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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.
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• Prospective cohort of 1194 patients 
with 1-10 brain metastases

• Gamma-Knife SRS of all lesions

• No difference in survival between 
patients with 2-4 vs. 5-10 brain 
metastases

Radiosurgery of multiple BM

Yamamoto et al., Lancet Oncol, 2014
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Salvage Therapies

• Regular MRI follow-up and 
Salvage-therapy applied to 
49% of patients for new 
lesions

• 77% of salvage treatments in 
the form of repeated SRS

Yamamoto et al., Lancet Oncol, 2014
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Repeated SRS

Follow-Up

Initial SRS

Randomization

1-10 brain 
metastases

Arm A
(SPACE)

SRS of all lesions 
(SPACE + MPRAGE)

3-monthly
cMRI

Repeat SRS 
for new 
lesions

(SPACE + 
MPRAGE)

endpoint 
reached

Arm B 
(MPRAGE)

SRS of all lesions 
(MPRAGE)

3-monthly
cMRI

Repeat SRS 
for new 
lesions

(MPRAGE)

endpoint 
reached

n = 200

El Shafie et al., Neurosurgery 2018, DOI: 10.1093/neuros/nyy026

> 10 simultaneously new or 
progressive lesions, 
leptomeningeosis

CYBER-SPACE Study Design

• Single-center randomized phase 2 
trial

• Heidelberg University Hospital

• Targeted patient collective: 
1-10 newly diagnosed BM

• Rationale: 
Avoidance or delay of WBRT

• Study intervention:

– SRS of all visible BM

– Repeated SRS upon occurrence 
of new BM
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CYBER-SPACE – Results 
• 24-mo Freedom from WBRT indication

– SPACE arm: 80.6%

– MPRAGE arm: 76.1%

– overall cohort: 78.3%

• mOS: no sign. difference (p=0.59)

– SPACE arm: 10.5 mo

– MPRAGE arm: 15.2 mo

– Cause of death: 10% from BM, 68% extracranial causes, 22% 
unknown

• Initial number of BM predictive of iffS 
(HR 3.1, p=0.002 for 5-10 BM), but not of OS

• Safety:

– no safety signals

– Grade 3 radionecrosis: 4% vs. 6% (n.s.)

Conclusions:

SRS for patients with 1-10 BM avoided the need for WBRT in 
78.3% of cases, when repeated upon occurrence of new lesions

El Shafie R. et al., ASTRO 2023
LBA 01 - Special Session - Late-Breaking Abstracts, LBA 12

Freedom from WBRTi

OS
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CYBER-SPACE Conclusion 

• First prospective randomized trial for SRS of up to 10 simultaneous BM

• SRS for patients with 1-10 BM avoided the need for WBRT in 79.2% of cases, 
when repeated upon occurrence of new lesions.

• Regular high-sensitivity MRI is a prerequisite for this strategy.

• Proactive management of multiple BM with SRS can greatly limit the impact of 
BM on overall prognosis.

– Only 10% of deaths due to BM

• Repeated SRS of multiple BM is safe and should be regarded as a favorable 
alternative to WBRT.
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Post-operative Cavity SRS

Mahajan et al., Lancet Oncol, 2017

• SRS Improves local control at cavity, 
compared to observation 

• SRS causes less neucocognitive decline, 
compared to WBRT

BUT …

• Local control following SRS inferior to 
WBRT → 60% vs. 72% at 1 year!
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SRS of the resection cavity

• SRS Improves local control at cavity, 
compared to observation 

• SRS causes less neucocognitive decline, 
compared to WBRT

BUT …

• Local control following SRS inferior to 
WBRT → 60% vs. 72% at 1 year!

Brown et al., Lancet Oncol, 2017
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HFSRT

• Hypofractionated stereotactic 
radiotherapy, HFSRT (5-7 fractions) 
delivers higher biologically effective 
dose (BED) than single-session SRS

• HFSRT can achieve 1-year local 
control rates of up to 84% in pooled 
retrospective data

Eitz et al., JAMA Oncol, 2020

• Retrospective, multicenter database analysis, n=558

Multi-institutional Analysis of Prognostic Factors and Outcomes after 
Hypofractionated Stereotactic Radiotherapy to the Resection Cavity in 
Patients with Brain Metastases
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ESTRON – Study Design

• Single-center randomized phase 
2 trial

• Heidelberg University Hospital

• Targeted patient collective: 
Patients following BM resection

• Rationale: 
Avoid toxicity of WBRT at 
comparable intracranial control

• Study intervention:

– HFSRT of resection cavity

• 7 x 5 Gy with 3-4 mm margin

– SRS of additional lesions

– Control: WBRT

3-monthly FU:
hs-MRI, clinical 

assessment,
QoL, 

neurocognition

3-monthly FU:
hs-MRI, clinical 

assessment,
QoL, 

neurocognition

Patients following BM resection

HFSRT of 
Resection 

Cavity
 (n=28)

SRS of 
unresected 

lesions

WBRT 
(n=28)

1:1

(n=56)

R

−Predominantly NSCLC (54%) and 
breast cancer (13%)

−Median cavity diameter: 27 mm 
− Incomplete resection: 30%
−Unresected metastases: 28 (52%)



Prof. Dr. med. Rami El Shafie    –    Strahlentherapie und Radioonkologie    –    UMG 14

Study Treatment

• Target volumes:

– CTV1: visible cavity, associated contrast enhancement

– CTV2: CTV1 + 3 mm isotropic expansion, adapted to 
include meningeal enhancement and resection canal

– PTV: CTV2 + 1 mm isotropic expansion

• Dose Prescription (@70%-isodose):

– Cavity: 7 x 5 Gy @70%-isodose (Cavity)

– Unresected BM: 20 Gy (< 2cm), 18 Gy (2-3 cm), 
6 x 5 Gy (> 3cm)

• Treatment Delivery:

– Accuray CyberKnife System M6, InCise-2 MLC

– Stereoscopic X-Ray and intrafractional motion tracking
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ESTRON – Outcomes 
• Intracranial control:

– no sign. difference
HR 1.29 (95% CI 0.6-2.7, p=0.518)

• Local Control:

– HFSRT arm: 96%

– WBRT arm: 89%

• Patterns of failure:

– Relapses distant from cavity (both arms)

– relapses at cavity in WBRT arm ↑ (11% vs. 7%)

– LMD increased in HFSRT arm (26% vs. 7%)

– LMD almost exclusively distant from cavity in 
HFSRT arm (6/7 cases)

• Safety:

– No safety signals

– sign. less toxicity in HFSRT arm

– Blood-brain barrier disruption: 15%

• Conclusion:

– HFSRT of the resection cavity provides 
excellent local control with no increased 
risk of symptomatic radionecrosis

El Shafie R. et al., ASTRO 2023
LBA 01 - Special Session - Late-Breaking Abstracts, LBA 13

Patterns of failure HFSRT (n=27) WBRT (n=27)

Intracranial progression

• overall 14 (51%) 13 (48%)

• at cavity 1 (7%) 3 (11%)

• distant from cavity 13 (93%) 10 (77%)

Leptomeningeal disease (LMD)

• overall 7 (26%) 2 (7%)

• at cavity / in field 1 (14%) 1 (50%)

• distant from cavity / out of 

field

6 (85%) 1 (50%)

Intracranial control Overall Survival

Local Control
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Neurocognitive Assessments

• HVLT-R: Hopkins Verbal Learning Test – Revised

– TR: Total Recall

– DR: Delayed Recall

• Additional Tests: CANTAB (results pending)

(T0) Baseline
• HVLT-R TR
• HVLT-R DR
• QLQ-C15 PAL
• QLQ BN-20

Treatment
• HFSRT/WBRT
• ~2 weeks

(T1) +6-8w
• HVLT-R TR
• HVLT-R DR
• QLQ-C15 PAL
• QLQ BN-20

(T2) +10-12w
• HVLT-R TR
• HVLT-R DR
• QLQ-C15 PAL
• QLQ BN-20

(T3) +10-12w
• HVLT-R TR
• HVLT-R DR
• QLQ-C15 PAL
• QLQ BN-20

(T4) +10-12w
• HVLT-R TR
• HVLT-R DR
• QLQ-C15 PAL
• QLQ BN-20

(T5) +10-12w
• HVLT-R TR
• HVLT-R DR
• QLQ-C15 PAL
• QLQ BN-20

cMRI cMRI cMRI cMRI cMRI
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Results – HVLT-R Total Recall

• Baseline HVLT-R score slightly lower in HFSRT group (24 vs. 26 points)

• Higher relative frequency of relevant drop from baseline in WBRT group 
(18.5% [n=5] vs. 29.6% [n=8])

– Risk difference 11%, 95%-CI [-0.34;0.12], p=0.34
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Results – HVLT-R Total Recall

• HFSRT: At no timepoint did the 
median HVLT-R TR score decline 
from baseline

• WBRT: Maximum decline at ~6 
months from treatment, followed 
by partial recovery

+5.1 points (23.3%)

-2.7 points (-10.7%)

HFSRT WBRT

p = 0.001

Change from Baseline at ~43 weeks      

Δ = 7.8 points (34.0%)
p = 0.001
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Results – HVLT-R Delayed Recall

• HFSRT: At no timepoint did the 
median HVLT-R TR score decline 
from baseline

• WBRT: Continuous decline from 
treatment until end of FU (1 year)

Δ = 4.0 points (47.8%)
p = 0.022

+1.8 points (24.3%)

-2.2 points (-23.5%)

HFSRT WBRT

p = 0.022

Change from Baseline at ~43 weeks      
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Quality of Life – QLQ-C15 PAL

• Overall QoL comparable 
between groups

– No difference in physical 
and emotional 
functioning

• Across subscales: slight 
worsening at 6-8 weeks, 
followed by recovery

• Subscales with relevant 
difference between groups 
post-treatment:

– Appetite loss 
(+33.3 pts, SD 13.4, p=0.001)

– Nausea / vomiting
(+40.3 pts, SD 32.6, p<0.001)

• Subscale raw scores converted to value between 0 and 100 according to EORTC QLQ manual
• Function scales: greater values = better performance; Symptom scales: greater values = increased symptoms

Function Scale Function Scale Function Scale

Symptom Scale Symptom Scale Symptom Scale
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Discussion / Conclusion

• While providing excellent local control, HFSRT following BM resection preserves 
neurocognition more effectively than WBRT.

– Differences in HVLT-R scores most pronounced at 6-8 months from treatment

– No decline from baseline in HVLT-R TR or DR at any time in HFSRT group

– Descriptive results, since study was not powered to detect significant difference in 
neurocognitive testing

• Overall hr-QoL was similar, although WBRT acutely worsened nausea and appetite loss. 

– In both groups, symptoms were worst 6-8 weeks post-treatment, followed by 
recovery.

• Future questions in peri-operative radiotherapy of BM: 

– Single-session SRS vs. HFSRT? 

– Pre-operative vs. post-operative SRS/HFSRT?



Prof. Dr. med. Rami El Shafie    –    Strahlentherapie und Radioonkologie    –    UMG 22

Acknowledgements

• Prof. Dr. Dr. Jürgen Debus
• Prof. Dr. Stefan Rieken

• PD Dr. Denise Bernhardt
• Annabella Schiele
• Dr. Thomas Welzel
• Dr. Daniela Schmitt
• Paul Thalmann
• Sinem Erdem
• Dr. Angela Paul
• Dr. Simon Höne
• PD Dr. Kristin Lang
• Prof. Dr. Sebastian Adeberg
• Dr. Adriane Lentz-Hommertgen
• Dr. Cornelia Jäkel
• Dr. Farastuk Bozorgmehr
• Prof. Dr. Michael Thomas
• Prof. Dr. Meinhard Kieser

Many thanks to all participating 
patients and their families!

Accuray Inc.



Prof. Dr. med. Rami El Shafie    –    Strahlentherapie und Radioonkologie    –    UMG 23

Thank you for your

attention!

Foto: M. Leu
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