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Stereotactic Radiosurgery(SRS)

Delivered with 

•Gamma Knife

•Modified LINAC radiosurgery systems (including 
CyberKnife & Image-guided radiotherapy systems) 

•TomoTherapy

•Proton beam systems



Common Indications for Radiosurgery or 

Hypofractionated Stereotactic Radiotherapy

Perez & Brady's Principles and Practice of Radiation Oncology, 7th edition



Brain metastases

•Most common intracranial tumors in adults

•Estimated 10–40% of cancer patients develop 
metastases during course of illness

•Most common in patients with lung, breast, 
melanoma, renal cell, & gastrointestinal carcinoma

•Historically, whole brain radiation therapy (WBRT):  
Standard of care 



Brain metastases

• Improved extracranial control and prognosis due to

development of better systemic therapies & surgical 

techniques

•Optimizing intracranial control while minimizing 
late neurotoxicity important



Estimating Prognosis of Patients with Brain 
Metastasis

Recursive partitioning analysis (RPA)

• Radiation Therapy Oncology Group’s (RTOG’s) RPA first 
published in 1997 

• Stratifies patients with brain metastases into three classes

• Class I: Karnofsky performance status (KPS) ≥ 70, < 65 years of 
age with controlled primary & no extracranial metastases 

Class III: KPS < 70

Class II: all others
   (Gaspar et al., 1997)



Graded prognostic assessment (GPA) 

• First published in 2008 based on patients from five

randomized RTOG trials

• Four prognostic factors—age, KPS, extracranial metastases & 
number of brain metastases

• 2010: Diagnosis-Specific Graded Prognostic Assessment (DS-GPA)

• Breast GPA: molecular subtypes included

• molGPA: GPA incorporates molecular factors (EGFR and ALK gene 
alterations in NSCLC & BRAF status in melanoma) 

Sperduto, Paul W et al. “Survival in Patients With Brain Metastases: Summary Report on the Updated Diagnosis-Specific Graded Prognostic Assessment 
and Definition of the Eligibility Quotient.” Journal of clinical oncology (2020): 3773-3784



Breast GPA

Sperduto, Paul W et al. “Beyond an Updated Graded Prognostic Assessment (Breast GPA): A Prognostic Index and Trends in Treatment and Survival in Breast Cancer Brain Metastases 

From 1985 to Today.” International journal of radiation oncology, biology, physics vol. 107,2 (2020): 334-343

Kaplan Meier Curves for Survival by Breast GPA

GPA of 0: Worst prognosis

GPA of 4.0: Best prognosis



SRS: What is the maximum tolerated    
dose?

Purpose: To determine the maximum tolerated dose of single fraction radiosurgery 

in patients with recurrent previously irradiated primary brain tumors &  brain 

metastases.



RTOG PROTOCOL 90-05

• Between 1990–1994

• 156 patients : 36% recurrent primary brain tumors (median 

prior dose 60 Gy) & 64% recurrent brain metastases (median 

prior dose 30 Gy)

• Initial radiosurgical doses :18 Gy for tumors < 20 mm, 15 Gy 

for tumors 21–30 mm, &12 Gy for 31–40 mm in maximum 

diameter



RTOG PROTOCOL 90-05

• Doses escalated in 3 Gy, & incidence of irreversible grade 3-

5 Radiation Therapy Oncology Group (RTOG) neurotoxicity 

assessed. 

• Maximum tolerated doses: 24 Gy for tumors < 20 mm,

18 Gy for tumors 21–30 mm

15 Gy  for 31–40 mm

• For tumors < 20 mm, investigators’ reluctance to escalate to 

27 Gy, rather than excessive toxicity, determined the 

maximum tolerated dose 



Critical Structures & Tolerance for     
Intracranial SRS

Intracranial Stereotactic Radiosurgery, Jason P. Sheehan, L. Dade Lunsford, 3rd edition, Page 72



What are the indications for SRS alone for
patients with intact brain metastases?

Three randomized controlled trials (RCTs) compared SRS 
alone to SRS plus WBRT

•   JROSG 99-1 (Aoyama et  al. 2006)

•   MDACC (Chang et al. 2009)

•   NCCTG (Brown et  al. 2016)

Two  RCTs compared local therapy alone (SRS or surgery) to 
local therapy plus WBRT.

• EORTC 22952-26001 (Kocher et al. 2011)

• Hong et al. 2019



• Randomized multi-institution trial by Japanese Radiation 
Oncology Study Group (JROSG 99-1)

• 132 patients with 1–4 brain metastases (dia. <  3  cm) & KPS 
≥70

• SRS (18–25  Gy/1 fraction) vs. WBRT(30  Gy/10 fractions) 
followed by SRS



JROSG 99-1 (Aoyama et  al. 2006)

• Addition of WBRT reduced rate of new metastases (64% vs. 
42%), need for salvage brain treatment, & improved 1-year 
recurrence rate (47%vs. 76%).

• No difference in OS (~8 months), neurologic or KPS 
preservation, or Mini-Mental State Examination (MMSE) 
score



• Randomized trial by MD Anderson Cancer Center

• 58 patients with 1–3 brain metastases and KPS ≥70

• SRS (15–24 Gy/1 fraction) vs. SRS + WBRT

• Formal neurocognitive testing



MDACC (Chang et al. 2009)

• Trial stopped early: Decline in memory and learning at 4  
months with WBRT by Hopkins Verbal Learning Test (52% 
vs. 24%).

• WBRT associated with improved LC (100% vs. 67%) & 
distant brain control (73% vs.45%) at 1 year

• Significantly longer OS with SRS alone (15 vs. 6  months)-
Patients in this arm received more salvage therapy including 
repeat SRS (27 vs. 3 retreatments)



• Prospective phase III randomized trial by  North Central Cancer 
Treatment Group (NCCTG)

• SRS alone or SRS+WBRT for 1–3 brain metastases

• Primary endpoint: Neurocognitive deterioration at 3 months

• 213 participants showed less cognitive deterioration at 3  months 
after SRS alone (63.5%) compared to SRS and WBRT (91.7%) p < 
0.001

JAMA. 2016;316(4):401-409



NCCTG (Brown et  al. 2016)

• Time to intracranial failure: Significantly shorter for SRS 
alone (HR 3.6; p < 0.001)

• No significant difference in OS at 10.4 months for SRS alone 
and 7.4 months for SRS plus WBRT (p = 0.92)



J Clin Oncol. 2011 Jan 10; 29(2): 13 J Clin
Oncol. 2011 Jan 10; 29(2): 134–141 4–
141

• Randomized phase III trial of the European Organisation for 
Research and Treatment of Cancer (EORTC)

• 359 patients with 1-3 brain metastases & WHO performance status
(PS) of 0 to 2 treated with complete surgery or radiosurgery

• Randomly assigned to adjuvant WBRT (30 Gy in 10 fractions) or
observation (OBS)

• Primary end point: Time to WHO PS deterioration to >2

J Clin Oncol. 2011 Jan 10; 29(2): 134–141

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3058272/


EORTC 22952-26001 (Kocher et al. 2011)

• Median time to WHO PS >2 : 10.0 months (95% CI, 8.1 to 11.7 
months) after OBS & 9.5 months (95% CI, 7.8 to 11.9 months) after 
WBRT (P=.71)

• Overall survival: Similar in WBRT & OBS arms (median, 10.9 v 10.7 
months, respectively; P= .89)

• WBRT reduced 2-year relapse rate both at initial sites (surgery: 59% to 
27%, P < .001; radiosurgery: 31% to 19%, P = .040) & at new sites 
(surgery: 42%to 23%, P = .008; radiosurgery: 48% to 33%, P = .023).



EORTC 22952-26001 (Kocher et al. 2011)

• Intracranial progression caused death in 78 (44%) of 179 patients 
in OBS arm & in 50 (28%) of 180 patients in WBRT arm

• After radiosurgery or surgery of a limited number of brain
metastases, adjuvant WBRT reduces intracranial relapses &
neurologic deaths but fails to improve the duration of functional
independence & OS



• Randomized phase III trial

•  215 patients with 1-3 melanoma brain metastases locally 

treated by either surgery and/or SRS

• Randomly assigned to adjuvant WBRT or observation (OBS)

• Primary end point: Distant intracranial failure within 12 months

• Secondary end points: Time to intracranial failure, survival, & 

time to deterioration in PS

J Clin Oncol 37:3132-3141



Hong et al.(2019)

• Forty-two percent of patients in WBRT group & 50.5% in observation
developed distant intracranial failure within 12 months (odds ratio,
0.71;95% CI, 0.41 to 1.23; P = .22)

• At 12 months, 41.5% of patients in WBRT group & 51.4% of patients
in observation group had died (P = .28), with no difference in rate of
neurologic death.

• Median time to deterioration in PS: 3.8 months after WBRT & 4.4 
months with observation (P = .32)

• After local treatment of 1-3 melanoma brain metastases, adjuvant
WBRT does not provide clinical benefit in terms of distant intracranial
control, survival, or preservation of PS



“Strong recommendations are made for SRS for patients with limited brain 
metastases and Eastern Cooperative Oncology Group performance status 0 to 2”





Indications for observation, preoperative SRS, 
or postoperative SRS or WBRT in patients 
with resected brain metastases





Case 01: A 37-year-old woman treated for carcinoma ovary was evaluated for headache and vomiting. MRI Brain revealed a 
lesion in the left cerebellar hemisphere suggestive of solitary brain metastasis. She was treated with SRS alone. A dose of 16 
Gy was delivered in single fraction by Conformal Radiotherapy using 9 non-coplanar beams. 



Case 02: A 51-year-old woman with HER 2 positive breast cancer, post-surgery, chemotherapy and anti-HER-2 therapy was
evaluated for vertigo. MRI brain revealed 4 lesions (involving posterior fossa, bilateral frontal regions and left parietal lobe)
suggestive of metastasis. She underwent surgical excision of all 4 metastatic brain lesions. Histopathology review was
consistent with metastasis from invasive carcinoma breast, positive for Estrogen receptor (Allred sore 7), Progesterone
receptor (Allred sore 5) and Her-2 Neu protein (score 3+). Postoperatively she was treated with Linac based Volumetric
Modulated Arc Therapy(VMAT) for her brain metastasis. The cerebellar and right frontal lesions were treated with 25 Gy in 5
fractions. Left frontal and left parietal lesions were treated with a dose of 20 Gy/single fraction.



Primary malignant brain tumors

• First-line treatment of Glioblastoma: Maximum resection

followed by adjuvant chemoradiation with temozolomide as

defined through the Stupp trial (Stupp et al. 2005)

• Dose: 60 Gy in 30 fractions

• For elderly patients multiple RCTs (Perry et al. 2017; Roa

2004, 2015) established similar efficacy with shorter

hypofractionated schedules (e.g., 40 Gy in 15 fractions or 25

Gy in 5 fractions)



SRS as part of upfront treatment of High-
Grade Gliomas

RTOG 93-05 compared then-conventional treatment

(radiation and carmustine) with and without upfront SRS

boost in patients with GBM <4 cm in diameter & found no

difference in survival (13.5 vs. 13.6 months)



SRS for recurrent High-Grade Gliomas

No RCTs comparing radiosurgery to alternative or additional 

therapies, including repeat surgery, further chemoradiation 

(standard fractionation), or best supportive care



32-year-old male underwent craniotomy and decompression in 2017 for left frontal high-grade glioma. He received postoperative  
radiotherapy by 3D Conformal Technique - 5940cGy in 33 fractions with concurrent and adjuvant Temozolomide. 5 years after 
treatment he underwent revision surgery for recurrence. Histopathology was reported as Astrocytoma grade 4, IDH mutant  and he 
was re-irradiated with Volumetric Modulated Arc Therapy- 25 Gy in 5 fractions.



THANK YOU 
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