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Accuray Disclaimers and Disclosure
Disclosure

The views contained and expressed in this presentation, including any accompanying oral commentary, are 
those of the presenter and do not necessarily reflect the views or policies of Accuray Incorporated or its 
subsidiaries. No official endorsement by Accuray Incorporated or any of its subsidiaries of any vendor, products 
or services contained in this presentation is intended or should be inferred.

An honorarium is provided by Accuray for this presentation.

Medical Advice Disclaimer

Accuray Incorporated as a medical device manufacturer cannot and does not recommend specific treatment 
approaches. Individual results may vary.

Safety Statement

Most side effects of radiotherapy, including radiotherapy delivered with Accuray systems, are mild and 
temporary, often involving fatigue, nausea, and skin irritation. Side effects can be severe, however, leading to 
pain, alterations in normal body functions (for example, urinary or salivary function), deterioration of quality of 
life, permanent injury and even death. Side effects can occur during or shortly after radiation treatment or in the 
months and years following radiation. The nature and severity of side effects depend on many factors, including 
the size and location of the treated tumor, the treatment technique (for example, the radiation dose), the 
patient’s general medical condition, to name a few. For more details about the side effects of your radiation 
therapy, and if treatment with an Accuray product is right for you, ask your doctor.



▪ Stanford Data, Jan 1999 – Dec 2018 (2 decades)

▪ Over 7000 patients treated with CyberKnife® 

▪ Benign brain tumors (meningiomas, vestibular schwannomas, glomus jugulare tumors, 
non-vestibular schwannomas, chordomas, hemangioblastomas, ependymomas)

▪ AVMs (intracranial and spinal cord AVMs)

▪ Malignant tumors (brain and spine metastases, chondrosarcomas, and glioblastomas)

▪ Resection cavities of brain metastases 

▪ Trigeminal neuralgia 

+ Literature review 
: 31 articles for quantitative review 
: 40 articles for qualitative review 
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▪ Retrospective single institution study

▪ Large = Tumor volume > 14 cm3: Equivalent to a 3-cm diameter sphere

▪ Total of 74 patients (2007-2018)
– 59 Meningiomas

– 9 Vestibular schwannomas 

– 6 Glomus jugulare tumors

▪ CyberKnife® 
– Definitive SRS: 47.3% 

– Adjuvant to surgical resection: 44.6%

– Salvage after past radiation treatment: 8.1%



▪ Median tumor volume: 16.0 cm3 (range, 10.1-65.5 cm3) 

▪ Median dose: 24.0 Gy (range, 14.0-30.0 Gy) in a median of 3 fractions

▪ Median SFED (with alpha/beta ratio of 3): 14.8 Gy (range, 11.3-18.0 Gy) 

▪ Median clinical follow-up: 32.8 months (range, 0.6-125.9 months) 

▪ Median radiographic follow-up: 28.5 months (range, 0.6-121.4 months) 

▪ Adverse radiation effect: 13.5% at a median of 13.5 months / No secondary malignancies

Local Tumor Control

▪ 96.5% at 3 years

▪ 91.7% at 5 years

Overall Survival

▪ 93.5% at 5 years

▪ 82% at 10 years

▪ No patient died of tumor progression



▪ Systematic review: A total of 8 articles (1999-2018)

▪ Large intracranial meningiomas ≥2.5 cm in maximum dimension (Tumor volume ≥ 8.1 cm3)

▪ 452 tumors in 496 patients, median age 60 years

▪ Local tumor control rate: 84~100% 

  over a median follow-up of 54 months

▪ Clinical improvement: 45.1% 

       Clinical deterioration: 15.7% 

▪ Radiation-induced toxicity: 23%

– Cranial nerve deficits: 5.5%

– Peritumoral edema: 5.3%





Case (Meningioma)

▪ 75/M G1 meningioma R parietal s/p STR 2020 with growth in residual along 
superior sagittal sinus. CyberKnife® SRS, stable tumor as of 2024. 

SRS Plan

▪ 30 Gy in 5 fractions to 
the 77% isodose line

▪ 20 minutes per fraction



▪ Retrospective cohort study (1992~2013)

▪ 576 patients, 579 tumors, median follow-up of 4.6 years 

▪ 88% primary SRS, 6.7% Salvage SRS

▪ Local tumor control: 89% control rate at 3 years in sporadic VS

     significantly lower (43%) in NF2-related tumors.

▪ Tumor control was inversely related to tumor size (maximum dimension) and 
documented pre-SRS growth.

▪ Complications: Facial nerve preservation in 100% of sporadic VS cases / 
trigeminal neuralgia or numbness (2%), new hemifacial spasm or blepharospasm 
(3%), and hydrocephalus requiring VP shunt (0.6%)



▪ Our bivariable survival data 
analysis showed that 

– Neurofibromatosis type II, 

– documented pre-SRS 

growth, 

– tumor measured by 

maximum dimension, 

– SRS given as nonprimary 

treatment

 increased hazard of failure to 

control.



Case (Vestibular Schwannoma)

▪ 60/M, Koos 3 right VS (serviceable but decreased hearing)



SRS Plan

▪ 18 Gy in 3 fractions to the 82% isodose line

▪ CI: 1.13

▪ 22 min per fraction

▪ Volume: 1.59 cc 

▪ Coverage: 99%



▪ 6-month follow-up: Hearing well preserved. No other symptoms



▪ Meta-analysis of 37 studies

▪ 1,117 patients with 1,144 tumors.

▪ Tumor Types: 

– Glomus jugulare (87%) 

– Glomus tympanicum (8.2%)

– Carotid body (2.4%)

– Glomus vagale (1.4%)

▪ Local tumor control: 94.2% 

 with median follow-up of 44 months.



▪ No significant difference in LC and adverse events between 
SRS techniques (Gamma Knife, LINAC, CyberKnife®).



▪ Initial clinical presentation 
with hearing loss, female 
gender, right-sided tumors, 
and primary SRS were 
associated with lesser LC.



Case (Paraganglioma)

▪ 67/F paraganglioma in R carotid body C1-2 with growth (Asx), SRS 2019. 
 + Hx of small AVM p/with hemorrhage s/p SRS 2005 and complete obliteration on angiogram. 

SRS Plan

▪ 14 gy in 1 fraction to 
the 76% isodose line



▪ 4-year follow-up: Decreased in size with internal necrosis. No toxicity

PreSRS 4y f/u



▪ Single-institution retrospective series

▪ 135 hemangioblastomas in 35 patients (1998~2022) 

– VHL associated: 28 patients with 123 hemangioblastomas

– Sporadic: 7 patients with 12 hemangioblastoma

▪ Median age: 36 years

▪ Median tumor volume: 0.4 cc

▪ CyberKnife® SRS

– Median SFED of 18 Gy 

– 77% median isodose line 



▪ Median follow-up: 57 months

▪ The 5-year local tumor control rate: 91.3% for all hemangioblastomas

– Sporadic: 91.7% 

– VHL-related: 92.9%

▪ Two patients developed radiation necrosis (5.7%), and 1 of them required surgical resection.



▪ SRS improved tumor-associated symptoms of 98 (74.8%) of 131 symptomatic 
hemangioblastomas, including headache, neck pain, dizziness, visual disturbances, dysesthesia, 
ataxia, motor impairment, seizures, and dysphagia. 



Case (Hemangioblastoma)

▪ 48/M VHL, RCC s/p nephrectomy, HBs cerebellum + spine. 

     CyberKnife® 2019 to 2 growing cerebellar HBs. Belzutifan (Welirig) 2023-now

SRS Plan

▪ 22 Gy in 1 fraction to 
the 77% isodose line

6mo post SRS edema



▪ Single-institution retrospective series

▪ 34 patients with 75 ependymomas (1998~2023) 

– Pediatric: 14 / Adult: 20 (patients)

– WHO Grade 2: 46 / WHO grade 3: 29 (tumors) 

▪ Median age: 21 years

▪ Median tumor volume: 0.64 cc

▪ CyberKnife® SRS

– Median SFED of 16.6 Gy 

– 77% median isodose line 



▪ Median follow-up: 42.7 months

▪ The 5-year local tumor control rate: 78.1% 

– 59.6% for pediatric vs 90.2% for adults

– 85.9% for WHO grade 2 vs. 58.5% for WHO grade 3

▪ Symptom improvement observed in 85.3% of patients



P = .03 P < .001

P = .19



P < .001

P < .001P = .14



Case (Ependymoma)

▪ 20/M, multiple recurrent grade 3 ependymoma (EP-PF-A) s/p multiple CyberKnife® 
treatments for the cranial lesions, presented with a recurrent right cerebellar lesion 
during surveillance. 

SRS Plan

▪ 27 Gy in 3 fractions to 
76% isodose line. 3m f/u



Take Home Message

▪ Effective Tumor Control: SRS achieves >90% local control for benign brain 
tumors, including large lesions.

▪ Minimally Invasive: SRS provides a non-surgical option with fewer risks 
compared to traditional surgery.

▪ Symptom Improvement: Many patients experience stabilization or 
improvement in clinical symptoms post-treatment.

▪ Low Toxicity: Adverse effects are minimal, making SRS a safe and well-
tolerated treatment.



TEAM



Thank you



Questions? 

Steven D. Chang, MD, MBA

Email : sdchang@stanford.edu

mailto:sdchang@stanford.edu
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