
Neurosurg Focus

SUPPLEMENTAL MATERIAL

NEUROSURGICAL  

 FOCUS

©AANS 2023, except where prohibited by US copyright law

ONLINE ONLY
Supplemental material
Two-stage radiosurgery for large brain metastases: a systematic review and meta-analysis of 
clinical outcomes 
Terry et al.
https://thejns.org/doi/abs/10.3171/2023.5.FOCUS23232

DISCLAIMER The Journal of Neurosurgery acknowledges that the following section is published verbatim as submitted 
by the authors and did not go through either the Journal’s peer-review or editing process.



Supplementary Table 1. Search strategy. 

Database Search strategy Results 
Pubmed/Medline #1 (“brain neoplasms”[Mesh] OR “brain neoplasm*”[TIAB] 

OR “brain tumor*”[TIAB] OR “brain cancer*”[TIAB] OR 
“Intracranial neoplasm*” [TIAB] OR “Cancer of Brain”[TIAB] 
OR “Cancer of the Brain”[TIAB] OR (("Brain"[Mesh] OR 
brain[TIAB] OR Encephalon[TIAB]) AND ("Neoplasm 
Metastasis"[Mesh] OR metasta*[TIAB]))) AND Large[TIAB] 
 
#2 (Radiosurgery [MH] OR radiosurg*[TIAB] OR “Stereotactic 
radi*”[TIAB] OR “Linear accelerator radi*”[TIAB] OR 
“LINAC radi*”[TIAB] OR “Stereotactic body radi*”[TIAB] 
OR “CyberKnife radi*”[TIAB])                    
 
#3 (“proton therapy”[MH] OR “proton therap*”[TIAB] OR 
“proton beam therapy”[TIAB] OR “proton beam radiation 
therapy”[TIAB])        
 
#4   #1 AND (#2 OR #3) 

832 

Scopus #1  TITLE-ABS-KEY((“brain neoplasm*” OR “brain tumor*” 
OR “brain cancer*” OR “Intracranial neoplasm*” OR “Cancer 
of Brain” OR “Cancer of the Brain” OR ((brain OR Encephalon) 
AND (metasta*))) AND Large) 
 
#2    TITLE-ABS-KEY(radiosurg* OR “Stereotactic radi*” OR 
“Linear accelerator radi*” OR “LINAC radi*” OR “Stereotactic 
body radi*” OR “CyberKnife radi*”)  
 
#3   TITLE-ABS-KEY(“proton therap*” OR “proton beam 
therapy” OR “proton beam radiation therapy”)       
 
#4   #1 AND (#2 OR #3) 

1019 

Web Of 
Science/Scielo 

#1  TI=((“brain neoplasm*” OR “brain tumor*” OR “brain 
cancer*” OR “Intracranial neoplasm*” OR “Cancer of Brain” 
OR “Cancer of the Brain” OR ((brain OR Encephalon) AND 
(metasta*))) AND Large) OR 
TS=((“brain neoplasm*” OR “brain tumor*” OR “brain 

cancer*” OR “Intracranial neoplasm*” OR “Cancer of Brain” 
OR “Cancer of the Brain” OR ((brain OR Encephalon) AND 
(metasta*))) AND Large) OR KP=((“brain neoplasm*” OR 
“brain tumor*” OR “brain cancer*” OR “Intracranial 
neoplasm*” OR “Cancer of Brain” OR “Cancer of the Brain” 

1,157 



OR ((brain OR Encephalon) AND (metasta*))) AND Large) OR 
AK=((“brain neoplasm*” OR “brain tumor*” OR “brain 
cancer*” OR “Intracranial neoplasm*” OR “Cancer of Brain” 
OR “Cancer of the Brain” OR ((brain OR Encephalon) AND 
(metasta*))) AND Large) OR AB=((“brain neoplasm*” OR 
“brain tumor*” OR “brain cancer*” OR “Intracranial 
neoplasm*” OR “Cancer of Brain” OR “Cancer of the Brain” 
OR ((brain OR Encephalon) AND (metasta*))) AND Large) 
 
#2  TI=(radiosurg* OR “Stereotactic radi*” OR “Linear 

accelerator radi*” OR “LINAC radi*” OR “Stereotactic body 
radi*” OR “CyberKnife radi*”) OR TS=(radiosurg* OR 
“Stereotactic radi*” OR “Linear accelerator radi*” OR “LINAC 
radi*” OR “Stereotactic body radi*” OR “CyberKnife radi*”) 
OR KP=(radiosurg* OR “Stereotactic radi*” OR “Linear 
accelerator radi*” OR “LINAC radi*” OR “Stereotactic body 
radi*” OR “CyberKnife radi*”) OR AK=(radiosurg* OR 
“Stereotactic radi*” OR “Linear accelerator radi*” OR “LINAC 
radi*” OR “Stereotactic body radi*” OR “CyberKnife radi*”) 
OR AB=(radiosurg* OR “Stereotactic radi*” OR “Linear 
accelerator radi*” OR “LINAC radi*” OR “Stereotactic body 
radi*” OR “CyberKnife radi*”) 
 
#3   TI=(“proton therap*” OR “proton beam therapy” OR 

“proton beam radiation therapy”) OR TS=(“proton therap*” OR 
“proton beam therapy” OR “proton beam radiation therapy”) OR 
KP=(“proton therap*” OR “proton beam therapy” OR “proton 
beam radiation therapy”) OR AK=(“proton therap*” OR “proton 
beam therapy” OR “proton beam radiation therapy”) OR 
AB=(“proton therap*” OR “proton beam therapy” OR “proton 
beam radiation therapy”) 

 
#4   1 AND (#2 OR #3) 

Embase #1 ('brain metastasis'/exp OR 'brain metastasis':ti,ab,kw OR 
'brain metastatic tumor':ti,ab,kw OR 'brain metastatic 
tumour':ti,ab,kw OR 'brain tumor metastasis':ti,ab,kw OR 'brain 
tumour metastasis':ti,ab,kw OR 'cerebral metastasis':ti,ab,kw 
OR 'metastasis, brain':ti,ab,kw) AND large:ti,ab 
 
#2 ('radiosurgery'/exp OR 'radio-surgery':ti,ab,kw OR 

'radiosurgery':ti,ab,kw) 
 
#3  'proton therapy'/exp OR 'proton beam radiotherapy':ti,ab,kw 

OR 'proton beam therapy':ti,ab,kw OR 'proton radiation 

851 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Results until December 14, 2022 

  

therapy':ti,ab,kw OR 'proton radiotherapy':ti,ab,kw OR 'proton 
therapy':ti,ab,kw 
 
#4   #1 AND (#2 OR #3)  

Cochrane 
(OvidSP) 

#1 ([mh "brain neoplasms/secondary"] OR ("Brain" NEXT 
tumor*):ti,ab OR ("Benign brain" NEXT neoplasm*):ti,ab OR 
("Intracranial" NEXT neoplasm*):ti,ab OR "Recurrent brain 
tumor":ti,ab OR ("Brain" NEXT metastase*):ti,ab OR ("Brain 
malignant" NEXT neoplasm*):ti,ab OR ("Malignant brain" 
NEXT neoplasm*):ti,ab) AND (large*:ti,ab) 
 
#2 ([mh "Neoplasm Metastasis"] OR Metastase*:ti,ab OR 
("Neoplasm" NEXT metastas*):ti,ab OR metastatic*:ti,ab) 
 
#3 (ophthalmic or extracranial).ti,ot,sh,kw,ab. 
 
#4 ([mh "proton therapy"] OR "proton beam therapy":ti,ab OR 
"proton beam radiation therapy":ti,ab) 
 
#5   ((#1 AND #2) AND (#3 OR #4)) 

149  

Google scholar  #1 ((brain AND metasta*) AND Large) 
 
#2 (radiosurg* OR “Stereotactic radi*” OR “proton therapy”)                    
 
#3 #1 AND #2 

First 
100 



Supplementary Table 2. List of excluded studies   

Author-year Title Exclusion reasons 

Cho-20221 How to dose-stage large or high-risk brain metastases: an alternative two-fraction 
radiosurgical treatment approach Wrong intervention 

Medvedeva-20222 Two-stage Gamma Knife radiosurgery for brain metastases Wrong population 

Yomo-20223 Staged radiosurgery alone versus postoperative cavity radiosurgery for patients 
with midsize-to-large brain metastases: a propensity score matching analysis Wrong population 

Rozati-20214 Three-staged stereotactic radiosurgery for brain metastases: A single institution 
experience Wrong publication type 

Cui-20205 A Novel Methodology To Evaluate Radiation Dose To Brain For Dose-Staged 
Stereotactic Radiosurgery Wrong publication type 

Kim-20206 Two-staged gamma knife radiosurgery for treatment of numerous (>10) brain 
metastases Wrong population 

Damron-20207 Volume kinectis following two-session gamma knife radiosurgery for large brain 
metastases (BM) Wrong publication type 

Hori-20208 Efficacy and long-term outcomes in the management of large brain metastasis (> = 
4 cm3) using 2-staged stereotactic radiosurgery (2-SSRS): An international study Wrong publication type 

Park-20199 Single-Session versus Multisession Gamma Knife Radiosurgery for Large Brain 
Metastases from Non-Small Cell Lung Cancer: A Retrospective Analysis Wrong intervention 

Yomo-201910 Single- versus 2-session Gamma Knife surgery for symptomatic midsize brain 
metastases Wrong population 

Frischer-201611 Evaluation of Dose-Staged Gamma Knife Radiosurgical Treatment Method for 
High-Risk Brain Metastases Wrong population 

Lee-201512 Comparative Analysis of Efficacy and Safety of Multisession Radiosurgery to 
Single Dose Radiosurgery for Metastatic Brain Tumors Wrong population 

Akabane-201313 Staged Gamma Knife Radiosurgery for Relatively Large Metastatic Brain Tumors Wrong publication type    

Minniti-201314 Multidose Stereotactic Radiosurgery (9 Gy x 3) of the Postoperative Resection 
Cavity for Treatment of Large Brain Metastases Wrong population 

Inoue-201215 Optimal multisession radiosurgery for large brain metastases in critical areas Wrong publication type 

Terahara-200016 Analysis of dose distribution in gamma knife radiosurgery for multiple targets Wrong population 

 

  

  



Supplementary Table 3. Volumetric (cm3) and survival data aggregated by intervention.  

Study No LBM  
(n) 

Mean initial volume  Mean post-
GKRS1 volume 

Mean 
volume at 

LFU 

Relative volume 
reduction from 
Baseline-LFU 

Median overall 
survival, 

med(range) 
months 

Progression-
free survival, 
med(range) 

months 
Two-staged GammaKnife radiosurgery (GKRS) 

Cui,202217 24 10.7 ± 4.45 5.61 ± 4.1 NR 48.58 ± 22.11 NR NR 
Damron, 202218 26 9.88 ± 6.82 5.92 ± 6.39 3.19 ± 4.35 NR 7.3 9.1 
Ginalis, 202019 23 10.38 ± 4.38 5.68 ± 4.41  NR 85.8** NR 5.07 (3.53-5.23) 

Ito, 202020 NR NR NR NR NR 6.6 (5.3-9.3) ¥ NR 
Lovo, 201921 22 12.3 (7-78.4)* NR 4.1 ± 1.3-70* 66 24 (3-32) ¥¥ 8 (5-20) ¥¥ 

Serizawa, 201922 336 17.1 ± 5.9 NR 11.7 ± 6.7 31.7 ± 31.4  11.7 NR 
Angelov, 201823 63 11.46 ± 6.2  8.27 ± 6.16 5.15 ± 4.93 49 ± 35.25 10.8 (4.9-26.0)¥ 5.2 (1.3-7.4) 

Dohm,201824 39 15.6 ± 14 10.37 ± 9.91 NR NR 7.7 NR 
Dohm,201825 45 17.28 ± 12.35 10.29 ± 9.42  NR 36 13.2 NR 
Yomo,201426 61 18.98 ± 9.94 11 ± 8.69 NR NR 11.8 (5.5-15.6) NR 
Yomo,201227 28 21.23 ± 10.76 9.7** NR NR 11.9 (4.67-15.63) NR 

Three-staged GammaKnife radiosurgery (GKRS) 
Serizawa, 201922 149 19.4 ± 6.7 NR 12 ± 7.3 37.4 ± 33.9 15.9 NR 

Yamamoto, 201828 NR NR NR NR NR 8.3 (5.3-10.6) NR 

Higuchi,200929 46 17.6 ± 6.3 14.3 ± 6.5 10.6 ± 6.1 NR 8.8 NR 
*Mean (range) 
**Median 
¥95% Confidence Interval (CI) 
¥¥Mean  
LBM: Large Brain metastases, LFU: Last follow-up, GKS: GammaKnife session, NR: Not reported  
Volume at LFU: Post-GKRS2 or Post-GKRS3 volume accordingly 

 

  



Supplementary Figure 1. Risk Of Bias In Non-randomized Studies of Interventions-ROBINS-I 

 
 

  



 

 

 

Supplementary Figure 2. Risk Of Bias The Joanna Briggs Institute (JBI) tool for assessing case series 

    JBI risk of bias assessment tool  
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Item questions reproduced from Munn Z, Barker TH, Moola S, Tufanaru C, Stern C, McArthur A, Stephenson M, 
Aromataris E. Methodological quality of case series studies: an introduction to the JBI critical appraisal tool. JBI 
Evidence Synthesis. 2020;18(10):2127-2133. © Joanna Briggs Institute, published with permission. 

 

  

Items  
       

1. Where there clear criteria for inclusion in the case series ? 
2. Was the condition measured in a standard reliable way for all 
participants included in the case series? 

 
3. Were valid methods used for identification of the condition for all 
participants included in the case series? 

 

4. Did the case series have consecutive inclusion of participants? 
 

5. Did the case series have complete inclusion of participants?  
 

6. Was there clear reporting of the demographics of the participants 
in the study? 

 

7. Was there clear reporting of clinical information of the 
participants? 

 

8. Were the outcomes or follow-up results of cases clearly reported?  
 

9. Was there clear reporting of the presenting sites/clinics 
demographic information? 

 
 

10. Was statistical analysis appropriate?   
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