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Objectives:

• To review the role of RT in NSCLC
• To review recent trials on RT
• To discuss how to improve the outcomes





Radiotherapy (RT) is used in all stages of lung 

cancer treatment and is required at least once in 

over half of patients for either cure or palliation.



Indications for radiotherapy (RT) for Stage I and II non–small-cell lung cancer 

S. Tyldesley, et al Radiat Oncol Bio Phy 2001



Indications for radiotherapy (RT) for Stage III non–small-cell lung cancer 

S. Tyldesley, et al Radiat Oncol Bio Phy 2001



Indications for radiotherapy (RT) for Stage IV non–small-cell lung cancer

S. Tyldesley, et al Radiat Oncol Bio Phy 2001

Overall, 64.3% ± 4.7% of NSCLC cases will require RT, 45.9% ± 4.3% at 
the time of diagnosis, and 18.3% ± 1.8% later in the course of the illness



Improved radiation delivery

Conventional 3D-CRT

IMRT VMAT



Brown S, Banfill K, Aznar MC, Whitehurst P, Faivre Finn C. The evolving role of 
radiotherapy in non-small cell lung cancer. Br J Radiol. 2019;92(1104):20190524. 
doi:10.1259/bjr.20190524

Technical Advances in Radiation Therapy in Lung Cancer



SBRT/SABR for Stage I Lung Cancer 





U.S. National Institutes of Health. National Cancer Institute. SEER Cancer Statistics 
Review, 1975-2010

Lung Cancer Diagnosis and Survival By Stage, 2003-2009



• Incidence is rising due to better diagnostic 
imaging and screening

• 90% of early-stage NSCLC patients die 
from lung cancer within 5 years if 
untreated

• Conventional fractionated RT can provide 
a 7-month extension of median survival

Early-stage NSCLC



Early-stage NSCLC

• Surgical resection is the standard treatment
• Only approximately 70% of patients receive 

surgical treatment.
➢~20% of the patients are considered medically 

inoperable 

➢~10% patients may decline surgery due to 
individual concerns



Medically Inoperable Early-Stage Lung 
Cancers Treated with Conventional RT



Trends in SBRT use. (A) 
Absolute number of cases 
by year. (B) Percentage of 
all stage I cases treated 
with SBRT by year.

American Journal of Clinical Oncology40(4):358-361, August 2017.

There is a dramatic rise in SBRT 
use for patients with early-stage 
lung cancer. 

Large-scale national database 
results revealed a 33-fold 
increase in SBRT use for early-
stage NSCLC, accounting for 
<0.5% to 8.7% of treated cases 
over a 8-year span.









SBRT compared with conventional RT (meta-analysis)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7447473/#



Results in lung SBRT series



Fowler JF, Tome WA, Welsh JS. Estimation of the Required Doses in 
Stereotactic Body Radiation Therapy.  In Stereotactic Body Radiation Therapy, 
Kavanagh BD and Timmerman RD, eds. Lippincott Williams & Wilkins, 2005.

* Slide courtesy of Brian Kavanagh / University of Colorado
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Trials of SABR in central lung tumors

Trial Study population Study design Primary outcome Status

LUNGTECH

NCT01795521

Stage I-II NSCLC, 

centrally located in or 

abutting the 2 cm 

zone around the 

proximal bronchial 

tree and 

mediastinum),≤7 cm

Single arm Phase 

II study

60 Gy in eight 

fractions

Freedom from 

local progression

Closed early due 

to poor accrual

https://clinicaltrials.gov/ct2/show/NCT01795521


J Clin Oncol 37:1316-1325. © 2019







Journal of Thoracic Oncology Vol. 16 No. 7: 1200–1210,  July 2021



Group A (tumors  1 cm from 
the main bronchi and 
trachea) 
Group B (all other tumors)

Stereotactic body radiation therapy with 7 Gy 8 was prescribed to the 67% 
isodose encompassing the planning target volume.





In conclusion, treating tumors within 1 cm from the main bronchi and 
trachea with 56 Gy in eight fractions with inhomogeneous dose distribution 
implicates high risk for high-grade toxic effects, and this treatment
regimen should therefore not be used for these tumors.



Going Trials of SABR in central lung tumor

Trial Study population Study design Primary outcome Status

SUNSET

NCT03306680a

Stage 1 NSCLC, 

ultra-central 

tumours –i.e. 

where PTV 

touches the 

central bronchial 

tree, great vessels 

or oesophagus

Phase I dose 

escalation study 

using a time-to-

event continual 

re-assessment 

method Starting 

dose: 60 Gy in 

eight fractions

Will escalate to 60 

in five fractions 

(or de-escalate to 

60 in 15 fractions 

if needed)

MTD i.e. dose 

associated 

with a < 30% rate 

of Grade 3–5 

toxicity occurring 

within 2 years of 

treatment

Recruiting

https://clinicaltrials.gov/ct2/show/NCT03306680




“Zone of the proximal bronchial tree” 

NEJM June 2012



Follow up can be challenging after SBRT

• Tumor regression can take long time to 
occur

• Post SBRT fibrosis can complicate the 
interpretation of follow up imaging 





Follow-up

• CT scan every 3-4 months for 1-2 year, then every 6 months
• PET scan only when progressive consolidation on CT within or 

adjacent to tumor
• If PET uptake similar to pre-SBRT scan is considered as 

recurrent disease
• Otherwise continue to follow as NED 

Definition of local control?

Definition of metabolic response according to EORTC criteria

CMR complete metabolic response, PMR partial metabolic response, SMD stable 
metabolic disease, PMD progressive metabolic disease

Eur J Nucl Med Mol Imaging. 2011 38-38(6): 1059–1063.



Conclusions:

– The use of SBRT for stage I lung cancer is 
rapidly expanding.

– SBRT is an effective alternative to 
conventional surgery or other invasive 
approaches.

– Improved tumor control and patient survival 
when compared to conventional radiotherapy.

– Ultra-central disease requires additional 
cautions.



Role of RT in Management of Stage III Lung Cancer

• Primarily definitive
• Neo-adjuvant
• Adjuvant





Unresectable stage III NSCLC treated with CRT and IO



What about resectable IIIA NSCLC?

• Adjuvant chemotherapy improves both overall survival and disease-free 
survival (level 1 evidence)

• The role for postoperative radiation therapy (PORT) remains controversial 
as retrospective studies demonstrate conflicting results regarding 
improvement in OS and locoregional control

• PORT in patients with positive margins, or mediastinal lymph node (LN) 
involvement (pN2 disease, not incidental N2) may improve locoregional 
control and potentially OS.



Fig 3. Plot of overall survival for N0 patients stratified by postoperative

radiotherapy (PORT) use. The solid line represents patients who received 

PORT, and the dashed line represents patients who did not receive PORT.

Fig 5. Plot of overall survival for N2 patients stratified by postoperative

radiotherapy (PORT) use. The solid line represents patients who 

received PORT, and the dashed line represents patients who did not 

receive PORT.









45% of patients had a single N2 station involved and 52% 
had two or more (not clear how may incidental N2 disease)



89% received 3DRT



Mean follow up: 4.8 years



PORT was associated with a non-statistically significant 
15% increase in DFS among stage IIIAN2 pts.



PORT reduces mediastinal relapse by 46%



PORT patients were less likely to experience 
mediastinal relapse as a first DFS event than controls 
(25.0 vs 46.1%)

PORT patients were more likely to experience grade 3–4 early 
toxicity than controls (11.6 vs 7.7%) and at least one late toxicity at 
this severity (14.6 vs 8.9%)

Although the mortality rates were comparable in the PORT and 
control groups (39.6 vs 41.5%), the causes of death differed; PORT 
was associated with higher rates of death from cardiopulmonary 
causes (16.2 vs 2.0%) and a lower rate of death from disease 
progression or recurrence (69.4 vs 86.1%). 





JAMA Oncol. 2021;7(8):1178-1185.

Single institution trial



After 4 cycles of platinum-based chemotherapy

44 of 184 patients (21.7%) in the PORT arm refused PORT 
10 of 180 patients (5.6%) in the observation arm actually received PORT









What can we conclude from two randomized trials?

1. PORT cannot be recommended for all patients who receive systemic 
therapy

2. PORT significantly improves LR control
3. PORT increases cardiopulmanry toxicities
4. Despite adjuvant chemotherapy, DM remains high (>70% of all 

failures)
5. More effective systemic therapy is needed
6. Better patient selection and improved RT delivery may improve 

treatment outcomes



Role for postoperative radiation for N2 disease?

High-risk features:

• Positive surgical margin

• Multistation nodal disease or bulky disease

• Subcarinal involvement for an upper-lobe cancer

• Extracapsular nodal disease in the involved N2 station

• Highest node resected involvement

• Inadequate nodal resection at surgery



• Better patient selection
• Minimizing RT toxicities 

How to improve the potential survival benefit 
of PORT for patients with N2 disease?



Radiation-induced heart disease covers a wide range of conditions that can 
occur following thoracic radiation. These conditions arise because of acute 
inflammation leading to microvascular damage, chronic inflammation, and 
fibrosis of cardiac substructures. The resulting pathology depends on which 
cardiac substructure is damage







Clinically significant cardiac events after high dose thoracic RT for stage III NSCLC were 
associated with heart dose and cardiac risk and occurred fairly early after treatment. Consistent 
with the current emphasis on reducing radiation heart exposure for other malignancies, heart 
doses should be similarly minimized in patients with stage III NSCLC.



Role for adjuvant radiation therapy for N2 disease

• Available level 1 evidence does not support routine use of 
PORT

• Randomized trial findings cannot be generalized yet
• More trials on PORT for NSCLC would be unlikely
• We should consider PORT for patients with multiple high-risk 

factors
• It is critical to minimize PORT related cardiopulmonary toxicity 

and mortality

Clinical Trials Versus the Real Word

In Summary:



Radiation therapy for stage IV disease

• One of the most effective palliative modality

• Potentially enhancing systemic therapy?



Stereotactic ablative 
radiotherapy versus standard of 
care palliative treatment in 
patients with oligometastatic 
cancers (SABR-COMET): a 
randomised, phase 2, open-label 
trial

D. Palma et al.
Lancet 2019

Median overall survival was 28 
months (95% CI 19–33) in the control 
group versus 41 months (26–not 
reached) in the SABR group (hazard 
ratio 0·57, 95% CI 0·30–1·10; 
p=0·090).
Adverse events of grade 2 or worse 
occurred in three (9%) of 33 controls 
and 19 (29%) of 66 patients in the 
SABR group (p=0·026), an absolute 
increase of 20% (95% CI 5–34). 
Treatment-related deaths occurred in 
three (4·5%) of 66 patients after 
SABR, compared with none in the 
control group.







In Summary
• Radiotherapy is a main treatment modality for lung cancer 

(only modality being used for all stages I-IV)
• Primary modality in locally advanced stage III disease
• Increased role in stage I and stage IV
• PORT may be considered for selected high-risk patients
• Advances in radiobiology and technology will improve the 

treatment outcomes



Thank You!


