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Radiation for LA-NSCLC
 We are now- more than ever- concerned about the toxicity of 

radiation in LA-NSCLC: 
• Patients are living longer
• Controversy over the “best” radiation technique 
• We are giving MORE systemic therapy by the addition of IO 

Antonia SJ et al. N Engl J Med 2017;377:1919-1929.

Presenter
Presentation Notes
3DCRT vs. IMRT:IMRT more commonly used for larger tumors (p<0.001), higher stage disease (p=0.04)Greater decline in QOL at 12 months for 3DCRT (46% vs. 21%, p=0.003)For a given PTV volume, IMRT was associated with lower lung V20 (p=0.08), lower heart doses (p<0.05)Heart dose predicted for survival (p<0.001)IMRT had fewer grade ≥3 pneumonitis (3.5% vs. 7.9%, p=0.0653) [adjusted p=0.046]IMRT was associated with higher compliance with full dose consolidative chemotherapyHigh volume centers had longer overall survivalmore likely to treat with IMRT (p=0.002) and had RT plans with lower mean esophageal dose (p=0.03), lower median heart dose (p=0.006)Movsas B, et al. JAMA Oncol. 2016, Chun SG, et al. J Clin Oncol. 2017;Eaton RB, et al. J Natl Cancer Inst. 2016
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Can We Do Better?
Why Protons Can be Superior to Photons



X-ray Radiotherapy

Protons

X – Rays do not stop

•Excess radiation to 
healthy tissue results in 
potentially costly side 
effects and secondary 
tumors

Presenter
Presentation Notes
Reduce normal tissue dose Reduced treatment toxicitiesAllows treatment of tumors close to critical organs (spinal cord) potentially not treatable with photon therapyDose escalation Increased local control (? survival benefit)May be more safely and effectively combined with chemotherapy and surgeryMay allow for retreatment of recurrent tumors not safely retreatable with photon therapy
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LA-NSCLC Proton Therapy Studies: 
best endpoint?

Chang JY et al. IJROBP 2016  

overall survival

local control, grade 
≥3 pneumonitis, 
esophagitis
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Conflicting Data on Protons: The Good

• MDACC phase II trial of 
44 pts with stage III 
NSCLC
– Protons to 74 CGE with 

concurrent carboplatin + 
paclitaxel

– MS 29.4 mo
• Best survival ever reported 

in a phase II or III 
chemorads trial for stage 
III NSCLC

– 20.5% local failure
– Toxicity: 1grade 3 

pneumonitis 2%, no grade 
4-5 toxicity 

Chang JY, et al. Cancer. 2011;117(20):4707-13.
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Conflicting Data on Protons: The Bad

Chang JY, et al. Cancer. 2011;117(20):4707-13.
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Median OS: 28.7 months (60 Gy) vs. 20.3 months (74 Gy), 
p=0.0042

RTOG 9410 concurrent daily arm median overall survival: 
17.0 months

ASTRO 2017 update: 5 y OS 32% vs 23%

60 Gy 74 Gy P Value

Grade ≥3 
Pulmonary 20% 19% 0.71

Grade ≥3 
Pneumonitis 7% 4% 0.25

Grade ≥3 
Esophagitis 7% 21% <0.0001

Grade ≥3 Any 76% 79% NS

Grade 5 
Toxicity N=3 N=8 <0.05

Bradley JD, et al. Lancet Oncol. 2015;16(2):187-99.
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RTOG 0617 Multivariate - Survival

Authors: “heart dose might best explain why patients given 74 Gy did 
worse than patients given the 60 Gy”
• Did increased heart dose in the 74 Gy arm (V50 – 11% vs. 7%) lead to an increase in intercurrent cardiac 

deaths?

Bradley JD, et al. Lancet Oncol. 2015;16(2):187-99.
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Pneumonitis or Radiation Pneumonitis

Safety analysis set (all-causality). *Pneumonitis/radiation pneumonitis was assessed by investigators with subsequent review and adjudication by the study sponsor.
In addition, pneumonitis, as reported in the table, is a grouped term, which includes acute interstitial pneumonitis, interstitial lung disease, pneumonitis, and pulmonary fibrosis.

Two patients randomized to placebo received at least one dose of durvalumab and were considered part of the durvalumab arm for safety reporting. 

Pneumonitis (grouped terms) or radiation 
pneumonitis, n (%)*

Durvalumab 
(N=475)

Placebo 
(N=234)

Any grade 161 (33.9) 58 (24.8)

Grade 3/4 16 (3.4) 6 (2.6)

Grade 5 5 (1.1) 4 (1.7)

Leading to discontinuation 30 (6.3) 10 (4.3)

1Antonia et al. NEJM. 2017. Nov 16. 
1919-1929.
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Protons Can Improve Heart Dose
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MDACC – Cardiac Toxicity
 532 patients with 

NSCLC treated with 
concurrent 
chemoradiation
• Mean heart dose:

22.3 Gy – 3DCRT   
15.1 Gy – IMRT       
6.5 Gy – PBT

 Mean heart doses 
>25th percentile 
associated with 
increased risk of death 
(HR 1.4)

Liao Z, et al. ASTRO 2012.

OS with mean heart dose above or below the median per RT dose 
subgroup
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Cardiac Dose 
 Endpoint – symptomatic cardiac events
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Considerations for LA-NSCLC Patient
 Protons may be appropriate for consideration as a means to 

decrease toxicity 
 Toxicity is a greater concern than ever with the addition of 

immunotherapy
 Total dose 60-72 Gy
 Grade 3 pneumonitis is increasingly rare
 Heart dose important predictor of survival and of symptomatic 

cardiac events 
 Consider referral for proton therapy for LA-NSCLC
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Thank You
 Patients!
 University of Pennsylvania 

Department of Radiation 
Oncology

 Cancer Service Line

 PCPM team
• David Roth, MD, PhD

@PennPrecisMed
@ATB_MD

Presenter
Presentation Notes
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When protons?

Chang et al. IJROBP 2016
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Cardiac Toxicity-Jabbour 
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