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Small cell lung cancer



Simple to treat for a doctor; hard to cure

• Stage I-III
• Concurrent cisplatin-etoposide and 45 Gy BID chest RT

• PCI in fit patients without PD after CCRT

 On average 25 % 5-y OS

• Stage IV
• Carboplatin-etoposide x 4/ IO  PCI or MRI brain surveillance

• Thoracic RT to be considered  

On average less than 5 % 5-y OS

Dingemans et al. Ann Oncol 2021



Intensification of thoracic radiotherapy

Turrisi et al. New Engl J Med 1999

45 Gy/ 3 weeks

45 Gy/ 5 weeks



Time is important

De Ruysscher et al. J Clin Oncol 2005

Van Meerbeeck, Fenell, De Ruysscher. Lancet 2011 
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Effect of early, accelerated radiotherapy as a function 
of chemotherapy compliance

De Ruysscher et al. Ann Oncol 2016 



Fractionation studies: Phase III

Faivre-Finn et al. Lancet Oncol 2016 

45 Gy/ 3 weeks

45 Gy/ 5 weeks

Turrisi et al. New Engl J Med 1999

66 Gy/ 6.6 weeks

45 Gy/ 3 weeks
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CALGB 30610 (Alliance)/RTOG 0538

Overall survival

Median follow-up=4 years

HR 0.94 (95%CI 0.75, 1.17); p=0.591
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mOS, mo (95%CI)
2-years OS, % 

(95%CI) 
5-years OS, % 

(95%CI)

45 Gy bid 28.5 (25.4, 35.5) 58 (53, 64) 29 (23, 35)

70 Gy qd 30.5 (25.4, 41.1) 56 (51, 62) 34 (23, 35)

mPFS, mo (95%CI)
2-years PFS, % 

(95%CI)
5-years PFS, % 

(95%CI)

45 Gy bid 13.5 (11.7, 15.8) 36 (31, 42) 25 (20, 31)

70 Gy qd 14.2 (11.9, 17.7) 36 (31, 42) 24 (20, 30)

Bogart et al. J Clin Oncol 2023 



Fractionation studies: Phase II

Grønberg et al. Acta Oncol 2016

45 Gy/ 3 weeks

42 Gy/ 3 weeks

Grønberg et al. Lancet Oncol 2021

45 Gy/ 3 weeks

60 Gy/ 4 weeks



CREST

Slotman et al. Lancet 2015

1-year OS: HR 0.84, 95% CI 0.69–1.01; p=0.066



Prophylactic Cranial Irradiation in small cell lung cancer



«Limited disease» small cell lung cancer
Aupérin et al. NEJM 1999; 341:476-484

Increased overal survival and less BM in patients with a CR on chest X-ray
No concurrent chemo-radiotherapy

No high quality CT (no MRI) of the brain



PCI: «Extensive disease» SCLC 
(Slotman et al. NEJM 2007;357:664-72)

Slotman et al. New Engl J Med 2007



Hippocampus Avoidance PCI
A randomized phase III trial (NCT01780675) 

PCI

standard PCI HA-PCI

•Neurocognitive test battery
baseline and 4 /8 /12 /18/ 24 mths

•MRI baseline, 4 mths and 1 year

•Prescription dose 25 Gy/10 fx
R

SCLC (LD and ED)

Belderbos et al. J Thorac Oncol 2021



Primary endpoint: HVLT-R

Belderbos et al. J Thorac Oncol 2021



Incidence of brain metastases

Belderbos et al. J Thorac Oncol 2021



IMpower 133: PROM

Mansfield et al. Ann Oncol 2020



Conclusions fractionation stage I-III small cell lung cancer

• “Small cell lung cancer is a chemo- and radiosensitive disease” is a 
myth. We were fooled by their immediate effects.

• Optimize chemotherapy, then optimizing radiotherapy improves OS.

• Concurrent chemo-RT: 45 Gy/ 1.5 Gy BID/ 3 weeks (70 Gy/ 2 Gy QD/ 7 
weeks)

• [Sequential chemo-RT: only one phase III trial: 45 Gy BID]



Conclusions PCI

• PCI remains SoC in localized small cell lung cancer when no 
progressive disease is found after concurrent chemo-radiotherapy and 
the performance status is 0-2

• PCI in metastatic disease should be considered as well as MRI follow-
up

• Hippocampus sparing is of no use

• The neuro-cognitive side effects of PD-(L)1 antibodies and especially 
combined with PCI should be investigated further



Conclusions chest irradiation in stage IV disease

• Chest irradiation (30 Gy/ 10 fractions) in metastatic disease after a 
response to chemotherapy and a performance status of 0-2 should be 
considered

• Chest irradiation can be combined safely with PD-(L)-1 antibodies



Non-Small Cell Lung Cancer



Early stage NSCLC: Stereotactic Radiotherapy



ExclusionInclusion



Senthi et al. Lancet Oncol 2012

Retrospective series



Ball et al. Lancet Oncol 2019

CHISEL RCT



Nyman et al. Radiother Oncol 2016

SPACE RCT
A=SBRT; B=3DCRT



SBRT: No change of FeV1 or DLCO over time

Guckenberger et al. J Thor Oncol 2012



SBRT: No decline in FeV1 or DLCO in 
patients with poor pulmonary function

Guckenberger et al. J Thor Oncol 2012



30*Cox model.

OA12.04: Nivolumab After Stereotactic Ablative Radiotherapy for Early-Stage Non-
Small Cell Lung Cancer: Randomized I-SABR Trial – Chang JY, et al

• Key results

Chang JY, et al. J Thorac Oncol 2023;18(suppl 9):Abstr OA12.04

Event-free survival
Per protocol ITT
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Chang JY et al. Lancet  2023



Conclusion: SBRT for inoperable patients
• Local tumour control at 5 years > 90 %

• Regional tumour control 80 %, Distant metastases: 30-40 %

• Severe toxicity < 5 %

• No decline in pulmonary function

• Safe in patients with severely impaired lung function

• IPF is the major risk factor

• (Ultra)- central tumors: in case of doubt: protracted 
schedule

De Ruysscher et al. J Clin Oncol 2010, Radiother Oncol 2017



Locally advanced NSCLC



Aupérin et al. Ann Oncol 2006

Sequential chemo-radiotherapy

21.4 % to 25.4 %
at 2 years

6.0 % to 8.2 %
at 5 years



Aupérin et al. J Clin Oncol 2010

Concurrent chemo-radiotherapy



De Ruysscher et al. Int J Radiat Oncol Biol Phys 2005

Integration of FDG-PET-CT in radiation planning

Mean esophageal dose decreased
from 30.7 Gy to 17.2 Gy (p=0.004):

G3 esophagitis from 30 % to 18 %



Chan et al. J Thorac Oncol 2014

IMRT/ VMAT: very conformal 
for high-dose regions

Proton Therapy to reduce 
low-dose volumes

De Ruysscher D, Chang JY Sem Radiat Oncol 2014

Mean Lung Dose          
16 Gy 8 Gy
Mean Heart Dose     
25 Gy 6 Gy

IMPT



Tackling intra-tumor heterogeneity?
PET-boost failed

Cooke et al. Radiother Oncol 2023

van Diessen et al. Radiother Oncol 2019
Aerts et al. Radiother Oncol 2009



Bradley et al. J Clin Oncol 2019 

Dose-escalation in concurrent chemo-RT: RTOG 0617:   
Failed



Eberhardt et al. J Clin Oncol 2015 

Addition of surgery: Failed

Pless et al. Lancet 2015 



Le Pechoux et al. Lancet Oncol 2022

PORT reduces loco-regional relapses after complete resection: Lung-ART trial 

36/252 (14 %) 70/249 (28 %)

11/252 (4 %)



PACIFIC: stage III NSCLC: 
concurrent chemo-RT 
durvalumab

Spigel et al. J Clin Oncol 2022



Tohidinezhad et al. Eur J Cancer 2023

What is the cause of pneumonitis? Deep learning



Conclusion: Stage III NSCLC

• Most fit patients qualify for concurrent chemo-
radiotherapy followed by durvalumab immunotherapy

• Recurrences remain a major problem

• Optimal local treatment remains debatable

• Many questions remain



Oligometastatic NSCLC



Oligometastatic definitions

synchronous

oligopersistent

oligoprogressive

oligorecurrent

Time of initial diagnosis

Recurrence after control of localized
primary tumor

Progression in limited number of 
metastasis

Persistent disease in limited number
of sites after/on systemic disease

EORTC: Maximum of five metastases and three organs 
Mediastinal lymph node involvement is not counted as a metastatic site 

Dingemans AC et al. J Thorac Oncol 2019



More detailed definition

Guckenberger et al. Lancet Oncol 2020

De Ruysscher
trial

Gomez and
Iyengar

trials



Actual series/trial inclusion vs criteria

Giaj Levra N et al. Lung Cancer 2019

Most: 3-5 Included: ≤2



Randomized study after response on chemotherapy/ TKI

uuuu

Gomez et al. J Clin Oncol 2019



SABR-COMET: Controlled primary tumor; metachronous

Palma et al. J Clin Oncol 2020



Radiation Therapy for Oligometastatic  
Non-Small Cell Lung Cancer: 
An ASTRO/ESTRO Clinical Practice 
Guideline 

Developed in collaboration with the European Society for 
Radiotherapy and Oncology

Endorsed by the Canadian Society of Radiation Oncology and the Royal 
Australian and New Zealand College of Radiologists

Iyengar et al. Pract Radiat Oncol 2023



Conclusion: Oligometastatic NSCLC

• A small group of these patients will experience a long PFS 
and OS by adding a local treatment to all metastatic sites 
to systemic therapy

• Probably the best is to begin with the best available 
systemic treatment, in case of a response or clinical 
improvement, add local therapy

• Many questions unanswered



What you may optimize now: Supportive care 

De Ruysscher et al. Ann Oncol 2020



Grade 1 Grade 2Normal Grade 3

Endoscopic findings of radiation-induced esophagitis

Hirota et al. Radiother Oncol 2001



Conclusions

• Because of the increased esophageal transit time and the healing time of 
esophagitis,  the administration of a proton pump inhibitor at a daily dose 
of 40 mg, up to three months after the end of radiotherapy is 
recommended (level V, grade B).

• Because esophageal candidiasis frequently occurs, patients with grade 2 or 
more esophagitis may be given appropriate anti-fungal drugs (level V, 
grade B.

• Symptomatic care, such as the administration of local anaesthetics (e.g. 
lidocaine), systemic analgesics including opioids, and appropriate feeding, 
incl. naso-gastric tube, is essential (level V, grade A).



Practical 
recommendations

Screen for malnutrition NRS, Nutrition Risk Screening 2002

sarcopenia SARC-F

systemic inflammation mGPS, modified Glasgow Prognostic Score

fatigue FSI, Fatigue Symptom Inventory

depression PHQ-2, Public Health Questionnaire



Practical 
recommendations

Aim for energy 25-35 kcal/kg body weight

protein 1.0- 1.5 g/kg 

micronutrients RDA

Artificial nutrition ONS, oral nutritional supplements

add parenteral nutrition if oral inadequate



The future



cf tumor DNA: Who needs durvalumab?

Moding et al. Nature Cancer 2020



Identify prognostic and predictive biomarkers in the 
blood

Vaes et al. Cancers 2021

Sprooten et al. J Immunother Cancer 2021
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Add concurrent immunotherapy to CCRT?

Peters et al. J Thorac Oncol 2020



Go beyond checkpoint inhibitors: e.g. IL2 immunocytokines

NHS-IL2 L19-IL2

Strong pre-clinical effects. Radiation to a tumor before IL2 necessary.

• Untreated stage IV NSCLC

• 5x4 Gy to primary tumor

• NHS-IL2

• 2/13 patients > 3 year PFS

• Untreated stage IV NSCLC

• 3x8 Gy to a metastasis

• L19-IL2

• 2/6 patients > 3 year PFS

van den Heuvel et al. J Transl Med 2015 Van Limbergen et al. Int J Radiat Oncol Biol Phys 
2021



Work on the TME and metabolism
Serine/glycine pathway activation associates with an immunosuppressive signature in lung cancer patients

Geeraerts et al. Nature Metabolism 2021

Vaes et al. Cancers 2021

Geeraerts et al. Mol Cancer Therap 2021

Sánchez-Castillo et al. Cancers 2021


