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• 62 year male, smoker

• DM,CAD,Pacemaker,EF40%

• Cough x 1week

• CXR: Opacity Lt UL

• Sputum AFB –ve

• CT chest: Lt UL mass.

• Referred to U

• PETCECT: Mass + Node(4L)

Case History



How will you proceed- Basic framework?
Investigation/workup?

• Pathological and Molecular Diagnosis

• Metastatic workup

• Staging

• Deciding Treatment

• Fittness for treatment
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• Biopsy always preferred  > FNAC-FN(30%?); 

• Tissue for HPE/Molecular analysis.

• Lung and Mediastinum(Co-existance of TB/Granuloma & Malignancy: 4-7% 
– Beyhan et al. https://doi.org/10.1016/j.rmcr.2017.11.004

– Ramamoorthy et al. PMID: 36815938

Patho Intervention: Type(FNAC/Biopsy) ; Site(s)?

https://doi.org/10.1016/j.rmcr.2017.11.004
https://pubmed.ncbi.nlm.nih.gov/36815938/
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Station 4L- Technique?

Lung Biopsy: Adenocarcinoma, TTF1 +ve
Node: Granuloma; No AFB
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St 4,6,5,

6

5

4L
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Molecular testing - current standard? 

• EGFR, ALK, ROS1, BRAF, MET, RET

• NGS Lung Panel

• PDL1 by IHC

• ALK:Crizotinib/Ceritinib,Alecitinib, Brigatinib/Lorlatinib

• EGFR:Erlotinob,Geftinob/ Afatinib/ Osimertinib

• ROS1 rear: Crizotinib/Entrectinib

• BRAFV600E: Dabrafenib(BRAF inh), Trametinib (MEK inh)

• MET Ex14Skip: Capmatinib, Tepotinib

• RET : Selpercatinib, Pralsetinib
Non mutated; PDL-1: 40%



Staging

T -4.3 x 3.2cm

NO

SAD or Longest diameter?

Pleural reflection or Invasion!!!
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35
Bronchus main Atelectasis V pleura Obs pneumonitis

3-4cm, N0: stage IB
4-5cm, N0: IIA

When survival was analyzed by 1-cm increment in T size :

progressive degradation of survival was observed for each 1-cm cutpoint



10

3-4cm Tumor is stage IB
4-5:IIA



What treatment is recommended in this 
stage? (assuming fit pt)

STAGE IIA (T2b N0 M0)



12

• Surgery- Lobectomy + complete Lymphadnectomy

• Evidence (Level C); 

4-5cm: T2b (Stage IIA)
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Stage IA (<=2cm,PeripheralT1a): Lobectomy vs Limited Rx

PIII RCT; 2007- 2017, n= 697
sublobar resection(Segement, wedge)  vs lobar resection
T Upto 2cm

Conclusion: In peripheral NSCLC (t<= 2 cm)  sublobar resection 
was not inferior to lobectomy with respect to DFS, OS.

CALGB 140503 multicenter, international, randomized, 
noninferiority, phase 3 trial 

Stage IA (<=2cm,PeripheralT1a): Lobectomy vs segment Rx



Evaluation by Thoracic Sx: Very High-risk surgery in 
view of  CAD, Pacemaker, Poor EF

What next? 

Why not cf - RT?  Any evidence…
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• University of Michigan , 3-D CRT 

• dose escalation as high as 102.9 Gy .

J Clin Oncol 19:127-136. © 2001 by American Society of 

Clinical Oncology. 

• Stage I/II NSCLC receiving  conventional RT: LF upto70%. 
(Rowell and Williams 2001) 

34%

Why not conventional RT?
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Majority of local recurrences  within 95% isodose line

Pattern of Failure: Locoregional failure (30% -50% )---Auperin MA

• Failure: 

– in-field ( 95% of rGTV was within the 95% IDL) 

– marginal ( 20–95% of rGTV was within the 95% IDL)

– out-of-field (<20% of rGTV was within the 95% IDL) 
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• PIII

• SABR (54 Gy/3# or 48 Gy/4#, vs 

• RT (66 Gy/ 33# or 50Gy/ 20#)

• 2 Fx per week.

Li et al. Medicine 
(2020) 99:34 
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> 90% Local control

SBRT:Standard of Care in Medically Inoperable (stage I, II)

Guidelines?
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Biopsy: very high risk

>85%----SBRT
65-85%-- PET Avidity---->SBRT  

Empirical SBRT?



Decided for SBRT.

Contraindications?
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Contraindications for Lung SBRT?

• Minimum ECOG 3

• Life Expectancy at least 1 year

SBRT: Infiltration to central structures

• Severe COPD: GOLD III (FEV1 30-50%), 
GOLD IV (<30%)

• ILD : high risk
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Local control  with SBRT >85%
MC pattern of failure is regional/systemic

Relatively infrequent >5cm  with N0; Limited trials
Larger irradiated volumes- Higher  treatment toxicities as well as treatment failures (Regional, systemic > Local)

ASTRO conditionally recommend SBRT for > 5 cm.    (higher risk of  regional/ distant failures)

SBRT for T >5cm- Safe & effective
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• Response-LC; Failure

• Rib Fracture

• Chestwall Pain

• Pneumonitis

• Fibrosis

Consenting: Control, failure & toxicity to discuss?
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Excellent Local Control with SBRT
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Cancer 2017 
M/C type of failure in SBRT
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Motion management strategies  at your center?

Gating- RPM, Varian

• Motion management  

– Tracking 

– Gating 

– Motion freeze

– Free breathing with 
ITV

– Abdominal 
compression



Contouring
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Best concordance b/w GTV_CT and tumor: W:1600 L:-600

Measurements of tumor on CT - highly dependent on W/L setting.

Include spicules
Don’t keep changing WL

Contour? 
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Who all give CTV?

Dose to  “nontarget” tissues immediately adjacent to PTV receive a relatively high

PTV: 54Gy/ 3 Fx @ 76% Isodose
5mm Ring outside PTV : Dmean : BED125
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Dose prescription methods?
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Volumetric + Isodose approach :

Dose is prescribed to isodose surface which 

should cover the optimal %  of  PTV Volume .

Ex: 50Gy/5Fx @ 70% Isodose; 

D95% Volume- 100%Dose

D99% Volume       90%Dose



What  will be Target BED10?
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BED10 atleast 100Gy needed….

Onishi et al. 2004, Cancer
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• 65 centers in US; 2006-2014 

• T1-2;  921 patients 

Dose response continue to rise beyond BED > 100
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BED > 150Gy
IJROBP,  Vol. 91, 2015 

National Cancer Database from 2003 to 2006 with T1-T2N0M0  inoperable lung cancer (n=498). 

BED >/< 150Gy
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Cautioned 42/3
T2 > 110 BED

“For pt with long OS expectancy, 18Gy x 3 Fx should be considered”
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Dose/Fraction?
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Prescription Isodose? Lower or Higher…

• Radiobiological advantage

• Dosimetric advantage

High doses within PTV
110-150%

Homogenous Dose within PTV 
(95%-107%)
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Effect of Prescription Isodose

GTV: 60Gy/5Fx @ 75% Isodose

GTV: 60Gy/5Fx @ 90% Isodose

GTV Dmean:63Gy
Dmax GTV =67Gy

100 % of GTV---60Gy

100% of GTV ----60Gy

Avoid using homogenous dose distribution within the target

GTV Dmean: 72Gy
Dmax GTV= 79.4Gy



Priority OAR for dose Constraints? 
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HyTEC

Combined lung MLD <6- 8Gy Combined lung V20Gy 10- 12%

there are no apparent “thresholds” for risk 

Combined Lung MLD EQD2: 9.9(Guckenberger et al)

Combined I/L

MLD 6 Gy 10 Gy

V5Gy 30% -

V10Gy 17% 35%

V20Gy 12 25

V30Gy 7 15
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Chestwall

2cm chest wall is most robust

Grade 2 or higher
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Type of Algorithms 

• Type A: Pencil beam , TAR, BATHO—overestimation of Target dose

• Type B: Convolution/superposition: CCC, AAA-- Improved accuracy. 

• Type C: 

– Acuros® XB dose calculation algorithm

– MC dose calculation algorithm



Planning Algorithm?
Why?
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RTOG 0236.   (20 x 3=60)

• Non-HC algorithms OVERESTIMATED target dose
• UNDERESTIMATED dose to normal tissues

No HC HC 
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Type C  algorithm is recommended for  Lung SBRT

2019

Type B or MC  are mandatory for lung SBRT

Version 6.1, January 2019 



Plan evaluation:
essential component:
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Plan Evaluation:

Coverage: 

Dmax : 110% - 140% 

Conformity of Px dose to PTV

Gradient Index( Steep dose fall)

OAR constraints

• Target  receive Px dose 

• Hottness and location.

• Px dose closely hugging PTV: HD spill

• Compact Intermediate Dose spill

• OAR constraints meet

• 95% of  PTV  shud receive 100% Px dose ( 50Gy)

• 99% of  PTV shud receive  minimum of 90% Px dose  (45.7Gy)
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RTOG 0813

v

Conformity Index & R50%, Gradient Index



Followup –Aim; when and how?



2022 2023 20242021



2022 2023 2024



53
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Other S/E in tumor close to chestwall?
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SUVs >5 on PET , more than 6 months after SABR should raise suspicion for  Recurrence

Huang K, Senthi S, Palma DA, et al. High-risk CT features for detection of local recurrence after stereotactic ablative radiotherapy for lung cancer. Radiother Oncol. 2013

When to suspect failure?
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Radiologist will report as residual disease
Bx done



Any subsequent Therapy (chemo/immune)
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SBRT + “extra” in High Risk

High risk Features “extra”

• Micropapillary, solid patterns

• LVSI

• Visceral pleural involvement 

• Tumor size > 4 cm

• Wedge resection
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SABR+ Nivo. Vs SBRT

• T <7cm,N0

• SABR +/- 4x Nivolumab

• PE: 4-year EFS

• 60/5 to 80/10

iSABR: 4-year EFS  Benefit (24%) : 53%  VS  77%

• Local Control

– 100% VS 87%

• Distant 
Control

– 97% VS 84%

iSABR: 4-year event-free survival  Benefit (24%) from 53%  VS  77%
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• SBRT  standard of Care for Stage I/II, N0 Medical Inoperable.

• Local control >85-90% (5 years).

• No absolute C/I except Invasion of central structures.

• AIM BED10 > 110Gy

• Motion Management a Must.

• Type B/C Algorithm a must for Lung SBRT.

• Larger tumors (>4cm ) need Adjuvant- iSABR data is exciting.

Take home…

5 D of SBRT: Diligent- Dare- Do it—Document-- Discuss 


