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Locally Advanced NSCLC

• >50% of all lung cancers

• Chemo-radiotherapy +/- Chemotherapy

• Poor survival (5yr OS 5-20%)

• Dismal local control rates

• Local failure a harbinger for distant metastases and survival*

* Malissard L, IJROBP’91; Sibley GS, IJROBP’98



Radiation Therapy in Stage III NSCLC

Therapeutic Ratio

• Chemotherapy concurrent

• Dose Escalation
• Dose escalation - Standard fractionation

• Altered Fractionation Schedules

• SBRT

• Proton Therapy

• Modern Techniques:
3D Conformal RT, IMRT, IGRT, Volumatric Arc etc, 



Concurrent Chemoradiotherapy

in NSCLC

19 RCTs of concurrent CTRT vs RT alone:
Sig reduction in risk of death (HR.71) &

improvement in PFS (HR .69) with CTRT

6 RCTs of Concurrent vs Sequential Chemo-radiation:
10% abs survival benefit at 2yrs

Increased severe esophagitis in concurrent arm

Cochrane Database of Systematic Reviews 2010

Concurrent is even more better !



• Dose escalation - Standard fractions

• Altered Fractionation - Hyper, Hypo #

• SBRT

• Proton Therapy



RTOG 7301, 7302



4000 cGy, 

continuous

4000 cGy, 

split course

5000 cGy, 

continuous

6000 cGy, 

continuous

CR/PR rate 48% 53% 56%

Local rec 58% 53% 49% 35%

3-yr OS rate 10% 10% 10% 15%

5-yr OS rate 6% 6% 6% 6%

Carlos Parez et al, RTOG 7301, IJROBP 1986

Results 
376 patients 



Ose escalation based om the 

vol of lung irradiated

Dose escalation study based on vol of lung irradiated

RTOG 9311



V 20

“V20” 
Percentage of the lung volume which receives 

radiation doses of 20 Gy or more. 

(with subtraction of the vol involved by lung 

cancer - PTV)

The risk for radiation pneumonitis depends on V20

V20 = 22% risk for radiation pneumonitis is nearly zero. 

V 20 = 33% radiation induced pneumonitis is 10 -15%

V20 of 35%, 40% - radiation pneumonitis nearly 50%.



PhaseI/II

Stage 1-3 
unresectable

3DCRT, 2.15Gy fr

Group1 
V20Gy<25%:

70.9Gy/33frs to 
90.3Gy/42frs

Group2 

V20Gy – 25-36%:

70.9Gy/33frs to 
77.4Gy/36frs

Group 3:

V20>37%

Closed early

RTOG 9311: Trial Schema

179 pts



RTOG 9311   :    Conclusions

• RT dose was safely escalated using the 3D CRT 

• 83.8 Gy for pts with V20 values of <25% Grp I, 

• 77.4 Gy for pts with V20 values 25% - 36% Grp 2, 

• The 90.3 Gy dose was too toxic (deaths 2 pts)

• Using fraction size of 2.15 Gy.

• Elective nodal failure occurred in <10 pts

Jafrey Badley IJRBP vol 61, No 2, 318-328, 2005



To identify the risk factors for developing Rad Pneumonitis



Factors influencing the Rad. pneumonitis

• Percent of the total Lung vol exceeding 20 Gy (V20) 

• The total lung vol mean dose

• The location of the primary tumor (Upper vs Lower)

Were statistically related to Grd II pneumonitis 

Multivariate analysis : V20 the single most 

independent predictor of pneumonitis







RTOG 0617: Interim Analysis
419 patients

Proc ASTRO 2011

Outcome 
Standard Dose 

(60 Gy) 

High Dose 

(74 Gy) 

Med surv, months 28.7 19.5

Estimated 18-mo  OS% 66.9 53.9

Local rec rates, % 25.1 34.3

Distant rec rates, % 35.3 44.0

Treatment-related deaths, n 2 10



RTOG 0617



RTOG 0617: 

Proc ASTRO 2011

• Higher radiation dose is not superior to 
standard dose

• Outcomes better with standard dose

• High dose arms closed for further accrual



RTOG 0617:
Patient Reported QOL Outcomes

Proc ASTRO, Sep 2013

Meaningful decline in QOL

• 3mths after starting treatment in high dose arm

• Persistent decline in QOL at one year follow-up



• Hyper fractionation

• CHART

• Hypofractionation



Dose escalation by hyperfrationation – RTOG 83-11



• 848 pts,

• Locally advanced unresectable.

• 1.2Gy BID

• trend toward prolonged survival between 

60 Gy and 69.6 Gy

• No difference beyond! 

69.9 Gy and 74.4 Gy and 79.2 Gy

RTOG 83-11… Hyperfractionation trial

James D Cox et al, JCO - 8, 1543-1555





RT vs CT RT vs Hyper#



Phase III trial Locally advanced NSCLC
RTOG, ECOG & SWOG

RT alone 60 Gy

----------------------------

Chemo + RT 60 Gy

-------------------------------

Hyperfractionation 69.6 Gy

William Sause et al, Chest 2000, 117, 358-364
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RT alone vs CT=>RT  vs Hyper #
Phase III trial - RTOG, ECOG & SWOG

 Unresectable stg II, IIIA, IIIB, PS > 70

 458 pts were eligible for analysis

 1989 to 1992; 5 yrs follow up

William Sause et al, Chest 2000, 117, 358-364

60Gy@2Gy; Cisp + VBN => RT; Hyper #1.2 Gy BD

69.6Gy



RT

alone 

CT => 

RT

Hyper fr

69.6Gy

Median 

Survival

11.4% 13.2% 12%

Over all 

survival

5% 8% 6%

Phase III trial

RTOG, ECOG & SWOG

William Sause et al, Chest 2000, 117, 358-364



CHART



CHART
Continuous  hyper-fractionated  accelerated radiotherapy 

 Overcome proliferation of tumor cells during conventional RT 

 Minimize long-term normal tissue toxicity by the use of multiple small #

563 patients - 13 centres

54 Gy/36# - 1.5 Gy 3 tid daily  

in 12 consecutive days

60 Gy/30# /6 weeks

Saunders M et al. Radiotherapy and Oncology:1999



Saunders M et al. Radiotherapy and Oncology:1999
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CHART :  Results 

Saunders M et al. Radiotherapy and Oncology:1999



CHART  :  Morbidity

Early :  3 months

Conv.         CHART

Clinical  RP                19 %               10 %

Radiological  RP         65 %              56 %

Late :   >6 months

Radiation Pneumonitis Dysphagia @ 2 yrs

1st 2 yrs - ↑ CHART                           Conv. - 5 %

After 2 yrs - ↑ Conv.                               CHART – 7 %

Saunders M et al. Radiotherapy and Oncology:1999



CHART is superior to conventional RT in achieving 

• Local tumor control and 

• Reduction in distant mets and

• Long term Survival 

Saunders M et al. Radiotherapy and Oncology:1999



Eprint, October 21, 2013

• Prospective phase 1 trial

• 79 pts NSCLC, all stages

• IMRT over 25days, 1fr/day

• 95% pts with Tomotherapy

Dose Levels:

57Gy      @ 2.28Gy fr

63.2Gy   @ 2.53Gy fr

69.25Gy @ 2.77Gy fr

75Gy      @ 3Gy fr

80.5Gy   @ 3.22Gy fr

85.5Gy   @ 3.4Gy fr



Median f/u 17mths

Median OS 16mths

3yr OS 29%

No difference in local control

Median tolerance dose identified as 63.25 in 25 fr @ 253 cGy/fr

Eprint, October 21, 2013



 Stereotactic
 precise positioning of the target volume in 3 

dimensions.

 High dose per fraction.

 Delivery techniques

 arcs, static fields, protons

 Technology

 Novalis TX, Tomotherapy, Cyberknife, Proton



Stereotactic Body Radiotherapy

Radiobiology

 High ablative dose
 SRS= single Fx SBRT= 2-5 Fx

 Overwhelms repair/repopulation mechanisms

 BED important? (>100)

 Short time (1-5 treatments)

 Tight targets and rapid dose fall-off
 Damages everything in high dose area

 Critical to limit toxicity

 Need target tracking or gating system

100
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10-1
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single

fraction

multiple 2 Gy

fractions



Boost by SBRT is feasible 

with no increased toxocity (Rad Pneumonitis)



Boost by SBRT is feasible 

with no increased toxocity (Rad Pneumonitis)



Unique depth dose compared to photons, electrons 

(Bragg Peak Effect)



Clinical Potential of Proton Therapy:

• Reduced side effects 

• Increase tumor control probability through 

“dose escalation”?

• Facilitate combined modality therapy

• Re-treatment is possible



35 patients, Median age 70.3 yrs

Median Proton dose 78.3 Gy

Local PFS 93.3% @ 1 yr, 65.9 % @ 2yrs

Overall survival 81.8% @ 1 yr, 58.9% @ 2 yrs

Toxicity     Grade I 42.9% Grd II 17.1% 



• Dose Escalation appears to be safe, but 

with strict quality control and accuracy

• What dose?

• Stnd # :  60Gy/30#,

• Hyper# : 68.6Gy/1.2Gy BID,

• CHART: 54 Gy/36#, 1.5Gy 3 tid 12d

• Hypo:  63.25 in 25 fr @ 253 cGy/fr

• Boost by SBRT, Proton is feasible

Continued..



• Further Dose escalation with less 

toxicity - Whether it is going to 

improve surv? 

• Long term follow-up imperative

• Results of RTOG 0617 surprising! 

needs to be thoroughly  analyzed!

• CTRT more accepted than HF



To improve outcome with RT

➢ Dose intensification

➢ with modern techniques, altered #,   

SBRT, Proton

➢Redefining dose constraints V5, V20? 

➢Integration of CT with RT

➢ Appropriate pt. selection
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