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• 74 Gy was not superior to 60 Gy
• Addition of cetuximab was not superior to chemoradiation alone

RTOG 0617: 74 Gy vs 60 Gy for NSCLC



PACIFIC trial: advent of immunotherapy

 Median duration of follow-up was 33.3 mos
 48.2% of patients have died as of 1/31/19
 44.1% on Durva arm vs. 56.5% on placebo arm



Does radiation dose escalation matter in the 
wake of PACIFIC?

• At median followup of 25.2 months, intrathoracic progression occurred in 
37% of patients in durvalumab arm and 48% of those in placebo arm

• But toxicity is more concerning in patients receiving duvalumab –
increased risks of pneumonitis and patients have less reserve to tolerate 
subtle or overt cardiac toxicity

• Needs for more novel forms of dose escalation
• More targeted – give the dose to specific high risk subvolumes
• More personalized – give the dose to those who can tolerate it better



Why FDG-PET?

• 18F-FDG uptake correlates with tumor grade, stage, cell 
proliferation, response to therapy, and prognosis

• Areas of high 18F-FDG uptake on pretreatment scans  sites of 
tumor relapse in patients with non-small cell lung cancer

• Ability to identify highly metabolically active subvolumes within 
gross tumor masses

• Prospective phase II and III studies demonstrated ability to dose 
escalate with FDG-PET within organ tolerances

Mankoff, JAMA Oncol, 2017; Aerts, Lung Cancer, 2012; Calais, J Nuc Med, 2015; van Elmpt, 
Radiother Oncol 2012; Wanet Strahlenther Onkol 2017; Moller, Radiother Oncol 2017











BigART 11 Gy of escalation, did not achieve study goal of 20 Gy
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BigART increased in-field primary 
tumor control by 17% and in-field 
locoregional control by 11%

(validating U Michigan 
model predicting 1%
improved LRC per Gy)
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Very high 
doses were 
achieved to 
the primary 
tumor!



21% LR 
recur, but 
17% in field

25% LR recur
15% in field



17%
In field

15%
In field

<20% in-field 
failure in 
either arm

21% LR 
recur rate
overall

25% LR 
recur rate 
overall



(for reference - SBRT 50 Gy in 5 fractions = BED 100 Gy)



Future directions: individualized radiosensitivity or 
other biologically based selection principles?







• For 18F-FDG, radiation causes decrease of tracer uptake and tumor 
SUVmax but increases background uptake due to radiation-induced 
inflammation

• When is best time to adapt? second vs fourth week of treatment?

• Image-guided radiotherapy systems allow increasing automation
• CBCT-Linac systems: daily delineation of target volumes and automated 

daily dose evaluation
• MRI-Linac systems: daily assessment of functional parameters derived 

from perfusion, diffusion, and spectroscopy imaging 
• PET-Linac systems: clinical use has not yet been fully reported

Future directions: more frequent or continuous adaptive 
replanning of radiation?



• 18F-FMISO = most extensively studied PET tracer for imaging hypoxia
• high lipophilicity and slow plasma clearance, low tumor-to-background ratio
• F-MISO results have not yet been reported from RTOG 1106 

• Second-generation nitroimidazole derivatives: more hydrophilic, lower 
lipophilicity, higher tumor-to-background ratio 

• 18F-fluoroazatiomycin arabinoside (18F-FAZA)
• 18F-fluoroerythronitroimidazole (18F-FETNIM) 
• 18F-flortanidazole (18F-HX4)

• 4Cu-ATSM
• bioreductive enzymes reduce Cu (II) to Cu (I) in hypoxic conditions, which 

dissociates from ATSM and is trapped within the hypoxic cell 

Future directions: PET tracers targeting hypoxia?



• Locoregional relapse is frequent after 
chemoradiation even when adjuvant  
immunotherapy is given

• RTOG 1106 and PET-Boost endpoints of 
LRC not met, but dose escalation does 
clearly improve in-field control 

• Still looking for better selection principles
• Still need to optimize when to adapt and 

possibly ? which tracer(s) to use


