to that end.
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