
Brain Radiotherapy in Small Cell Lung Cancer: When?

Jeffrey Bradley, MD FACR FASTRO
Professor, Department of Radiation Oncology

University of Pennsylvania



Brain Radiotherapy in SCLC: When?
• Management of SCLC Brain Metastases
• Prognosis
• Local control vs toxicity
• Treatment options

• Whole Brain
• Hippocampal-avoidance whole brain
• Memantine
• Stereotactic radiosurgery (SRS)
• Fractionated SRS
• Gamma knife vs linear accelerator comparison dosimetry

• Prophylactic Cranial Irradiation



Histology / Genetics of brain mets

Bollig-Fischer A, et al Molecular Oncology 2013
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Treatment Options



50 years in 2 minutes - WBRT

• WBRT to 30-37.5 Gy @ 2.5-3 Gy/fx is a long held standard
• Pro’s

• Treats everything.  1y distant brain failure rates w/WBRT 15-30%.
• Simple.  Anyone can do it.
• Inexpensive.

• Con’s
• Delays systemic therapy
• LC w/WBRT not optimal.  1y LC w/WBRT alone ~50%.
• Neurocognitive effects 



50 years in 2 minutes - SRS

• SRS to 15-24 Gy in 1 fx may be used in lieu of or as an adjunct to 
WBRT

• Pro’s
• Higher rates of LC.  1y LC 70% w/SRS alone.
• One day procedure.  Minimizes delays in systemic therapy.
• Less potential for neurocognitive effects.

• Con’s
• Doesn’t treat everything.  1y distant brain failure  w/SRS alone 40-70%.
• LC can be better.  For example, addition of WBRT improves 1y LC to 80-90%.
• Not so simple.  Special equipment / training required.
• Expensive.



Balancing the scales

• Reduce neurotoxicity with WBRT
• Drugs (memantine)
• Technology (Hippocampal-avoidance)

• Optimize local control with SRS
• Dosimetry
• Fractionation



WBI / PCI and Cognitive Decline

• Chang, et al (Lancet 2009)
• Phase III trial 58 pts w/ 1-3 mets 

tx’d w/ SRS vs. SRS+WBRT.  Primary 
endpoint = decline in 4 mo HVLT-R
• WBRT + SRS had 53% vs. 24% 

decline in HVLT-R at 4 mo

• Gondi, et al (IJROBP 2013)
• Combined analysis of RTOG 0212 

(PCI for NSCLC) and 0214 (PCI for 
SCLC)
• Age, baseline neurocog 

impairment, and use of PCI 
associated w/neurocognitive 
decline.

SRS

SRS+ WBRT



So, now what?



RTOG 0614 – WBRT + memantine vs. placebo

• Primary endpoint: Median decline HVLT-R DR of 0 vs. -0.90 @ 6 mo, p=0.059

Secondary endpoint
Cumulate incidence of cognitive function failure



Hippocampal damage from radiotherapy
• Exquisite radiosensitivity of neuronal progenitor cells in subgranular 

zone of the hippocampus
• Injury to this “stem cell niche” has downstream effects on 

neurogenesis within and outside the hippocampus as well



Hippocampal damage from radiotherapy
• Gondi, et al (IJROBP 2011)

• 29 pts tx’d w/ partial brain RT for benign/low-grade brain tumors
• Increasing dose to hippocampus associated with increasing impairment on Weschler Memory 

Scale-III Word List.



Hippocampal avoidance WBRT (HA-WBRT)

• IMRT technique, give whole brain 30 Gy/10 fx, keep hippocampus < 9 Gy



Background for SRS in SCLC
• Emerging evidence re: SRS for SCLC brain mets

– Rusthoven et al.1: SRS without prior PCI or WBRT, N=710
      Retrospective across 28 centers (Asia, N. America, Europe)
      Propensity score matched analyses: 
       WBRT a/w superior time to CNS progression, no OS benefit
      Leptomeningeal progression 10.9%, neurological mortality 12.4%

– Gaebe et al.2:  SRS with/without prior PCI, N=1100
      Systematic review, study-level meta-analysis
      No OS difference between SRS and WBRT
      

1Rusthoven, JAMA Oncology 2020 2Gaebe, Lancet Oncol 2022



Background for NRG CC009
• Why not treat all SCLC brain metastasis patients with SRS?

– Gjyshi et al.1: Survey of 309 US Radiation Oncologists, 58% PP, 39% Acad, 3% other

1Gjyshi et al. Clinical Lung Cancer 2021



Background
• Why not treat all SCLC brain metastasis patients with SRS?

– Cross-Fire study1: Retrospective (N=892-SCLC/N=4,785-NSCLC) + 
      Prospective (JLGK0901, N=98-SCLC/N=794-NSCLC)
      Inferior OS and time to CNS progression after SRS for patients 
      with SCLC versus SRS for NSCLC
      èReinforcing the unique biology of SCLC
– Safer Delivery of WBRT:
      RTOG 06142: Memantine confers 22% relative risk reduction in 
       neurocognitive toxicity 
      NRG CC0013: Hippocampal avoidance confers additional 26% 
       relative risk reduction in neurocognitive toxicity
      èSustained neurocog preservation with median f/u > 1 year4

      èContinued prevention of neuro symptoms with f/u > 1 year4
1Rusthoven et al, JNCI 2023 2Brown et al Neuro-Oncol 2013 
3Brown, Gondi et al JCO 2020 4Gondi, Brown et al, IJROBP 2023



NRG CC001 – WBRT +/- Memantine in solid tumors



Fractionated SRS – Location, location, location

30 Gy/5 fx @ 50% IDL



Fractionated SRS

• 289 pts w/brain mets > 2 cm tx’d 
w/ 1 (15-18 Gy) vs 3 fx (27Gy/3) 
linac SRS

• Well balanced, except median 
tumor volume larger for 3 fx SRS 
(12.5 vs. 8.8 cc, p=0.005)

• Propensity score matching on age, 
sex, histology, size, irradiated 
volume
• LC: HR 0.35 (0.13-0.76) 
• RN: HR 0.22 (0.14-0.73)

Minniti et al, IJROBP 2016

1y LC 54% vs. 73%

1y RN 18% vs. 9%



1fx SRS multiple mets – GK vs. Linac (Edge)

Gamma Knife – 18 Gy

Gamma Knife – 12 Gy

Edge – 18 Gy

Edge – 12 Gy



5 fx SRS – GK vs. Linac (Edge)



Brain Metastases Tx for Lung Cancer

Small Cell Lung Cancer Non-Small Cell Lung Cancer

New Brain 
Metastases, 
No prior PCI

NRG CC009

SRS

Recurrent Brain 
Metastases after 
SRS with High 
Brain Met Vel

NRG BN009

HA-WBRT

SRS

HA-WBRT

Recurrent Brain 
Metastases after 
SRS with High 
Brain Met Vel

NRG BN009

SRS

HA-WBRT

New Brain 
Metastases, 
Intact

CCTG CE.7

SRS

HA-WBRT

New Brain 
Metastases, 
Resectable

NRG BN012

Preop SRS

Postop SRS

Slide courtesy of Vinai Gondi, MD



Prophylactic Cranial Irradiation in SCLC
• Reduction in brain metastases but increase neurologic toxicity
• Role of MRI Surveillance

5.4%

Slotman NEJM 2007 – Imaging for symptoms vs PCI
Takahashi, Lancet Oncology 2017 – MRI surveillance +/- PCI

Auperin 1999






