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Abstract Background The efficacy and toxicity of hyp-
ofractionated stereotactic radiotherapy (HSRT) in
combination with whole brain radiotherapy (WBRT), for
the treatment of 1-4 brain metastases, using a non invasive
fixation of the skull, was investigated. Methods Between
04/2001 and 01/2006 30 patients with 44 brain metastases
underwent irradiation. Every patient received WBRT
(10 x 3 Gy); 41/44 lesions received HSRT boost with a
median dose fraction of 6 Gy, the fractionation schemes
were 3 x 6 Gy and 4 x 8 Gy; a median total dose of
18 Gy was delivered to the tumor isocenter. Results The
median survival period was 9.15 months, the actuarial 1-
year overall survival and freedom from new brain metas-
tases were 36.6% and 87.9%, respectively; at univariate
analysis Karnofsky Performance Status (KPS) was statis-
tically significant (P = 0.05); the actuarial 1-year local
control for the 41/44 lesions was 86.1%. No patient had
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acute or late complications. Conclusions HSRT as a con-
comitant boost during WBRT is a safe and well tolerated
treatment for selected patients with brain metastases.
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Abbreviations

HSRT  Hypofractionated stereotactic radiotherapy
SRS Stereotactic radio-surgery

WBRT Whole brain radiotherapy

KPS Karnofsky performance status

BED Biologic effective dose

Introduction

The brain is a common site for metastases; the primary
tumor spreads to the brain mainly by hematougenous way.
Whole brain radiotherapy (WBRT) has been the standard
treatment for the past several decades. Recently, stereo-
tactic radiosurgery (SRS) and hypofractionated stereotactic
radiotherapy (HSRT) have become common due to their
ability to deliver very high doses to a small volume and to
obtain high tumor control rates [1]. It seems that from a
biological point of view HSRT might have some advantage
in comparison to SRS in terms of acute complications [2]
and of tumor control rate for lesions larger than 10 cc (or
more than 3 cm of diameter) [3, 4].

Studies demonstrate that the use of up-front WBRT for
newly disgnosed brain metastases decrease the risk of
methacronous brain metastases in comparison with SRS
alone [5, 6].
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We retrospectively analyzed 30 patients who underwent
hypofractionated stereotactic radiotherapy with a non-
invasive fixation of the skull for treatment of solitary or
fewer than four metastatic brain lesions, in combination
with WBRT.

Methods and materials

Between April 2001 and January 2006 30 consecutive
patients with 44 metastatic brain lesions underwent irra-
diation at the radiation oncology therapy unit of the
University of Rome, Tor Vergata. Patient and lesions
characteristics are summarized in Tables 1 and 2. All the
patients received HSRT in combination to WBRT; the
median age at the time of the treatment was 63 years; KPS
ranged from 70 to 100 (median 90). In 17 patients the
primary tumor was controlled; the most common primary
was lung (17/30 pts; 57%); 21 patients presented a single
metastasis; 18 did not show any neurogical sign and
symptom, while 6 manifested focal neurological deficit,
with seizures in two and signs of intracranial pressure in 4.

Of the 44 brain metastases 41 received fractionated
stereotactic radiotherapy. The median tumor volume was
4.8 cc (mean 6.64 cc; range 0.4-24.3 cc) with a median
diameter of 21 mm (mean 25.4 mm; range 10-36 mm).

Treatment was delivered on an outpatient basis. A
relocatable non invasive head-mask-system and a bite-
block were used to immobilize the patients; a fiducial
system (3DLine®) was used for stereotactic coordinate
definition.

Target volume definition was performed on a post-con-
trast CT and/or MRI; target and critical structures were
outlined on a contiguous 2 mm separated slices. The gross
tumor volume (GTV) consisted of the radiographically
evident, contrast-enhancing, gross disease; the clinical tar-
get volume (CTV) was considered equivalent to GTV; the
PTV (planning-target-volume) was defined as the GTV plus
a 3 mm isotropic margin. Treatment plans were produced
on Ergo++ 3DLine® treatment planning system. Patients
were treated with 6 MV photons using a linac-based ste-
reotactic system; conformal blocking was achieved with a
micro-multi-leaf-collimator (3DLine® MMLC).

Two orthogonal portal images were used in order to
check set-up alignment; digitally reconstructed radiographs
(DRRs), obtained from the CT localization scans, were
used as reference images; a matching software was applied
to quantify set-up errors between DRRs and portal images.

Forty-one of 44 lesions were treated with HSRT; the
median dose fraction was 600 cGy (mean: 654.5 cGy; range
600-800 cGy); a median total dose of 18 Gy was delivered
to the tumor isocenter (mean: 22.9 Gy;range 16-32 Gy), the
median isodose at the periphery was 95%, the mean isodose
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Table 1 Characteristics of patients (n = 30)

Patients

No. %
Male/female 14/16 46.6/53.4
Age’
<65 21 70
>65 9 30
KPS
<80 13 43.3
>80 17 56.7
Primary tumor
Controlled 17 56.7
Not controlled 13 433
Extracranial metastases
Exist 11 36.7
None 19 63.3
No. of metastases
1 21 70
2 6 20
3 1 33
4 2 6.4
Primary site
Lung 17 57
Breast 4 13
Colon 2 6.6
Melanoma 2 6.6
Kidney 2 6.6
Others 3 10

? Median age = 63, range 38-88
® Median value = 90

Table 2 Characteristics of HSRT treated lesions (n = 41)

Lesions

No. %o
Primary site
Lung 22 53.6
Breast 9 22
Colon 2 4.8
Melanoma 2 4.8
Kidney 2 4.8
Others 4 9.7
Target volume
Median 4.8 cc
Range 0.4-24.3 cc
Dose to the isocenter
Median 18 Gy
Mean 229 Gy
Range 16-32 Gy
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94.8% (range 88—100%). All patients received concomitant
WBRT (30 Gy in 10 sessions).

The fractionation schemes were 3 x 6 Gy and
4 x 8 Gy based upon target volume. Equivalent single
fraction doses can be calculated using the Biologic Effec-
tive Dose (BED) definition:

d
BED(n,d;a/f) nd<1+a/ﬁ> (1)
where n is the number of fractions and d is the fraction
dose.

Assuming o/ f3 to be 10 Gy for the tumor tissue, from the
condition BED(1,d;a/f) = BED(ng,do; /) where ng
and d, describe the chosen fractionation scheme, we find
that 3 x 6 Gy is equivalent to a single dose D = 12.7 Gy
and 4 x 8 Gy to a single dose D = 19.5 Gy.

The aim of the study was to evaluate overall survival,
local and intracranial tumor control, toxicity, neurological
and overall systemic status.

Follow-up and statistics

Patients underwent clinical follow-up every 3 months with
neurological evaluation (KPS). Follow-up ranged between
3.5 and 54.7 months. Every patient was monitored during
the treatment and then periodically by neurologic and
radiologic examinations.

Follow-up images (MRI) were obtained at 3 month
intervals to asses local tumor control and freedom from
new brain metastases. Local control was defined as no
increase in tumor volume during follow-up MRI; freedom
from new brain metastases was defined as no evidence of
new lesions in the brain. The results are reported in terms
of overall survival and local and intracranial tumor control;
toxicity and neurological and overall systemic status were
evaluated too.

The statistical analysis was performed using a com-
mercial statistical software package (SPSS 9.0). The
actuarial curves were calculated with the Kaplan—-Mayer
method, according to the interval of the radiation treatment.
Univariate analysis was performed using the log-rank test;
the Cox-model was used for multivariate analysis.

Results
Overall survival

The median survival time for the overall group of patients
after combined treatment was 9.15 months (range: 3.53—
54.77 months). At the time of analysis 2 (6.6%) patients
were alive, 4 (13.3%) died for in-field recurrence, 6 (20%)
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Fig. 1 Overall survival for the 30 patients

for distant intracranial progression and 18 (60%) for
extracranial progression. Actuarial overall survival at
6 months and at 1 year was 86.7% and 36.6%, respectively
(Fig. 1). Univariate analysis considered the following
prognostic factors: age (<65 years vs. >65 years), KPS
(<80 vs. >80), primary cancer site (lung vs. others) and
status (active vs. inactive), presence of extracranial
metastases (exist vs. none). The results of this analysis are
listed in Table 3 showing that KPS was statistically sig-
nificant (P = 0.05), while the presence of extracranial
disease showed only a tendency towards significance
(P = 0.07) (Fig. 2). KPS remained statistically significant
(P = 0.05) at the multivariate analysis.

Table 3 Univariate analysis of prognostic factors (30 pts)

Characteristics No. 1-yr actuarial surv. (%) Univariate P-value

Age 0.42
<65 21 285

>65 9 222

KPS 0.05*
<80 13 153

>80 17 47

Primary cancer site 0.15
Lung 17 235

Others 13 43.1

Tumor status 0.07
Active 13 262

Inactive 11 454

* Statistically significant
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Fig. 2 Kaplan—-Mayer curve: overall survival for KPS < 80 (red
line) and KPS > 80 (black line)

Local tumor control

Local tumor control in the HSRT + WBRT group was
achieved in 26/30 patients (86.7%); at the time of analysis
4/41 lesions treated with HSRT had in-field recurrence.

Actuarial local tumor control rates at 6 months and at
1 year were 100% and 86.1%, respectively.

For the 41 lesions that received WBRT and stereotactic
treatment the following prognostic factors were consid-
ered: primary cancer site (lung vs. other), tumor size
(2.1 cm vs. >2.1 cm), stereotactic dose (<18 Gy vs.
>18 Gy) but none of them was statistically significant
(Table 4).

Freedom from new brain metastases
Actuarial rates of freedom from new brain metastases, at
6 months and at 1 year, were 95.1% and 87.9%, respec-

tively. At the univariate analysis no prognostic factor, for
freedom form new brain metastases, was found to be

Table 4 Local control

Characteristics No. 1-yr actuarial surv. (%) Univariate P-value

Primary cancer site 0.25
Lung 22 772

Others 19 928

Tumor size 0.79
<2.1 cm 20 88.1

>2.1 21 803

Stereotactic dose 0.72
<18 Gy 28 89.2

>18 Gy 13 83

Univariate analysis
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Table 5 Freedom from new brain metastases

Characteristics No. 1-yr actuarial surv. (%) Unvariate P-value

Primary cancer site 0.18
Lung 25 91

Others 19 78.6

No.of brain metastases 0.45
Single 21 83.6

Multiple 23 90

Primary tumor 0.49
Controlled 23 877

Not controlled 21 88

Extracranial metastases 0.8
Exist 15 923

None 29 84.5

Univariate analysis (44 lesions)

statistically significant. The analysis was conducted for:
primary cancer site (lung vs. other), number of brain
metastases (single vs. multiple), control of the primary
cancer and extracranial control (Table 5).

New brain metastases were observed in seven of the 30
patients, with 13 new lesions (four patients developed one
new lesion; one patient four lesions, one patient three
lesions, and one patient two lesions); at the time of analysis
6/7 were dead because of the intracranial progression.

Toxicity and neurological status

During the treatment course steroids were administered in
order to prevent symptoms. Early symptoms were not
observed and no patient suffered because of acute or late
complications.

The 18 patients with no symptoms before radiotherapy
remaind asymptomatic; of the 12 patients with neurological
signs and symptoms 3 (10%) had a complete resolution,
four cases (13%) a partial one and five patients had no
symptomatic benefit.

Discussion

Several studies have demonstrated that HSRT provides
local tumor control and survival benefit for selected
patients with brain metastases [7, 8].

HSRT treatment, as delivered in this study, was feasible
and well tolerated. All of the patients completed treatment
on an outpatient setting and no toxicity was observed during
or between treatment sessions. Long-term toxicity and
survival were comparable to SRS results; on the contrary a
relatively high incidence of acute/early complications after
SRS has been reported in the literature [9-11].
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The actuarial 1-year local tumor control rate (86.1%)
after HSRT was equivalent to that obtained with SRS series
(70-90%) in several reports [5—12].

As in our patients KPS has been shown to be an
important prognostic factor for SRS-treated patients as it is
important in the RPA grouping [13, 14].

In the series conducted by Manning et al. 32 patients
were treated by HSRT combined with WBRT (30 Gy in 10
fractions); the total dose for HSRT was 27 Gy, delivered in
three fractions of 9 Gy. The actuarial survival rate 1 year
from HSRT was 44% and KPS was the main statistically
significant factor for survival [15].

The radiobiological rationale favouring the use of frac-
tionation in stereotactic radiotherapy is based on the
evidence that the tumor contain a proportion of hypoxic
cells which are known to be radioresistant [16]; cell killing
is then enhanced by fractionation. Indeed the process of
redistribution and reoxygenation within the tumor, taking
place between dose fractions, aerates some of the hypoxic
surviving cells and they are more likely to be killed by the
following one. A second reason supporting a fractionation
is based on the fact that radiosensitivity varies during the
cell-cycle and the probability of hitting a cell in its most
radiosensitive phase is increased if the exposure to ionizing
radiation is repeated. Finally it is known from the linear
quadratic model of cellular survival that late responding
healthy tissues (low o/f ratio), are better spared by a
fractionated regime than by a single acute dose, for a given
level of tumor damage. From the BED formula (1) we can
see that the single fraction doses of 12.7 Gy and 19.5 Gy
give BED values of 66.37 Gy and 146.53 Gy, respectively
for normal brain tissue (o/ff = 3). The corresponding
fractionation schemes of 3 x 6 Gy and 4 x 8 Gy, instead,
yield BED values of 54 Gy and 117.33 Gy, respectively
showing a significant decrease in toxicity. However, being
high doses more effective at killing radioresistant tumors,
the number of fractions has to be kept fairly low. Hypo-
fractionation is a treatment modality for lesions in critical
regions, as brainstem, and for large volume targets
(>10 cc); there is a strong correlation between the volume
of normal brain receiving more than 10 Gy and side effects
of radiosurgery [3, 4]. Hypofractionation has the advantage
of giving a large dose—more effective at killing radiore-
sistant tumors—and at the same time has the
radiobiological features of fractionation [17].

Fahrig et al. evaluated three different HSRT fraction-
ation schemes for 228 brain metastases: 10 x 4 Gy,
7 x 5 Gy, and 5 x 6-7 Gy. Actuarial 6 and 12 months
survival was, respectively, 83% and 66% with a complete
remission rate of 42%. Treatment-related toxicity was
influenced by dose fractionation and PTV volume; for
metastases >15 cm® (diameter > 3 cm) 10 x 4 Gy is bet-
ter for acute and late complications [18].

In our series all patients received WBRT in combination
with HSRT; we obtained a 1-year freedom form new brain
metastases of §7.9%.

A recent study by Sawrie et al. retrospectively analyzed
100 patients treated with SRS for brain metastases in order
to define predictors for distant brain failure; indipendent
significant factors influencing distant brain failure were the
number of lesions (>3), presence or uncontrolled extra-
cranial disease and metastases of melanoma [19].

The randomized study of Aoyama et al. reported results
of 132 patients with 1-4 metastases, each <3 cm, ran-
domized to WBRT plus SRS vs. SRS alone. They found no
significant difference in the median overall survival time
(P = 0, 42), while in terms of local and distant intracranial
control patients receiving SRS plus WBRT had a better
control rate (1-yr actuarial overall control rate 53,2% vs.
23,6; P <0,001) [20]. Several retrospective studies,
despite the inherent biases, have shown that the omission of
WBRT doesn’t affect overall survival but has a negative
impact on local and intracranial control [21-24].

In conclusion we believe that HSRT may be used in the
treatment of selected patients with a limited number of
brain metastases as a concomitant boost during WBRT; the
use of HSRT is based on the classical concepts of radio-
biology and does not influence negatively the course of the
treatment during whole brain irradiation; it is well tolerated
and, in our experience, accepted moreover by informed and
collaborating patients.
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