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Hypofractionated Stereotactic Ablative 
Radiotherapy for stage I NSCLC

• Technological advances in treatment planning and delivery 
provide unique opportunities for improving the precision and, 
potentially, also the loco-regional effectiveness of RT
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Fuks and Kolesnik, Cancer Cell 2005

Biological mechanisms of Stereotactic Radio‐Ablation

SABR in Stage I NSCLC: phase II studies

Loo et al, Discovery Medicine 2011
UNIVERSITA’ DEGLI STUDI DI 
TORINO
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257 patients who received SBRT for Stage I NSCLC during the period 1995–2004 at 14 
institutions in Japan

Onishi et al, Cancer 2004

BED calculation @ isocenter

Preliminary data on dose‐effect relationship in NSCLC

Wulf et al, Radiother Oncol 2005

Wuerzburg University mono‐Institutional study
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Wulf et al, Radiother Oncol 2005

Dose at PTV margin: the only factor associated to LC

Meta‐analysis of SABR trials in NSCLC: BED appears 
associated to OS

Zhang et al, IJROBP 2011
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Ohri et al, IJROBP 2012

Size‐Adjusted Biologically Effective 
Dose

Size‐Adjusted Biologically Effective Dose 
applied to clinical trials

Ohri et al, IJROBP 2012
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Systematic review of dose‐response relationships: absence of 
correlation between dose and tumor control

Van Baardwijk et al, IJROBP 2012

Institution Patient 
population

Prescribed 
dose (Gy)

Fraction 
dose (Gy)

BED2 
(Gy)

Toxicity 

IndianaU. Stage I 
NSCLC

60-66 20-22 219-
258

11-Fold increase risk of 
severe-fatal toxicity

Hokkaido U NSCLC  and 
Mts

48 6 64 1 of 9 with severe toxicity

U. Texas, 
San 
Antonio

NSCLC  and 
Mts

36 6-12 86-126 1 of 9 – asymptomatic airway 
collapse

Air Force 
General 
Hospital

Stage I-II 
NSCLC

60-70

40-50

6-7  

4-5

120-
167

No severe toxicity

VU 
Amsterdam

Stage I 
NSCLC

60 7.5 88 No severe toxicity

Technical 
U.

NSCLC and 
Mts

35 7 105 No severe toxicity

Milano et al, Radiother Oncol, 2009

UNIVERSITA’ DEGLI STUDI DI 
TORINO

Dose‐response relationship at medium‐high doses is 
essential for central and large tumors
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Loon Ong et al, Radiother Oncol 2010

Dose‐volume parameters predict toxicity in large tumors

Bongers et al, Radiother Oncol 2010

Toxicity is also dependent from contralateral 
Mean Lung Dose
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Technical Advances may have an impact on 
efficacy and toxicity

4D planning CT4D planning CT Mid‐ventilationMid‐ventilation Treatment planTreatment plan

4D Volume View4D Volume View 4D image reg.4D image reg. Patient shiftPatient shift DeliveryDelivery

PlanningPlanning

TreatmentTreatment

Higher accuracy should translate in less toxicity 
and better PTV coverage

5 mm

10 mmGTV=CTV

PTV

PTV = ITV + 3 mm isotropic

3 mm
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Clinical routine: “risk‐adapted” SBRT protocol

• Peripheral lesions (T1a‐T1b): 

‐ 45‐54 Gy/ 3 fractions

• Peripheral lesions, with extensive contact with 
the chest wall, or larger tumors (T2a): 

‐ 55 Gy/ 5 fractions

• Central lesions: 

‐ 60 Gy/ 8 fractions

UNIVERSITA’ DEGLI STUDI DI TORINO

Ricardi et al, Lung Cancer 2014

Mean BED at PTV edge: 
104 Gy
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Ricardi et al, Lung Cancer 2014

• Radiation dose matters for local control 

• Lower BED may obtain satisfactory control rates

• At moderate‐high doses, the impact on survival has 
not been confirmed

• Design of innovative trials: systemic failures?

SABR in stage I NSCLC: remarks 
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The “too much” heterogeneous Stage III

Gadgeel SM et al, Radiol Clin N Am 50 (2012) 961–974
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(Un)resectable stage III NSCLC

• At present, concurrent chemotherapy with 
radiotherapy to a minimal dose of 60 Gy in 30 daily
fractions is considered to be the standard treatment

• Indirect evidence suggests that radiation dose‐
escalation may improve survival also in the context
of chemo‐radiation

N=1205
6 Trials

Auperin et al, JCO 2010

OS PFS
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Hazard ratio (HR) plots for survival, progression‐free survival, 
local progression, distant progression
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• Inadequate dose to tumor

• Excessive dose to normal tissues
• Tumor extension beyond treatment volume

Suboptimal local control after radiation 
therapy in lung cancer

SWOG 0023: Gefitinib vs Placebo After 
Chemoradiation Followed by Docetaxel

1° Endpoint: overall survival; 2° Endpoint: PFS, toxicity and correlative science.
Maintenance therapy could continue for a maximum of 5 years.
Stratification factors: IIIA vs IIIB; measurable vs non-measurable disease; squamous vs nonsquamous.

Kelly K, et al. ASCO 2007. Abstract 7513. J Clin Oncol. 2008;26:2450-2456.

Schema

Definition TX Consolidation Maintenance

R
A
N
D
O
M
I
Z
E

CDDP 50 mg/m2

d 1,8,29,36

VP-16 50 mg/m2

d 1-5, 29-33

XRT 1.8-2 Gy/d
61 Gy

Docetaxel 
70 mg/m2

x 3 cycles

Placebo

Gefitinib
500 mg/day
250 mg/day
(5-1-03)

N=503

N=429 N=125

N=118
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SWOG 0023: Overall Survival 
from Randomization

0%

20%

40%

60%

80%

100%

0 12 24 36 48 60

Months After Randomization

Gefitinib

Placebo

N

118

125

Events

71

54

Median

in Months

23

35

P = .01

1 YR
OS

2 YR 
OS

73% 46%

59%81%

Median FU time:
27 months

Kelly K, et al. ASCO 2007. Abstract 7513. J Clin Oncol. 2008;26:2450‐2456.
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Radiation pneumonitis in concurrent 
chemoradiotherapy 

Patients treated with specific chemotherapeutic drugs:

• Platinum

• Etoposide

• Taxanes

• Vinorelbine

DO NOT appear to have a higher risk for radiation pneumonitis.

Drugs such as Gemcitabine are NOT recommended for routine use with

concurrent radiotherapy in standard practice.

The same applies to targeted agents until more mature data become

available

Unresectable stage III NSCLC

• At present, concurrent chemotherapy with 
radiotherapy to a dose of 60 Gy in 30 daily
fractions is considered to be the standard 
treatment

• Indirect evidence suggests that radiation dose-
escalation may improve survival also in the 
context of chemo-radiation
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Background for high dose RT with concurrent chemo

Study Radiation dose 
(Gy)

Chemotherapy Median survival
time (months)

RTOG 0117 74 Carboplatin/paclitaxel 21.6

NCCTG 0028 74 Carboplatin/paclitaxel 37

North Carolina 74 Carboplatin/paclitaxel 24

Wake Forest 74 Gemcitabine 18

CALGB 30105 74 Carboplatin/paclitaxel 24

Phase I and II Trials establishing safety and potential efficacy of 74 Gy delivered
using 3D‐Conformal Radiation Therapy
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RTOG 0617

Bradley DJ. J Clin Oncol 31, 2013 (suppl; abstr 7501)

Median follow up was 17.2 months

ASCO 2013 results

60 Gy 74 Gy p‐value

Median survival time 28.7 19.5 ‐

OS (18 months) 66.9% 53.9% 0.0007

Local‐regional failure 
(18 months)

35.3% 44% 0.04

Radiotherapy schedules other than 
conventional fractionation ones 

for dose intensification?
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Rate of loss of survival with and without delays in radiotherapy

Unresectable stage III NSCLC

• In case only radiotherapy is delivered, accelerated RT 
(CHART) improves survival compared to standard 
fractionation

• In the recent CHARTWEL trial, with the addition of 
chemo, accelerated RT may improve survival
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Importance of cellular repopulation as a cause of failure

CHART: 54 Gy/12 days (1.5 Gy/fr TID)

Unresectable stage III NSCLC

• In case only radiotherapy is delivered, accelerated RT 
(CHART) improves survival compared to standard 
fractionation

• In the recent CHARTWEL trial, with the addition of 
chemo, accelerated RT may improve survival
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M. Baumann, Radiother Oncol 2011

CHARTWEL: 60 Gy/40 fr/2.5 wks 

Evaluation of modified fractionation radiotherapy effect in non metastatic lung 
cancer: an updated individual patients data meta-analysis on 10 randomized 
trials and 2685 patients

C. Le Péchoux et al.: JTO, 2011. 6: 432 (14 th World Conference on Lung Cancer, Amsterdam, 2011)

Meta‐Analysis of Radiotherapy in Lung Cancer (MAR‐LC)

•2000 patients affected with NSCLC

•Modified fractionation (accelerated or hyperfractionated radiotherapy) 
improved overall survival as compared to conventional radiotherapy

•HR=0.88 (95% CI 0.80-0.97, p=0.009), resulting in an 
absolute benefit of 3% at 5 years (from 8% to 11%) 
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De Ruysscher et al, Radiotherapy & Oncology, 2012

The INDAR concept: 
INDividualized Isotoxic 
Accelerated 
Radiotherapy 

Phase II Efficacy Study
Chemotherapy: any third-generation schedule
Primary Endpoint: Overall Survival
INDAR approach: MLD < 20 Gy
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•SABR in early stage lung cancer

•Can “adapted” hypofractionation be applied to lung cancer
patients with larger tumors thorugh the use of high-tech
radiotherapy?

Hypofractionation?

Fewer and larger fractions 
calculated to deliver equal 
late complications also 
deliver higher biologic 
dose to tumors

Gain in TCP from shortening overall treatment time to 5 weeks

Hypofractionation and 
Dose Escalation:

Is this possible?
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• Imaging

• Imobilization

• Control of respiratory‐induced tumor motion

• Image‐guidance

Better imaging/better planning/better delivery

UNIVERSITA’ DEGLI STUDI DI TORINO

Filippi et al, Transl Lung Canc Res 2012

Thoracic Radiotherapy Innovations

IJROBP, 2012
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Shirvani, IJRBOP 2013; 87: 139-147

OVERALL 
SURVIVAL

DISEASE FREE 
SURVIVAL

IMRT patients required significantly fewer percutaneous feeding tube 
placements (5% vs 17%, respectively, p<.005).

A population-based Comparative Effectiveness Study 
of Radiation Therapy techniques in Stage III NSCLC

Surveillance, Epidemiology and End Results (SEER-) Medicare 
Records
6894 patients stage III Lung Cancer 2002-2009 (716 IMRT (10%)

Harris JP, IJROBP 2014 in press 

IMRT is associated with similar 
toxicities while maintaining good 

outcomes
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These studies were based 
on 3D‐CRT, not IMRT

Tech Canc Res Treat 2008

46 patients: dose from 2.28 to 3.22 in 
25 fractions
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Local Failure 



30

Associazione Italiana di Fisica Medica
IPOFRAZIONAMENTO E TECNICHE INNOVATIVE

Roma, 29 Aprile 2014
Responsabile Scientifico: A. Bufacchi

IJROBP 2011
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RTOG 1106

Chemotherapy: concurrent or sequential
Randomized Phase II Trial
Primary endpoint: Local-Progression-Free Survival
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Phase I study- Accelerated Hypofractionated RT with 
CBDCA/Paclitaxel
Primary endpoint: MTD

Phase I Safety Study
Primary Endpoints: MTD
Chemotherapy: CBDCA/Paclitaxel
Secondary Endpoints: LC, PFS, OS
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Stage III good PS patients: key points for future 
research

Hypofractionation in LA NSCLC should only be used in 
clinical trials


