




• In the 1930’s, splitting radiation dose into a number of small 

fractions yielded better outcomes than a single exposure 

• The Four Rs of radiobiology

- Repair of sublethal damage

- Repopulation

- Reassortment of cells within the cell cycle

- Reoxygenation



• Shorten the overall treatment time to enhance local control

• Development of treatment delivery technique (3D-CRT, IMRT…) 

enables improved dose distributions with normal tissue sparing.

• BED (biologically effective dose, α/β=10)

- 60 Gy in 30 fractions: 72 Gy10

- 60 Gy in 20 fractions: 78 Gy10

- 60 Gy in 15 fractions: 84 Gy10

- 60 Gy in 8 fractions: 105 Gy10 → 115.2 Gy10 for 64 Gy/8fx

- 60 Gy in 4 fractions (SBRT): 150 Gy10

60-75% local control



Radiotherapy and Oncology 2017;124:11-7



• 70 patients with cT1-2N0 NSCLC (2002-2004)

• Radiation dose: 60-66 Gy in 3 fractions

• Median F/U: 17.5 (0.6-44.2) months

• 2Y LC 95%, Median OS 32.6 months

• Tumor location (hilar/pericental vs. peripheral) was a strong 

predictor of gr≥3 toxicity (p = 0.004) → ×11 increased risk of severe 

toxicity in patients with perihilar/central tumors compared with 

peripheral locations

J Clin Oncol 2006;24:4833-9



• 55 patients with peripheral cT1-2N0 NSCLC (<5 cm)

• Radiation dose: 54 Gy in 3 fractions

• Median F/U: 34.3 (4.8-49.9) months

• 3Y primary tumor control: 97.6%

- 3Y primary tumor+involved lobe (local) control: 90.6%

- 3Y OS: 55.8%

• Grade 3/4 adverse events: 7 (12.7%) / 2 (3.6%)

JAMA 2010;303:1070-6



• 63 patients with stage I NSCLC in high-risk locations

- 37 central hilar location (proximal bronchial tree)

- 26 abutting pericardium (11) or mediastinal structure

• Radiation dose: 60 Gy in 8 fractions

• Median F/U: 35 (1-55.7) months

• 2Y LC, OS: 92.6%, 69.0% 

• Grade 3 toxicity: 4 (6%)

J Thorac Oncol 2011;6:2036-43



• 563 tumors including 315 early stage NSCLC  

• BED≥100 Gy10 is important for local control

• All treatment-related mortality: 2.8% (16/563)

- 3.6% (BED>210 Gy3) vs. 1.0% (BED≤210 Gy3)

• Grade 3-4 toxicity: 8.6% of central tumors

• 2Y LC, OS: 92.6%, 69.0% 

• Grade 3 toxicity: 4 (6%)

Radiotherapy and Oncology 2013;106:276-82



• Meta-analysis for 2587 patients (34 studies) 

• 4 BED groups: <83.2 / 83.2-106 / 106-146 / >146 Gy10

• 2Y OS: 62.3% / 76.1% / 68.3% / 55.9%

→ Higher OS for medium or medium-high BED (p≤0.004)

• BED 83.2-146 Gy10 for SBRT may currently more beneficial and 

reasonable in stage I NSCLC 

IJROBP 2011;81:e305-16



• 257 patients with cT1-2N0 NSCLC

• Median BED: 111 (57-180) Gy10

• Median F/U: 38 (2-128) months  

• Better local control and survival with BED ≥100 Gy10

J Thorac Oncol 2007;2:s94-100



• Single-arm phase 2 study 

• Operable biopsy-proven peripheral T1-2N0M0 NSCLC <5 cm

• SBRT: 54 Gy in 3 fractions

• Primary endpoint: Primary tumor control → 2Y 96%

• Secondary endpoint: Toxicity, DFS, OS

- 4Y DFS: 57%

- 4Y OS: 56%

- Regional failures in 3 patients

- Distant failures in 5 patients 

JAMA Oncol 2018 [Epub]



• Operable cT1-2a (<4 cm) NSCLC

→ Randomly assigned in 1:1 ratio to SABR or Lobectomy

• Pooled analysis in the ITT population using OS as primary endpoint

• Median F/U: 40.2 months

Lancet Oncol 2015;16:630-7



• Local/regional/distant failure:  1/4/1 (SBRT) vs. 0/1/2 (Surgery) 

• Grade ≥3 adverse events: 10% vs. 44%

• SABR could be an option for treating operable stage I NSCLC. 

• Small sample size and short F/U → Additional studies are warranted.

Lancet Oncol 2015;16:630-7



• 76623 pts with surgery and 8216 pts with SABR for T1-2aN0 NSCLC 

between 2004-2013 → 30-day and 90-day mortality compared.

J Clin Oncol 2018;36:642-51



• Differences in 30- and 90-day post-treatment mortality between 

surgery and SBRT increased as a function of age, with the largest 

differences in favor of SBRT observed among patients >70 years

→ Informed shared decision-making in elderly or high-risk patients

J Clin Oncol 2018;36:642-51



• Regional and distant failures were the dominant patterns of failure.

→ Can addition of IO improve outcomes after SABR in early NSCLC?

Cancer 2017;123:3031-9
J Thorac Oncol 2017;12:974-82

≤5 cm    >5 cm



• Radiation is immunogenic

• SABR pin-point delivers ablative radiation dose to a tumor with 

minimal toxicity

- Avoids damaging immune cells in nearby tissue and LNs

- Expose tumor DNA for “sensing”

- Sensing activates antigen presenting cells

→ Activated T-cells ready to fight cancer elsewhere



J Thorac Oncol 2015;10:1685-93



PNAS 2017;114:6416-20



Clinicaltrials.gov

NCT03446547 NCT03110978 NCT03446911

Site ASTEROID
(Sweden)

I-SABR 
(MDACC)

VUMC

N 216 140 20

Primary 
endpoint

Time to 
progression

Event-free survival Toxicity

Arm A SBRT SBRT SBRT prior to OP

Arm B SBRT →
Durvalumab

Q4W for 12M

SBRT →
Nivolumab

Q2W for 7 doses

SBRT prior to OP
+ Pembrolizumab 

#2



• 115 patients 

- Tumors were highly suggestive of primary lung cancer 

- Diagnosed as stage I lung cancer clinically

- No pathologic diagnosis

• SBRT: 30-70 Gy in 2-10 fractions (Median BED 106 Gy10)

IJROBP 2009;75:683-7



• Tumor size ≤20 mm

- Local progression: 2 (3.4%)

- Grade 2 pulmonary complication: 2 (3.4%)

• Tumor size >20 mm

- Local progression: 3 (5.3%) 

- Grade 2/3/5 toxicity: 5 (8.8%), 3 (5.3%), 1 (1.8%) 

IJROBP 2009;75:683-7



Lung Cancer 2012;77:77-82



• SBRT: 40-50 Gy in 5 fractions 

• No significant differences in treatment outcomes  

Lung Cancer 2012;77:77-82



• 88 patients with small lung lesions (8-40 mm, median 19 mm)

• SBRT: 48 Gy in 4 fractions

• 3Y LC, PFS, OS: 90%, 67%, 80%

• Grade 2 toxicity: Pneumonitis 2 (2.3%), rib fracturs 6 (6.8%)

Int J Clin Oncol 2015;20:53-8



• r/o Lung cancer (RUL, cT1N0) 

- 건강검진 detected RUL nodule (2015.11.20)

- Increased size (2017.3.21)

- DM CKD (stage 5), Chronic ischemic stroke 

• PFT (2017/8/8): FEV1 2.40L (74%), DLCO 56%

2015.11.20        →        2017.3.21         →        2017.7.24



2017.10.30 2018.1.24

2018.3.212018.7.11



• Pathological diagnosis in necessary in principle.

• Invasive diagnostic procedures will be more frequently impossible 

because of patient’s severe comorbidity.

• SBRT should be used with great caution.

Int J Clin Oncol 2015;20:53-8



J Thorac Oncol 2011;6:1221-8



J Thorac Oncol 2011;6:1221-8



• 157 patients underwent SBRT for stage I NSCLC

• Pretreatment CT images were retrospectively evaluated.

• 20 patients with ILD findings: 11 UIP, 9 non-UIP patterns 

• Cumulative incidence of Gr ≥2 RP: 18.7% → 55.0% vs. 13.3%

• 3Y OS: 53.8% vs. 70.8% (p=0.28)

J Thorac Oncol 2015;10:116-25



• r/o Lung cancer (RLL, cT2bN0) 

- Primary pathology not proven, EBUS-TBNA #2R/4R/7/11R (-)

- Underlying ILD (since 2014) with empysema

- 건축현장 천장수리 40년

• PFT (2016/5/20): FEV1 2.63L (94%), DLCO 34%

2016.5.26    2016.7.8



• Definitive PT 60 CGE/10fx (2016.8.10-25)

• Aggravated dyspnea (2016.11.9)

→ Expired (2016.11.11)

2016.7.8    →   9.28

2016.11.9



• Bilateral lung cancer (LLL AD, RLL carcinoma)

- Underlying IPF combined emphysema 

- Angina, s/p PCI (2011), s/p CAG (2006)

- CKD

• PFT (2017/4/13): FEV1 1.99L (78%), DLCO 31%

2017.4.13



• SBRT to LLL 60 Gy/4fx (2017.4.25-28)

• SBRT to RLL 60 Gy/4fx (2017.6.5-9)

• Palliative RTx to Rt rib 8 Gy/1fx (2017.9.6)



2017.6.1        →        2017.7.10         →        2017.9.3



• Bragg peak: 일정한 깊이에서 최대의 에너지를 집중

- Bragg peak 이후에는 전혀 방사선이 남지 않음 (멈춘다)

- X-선에 비해 정상 조직에 조사되는 방사선이 적음

• Potential indication in early stage NSCLC

- Larger tumors

- Central tumors

- Tumors near the brachial plexus

- Multiple tumors

• Small peripheral lesions: Rarely improves dosimetry in a clinically 

meaningful way

IJROBP 2016;95:505-16



• 16 IPF patients received PBT for lung tumors (15 primary)

• Median dose: 80.0 Gy RBE (range, 66.0-86.4 Gy RBE)

• Cumulative incidence of RP: 19.8% (Gr 5 in 1 case)

• 1Y/2Y OS: 69.6%, 44.4%

Radiation Oncology 2016;11:56



• NSCLC (AD,RLL,cT2aN0)

- Inoperable d/t IPF, old age (outside hospital)

- HTN, BPH on medication

• PFT (2017/7/28): FEV1 1.93L (65%), DLCO 89%

2017.7.28 



• Definitive PT 64 CGE/8fx (2017.8.31-9.11)

• PFT (2017/10/30): FEV1 2.30L (82%)

• PFT (2018/2/8): FEV1 1.81L (65%)

• PFT (2018/6/4): FEV1 1.99L (68%) DLCO 77%

2017.7.6  →  2018.1.29 



2017.7.28 2017.10.21 

2018.1.29 2018.5.4 



• NSCLC (SQ,RLL,cT3N0)

- IPF since 2009 

- CKD

• PFT failed

2018.3.8 



• Definitive PT 64 CGE/8fx (2018.4.4-4.16)

2018.3.8    →   5.11



• NSCLC (SQ,RLL,cT3N0)

- Underlying IPF

- Cerebral infarction (2016.8.15)

• PFT (2017/3/31): FEV1 2.31L (104%) DLCO 56%

2017.3.17    2017.3.31 



• Definitive PT 60 CGE/10fx (2017.4.19-5.4)

• Admission d/t radiation pneumonitis

vs. IPF AE (2017.6.7-22)  

2017.5.31    2017.11.1 



• PD with 10R LN with bronchopneumonia in both LL

- GC #2 (2018.1.3-30)

- Pembrolizumab #2 (2018.2.8-3.20)

• Expired d/t pneumonia (2018.4.21) 

2017.11.1    2018.4.11 



• r/o Lung cancer (RUL,LUL) 

- Underlying COPD

- Both EIA, CFA stenosis

- Stomach cancer, s/p STG B-I (2005.2.7)

• PFT (2018/1/22): FEV1 0.75L (36%) 

• 체중 32 kg

2018.2.1



• SBRT for patients with ILD (IPF) should be used with great caution.

- Patient selection is very important.

- Life expectancy should be considered.

- Proton therapy (SBPT) could be an useful option.

• 심한 폐기능 저하, 만성폐쇄성 질환 혹은 폐섬유화증을 가진 폐암 환

자에서의 양성자치료 – 전향적 임상 연구

- 병리학적으로 진단된 원발성 비소세포폐암 환자

- 폐기능이 FEV1 ≤1.0 L or DLCO ≤50% or PF 진단 (폐섬유화증 여부

는 호흡기내과 진료 확인 필요)



• Stage IV NSCLC (≤3 metastatic lesions)

• No progression after 1st-line systemic therapy 

• Local consolidative therapy vs. Maintenance treatment alone 

• Primary endpoint: PFS → Median 11.9 vs. 3.9 months (p=0.0054)

• Adverse events: Similar

Lancet Oncol 2016;17:1672-82



• Stage IV NSCLC (≤5 metastatic lesions) without driver mutation

• SD or PR after 4-6 cycles platinum chemotherapy

• SBRT before maintenance treatment

• Primary endpoint: PFS → Median 9.7 vs. 3.5 months (p=0.01)

• No difference in toxic effect

JAMA Oncol 2018;4:1e173501


