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Abstract 
Objective: To evaluate the treatments’ outcomes in brain metastatic tumors after CyberKnife 
treatment according to magnetic resonance imaging (MRI) findings and improvement of symp-
toms. Methods: A retrospective analysis of CyberKnife treatment; 63 cases of patients with brain 
metastases; the use of CyberKnife treatment; short-term outcome evaluation after treatment and 
the MRI findings and measured before treatment and underwent diffusion-weighted imaging MRI 
scan of apparent diffusion coefficient (ADC) values. Results: 3 months after CyberKnife treatment 
and effectiveness were 82.5% and 96.8% respectively; 6 months and one year survival rates were 
82.5% and 55.6% respectively; the median survival time was 16 months. MRI of 52 patients (67 
lesions) ADC values after treatment increased to some extent than before treatment. There are 38 
lesions volume to shrink or disappear, no enhancement or slight enhancement in the lesion, no 
edema zone; 27 lesions does not change in volume, no edema (18 lesions significantly weakened 
the degree of enhancement; 6 lesions showed no obvious change enhancement; 3 lesions showed 
ring enhancement, internal cystic); 2 lesions volume were larger, heterogeneous enhancement, 
peripheral edema. Conclusion: CyberKnife is an effective method for treating brain metastatic tu-
mor. MRI can accurately evaluate tumor lesions after treatment. 
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1. Introduction 
Extracranial malignant brain metastases are involved in the brain, skull and meninges, brain metastasis mostly in 
the lower part of the cerebral cortex and cortex, followed by the cerebellum, saddle area, cerebellopontine angle 
and brainstem. 

Meningeal metastasis occurs on the inside of dura mater and pia mater. Common primary tumors of brain 
metastases include lung cancer, breast cancer, digestive tract, urinary tract and uterine ovarian tumor, thyroid, 
malignant melanoma, etc. Up to their primary tumor histological type is adenocarcinoma, followed by squamous 
cell carcinoma, papillary carcinoma and melanoma. More than 70% of brain metastases associated with neuro-
logical aspects of clinical signs and symptoms, followed by poor positioning and mental disorders and other 
symptoms. Treatment of brain metastases includes hormone therapy, whole brain radiation therapy, surgery and 
chemotherapy. At present, the radiation therapy plays an important role in the treatment of brain metastases tu-
mor. The CyberKnife has as many as 1200 beams, and through the tumor from various angles, can increase the 
exposure dose of tumor site and minimize the normal tissue dose of illuminated, while increasing the tumor dose 
rate effectively reduces the complications of radiotherapy. CyberKnife is a new and sustainable use of im-
age-guided robotics technology. Mobile features correspond exactly to the position of the patient radiation deli-
very system. CyberKnife’s 6D skull tracking technology can take advantage of features in the healing process of 
bone sustained treatment of intracranial target tracking and automatically correcting even the most subtle 
movement and twisting will not miss. Now in our hospital 63 patients with brain metastases were treated with 
CyberKnife, and the results will now report as follows. 

2. Materials and Methods 
2.1. General Information 
Select from November 2010 to December 2012 were treated brain CyberKnife treatment 63 cases of metastases 
patients, including 41 males and 22 females, aged 31 to 82 years, with an average age of 58 years; primary foci 
for lung cancer 43 cases; 11 cases of gastrointestinal cancer; breast cancer seven cases; 2 cases of lymphoma. 
Before treatment, KPS score < 70 points 11 cases; ≥ 70 points 52 cases. All brain metastases were confirmed by 
CT and MRI, in which single lesion in 48 cases; two lesions in six cases; three or more lesions in nine cases, a 
total of 98 brain metastases, tumor diameter of 0.8 - 8.8 cm, the average diameter of 3.1 cm. 52 patients (67 le-
sions) before treatment and MRI scan width San weighted imaging and measuring the apparent diffusion coeffi-
cient (ADC) values of the tumor region underwent treatment. Among them 53 cases of patients with tumor size, 
shape, location different, showing a headache, dizziness, nausea, vomiting, limb disorders, language disorders, 
memory losses and vision losses, such as different symptoms, clinical symptoms and the remaining ten patients 
were not obvious. 

2.2. Treatment Methods 
Patients with supine position, using hot mold fixed, cranial CT, MRI scan, CT scan slice thickness 1.25 mm, 
MRI slice thickness 2.5 mm, axial uninterrupted scan, determine the size of the lesion, shape and position of the 
transmission to the radio wave knife workstation to CT image-based, the CT image and MRI image fusion. 
Sketched by the physician in the treatment planning system target, then make plans by the physical division, and 
finally approved by a physician. Tumor volume of 15 - 35 Gy, divided into 1 to 5 times with 70% to 80% iso-
dose curve more than 95% of tumor volume. Including 12 patients underwent whole brain radiation therapy, 35 
patients with chemotherapy treatment. This clinical trial was approved by the Institutional Ethics Committee and 
all the patients provided written informed consent. 

2.3. Efficacy Evaluation 
1) Symptoms improve evaluation standard: 1 week after treatment for clinical evaluation. Complete remis- 

sion: No clinical positive performance after treatment; Partial remission: After treatment, the clinical symptoms 
are mild; Stable: No obvious clinical improvement after treatment; Increase: Clinical symptoms get worse after 
treatment. To (complete remission and remission) computing efficiency improvement of symptoms. 

2) Recent radiological lesions Response Evaluation Criteria: Radiotherapy after 1 month review head CT or 
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MRI, According to the WHO solid tumor treatment evaluation standard(RECIST) [1]: complete remission (CR), 
partial response (PR), stable (SD) and progression (PD), (CR + PR) called treatment improved, (CR + PR + SD) 
called the treatment is effective. 

3. Results 
1) Short term effect: After one week of CyberKnife treatment, the clinical symptoms resolved 46 cases, 14 

cases of partial remission, stable three cases, symptoms improved efficiency of 95.2%. CyberKnife treatment of 
three months efficacy evaluation, CR 33 cases, PR 19 cases, SD 9 cases, PD 2 cases, treatment improved 82.5% 
effective rate of 96.8%. MRI was performed in 52 patients (67 lesions) were lower than before treatment ADC 
values corresponding contralateral normal tissue after treatment, review of ADC values higher than before treat- 
ment to varying degrees. MRI was performed in 67 lesions, 38 lesions volume to shrink or disappear, no en- 
hancement or slight enhancement of lesions, no significant edema zone surrounding lesions; 27 lesions had no 
obvious change in the surrounding volume, no significant edema area, of which 18 lesions degree of enhance- 
ment significantly weakened, no obvious change in 6 lesions degree of enhancement, 3 lesions showed ring en- 
hancement, internal cystic lesions; 2 volumes are increased, which showed heterogeneous enhancement, peri-
pheral edema zone. 

2) Survival and follow-up: Follow-up to January 2014, six-month survival rate was 82.5% (52 cases); 1-year 
survival rate was 55.6% (35 cases); the median survival time was 16 months. 

4. Discussion 
In recent years, with the improvement of radiation therapy technology, whole brain radiation therapy has be-
come a routine treatment for brain metastases. Whole Brain radiation therapy can not only improve brain metas-
tases had a median survival time from 1 to 2 months symptomatic treatment alone increased to four to six 
months, but also can improve the quality of life of patients [2]. Surgery alone in patients with solitary brain me-
tastases, the median survival time was 6.5 to 11.5 months, surgery plus whole brain radiation therapy can extend 
survival time to 10 to 16 months, but due to the patient’s age, physical condition, tumor growth area and the 
number of tumor factors, surgical treatment is limited to some extent, cannot ensure complete resection of the 
tumor lesion Asia, leading patients may relapse within a period of time. Some patients will appear serious com-
plications after tumor resection; reduce the quality of life, so the majority of patients do not accept surgical 
treatment. 

Gamma knife for the treatment of brain metastases tumor local control is 81% - 100%, but gamma knife 
treatment of patients with brain metastases need to install a fixed frame of the head, to increase the patient’s pain 
and sufferings, and only a single treatment [3] [4]. CyberKnife treatment is a new treatment for stereotactic ra-
diotherapy, without a fixed time frame treatment of brain metastases, image-guided 6D skull tracking technolo-
gy can take advantage of skeletal features in the course of treatment to keep track of intracranial target and au-
tomatically correct treatment, reducing the suffering of patients. In addition, the CyberKnife has as many as 
1200 beams, can through the tumor from various angles, increase the exposure dose of tumor site and mini- 
mize the normal tissue dose of illuminated, while increase the tumor dose rate effectively reduce the complica- 
tions of radiotherapy. The number of treatment used by CyberKnife according to the physical condition of pa- 
tients and acceptable radiotherapy dose adjustments (1 - 5 times), so as to realize the individualized treatment of 
patients. Further, since the reflected wave is a non-radioactive knife eccentric irradiation, the irradiation of each 
node may have more than two tumor irradiation, thus irradiating a treatment plan can be more tumors. 

Young et al. [5] compared the γ knife and CyberKnife treatment of brain metastases efficacy, γ knife treat- 
ment of a single dose of 14 - 20 Gy, 50% isodose lines surrounding the tumor volume, tumor control rate was 
96.7%; while CyberKnife 14 - 30 Gy doses of 1 to 3 times, isodose curve 95% of the tumor volume, tumor con- 
trol rate was 97.8%. Nishida et al. [6] reported the results of a study of 71 patients, the treatment of tumor mar- 
gins mean dose of 20.2 Gy/1 - 3 times, the patients’ 6 months and 1 year survival rates were 74.0% and 47.0%, 
median survival time was 56 weeks, local tumor control rate was 83.0%. Our results show that 1 week after 
treatment by the CyberKnife, the clinical symptoms improve the effective rate was 95.2%; 3 months After Cy- 
berKnife treatment and effectiveness were 82.5% and 96.8% respectively; the patient’s survival rate was 82.5% 
at 6 months; 1 year survival rate was 55.6%; the median survival time was 16 months. CyberKnife is a new 
technology; our follow-up time is short; long-term efficacy and late tissue damage still need to explore and 
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study. 
It is difficult to determine the nature of the lesions without obvious clinical symptoms and MRI showed pro- 

gression [7] [8]. Asao et al. [9] reported radioactive damage area increased ADC values, and tumor recurrence 
area ADC values is not increased, the ADC values of tumor recurrence are markedly lower than the radioactive 
damage area. MRI diffusion-weighted imaging can help assess the efficacy of brain metastases in patients. The 
results indicate that in 52 patients (67 lesions) review ADC values after treatment was increased to varying de- 
grees, the inactivation but the extent of the ADC values of quantitative analysis remains to be further research. 

5. Conclusion 
CyberKnife is an effective method for the treatment of brain metastases; MRI enhances scan and ADC values 
measurements help assess the efficacy of brain metastases, which is worthy of further promotion. 
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