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Great Job!
• Everyone did very well
• Some mistakes, likely due to stress
• Know your staging!
• Work up, think about your real patients
• Dose, and OAR constraints!







Target Delineation: Lymph nodes
• 1 = high mediastinal
• 2 = upper paratracheal
• 3 = pre and retrotracheal
• 4 = lower paratracheal
• 5 = AP window
• 6 = paraaortic
• 7 = subcarinal
• 8 = paraesophageal below carina
• 9 = pulmonary ligament
• 10 = hilar
• 11 = interlobar
• 12 = lobar
• 13 = segmental,
• 14 = subsegmental.



What is work-up for new diagnosis of NSCLC? 
• History & Physical Exam: 

HISTORY
• HPI
o Further Definition of 

Symptoms
• Social Hx
o Smoking

• Review of Systems
o Weight Loss
o Shoulder Pain

PHYSICAL EXAM
• Full Pulmonary Exam
• Assess PS
• Look for Brachial 

Plexopathy
• Look for Ptosis, 

Meiosis, Anhydrosis



Lung Ca Screening
• National Lung Screening Trial (NEJM 2011)

• >50,000 high risk pts (55 – 74 yrs, ≥ 30 pack yrs, active or quit < 15 yrs ago) 
• Randomized: low dose CT v. PA CXR annually x 3 years
• Results: 

• Number needed to screen to prevent 1 cancer death: 320
• CT screening reduced mortality by 20%

• NCCN  recommends screening for high risk patients



Labs

• CBC
• Chem 7 
• LFTs
• Alk Phos
• LDH
• Sputum Cytology

Imaging

• CXR
• CT Chest & Abdomen (Include 

Adrenals)

• PET Scan
• MRI Brain for Stage > IIB (N+) 

or Neuro Sx
• MRI Thoracic Inlet if Superior 

Sulcus

NSCLC workup – Labs, Imaging, PFTs



PFTs

• FEV1/FVC: >75% Predicted
• DLCO: >40-50%

• <40% predicted post-op 
associated with ↑ post-op 
complications

• FEV1 
• Pneumonectomy: > 2 L
• Lobectomy: > 1.2 L
o > 35% predicted (or > 0.8) post-op 

(associated with ↓ risk of death)

Additional

• Severe pulmonary htn
• Diabetes w/ severe end 

organ damage
• Severe vascular disease
• Severe chronic cardiac dz
• Patient refusal

Criteria for Medical Operability



RTOG 0618 – Phase II Trial of SBRT in the treatment 
of patients with operable Stage I/II NSCLC



Medically Inoperable Patients: Older XRT

Qiao et al, Lung Cancer 2003



RTOG 0236, Timmerman et al. JAMA 2010
• Multi-institutional, Phase II study
• 55 evaluable patients (inoperable, T1-T2N0 NSCLC)
• 54Gy in 3fxs to PTV over 1.5-2 weeks
• Median follow-up 34.4 mo
• Only 1 primary tumor failure (97.6% control)
• 3-year DFS and OS: 48.3% (95% CI, 34.4%-60.8%) and 

55.8% (95% CI, 41.6%-67.9%)
• The median overall survival was 48.1 months (95% CI, 

29.6 months to not reached)
• 7 grade 3, 3 grade 4 toxicities
• 5-year outcomes: PTC 93% LC 80%, LRC 62%, DM 31%



• pooled analysis of two randomized controlled trials 
(STARS and ROSEL)

• T1-T2a (<4cm) N0M0 NSCLC in operable patients

Lancet Oncol 2015





SBRT for Early-Stage NSCLC
• How would you 

simulate?
• Supine in Full Body 

Immobilizer
• ABC or Abdominal 

Compression
• 4D CT
• IV Contrast not needed 

for N- peripheral 
tumors

• What is target volume?
oGTV as defined by Imaging (Max IP) [free breathing CT]

o **lung window
o ITV [including all 10 respiratory phases, not just MIP]
oPTV = ITV plus 5mm Margin (more in CC if no 4DCT)
o Prescribe so 

 95% of PTV receives 100% 
 99% of PTV receives 90%

• How would you plan radiation? 
• 6-9 fields, VMAT, Conf Arc, 6 MV photons (FFF)
• Daily target localization using, CBCT and/or kV fiducials
• Respiratory gating (or DIBH) with fluoro



Expansions as per RTOG 0839



Lung SBRT: Toxicities

• Pneumonitis
• Chest wall pain/rib fracture
• Skin erythema/desquamation
• Tissue necrosis, bronchial fistula



• Normal tissue 
constraints: 

• Keep Lung V20 < 10%;

• Conformality Index 
(VolRX/VolPTV): < 1.2 

• (up to 1.4 still minor variation in 
RTOG trials)

• D2cm (max dose 2cm from PTV 
in any direction: varies by size of 
lesion): 28.1 – 44.3

• Chest Wall: 
• V30 Gy < 30 cc
• Decreased risk of CW 

toxicity
• Dunlap et al (IJROBP 

2010)



Early Stage NSCLC – SBRT
Doses acceptable for central tumors? 
• 12-12.5 Gy x 4 (Onishi & MDACC)
• 10-11 Gy x 5 (RTOG 0813, this option is acceptable for 

central & peripheral lesions) 
• 4 Gy x 15 (Canadian – Cheung et al J Natl Cancer Inst 2014)
• 7.5 Gy x 8 (VUMC – Haasbeek et al J Thor Onco 2011)
• 5Gy x 12 (VUMC – Tekatli JTO 2016), keep Dmax to 110%
• 70 Gy in 10 fx (MDACC – Chang IJROBP 2014) – if cannot 

meet 12.5 x 4 dose constraints
• 70 Gy in 17 fx (CALGB Bogart JCO 2010)



Nyman, SPACE trial, 2016

• 102 medically inoperable pts with 
stage I NSCLC randomized to SBRT 
(66Gy/3fx) vs 3D-CRT (70/35fx)

• Results
• No difference in 1,2,3yr PFS
• Lower toxicity with SBRT

• Pneumonitis: 19% vs 34%
• Esophagitis: 8% vs 30%

• Conclusion: SBRT with similar 
disease control rate with lower 
toxicity and better QOL. Should be 
standard of care.



TROG 09.02 CHISEL (Ball Lancet Oncology 
2019)
• 101 with cT1–T2aN0M0 NSCLC who 

where medically inoperable or had 
refused surgery.

• Experimental Arm: SABR (18Gy x 3 fx or 
12 Gy x 4 fx if the tumour was <2 cm 
from the chest wall)

• RT (2 Gy x 33 fx or 2.5 Gy x 20 fx daily)
• Local Progression SABR vs RT: 14 vs

31%, HR 0.32, p=0.008
• SABR: 1 G4 AE (dyspnea) and 7 G3 AE vs

RT: 2 G3 AE



LA NSCLC

• Pre-operative Chemo-RT

• Post-operative RT

• Definitive Chemo-RT

Stages IIIA/(B) Stages IIIC



Pre-Operative Radiation
• Typically 45Gy in 25 fractions to involved areas
• Pre-op chemo-RT (vs. chemo) significantly improves 

downstaging at time of surgery for LA NSCLC
• Overall survival benefit unclear
• Should be performed when maximum tumor 

response desired
• Have a full-dose (≥ 60Gy) plan ready to avoid delay in 

case operability changes



is Pancoast triad?
• INT 0160 (Rusch et al. JCO 2007). Cis/etop x2c 

concurrent 45 Gy -> restage. If no progression,
surgery -> 2c chemo. 

• If still inoperable, complete 60 Gy
• Outcome?

• 5 yr OS 44%, 56% pCR or microscopic disease
• 76% had complete resection, 5-yr OS 54%

Pancoast Tumor



Lancet 1998

PORT Based on Nodal Status



• Included node negative patients
• Used 60Co in many (esp. van Houtte data)
• Many used lateral fields
• 2 D treatment planning
• Patients treated in 1966
• 3 unpublished trials included
• Excess mortality with PORT may be a result of non-

cancer causes of death
471 LR: 195 PORT, 276 surgery alone
938 deaths: 528 PORT, 410 surgery alone

PORT = Pretty Old Radiation Therapy



PORT for NSCLC
Data to support adjuvant radiation in N2? 
•ANITA (Douillard et al, IJROBP 2008)

• 232 of 840 pts (Stage IB – IIIA NSCLC) received RT (unplanned analysis)
• Trial was randomization of chemo v. obs (RT was optional, not stratified)

• Results:
• pN1: improved OS if didn't receive chemo, detriment if did receive chemo
• pN2 patients benefited from RT, regardless of chemo

•SEER analysis of PORT (Lally et al JCO 2006)
• ~7500 pts w/ stage II-III NSCLC s/p lobectomy/pneumo: PORT v. Obs

• In N2 subset  PORT improved OS (HR 0.85; p=.008)
• In N0-1  PORT detrimental (HR 1.18/1.10 p=.04/.02, respectively)



PORT Modern-Era Metanalysis





PORT: Positive Margins

JCO 2015



*89% 3D, 11% IMRT

*



Spoelstra, IJROBP

LUNG-ART guideline

Bronchial stump, ipsi. hilum, adjacent tumor bed mediastinal pleura also included in all cases



Outcome No RT PORT

3-Year DFS 43.8% 47.1%

Mediastinal Relapse 46.1% 25.0%

3-Year OS 68.5% 66.5%

Death (as the first event) 5.3% 14.6%

Total Deaths 41.5% 39.6%

Death from disease 86.1% 69.4%

Death from Cardiopulmonary 2% 16.2%

G5 RT or CT toxicity 0% 3%



PORT Summary:
• Decreases local relapse in the mediastinum, benefit vs. toxicity
• R2 (60-66Gy w/ concurrent chemo)
• R1 (54-60Gy after chemo or concurrent)
• N+ disease who are not chemo candidates (50.4Gy)
• N2? (chemo, then RT 50-54Gy, can consider boosting ECE 54-60Gy)

• Can be omitted and save RT for salvage
• Still included in the NCCN guidelines, weigh local control vs. distant relapse and toxicity
• Favor in multi-station N2+ disease and other adverse features 

(bulky disease, multiple nodes, ECE, close margins etc.)
• Skip in small and/or single station N2 disease
• Skip if high dose to heart and/or lungs (Heart DMean>10Gy, Lung V20>20%?) 
• Skip if effective targeted systemic therapy available 

(ie. ADAURA Trial, Wu et al. NEJM 2020)



Definitive cCRT for LA Lung Ca
• Is dose-escalation still viable?

• Not at this time (RTOG 0617). 60Gy is the standard (maybe up to 66Gy?) 
• Individualized approach in the future?

• What is the role of adjuvant immunotherapy?
• PACIFIC Trial, 1 year of Durvalumab

• What about concurrent immunotherapy?
• Under investigation



PACIFIC Trial

• 713 stage III NSCLC patients platinum-based chemo-RT, no POD after 
2 cycles

• RT dose: 54-66Gy
• randomized 2:1 to +/- up to 1 year of Durvalumab (10mg/kg every 2 

weeks)
• immune checkpoint inhibitor 
• blocks the interaction of programmed cell death ligand 1 (PD-L1) with the PD-

1 and CD80 molecules 







2018 NEJM update





Oligometastatis NSCLC: MDACC Trial

41
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Gomez et al, ASTRO 2018 Update
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Gomez et al, ASTRO 2018 Update
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Gomez et al, ASTRO 2018 Update
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What about SCLC?
• Standard: cCRT 45Gy in 30fxs BID over 3 weeks w/ Cis/Etoposide

• OS: 47% @ 2yr, 26% @ 5yr, median 23mo
• Esophagitis: G3 27% (vs. 11%), G4 5% (vs. 5%)
• Spinal Cord <36Gy (up to 41Gy OK)

• Alternative: cCRT 66Gy in 33Fxs per CONVERT trial (60-70Gy OK)
• OS: 56% (BID) vs. 51% (QD) @ 2 yr), 34% (BID) vs. 31% (QD) @ 5yr, 

Median 30mo (BID) vs. 25mo (QD)
• Esophagitis: G3 18% (BID) vs. 19% (QD), only single patient w/ G4 (BID)

• Start early w/ Cycle 1 or 2 of chemo
• Treat pre-chemo nodal stations and post-chemo tumor volume



Auperin PCI Meta-analysis  (mostly LS)
7 trials, 1965-1995 (most >1985), had to be in CR pre PCI, 83-88% were 
LS, median f/u 5.5 years

Auperin et al. NEJM 1999
3-year incidence of brain mets 33% vs. 59%These trials did not compare PCI against MRI surveillance

3yr OS benefit +5.4%



• NRG CC-003
• Patients: all SCLC

• Stratified by LS-SCLC vs ES-SCLC, age, and memantine use
• 25 Gy in 10 fractions +/- hippocampal avoidance

• **PREMER (JCO 2021)
• HA-PCI better for cognitive decline, no diff. in mets, OS, and QoL

• SWOG 1827, MAVERICK
• LS or ES SCLC, PCI or no PCI (HA-PCI allowed)

• NRG CC-009
• SCLC w/ limited brain mets, HA-WBRT vs. SRS

Ongoing studies



• Ph III, 2009-2013, n=224, ES, any response to platinum-based doublet 
chemo

• No brain mets on pre-PCI MRI

• Had surveillance MRI q3mo x 1 year, then 18 and 24 months
• Arm 1: PCI 25Gy/10fx
• Arm 2: no PCI

• Study closed early 2/2 futility

• Median OS 11.6 vs 13.7 months favor obs (HR 1.27 p=0.094)

• Arm 2: brain mets 32% vs 59% at 1 year

• Conclusion of study “PCI not essential for ES-SCLC”

OS is not affected if patients have routine MRI surveillance, but many of 
these patients will ultimately need whole brain radiation.

Japanese Trial (PCI vs Surveillance in ES)

Takahashi, Lancet Onc 2017



Double-blind, 403 patients
• Carboplatin and Etoposide x 4 cycles

• Concurrent induction then Maintenance 
Atezolizumab (anti PD-L1)

• Placebo
• Outcomes: 

• Median follow-up of 13.9 months
• Median OS 12.3 mo vs 10.3 mo (HR 0.70; P = 

0.007). 
• Median PFS 5.2 mo vs 4.3 mo (P = 0.02)
• Similar toxicity except immune related events 

40% versus 25%

Immunotherapy for ES-SCLC (Horn et al. NEJM 2018)
IMpower133



Open phase III RCT, 805 tx-naive patients, randomized:
• 1) Platinum-etoposide + durvalumab
• 2) Platinum-etoposide + durvalumab + tramelimumab
• 3) Platinum-etoposide alone +/- PCI (discretion, 8%)

• Outcomes (Interim for Arms 1 and 3)
• Median follow-up of 14.2 months
• Median OS 13 mo vs 10.3 mo (HR 0.73; P = 0.005). 
• 18m OS: 34% vs 25%
• Median PFS 5.1 mo vs 5.4 mo (HR 0.78)
• 12m PFS: 18% vs 5%
• Similar toxicity except immune related events 20% versus 3% 

(mostly G1-2)

Immunotherapy for ES-SCLC (Paz-Ares et al. Lancet 2019)
CASPIAN



• RCT, 1988-1993, n=210, single institution
• No CNS mets allowed

• 3 cycles Cisplatin/Etoposide upfront

• If CR at distant met and CR/PR at local level:
-Arm 1: CRT with Carbo/Etop and 54 Gy in 36 fx
BID (36 Gy AP/PA, remainder off cord), then PE x2
-Arm 2: PE x 4 (no TRT) 
-All got PCI

Results: 

Survival favored by XRT (p<0.05)

• MST 17 vs 11 months

• 5yrOS 9 vs 4%

• Only XRT had ≥ Grade 3 esophagitis (27%)

Thoracic RT in Extensive Stage
(Yugoslavia)

Jeremic, JCO 1999



• Phase III, 2009-2012, n=498
• ECOG 0-2, ES, 4-6 cycles EP, chemo responders
• 30Gy/10fx TRT vs no TRT
• all got PCI
Results:
• 1º endpoint: 1yr OS 33% v 28% (NS)
• 2º endpoint: 2yr OS 13% v 3% (p=0.004)
• 6mo PFS 24% vs 7%, p=0.001
• No severe tox
• The benefits were limited to patients with residual 

intrathoracic disease based upon CT following 
chemotherapy, and not in those with a complete 
response

Thoracic RT in Extensive Stage
(Dutch CREST trial)

Slotman, Lancet 2015



ES SCLC Summary

• Chemo-immunotherapy is the first line
• Always get brain MRI!
• PCI benefit unclear (consider enrolling on MAVERICK)
• Consolidative RT?

• 30Gy in 10fx standard to thoracic disease
• Higher dose in select patients?
• Safety and outcome with immunotherapy? 
• LU-007 RAPTOR Trial (30 or 45Gy to thorax&liver, 30 or 20Gy to other)



Good Luck!!!
Questions?
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