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Abstract

Background: To evaluate the efficacy and outcomes of hypofractionated stereotactic radiotherapy (HSRT) for brain
metastases > 3 cm.

Methods: From March 2003 to October 2009, 40 patients with brain metastases larger than 3 cm were treated by
HSRT. HSRT was applied in 29 patients for primary treatment and in 11 patients for rescue. Single brain metastasis
was detected in 21 patients. Whole brain radiotherapy was incorporated into HSRT in 10 patients for primary
treatment. HSRT boosts were applied in 23 patients. The diameters of the brain metastases ranged from 3.1 to 5.5
cm (median, 4.1 cm). The median prescribed dose (not including HSRT boosts) was 40 Gy (range, 20-53 Gy) with a
median of 10 fractions (range, 4-15 fractions) to the 90% isodose line. The median dose of the boost was 20 Gy
(range, 10-35 Gy) in 4 fractions (range, 2-10 fractions).

Result: The median overall survival time was 15 months. The overall survival and local control rate at 12 months
was 55.3% and 94.2%, respectively. Four patients experienced local progression of large brain metastases. Nine
patients died of intracranial disease progression. One patient died of radiation necrosis with brain edema.

Conclusion: HSRT was a safe and effective treatment for patients with brain metastases ranged from 3.1 to 5.5 cm.
Dose escalation of HSRT boost may improve local control with an acceptable toxicity.
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Background
Twenty to 40% of patients with cancer will develop
brain metastases that will result in an impaired quality
of life and a reduced survival time [1]. The treatment
regimens for brain metastasis include corticosteroids,
surgery, whole brain radiotherapy (WBRT), and stereo-
tactic radiosurgery (SRS). The survival of patients with a
single metastasis can be prolonged by the combination
of surgery and WBRT [2]. For surgically unresectable
brain metastases, the combination of SRS and WBRT
can prolong the survival of patients with solitary metas-
tases and improve local control in patients with 2 or 3
brain metastases [3]. The prognoses of patients under-
going SRS have been shown to be related to the

prescribed dose of the treatment as well as the tumor
volume. Low doses and large tumor volumes are adverse
factors for local control [4]. Due to the limits of normal
tissue tolerance, the Radiation Therapy Oncology Group
(RTOG) 90-05 recommended radiation doses of 24 Gy,
18 Gy, and 15 Gy for recurrent brain tumors with maxi-
mum diameters of 20 mm or less, 21-31 mm, and 31-40
mm, respectively [5]. Reports have shown that poor
prognoses were associated with brain metastases greater
than 3 cm in diameter [6]. In recent years, hypofractio-
nated stereotactic radiotherapy (HSRT) has been
reported to result in outcomes that are similar to SRS
treatment [7-11]. HSRT has a radiobiological advantage
over SRS and provides better protection of normal tis-
sues; therefore, HSRT may be a more suitable therapy
for large-volume brain metastases. This paper reports
preliminary results of a retrospective study of the use of
HSRT to treat brain metastases in patients with tumors
larger than 3 cm in diameter that was conducted at the

* Correspondence: jpxiao8@yahoo.com.cn
1Department of Radiation Oncology, Cancer Hospital & Institute, Chinese
Academy of Medical Sciences & Peking Union Medical College, Beijing,
China
Full list of author information is available at the end of the article

Jiang et al. Radiation Oncology 2012, 7:36
http://www.ro-journal.com/content/7/1/36

© 2012 Jiang et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

mailto:jpxiao8@yahoo.com.cn
http://creativecommons.org/licenses/by/2.0


Department of Radiation Oncology, Cancer Hospital,
Peking Union Medical College, Chinese Academy of
Medical Sciences.

Methods
Patient data
From May 2003 to October 2009, 40 patients with brain
metastases greater than 3 cm in diameter were treated
with HSRT. The enrollment criteria included the follow-
ing: 1, maximum diameter of brain metastasis greater
than 30 mm; 2, survival expectancy greater than 3
months; and 3, RPA grade of 1-2 (patients with RPA
grade 3 induced by brain metastasis were also enrolled).
Of these 40 patients, 29 were treated for primary brain
metastases, and 11 were treated for recurrent disease
after WBRT. Among the patients undergoing primary
treatment, 19 were treated with HSRT alone, and 10
were treated with WBRT plus HSRT. Twenty-one
patients had a solitary brain lesion, while 19 patients had
2 to 4 lesions. The pathologies of the primary lesions
included 20 patients with non-small-cell lung cancer, 10
patients with small-cell lung cancer, 3 patients with
breast cancer, and 7 patients with other cancers. Detailed
patient characteristics are summarized in Table 1.

Treatment
HSRT was performed in all patients on an outpatient
basis. Patients were immobilized in the supine position
in a tight thermoplastic stereotactic head mask.
Enhanced helical computed tomography (CT) images of
3-mm thickness were obtained using the Novalis™
Brain Scan Treatment Planning System. Gross tumor
volume (GTV) was defined by the contrast-enhanced
tumor on CT scans with reference to magnetic reso-
nance imaging (MRI) images. Planning target volume
(PTV) was defined by adding a margin of 2 mm to the
GTV. HSRT was performed using a dynamic conformal
arc treatment with a Varian linear accelerator.
The PTV was enclosed by a 90% isodose curve of the

prescribed dose in HSRT. The median dose of the first
course of HSRT was 40 Gy (range of 20-53 Gy) with a
median of 10 fractions(f) (range of 4-15 f). Twenty-three
patients were given an HSRT boost 1-3 months after the
first course of HSRT. The median dose of the boost was
20 Gy (range, 10-35 Gy) in 4 f (range, 2-10 f). The univer-
sal dose fractionation of 40 Gy/20 f or 30 Gy/10 f was
used for WBRT. In patients with multiple brain metas-
tases, other metastases were also treated with HSRT
simultaneously or sequentially according to position.
Detailed HSRT characteristics are summarized in Table 2.

Follow-up and statistics
Patients underwent clinical follow-up examinations
every 3 months so that we could evaluate their disease

status, neurologic symptoms, and performance status.
Every patient had at least 1 MRI exam. Each lesion was
measured for local tumor response, and tumors were
graded according to the following 4 categories: 1) com-
plete remission (CR), indicating the disappearance of all
enhanced lesions on MRI; 2) partial remission (PR),
indicating evidence of a more than 50% reduction in the
cross-sectional dimensions of the tumor on MRI images;
3) progressive disease (PD), indicating a more than 25%
increase in size; or 4) stable disease (SD), indicating all
other responses. Local tumor control was defined as CR,
PR, or SD. Failure to control the local tumor was
defined as PD. The appearance of new lesions was
defined as intracranial distant metastasis. Survival time
was calculated as the time from the beginning of HSRT
to follow-up or death. Toxicity was recorded according
to the National Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE, version 3.0).
We evaluated local tumor control, intracranial distant

metastasis, overall survival, and toxicity as endpoints.
Calculations were performed using SPSS 13.0 software
in Windows XP (IBM Corporation, Chicago, IL, USA).
Survival rate was calculated using the Kaplan-Meier
method. Univariate log-rank tests were used to assess
the significance of the association between prognostic
factors, survival, and local tumor control.

Results
Survival and local control
At the time of the last follow-up that was conducted in
October of 2010, 8 patients had survived, and 32 were
deceased. The median follow-up time of alive patients
was 16 months (11-38 months). The median survival
time was 15 months [5.5-38 months, 95% Confidence
Interval (CI): 10.5-19.5 months]. The mean survival
time was 17.8 months (5.5-38 months, 95% CI: 14.6-
21.1 months). The overall survival rate at 1, 2, and 3
years was 55.3%, 23.8%, and 15.9%, respectively. Four
patients experienced local progression of large lesions.
Among these, 2 had been treated for primary brain
metastases (1 with HSRT alone and 1 with HSRT plus
WBRT), and 2 had undergone salvage treatment. The
local control rate at 1, 2, and 3 years was 94.2%,
94.2%, and 78.5%, respectively. Out of the 17 patients
who developed new brain metastases, 15 had been
treated for primary brain metastases (10 with HSRT
alone and 5 with HSRT plus WBRT), and 2 had
undergone salvage treatment. Two patients developed
local progressions and new brain metastases simulta-
neously. In patients with multiple metastases, no pro-
gression was observed in smaller lesions treated with
HSRT simultaneously or sequentially. The intracranial
disease-free rate at 1, 2, and 3 years was 64.6%, 41.0%,
and 41.0%, respectively.
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Cause of death
Of the 32 patients who died, 12 died of extracranial dis-
ease progression, 9 died of intracranial disease progres-
sion, 4 died of pulmonary infection, 2 died of depletion,
1 each died of brain edema, secondary malignancy, or
complications after craniotomy. The cause of death for
the remaining 2 patients was unknown.

Prognostic factors
The following factors were analyzed in order to deter-
mine whether they were related to the prognosis of sur-
vival and local tumor control: gender, age, treatment
character (primary, salvage), number of brain metastases
(1, > 1), status of primary tumor, status of extracranial
metastases, Karnofsky performance score (KPS), and

Table 1 Patient Characteristics

Primary treatment with HSRT
alone

Primary treatment with WBRT +
HSRT

Salvage treatment with
HSRT

Total number 19 10 11

Gender

Male 13 6 5

Female 6 4 6

Median Age, y (range) 55 (38-87) 56 (40-76) 47 (35-73)

≥ 65 6 4 1

< 65 13 6 10

No. of brain metastases

1 10 4 5

2 9 3 2

3 0 2 4

4 0 1 0

Primary tumor

Non-small-cell lung cancer 10 6 4

Small-cell lung cancer 2 2 6

Breast cancer 1 2 0

Other 6 0 1

Control of primary tumor

Controlled 16 6 9

Uncontrolled 3 4 2

Extracranial metastasis

No 7 2 8

Yes 12 8 3

Karnofsky Performance Score

≥ 80 10 3 7

< 80 9 7 4

RPA class

1 4 1 7

2 12 8 4

3 3 1 0

Hypofractionated stereotactic radiotherapy
(HSRT) Boost

13 1 9

Table 2 HSRT Characteristics

Median
(range)

Maximum diameter of brain metastasis (cm) 4.1 (3.1-5.5)

Gross Tumor Volume (GTV) of the first course of HSRT
(cm3)

17.48 (6.28-
64.65)

Dose of the first course of HSRT (Gy) 40 (20-53)

Fractions of the first course of HSRT 10 (4-15)

No. of patients receiving HSRT boost 23

Dose of HSRT boost (Gy) 20 (10-35)

Fractions of HSRT boost 4 (2-10)

GTV of HSRT boost (cm3) 10.22 (2.03-
37.51)
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RPA class. Controlled primary tumors and KPS scores
of 80 or more were advantageous prognostic factors of
survival (Table 3). No factor was identified as a signifi-
cant predictor of local tumor control (Table 4).

Toxicity
No acute toxicity was observed. Late toxicity consisting
of grade 3-5 brain edema occurred in 5 patients, and it
presented as uncontrollable headaches. Four out of 5 of
these patients developed new brain metastases and
underwent salvage treatment consisting of SRS/HSRT or
WBRT. Only 1 patient died of brain edema.

Discussion
It has been reported that surgery plus WBRT is superior
to WBRT alone for patients with solitary brain metas-
tases and good performance statuses [12-14]. However,
most patients with brain metastases are not suitable for
craniotomies due to the patients’ physical statuses, the
positions of the metastatic tumor, and the distribution
of medical resources. As an alternative to surgery, SRS
has been successfully used to treat brain metastasis and
generally results in satisfactory local control. Metastatic
brain tumors are normally round or oval with little infil-
tration, making it one of the most suitable targets for
SRS. Some studies, including one randomized trial, have
shown that, compared to treatment with WBRT alone,
SRS plus WBRT resulted in greater improvement in
local control of brain metastases and survival times in
patients with favorable prognostic factors [2,3].
With SRS treatment, there is a steep dose fall-off in

the target region. However, with an increase of target
size, the dose gradient decreases. Therefore, while still
limited by normal tissue tolerance, the dose of SRS
treatment has to decrease with the increase of target
size. As a result, the prescribed doses suggested by
RTOG 90-05 are 24 Gy, 18 Gy, and 15 Gy for recurrent
brain tumors with maximum diameters ≤ 20 mm, 21-31
mm, and 31-40 mm, respectively. It is known that a lar-
ger dose is needed to obtain the same tumor control
probability for larger tumors. Because of this, large

tumor volumes are associated with poor local control in
brain metastases [4,6,15].
In recent years, reports have demonstrated that brain

metastases treated by HSRT resulted in similar survival
durations and long-term toxicities when compared with
those treated with only SRS treatments. HSRT is per-
formed with a noninvasive mask and with radiation
given in several fractions, which is more comfortable for
the patient and has greater advantages with respect to
radiobiology and normal tissue protection [16,17]. There
is no unified dose fractionation for HSRT. Fahrig et al.
compared the fractionations of 5 × 6-7 Gy, 10 × 4 Gy,
and 7 × 5 Gy for the treatment of brain metastases and
concluded that in cases with brain metastases where the
tumor volume is greater than 15 cm3 (diameter > 3 cm)
and with regards to toxicity, 10 × 4 Gy was more advan-
tageous than a regimen with less fractionation. However,
univariate analysis showed that large tumor volumes are
still a disadvantageous prognostic factor [18]. In our
study, most of our patients were treated with a fractio-
nation regimen of 10 × 3-5 Gy, and 23 out of 40
patients received an HSRT boost 1-3 months after the
first course of HSRT. Only 10% of patients (4 out of 40)
were found to have local recurrence. In fact, the local
control rate (94.2% at 1 year) was comparable to other
studies of SRS and HSRT treatments. Therefore, we
concluded that brain metastasis with tumors > 3 cm can
be well controlled with higher doses of radiation.
Patients in our study had a median survival time of 15
months, which was greater than that of most other
reports of SRS/HSRT treatments [8-11,17,19]. Though
this may be a result of patient selection, our study also
revealed that local control may translate to survival
advantages in patients with metastatic brain tumors > 3
cm.
The univariate analysis showed that a controlled pri-

mary tumor and a good performance score were asso-
ciated with better survival. However, contrary to
previous studies, our data showed that RPA class was
not a significant factor predicting survival time [20,21].
RPA class was not found to be relevant with survival

Table 3 Log-rank Tests for Prognostic Factors Affecting
Overall Survival

Factors P-value

Gender 0.077

Age (≥ 65 y vs. < 65 y) 0.238

Treatment character (primary vs. recurrent) 0.725

No. of brain metastases (solitary vs. multiple) 0.189

Primary tumor (controlled vs. uncontrolled) < 0.001

Extracranial metastasis (yes vs. no) 0.453

KPS (≥ 80 vs. < 80) 0.004

RPA class 0.093

Table 4 Log-rank Tests for Prognostic Factors Affecting
Local Tumor control

Factors P-value

Gender 0.698

Age (≥ 65 y vs. < 65 y) 0.971

Treatment character (primary vs. recurrent) 0.914

No. of brain metastases (solitary vs. multiple) 0.997

Primary tumor (controlled vs. uncontrolled) 0.394

Extracranial metastasis (yes vs. no) 0.667

KPS (≥ 80 vs. < 80) 0.085

RPA class 0.811
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probably because of the small number of patients. No
prognostic factors, including tumor volume, were found
to be relevant with respect to local tumor control. This
suggests that dose escalation could be used to decrease
the harmful effects of large tumor volume on local
control.
Five patients developed serious late toxicities that pre-

sented as brain edema. Four of them, however, also had
new brain metastases and underwent salvage treatment.
Only 1 patient definitely died of brain edema and necro-
sis was displayed on MRI exams, and there was no evi-
dence of intracranial recurrence in this patient. This
patient had a brain metastasis in left temporal lobe from
lung adenocarcinoma. She was first arranged WBRT
with a dose fractionation of 40 Gy/15 f. Four months
after WBRT, symptoms recrudesced and recurrence was
detected On MRI. Then HSRT with a dose fractionation
of 27 Gy/9f and boost of 24 Gy/3f was prescribed to the
recurrent lesion. Eight months later, she developed epi-
lepsy and edema with necrosis was displayed on MRI.
The patient refused further treatment including cerebral
ventricular shunt. Finally she died 12 months after the
performance of HSRT with no evidence of tumor pro-
gression. Though in some cases it was difficult to deter-
mine the cause of the brain edema when suspicious
recurrence existed, her death was deemed as treatment
related. Nevertheless, she gained 12 months survival
time from brain metastasis recurrence and we supposed
the edema may be released by cerebral ventricular shunt
if there was no tumor progression. So the toxicity was
deemed as acceptable concerning good local control.
The diameters of the brain metastases in this study

ranged from 3.1 to 5.5 cm (median, 4.1 cm). It was
unknown whether HSRT was suitable for bigger lesions
beyond this range. Since large brain metastases have
mass effect and normally induce obvious brain edema,
we recommend HSRT should be arranged with cautions
in case of brain metastases > 5.5 cm.

Conclusion
In conclusion, we found that HSRT was a safe and
effective therapeutic option for patients with brain
metastases ranged form 3.1 to 5.5 cm. Dose escalation
of the HSRT boost after the first course of HSRT when
many tumors were reduced in volume may improve
local control, while the dose was still within the limits
of acceptable toxicity. Due to the small sample size in
this study, further research is needed.

Abbreviations
HSRT: hypofractionated stereotactic radiotherapy; WBRT: whole brain
radiotherapy; SRS: stereotactic radiosurgery; RTOG: Therapy Oncology Group;
RPA: recursive partitioning analysis; CT: computed tomography; GTV: gross
tumor volume; MRI: magnetic resonance imaging; PTV: planning target

volume; F: fraction; CR: complete remission; PR: partial remission; PD:
progressive disease; SD: stable disease; CTCAE: common terminology criteria
for adverse events.

Acknowledgements
This work was supported by Beijing Hope Run Special Fund (no. LC 2008A03
and 2011A07) to JPX.

Author details
1Department of Radiation Oncology, Cancer Hospital & Institute, Chinese
Academy of Medical Sciences & Peking Union Medical College, Beijing,
China. 2Department of Radiation Oncology, Jiangsu province cancer hospital,
Nanjing, Jiangsu, China.

Authors’ contributions
JPX provided the concept of the present study; XSJ and JPX contributed to
the collection and analysis of the data, wrote the manuscript; YJX made the
treatment planning; YZ, XPL, XJC, XDH, JLY and LG selected the patients;
YXL and JPX gave the administrative support and the final approve of the
manuscript to be published. All authors have read and approved the final
manuscript.

Competing interests
We have no personal or financial conflicts of interest, and have not entered
into any agreement that could interfere with our access to the data on the
research, or upon our ability to analyze the data independently, to prepare
manuscripts, and to publish them.

Received: 4 September 2011 Accepted: 19 March 2012
Published: 19 March 2012

References
1. Patchell RA: The management of brain metastases. Cancer Treat Rev 2003,

29:533-540.
2. Andrews DW, Scott CB, Sperduto PW, Flanders AE, Gaspar LE, Schell MC,

Werner-Wasik M, Demas W, Ryu J, Bahary JP, Souhami L, Rotman M,
Mehta MP, Curran WJ Jr: Whole brain radiation therapy with or without
stereotactic radiosurgery boost for patients with one to three brain
metastases: phase III results of the RTOG 9508 randomised trial. Lancet
2004, 363:1665-1672.

3. Müller-Riemenschneider F, Bockelbrink A, Ernst I, Schwarzbach C, Vauth C,
von der Schulenburg JM, Willich SN: Stereotactic radiosurgery for the
treatment of brain metastases. Radiother Oncol 2009, 91:67-74.

4. Shiau CY, Sneed KP, Shu HK, Lamborn KR, McDermott MW, Chang S,
Nowak P, Petti PL, Smith V, Verhey LJ, Ho M, Park E, Wara WM, Gutin PH,
Larson DA: Radiosurgery for brain metastases: Relationship of dose and
pattern of enhancement to local control. Int J Radiat Oncol Biol Phys 1997,
37:375-383.

5. Shaw E, Scott C, Souhami L, Dinapoli R, Kline R, Loeffler J, Farnan N: Single
dose radiosurgical treatment of recurrent previously irradiated primary
brain tumors and brain metastases:final report of RTOG protocol 90-05
[J]. Int J Radiat Oncol Biol Phys 2000, 47:291-298.

6. Molenaar R, Wiggenraad R: Verbeek-de Kanter A, Walchenbach R, Vecht
C: Relationship between volume, dose and local control in stereotactic
radiosurgery of brain metastasis. Br J Neurosurg 2009, 23:170-178.

7. Tokuuye K, Akine Y, Sumi M, Kagami Y, Ikeda H, Oyama H, Inou Y, Shibui S,
Nomura K: Reirradiation of brain and skull base tumors with fractionated
stereotactic radiotherapy. Int J Radiat Oncol Biol Phys 1998, 40:1151-1155.

8. Manning MA, Cardinale RM, Benedict SH, Kavanagh BD, Zwicker RD, Amir C,
Broaddus WC: Hypofractionated stereotactic radiotherapy as an
alternative to radiosurgery for the treatment of patients with brain
metastases. Int J Radiat Oncol Biol Phys 2000, 47:603-608.

9. Lindvall P, Bergstrom P, Lofroth PO, Henriksson R, Bergenheim AT:
Hypofractionated conformal stereotactic radiotherapy alone or in
combination with whole-brain radiotherapy in patients with cerebral
metastases. Int J Radiat Oncol Biol Phys 2005, 61:1460-1466.

10. Ernst-Stecken A, Ganslandt O, Lambrecht U, Sauer R, Grabenbauer G: Phase
II trial of hypofractionated stereotactic radiotherapy for brain
metastases: results and toxicity. Radiother Oncol 2006, 81:18-24.

11. Narayana A, Chang J, Yenice K, Chan K, Lymberis S, Brennan C, Gutin PH:
Hypofractionated stereotactic radiotherapy using intensity-modulated

Jiang et al. Radiation Oncology 2012, 7:36
http://www.ro-journal.com/content/7/1/36

Page 5 of 6

http://www.ncbi.nlm.nih.gov/pubmed/14585263?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15158627?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15158627?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15158627?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19135750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19135750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9069310?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9069310?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10802351?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10802351?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10802351?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10802351?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19306173?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19306173?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19306173?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9539571?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9539571?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10837942?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10837942?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10837942?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15817351?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15817351?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15817351?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16978720?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16978720?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16978720?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17167236?dopt=Abstract


radiotherapy in patients with one or two brain metastases. Stereotact
Funct Neurosurg 2007, 85:82-87.

12. Mintz AH, Kestle J, Rathbone MP, Gaspar L, Hugenholtz H, Fisher B,
Duncan G, Skingley P, Foster G, Levine M: A randomized trial to assess the
efficacy of surgery in addition to radiotherapy in patients with a single
cerebral metastasis. Cancer 1996, 78:1470-1476.

13. Patchell RA, Tibbs PA, Walsh JW, Dempsey RJ, Maruyama Y, Kryscio RJ,
Markesbery WR, Macdonald JS, Young B: A randomized trial of surgery in
the treatment of single metastases to the brain. N Engl J Med 1990,
322:494-500.

14. Noordijk EM, Vecht CJ, Haaxma-Reiche H, Padberg GW, Voormolen JH,
Hoekstra FH, Tans JT, Lambooij N, Metsaars JA, Wattendorff AR: The choice
of treatment of single brain metastasis should be based on extracranial
tumor activity and age. Int J Radiat Oncol Biol Phys 1994, 29:711-717.

15. Yang HC, Kano H, Lunsford LD, Niranjan A, Flickinger JC, Kondziolka D:
What factors predict the response of larger brain metastases to
radiosurgery? Neurosurgery 2011, 68:682-690.

16. Aoyama H, Shirato H, Onimaru R, Kagei K, Ikeda J, Ishii N, Sawamura Y,
Miyasaka K, et al: Hypofractionated stereotactic radiotherapy alone
without whole-brain irradiation for patients with solitary and oligo brain
metastasis using noninvasive fixation of the skull. Int J Radiat Oncol Biol
Phys 2003, 56:793-800.

17. Kwon AK, Dibiase SJ, Wang B, Hughes SL, Milcarek B, Zhu Y:
Hypofractionated stereotactic radiotherapy for the treatment of brain
metastases. Cancer 2009, 115:890-898.

18. Fahrig A, Ganslandt O, Lambrecht U, Grabenbauer G, Kleinert G, Sauer R,
Hamm K: Hypofractionated stereotactic radiotherapy for brain
metastases-results from three different dose concepts. Strahlenther Onkol
2007, 183:625-630.

19. Stafinski T, Jhangri GS, Yan E, Menon D: Effectiveness of stereotactic
radiosurgery alone or in combination with whole brain radiotherapy
compared to conventional surgery and/or whole brain radiotherapy for
the treatment of one or more brain metastases: a systematic review and
metaanalysis. Cancer Treat Rev 2006, 32:203-213.

20. Gaspar L, Scott C, Rotman M, Asbell S, Phillips T, Wasserman T,
McKenna WG, Byhardt R: Recursive partitioning analysis (RPA) of
prognostic factors in three Radiation Therapy Oncology Group (RTOG)
brain metastases trials. Int J Radiat Oncol Biol Phys 1997, 37:745-751.

21. Gaspar LE, Scott C, Murray K, Curran W: Validation of the RTOG recursive
partitioning analysis (RPA) classification for brain metastases. Int J Radiat
Oncol Biol Phys 2000, 47:1001-1006.

doi:10.1186/1748-717X-7-36
Cite this article as: Jiang et al.: Hypofractionated stereotactic
radiotherapy for brain metastases larger than three centimeters.
Radiation Oncology 2012 7:36.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Jiang et al. Radiation Oncology 2012, 7:36
http://www.ro-journal.com/content/7/1/36

Page 6 of 6

http://www.ncbi.nlm.nih.gov/pubmed/17167236?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8839553?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8839553?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8839553?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2405271?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2405271?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8040016?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8040016?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8040016?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21311296?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21311296?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12788187?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12788187?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12788187?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19132728?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19132728?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17960338?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17960338?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16472924?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16472924?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16472924?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16472924?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16472924?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9128946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9128946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9128946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10863071?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10863071?dopt=Abstract

	Abstract
	Background
	Methods
	Result
	Conclusion

	Background
	Methods
	Patient data
	Treatment
	Follow-up and statistics

	Results
	Survival and local control
	Cause of death
	Prognostic factors
	Toxicity

	Discussion
	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


