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

 Pathological and Molecular Diagnosis

 Metastatic workup
e Staging
 Deciding Treatment
* Fittness for treatment
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Patho Intervention: Type(FNAC/Biopsy) ; Site(s)?

* 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



https://doi.org/10.1016/j.rmcr.2017.11.004
https://pubmed.ncbi.nlm.nih.gov/36815938/

Station 4L- Technique?

Lung Biopsy: Adenocarcinoma, TTF1 +ve
Node: Granuloma; No AFB
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Molecular testing - current standard?

 EGFR, ALK, ROS1, BRAF, MET, RET
* NGS Lung Panel
 PDL1 by IHC

e 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%
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Staging ' w L°

SAD or Longest diameter?

T-4.3x3.2cm

Pleural reflection or Invasion!!! NO
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Tumeor =3 but £5 cm or tumor involving:
visceral plf:urah,

main bronchus (not carina), atelectasis to hilum®
Tumeor >3 but <4 cm
Tumor >4 but <5 cm

T2 Vise PI
T2 Cenir

T2a >3-4
T2b =45

3-4cm, NO: stage IB
4-5cm, NO: IIA
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Bronchus main Atelectasis V pleura Obs pneumonitis
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Deaths /N|

871829 90%

cTia:1.1-2cm 629/3417) 81% |
{cT1b:2.1-3cm 766/2873) 72% :
20%cr2a:41-5cm 333/847) 55% |
lcT2b:5.1-6cm  168/382| 50% |
CT2b:6.1-7cm 103 /195 tem mid Gl
0% T T T T 1
0 1 2 3 5 6
Years After Diagnosis

When survival was analyzed by 1-cm increment in T size :
progressive degradation of survival was observed for each 1-cm cutpoint
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Occult ™ NO MO

0 Tis NO MO

1A1 Tla(mi)/T1a NO Mo

1A2 Tib NO | MO

1A3 Tic NO MO
T LI No Mo

A T2b NO MO

STTTIRT T TNET T

CTTTTRITTTTTTTTTWMIOT T

T3 NO MO

A T1a-T2b N2 MO

T3 N1 MO

T4 NO/N1 MO

B Tla-T2b N3 Mo

T3/T4 N2 MO

ne T3/T4 N3 MO
IVA Any T .~ AmyN M1a/M1b

IVB Any T N M1c

International Association for the Study of Lung Cancer, 2015

3-4cm Tumor is stage IB

4-5:11A
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What treatment is recommended in this
stage? (assuming fit pt)

STAGE IIA (T2b NO MO)

M
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4-5cm: T2b (Stage lIA)

e Surgery- Lobectomy + complete Lymphadnectomy
* Evidence (Level C);

Surgical intervention remains the gold standard for the approximately 30% of NSCLC patients who present
with resectable stage | and |l disease [18] and who are functionally operable (level C evidence) [5, 15, 19]. The
extent of resection and precise surgical approach are the subject of discussion. Additionally, with the

National ;
Comprehensive NCCN Gu‘de“nes VBI'SIOI‘I 5.2023 NCCN Guidelines Index
NCCN Bl Non-Small Cell Lung Cancer Discussion
CLINICAL PRETREATMENT EVALUATION® INITIALTREATMENT
ASSESSMENT Surgical exploration and
resection' + mediastinal
lymph node dissection or o Adjuvant
Operable systematic lymph node Treatment (NSCL-4)
sampling after preoperative
Negai:Ive 'I systemic therapy, if planned?
* Evaluate for mediastina
C
perioperative therapy? | [ Inodes Definitive RT, at(l’j:z'::tr
Stage IB (peripheral | [* §C T8 (1 not previously N0+ preferably chemotherapy? [-~oibvelliznce
T2a, NO) s Bronchoed SABR™® for high-risk (NSCL-16)
Stage | (cantral + Pathologic mediastinal Medically stages IB-1IB"
T1abc-T2a, NO) | | hogode lnopgramg'
Stage Il (T1abc-2ab, ym'p 3 Durvalumab®
NT;T2b,NO) | | Ereoe Tt scank (if \q . Definitive Nomtegory 1 Surveillance
. -
B e | | Chamorssatons Sl |~
9 : « Brain MRI with stage Il)
contrast? (Stage Il, llIA) Positive
(tage 18 [optionail) | ¥[PoStve | . Stage UAVIIB (NSCL-8) or
aodas | tage HIB/IIC (NSCL-12
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Stage IA (<=2cm,PeripheralT1a): Lobectomy vs Limited Rx

CALGB 140503 multicenter, international, randomized,

The NEW ENGLAND noninferiority, phase 3 trial
JOURNAL o MEDICINE PIIl RCT; 2007- 2017, n= 697

sublobar resection(Segement, wedge) vs lobar resection

ESTABLISHED IN 1812 FEBRUARY 9, 2023 VOL, 388 NO. 6

) ) T Upto 2cm
Lobar or Sublobar Resection for Peripheral Stage IA
Non-Small-Cell Lung Cancer Conclusion: In peripheral NSCLC (t<= 2 cm) sublobar resection
Nasser Altorki, M.D., Xiaofei Wang, Ph.D, David Kozono, M.D., Ph.D., Colleen Watt, B.S., was not inferior to |0beCt0my with respect to DFS, OS.
— o [ ]
Stage |A (<=2cm,PeripheralT1a): Lobectomy vs segment Rx
A B
ARTICLES - Volume 399, Issue 10335, P1607-1617, April 23, 2022 ¥, Download Full Issue \\%‘
Segmentectomy versus lobectomy in small-sized peripheral _ ™ P
non-small-cell lung cancer (JCOG0802/WJOG4607L): a o [R——— § | miasssaoniapos
multicentre, open-label, phase 3, randomised, controlled, non- § Srmarovsa el | Zmerovalvarvil % oo lopsetiee. | 7oyesrvlopseee
. . . . 304 (95%Q) (95% QY z survival (95% Q) survival (95% C1)
Inferlonty trlal 204 | lobectomy 861%(814-837) 81-6% (76-4-858) J | Lobectomy B17% (765-858) 775% (72-0-821)
Prof Hisashi Saji, MD & * & . Morihito Okada, MD® - Masahiro Tsuboi, MD ¢ - Ryu Nakajima, MD9 - 10 | segmemtectomy | s24x886950) | 886% (841019 4 | segmentectomy | B2ompes-860) | 782m28-827)
Kenji Suzuki, MD © - Keiju Aokage, MD - et al. Show more T 1 3 4§ 5 ¢ 7 § 3§ b n 5 1 3 3 & f & 7 % 3§ 1 on
Tume since envolment (years) Time since enwolment (years)
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Evaluation by Thoracic Sx: Very High-risk surgery in
view of CAD, Pacemaker, Poor EF

What next?

Why not cf - RT? Any evidence...
L MeDanTa [

I HE MEDICIT



Why not conventional RT?

Dose Escalation in Non-Small-Cell Lung Cancer Using
Three-Dimensional Conformal Radiation Therapy: Update
of a Phase I Trial

By James A. Hayman, Mary K. Martel, Randall K. Ten Haken, Daniel P. Normolle, Robert F. Todd Ill, J. Fred Litiles,

Molly A. Sullivan, Peter W. Possert, Andrew T. Turrisi, and Allen S. Lichter DOSE ESCALATION IN NON-SMALL-CELL LUNG CANCER

Distant

J Clin Oncol 19:127-136. -2001 by American Society of 28 (52%)

Clinical Oncology.

» University of Michigan , 3-D CRT

» dose escalation as high as 102.9 Gy :

LNs Outside PTV
0 (0%)

Fig 3. Pattern of first failure. Abbreviation: LNs, lymph nodes.

» Stage I/l NSCLC receiving conventional RT: LF upto70%.
(Rowell and Williams 2001) 15
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Pattern of Failure: Locoregional failure (30% -50% )---Auperin MA

.
It 1, Radstson Oocologs Bl Py, Vol 42, Neo 3, pp. 409 378, 1998 . [}
Copyraglnt © 1998 Elwvier Sciener Inc °
i

Prinded in the USA AR nghes roserved
(0060 S1500 + 00

A — in-field ( 95% of rGTV was within the 95% IDL)
® (Clinical Investigation . . .
— — marginal ( 20-95% of rGTV was within the 95% IDL)
RESP()NSI::, T(?XICITY. F'AlLURE PATTEI‘INS.]AND SURVIVAL !N FIVE . . .
SEGURNTIAL ANDIOR CONCARRENT CHEMOTHERAPY AND. — out-of-field (<20% of rGTV was within the 95% IDL)

RADIOTHERAPY FOR LOCALLY ADVANCED NON-SMALL-CELL

-

CARCINOMA OF THE LUNG

R. W. Byuaror, M.D.* C. Scotr, Pu.D. W, T. Sause, M.D..* B. Emami, M.D. ¢
R. Komaxi, M.D.! B. Fisuer, M.D., FRCPC? J. S. Lee. M.D.* axn C, Lawrox, MD.#

Contents listy available at SciunceDimct

Radiotherapy and Oncology

FILSEVIER journal hamepage: www.thegreenjournal.com

Original article Original Report

Patterns of locoregional failure in locally advanced non-small cell lung Patterns of locoregional failure in stage III non-small cell
cancer treated with definitive conformal radiotherapy: Results from the lung cancer treated with definitive chemoradiation therapy
Gating 2006 trial Shalini Garg MD **, Benjamin T, Gielda MD *, Krystyna Kiel MD ",

Julius V. Turfan PhD °, Mary Jo Fidler MD ", Marta Batus MD ",
Philip Bonomi MD ", David J. Sher MD, MPH *

"Iepsar et o Rindariin Cwendongr. Boske Dndswesity Mabod Connss, Clicages 1t
“Sewtlow o Malivad Owendongy. Rl Dadvorsiny Modond Contor. Ehivage, 1
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Stereotactic ablative radiotherapy versus standard
radiotherapy in stage 1 non-small-cell lung cancer
(TROG 09.02 CHISEL): a phase 3, open-label, randomised
controlled trial

Dawel Sed! i Tae Mai Shaini Vinad. Soum Babiagton, frenrry Buben. Turses Cron, Bsertt Chessor. Akt et dedl Marjions Warenbl Angas Rese
Teretin FAder Markrts Suts, Andvre Wes, Corg Whwwivr Adebrer Lim, Mark Shaw, Perekapr Sifiafekd Loun Sang, Bergmmen Sadman, =

Mefvadf of the TR0 00 07 YL svarstagatons

F>r®

< PII
«  SABR (54 Gy/3# or 48 Gy/4#, vs
« RT (66 Gy/ 33# or 50Gy/ 20#)

* 2 Fx per week.

Medicine

ISyuenmmvc Reviow and Meta-Analysis
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Li et al. Medicine

[ oPen |
A meta-analysis comparing stereotactic body 2020) 99:34
radiotherapy vs conventional radiotherapy in ( ) .
inoperable stage | non-small cell lung cancer
Can LLND*E, U Wang, MO, Clan W MDY, Jan Zrao, MOP, Fengming YL, MOF, Jargun X, MO,
Yipirg Wi, MD, PR, Werdong Zrang. MO
Overall survival rate (OSR) Lung cancer-specific survival rate (LCSSR)
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Paalue 01387 00274 00817 0.042) 01368 Pyalue 00253 0.0124 0.0008 0.0001
A 2]
Local control rate (LCR) Progression-free survival rate(PFSR)
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2 2 B
=~ 90.00% e 50.00% 4 |
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1yew J-your 3.year i pour Syoar Tyww 2-yam pRTTY A-ymnr 5-yem
—— AT 97058 2907 06.08% BL.70% 11.90% —p SHRT 22.52% TT.75% TE2IN 5825 75.08%
- T S0.10% 15 Ta.40% 75.80% 75.40% = CRT 83 64% 66.63% 60 86% G2.ET 61.96%
Cc Poalue 0us 0.008 0.04 o on D Panlue 00435 00792 00207 0.04%7 Q0asy
Figure 3. Broken-lina graphs of OSR (A}, LCSSR (B), LCR (C) and PFSR (D) associated with SBRT vs CRT.
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Guidelines?

preliminary report

Extracranial Stereotactic Radioablation*

Results of a Phase | Study in Medically Inoperable
Stage | Non-small Cell Lung Cancer

Spedal Atide

Stereotactic body radiation therapy for early- ®—
stage non-small cell lung cancer: Executive
Summary of an ASTRO Evidence-Based Guideline

Gregory NN Videtic MD, CM, FRIPC, FACR ™", Jessica Donington MD ",
Meredith Glultani M225©, Jon Helnzerling MD *, Temer Z, Karas ND*,

Chris R, Kelsoy MD*, Seinn E- Lally MD ¥, Kaven Latzka ®,

Simea 5, Lo ME. ChB, FACR', Orww Meghanaki M0, MPH, Benjamin Movsas MD*,
Andreas Rimner MO ', Michael Roach ND ™, Geerge Radnigues MD, PhD, FRCIC™,
Sherwin M. Ssiovani N, MPH ®, Chartes B. Simene £L MD ¥,

Rebest Timmerman MD °, Megan E. Daty MD'

Robert Timmerman. MD: Lech Papiez, PhD; Ronald McGarry, MD,
Laura Likes, RT; Colleen DesRosters, MS; Stephanie Frost, MS; and
Mark Williams. MD

100 | 1> 90% Local con

RTOG 0236

Stereotactic Body Radiation Therapy
for Inoperable Early Stage Lung Cancer

* 3-year Primary tumor control rate: 97.6% ,

* Tumor.involved lobe control rate : 90.6% ; LRC:: 87.2%
* 3-year rate of disseminated failure was 22.1%

* OS at 3 years were 55.8%; Median OS: 48.1 months

80
60
40 -
20
0

17 Month
Local Control (%)

0 20 40 60 80
Total Dose (Gy) in 3 Fractions

| (CHEST 2003; 124:1946-1955) SBRT:Standard of Care in Medically Inoperable (stage |, Il)
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Nodule diameter 18

Empirical SBRT? 2

Current or former smoker No 0

Upper lobe location of tumor No 0

Nodule spiculation No 0

et

3 . PET not performed
Optional, if performed

No uptake

Bolucg e Faint uptake

Biopsy: very high risk 93.8 «

Probability of malignancy Intense uptake

Translational Lung Cancer Research, Vol 8, No 1 February 2019

Table 3 Proposed acceptable pretest probability thresholds for empiric therapy for clinical stage 11| solitary Pulmonary Nodule (SPN)
Malignancy Risk Score (Mayo Clinic Model)

Proposed acceptable pretest probability

By thresholds (%)

Gould et al. (34) 65 >85%----9$BRT

Louie et al. (42) 85 . .
65-85%--—2> PET Avidity---->SBRT

IASLC (8) 85 _

Senan et al. (43) 85 )
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Decided for SBRT.

Contraindications?

L
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Contraindications for Lung SBRT?

Cormmres bty svndlotne o 1) on e

SBRT: Infiltration to central structures AT e

ESTRO ACROP consensus guideline on implementation and practice of
stereotactic body radiotherapy for penpherally located early stage
non-small cell lung cancer

Marthizs Guokenberger *°, Nicodaus Andratschie . Karin Dheckmann ', Mischa S, Hoogeman
Mosten Hoyer ', Coen Hurlomans ', Stephanie Lang ”, Er Lartigau ', Alefandra Méndez Romero ',
Suresh Senan ', Dirk Verellen

° M i n i m u m ECO G 3 T T e A T AR L AT T e I
P Life EX pecta n Cy at | e a St 1 yea r Review > Int J Radiat Oncol Biol Phys. 2012 Mar 1;82(3):1149-56

doi: 10.1016/].ljrobp.2011.03.005. Epub 2011 Jun 2,

Curative treatment of Stage I non-small-cell lung

° Seve re CO P D . G O LD | | | ( F EV 1 30_50%)’ cancer in patients with severe COPD: stereotactic

radiotherapy outcomes and systematic review

G O L D IV (< 3 0%) David Paima !, Frank Lagerwaard, George Rodrigues, Cornelis Haasbeek, Suresh Senan

* |ILD : high risk




SBRT for T >5cm- Safe & effective

Clinical Investigation
Original Article

Stereotactic Body Radiation Therapy for

Non-Small Cell Lung Cancer Tumors Greater Multi-Institutional Experience of Stereotactic Body
Than 5 cm: Safety and Efﬁcacy Radiotherapy for Large (=5 Centimeters) Non-Small Cell

5 Cancer February 15, 2017Lung TUITIOI’S
Neil M. Woody, MD, Kevin L. Stephans, MD, Gaurav Marwaha, MD,

Toufik Djemil' PhD' and Gregory M.M. Videtic' MD, CM’ FRCPC Vivek Verma, MD"; Valerie K. Shostrom, MS? Sameera S. Kumar, MD?; Weining Zhen, MD"; Christopher L. Hallemeier, MD*;
Steve E. Braunstein, MD, PhD®; John Holland, MD®; Matthew M. Harkenrider, MD7; Adrian S. Iskhanian, MD®;
Department of Radiation Oncology, Taussig Cancer Institute, Cleveland Clinic, Cleveland, Ohio Hanmanth J. Neb?ori. MD?; Salma K. J‘?bbour. MD?; Alb?:t Attia, MD™; Percy Leﬁ. MD"‘: Fiori Alite, MD7; .
Joshua M. Walker, MD, PhD"; John M. Stahl, MD'"; Kyle Wang, MD'"; Brian S. Bingham, BS™; Christina Hadzitheodorou, BS”;
Received Dec 19, 2014, and in revised form Jan 27, 2015. Accepted for publication Jan 28, 2015, Roy H. Decker, MD, PhD'?; Ronald C. McGarry, MD, PhD?; and Charles B. Simone II, MD™
pro

Spedal Atide

Local control with SBRT >85% Staeotactic body adition therapy fo eady-  @—

stage non-small cell lung cancer: Executive
Summary of an ASTRO Evidence-Based Guideline

MC pattern of failure is regional/systemic S

Shervin M. Skinvani N, MPH °, Chartes B. Simane £L MD ™,
Rebest Timmerman MD °, Megan E. Daty MD'

Tipwewret of B

Relatively infrequent >5cm with NO; 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)

22
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Consenting: Control, failure & toxicity to discuss?

Table 2 Toxicity results

Response-LC; Failure

Rib Fracture
Chestwall Pain
Pneumonitis
Fibrosis

Miyakawa et all’", 2017

Sun et alt™, 2017

Singh et all”, 2017, 1-124407
Bezjak et alt*", 2016, RTOG 0813

Navarro-Martin et al''*), 2016

Nyman et all '], 2016, SPACE

Chang et all' "}, 2015, STARS and ROSEL
Lindberg et all' I, 2015

Nagata ef all"“l, 2015, JCOG 0403
Shibamoto et all’l, 2015

Videtic et alt' '}, 2015, RTOG 0915
Timmerman ef all'*, 2014, RTOG 0236

Taremi et all™”), 2012
Bral et o', 2011

Ricardi et all'"], 2010
Fakiris et all' |, 2009

Koto et all'l, 2007
McGarry et all’l, 2005

3 Nagata ef all’l, 2005

|

Grade 3 + toxicity

Grade 3-5, 5.6%
Grade 3, 5%
Grade 3, 30%
Grade 3-5, 16%-21%

Grade 3,10%

Grade 3, 14%

Grade 3,10%
Grade 3-4, 30%

Grade 34, 13% (inop) Grade 3, 6% (op)
Grade 3, < 10%

Grade 3-5, 12%
Grade 3-4,31%

Grade 3, 11%

Grade 3, 20%

Grade 34, 3%
Grade 3-5,16%

Grade 3, 3%
Grade 3-4, 15%

None

Reported adverse events
Radiation pneumonitis
Dermatitis, radiation pneumaonitis, chest wall pain

NA

Respiratory and cardiac toxicities, esophageal
perforation, pulmonary hemorrhage

Cough, dyspnea, dermatitis
Dyspnea, cough, skin reactions
Chest wall pain, cough, fatigue, rib fracture

Rib fracture, dyspnea, ventricle tachycardia,
cough, fatigue, fibrosis, lung infection, pain,
pericardial effusion
Inop: Dyspnea, hypoxia, pneumonitis, chest pain,
cough
Op: Dyspnea, hypoxia, pneumonitis, chest pain
Radiation pneumonitis, pleural effusion,
esophagitis, rib fracture, dermatitis

DLCO changes, pneumonitis, PFT changes, 2
treatment-related deaths

Hypocalcemia, hypoxia, pneumonitis, PFT
decreased

Fatigue, cough, chest wall pain, rib fracture
Pneumonitis, cough
Radiation pneumonitis
Apnea, pneumonia, pleural effusion, hemoptysis,
respiratory failure, skin erythema
Pneumonitis
Pneumonitis, hypoxia, dermatitis, pericardial
effusion, tracheal necrosis

None

)
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Excellent Local Control with SBR

World Journal of
Clinical Oncology

wdJ C\0

Submit a Manuscript: https:/ /www f6publishing.com

World | Clin Oncol 2019 January 10; 10(1): 14-27

DOI: 10.5306/ wico.v10.i11.14 ISSN 2218-4333 (online)

MINIREVIEWS

Stereotactic body radiation therapy for non-small cell lung cancer: A
review

Kavitha M Prezzano, Sung Jun Ma, Gregory M Hermann, Charlotte I Rivers, Jorge A Gomez-Suescun,
Anurag K Singh

Flu Age
Study No Loc Stage Doseltx 0s Lc RC oc
(median)  (median)
Miyakaw: 7 “ 7 Cer TIINOMO  48-52Gy/ 4 SyT65% Syr 86% NA NA
of o5, fx
am7
Sum et ™, &5 %5 n (53 TIINOMD  S0Cy/dfx  Tyrdss Tyr 2% Tyt %% Tyrsen
m7
o 98 2z NA r TIINOMO 30Cy/16& 24r71% (30 NA NA NA
4% 207, and 60 Gy)
1124807 Gyfik 2 an
Gy}
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et 208 fx
Videtic ef k) 30 75 " TIINOMO 3HGy/15 3yr56% 3yr W% NA NA
o' 2018, and 48 Cy /4
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M/C type of failure in SBRT

TABLE 2. Patterns of Failure, Survival, and SPLC >7 Years After SABR

Estimated Cumulative Incidence (95% Cl), %

Event? 1 Year 3 Years 5 Years 7 Years
Local disease recurrence 1.5 (0.2-10.8) 4.6 (1,5-13.9) 8.1 (3.5-18.8) 8.1 (3.5-18.8)
I_""4'6'(1'573'9T“"9?'(1'3'1'535“'-5771'87"'-7'0'2'557'I
6.2 (2.4-15.9) 12.3 (6.4-23.6) H749(10.1-29.8) -(119337)|
7.7 (3.3-17.9) 9.2 (4.3-17.8) 1101(5.5-22.2) 1818 (7.1-26.8) |

12.3 (6.4-23.6) 18.5 (11.1-30.8) 2518 (16.6-38.8) 8019 (20.7-46.0) |

81.5 (76.7-86.3) 64.6 (58.7-70.5) 49.5 (43.2-55.8) 38.2 (31.2-45. 2)

92.3 (89.0-95.6) 70.8 (65.2-76.4) 55.7 (49.4-62.0) 47.5 (40.6-54.4) |
4.6 (1.5-13.9) 9.2 (4.3-19.8) 16120(0.2-28.6) 207(12.4-34.5) :
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Motion management strategies at your center?

External Breathing CONTROL

In practice, abdominal and lower chest compression may effectively reduce the amplitude of
tumor motion in the lung, especially when it is located in the lower lobes.

clinic are to achicve a “forced sallow
breathing™.

Image detector B Image detector A

2-View Tracking

et ——

)

e

Gating- RPM, Varian |

Motion management

Tracking
Gating
Motion freeze

Free breathing with
ITV

Abdominal

. 26
compression
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Contouring
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Contour?

Measurements of tumor on CT - highly dependent on W/L setting.
Best concordance b/w GTV_CT and tumor: W:1600 L:-600

Include spicules
Don’t keep changing WL




"}L Radiotherapy and Oncology
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Is high-dase stereotactic body raciotherapy (SBRT) for stage | non-small cell

lung cancer [NSCLC) averkill? A systematic review

¢ Angels van Bardwik**, Wollgang A Tome*. Woater van Bmpt’, Secen M. Beatzen *, Bat Reymen*,
Rinus Wanders *. Ruud Mouben’, Muchet Ollers ', Fhilppe Lamtin *, Dak De Ruysscher ¥
- PYe———re -

[ e ——— - o — S e a Ag

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

|||||||||||||||||| ¥

Total Volume DVH

100 _q‘"\

i: V[
| N
| A

I \\

0 1000 2000 3000 4000 5000 6000 7000 8000
Dose (cGy)

Stucture

Volume (%)

PTV: 54Gy/ 3 Fx @ 76% Isodose
5mm Ring outside PTV : Dmean : BED125 29

)
-—ﬂ,—- mepanTa &
| .




Dose prescription methods?

A isocenter prescription B  PTV Dy, prescription
(Superposition method): 48 Gy/4 fractions (Superposition method): 42 Gy/4 fractions

'
’

42 Gy e (prescription dose) The dose of isocenter
is equal to PTV marginal is almost 50 Gy

Figure 2. The difference of dose distribution by dose prescription method. (A) The isocenter prescription of 48 Gy/4 fractions. The 48 Gy in four fractions dose
was evaluated at the isocenter using a new dose calculation algorithm (superposition method). The 42 Gy isodose line is covered PTV. (B) PTV D95% prescrip-

tion of 42 Gy/4 fractions. The 42 Gy isodose line is also covered PTV, and marginal dose of PTV is almost equivalent to that of isocenter prescription. 20
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Contents lists available at Sciencebiract

Radiotherapy and Oncology

Fl SF\ R journal homepage: www.thegreenjournal.com

Original article

ESTRO ACROP consensus guideline on implementation and practice of
stereotactic body radiotherapy for peripherally located early stage
non-small cell lung cancer

Matthias Guckenberger ™', Nicolaus Andratschke ”, Karin Dieckmann ‘, Mischa S. Hoogeman
Morten Hoyer“, Coen Hurkmans', Stephanie Lang ”, Eric Lartigau %, Alejandra Méndez Romero“,
Suresh Senan", Dirk Verellen'

‘Dopartment of Radintian Oncelegy: " University Hospital Zurich, Switzeriond. * Medica! Universicy of Viensa, Austri: * Eravmus MO Cancer Instifinte, Batterifarm, Netheriond
* Aarhus Unéversity Hospétal, Denmark; ' Cathanima Hospital, Eimdboven, Netherdands; ® Cemtre Oscar Lambret, Lite, France; " VU University Medical Center, Amsterdam, Netherkamy
'UZ Bruseef (VUB), Felghum

Strahlenther Onkol
hitps//dol.org/10.1007/500066-018- 1416

REVIEW ARTICLE @
ICRU report 91 on prescribing, recording, and reporting of stereotactic
treatments with small photon beams

Statement from the DEGRO/DGMP working group stereotactic radiotherapy and radiosurgery

Lotte Wilke' (" - Nicolaus Andratschke' - Oliver Blanck? - Thomas B. Brunner’ - Stephanie E. Combs* -
Anca-Ligia Grosu® - Christos Moustakis® - Daniela Schmitt” . Wolfgang W. Baus" - Matthias Guckenberger'

Recetved: 17 August 2018 / Accepted: 13 December 2018

Volumetric + Isodose approach :

Dose 1s prescribed to 1sodose surface which
should cover the optimal % of PTV Volume .

Ex: 50Gy/5Fx (@ 70% Isodose;
D95% Volume- 100%Dose
D99% Volume 90%Dose

© Springer-Verlag GmbH Germany, part of Springer Nature 2019

31
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What will be Target BED1o?
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BED. atleast 100Gy needed....

Stereotactic Hypofractionated High-Dose Irradiation
for Stage | Nonsmall Cell Lung Carcinoma
Clinical Outcomes in 245 Subjects in a Japanese Multiinstitutional Study

Onishi et al. 2004, Cancer

Survival

08 BED > 100 Gy (n = 172)
Patterns of First Disease Recurrences According to Stage and BED 08
Site of disease recurrence® BED < 100 Gy (%) 04 BED < 100 Gy (n = 73)
0.2
Local disease recurrence 19/72 (264) 14/173 (8:1)
Regional lymph node recurrence 8/72 (11.1) 12/173 (6.9) v
Distant metastasis 14/72 (19.4) 221173 (12.7) 0o 1 2 3 4 5 6 7
Time (yrs)

FIGURE 4. Overall survival rate according to the biologic effective dose in all
patients.
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Dose response continue to rise beyond BED > 100

The association between biologically effective dose (BED) and radiation treatment
schedule on overall survival in stage | non-small cell lung cancer (NSCLC) patients e 65 centers in US; 2006-2014
treated with stereotactic body radiation therapy (SBRT ,

¥ Py { ) * T1-2; 921 patients

John M. Stahl. MD. Rudi Ross. BS. Eileen M. Harder. MD. Brandon R. Mancini. MD.
10.1016/).ijrobp.2016.08.033

(o]
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BED > 150Gy

Ralph R. Weichselbaum, MD,**' and David J. Sher, MD, MPH

ATILIGUEIIIIYy NUEUWITIGLRIVIT 1HIWTUHY)Y YUVOG 49 NJdaViIGEW

With Improved Survival in Patients Undergoing
Stereotactic Body Radiation Therapy for Stage

I Non—Small-Cell Lung Cancer
Matthew Koshy, MD,* ' Renuka Malik, MD,’

National Cancer Database from 2003 to 2006 with T1-T2NOMO inoperable lung cancer (n=498).

Overall Survival (%)

BED >/< 150Gy

T1 Tumors 100
100
. Low Dose 80
- High D —
80 - \t\ igh Dose &\,’
- \’\-.“ S 60
< \r"’i\ E
o, | =
40 = T‘.’ W
Q
>
o
20 - 20
=.9
0 T T T T T 0
0 12 24 36 48 60

Time (Months)

NAa 2%+ ricl

*
4
Ld

T2 Tumors
ﬂ\_f‘\ . Low Dose
_J \ === High Dose
p<0001
0 12 24 36 48 60

Time (Months)
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Table 1 Required physical doses (Gy) at isocenter and
covering PTV with the 80% i1sodose line to reach the maximum
TCP, calculated from the 3 models with the parameters

Local Control After Stereotactic Body Radiation
Therapy for Stage I Non-Small Cell Lung Cancer
Percy Lee, MD,* Billy W. Loo, Jr, MD, PhD,' Tithi Biswas, MD,'

determined 1n section “Mathematical and Biological Models.”

Isocenter dose (Gy) 3 fractions 4 fractions 35 fractions

Regrowth TI S | 37 A= | 60 £ 1

T2 564 1 62 = 1 66 + 1

Tl + T2 54 + 1 590 £+ 1 63 = 1

LQ Tl +T2 55+1 59 + 1 63 == 1

USC Tl +T2 55 %1 59 £+ 1 63 =1

Ca UtiOﬂEd 47 / 3 PTV dose (Gy) 3 fractions 4 fractions 5 fractions
T2 > 110 BED Regrowth TI 42 + 1 46 + 1 48 + 1
T2 45 + 1 50 &= 1 |

Tl +T2 43 £+ 1 47 + 1 90 =1

LQ Tl +T2 44 + 1 47 + 1 50 + 1

USC Tl + T2 44 + 1 47 + 1 50 = 1

“For pt with long OS expectancy, 18Gy x 3 Fx should be considered™:
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Dose/Fraction?

Peripheral: (<1cm
away)

<2cm: 1Fx: 25-34Gy
<3cm: 3 Fx: 45-60Gy /3Fx

3-5cm, : 4-5 Fx: 48/4
Close/chestwall- 55-60Gy/5

>5cm 60-64/8Fx

Central:

50Gy/5Fx
54Gy/6Fx
56GY/7 Fx
60Gy/8 Fx

70 /10 Fx
BED.:>100, BED:<210:

Local control > 85%; Tx related
mortality < 1%.

PTV overlap trachea or main bronchi

56Gy/8Fx
60Gy/10Fx
60Gy/12 Fx

Invasion of central structures:

i [o s

37
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Prescription Isodose? Lower or Higher...

High doses within PTV
110-150%

Homogenous Dose within PTV
(95%-107%)

Slow dose falloff outside Target

« Radiobiological advantage
* Dosimetric advantage

38
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Effect of Prescription Isodose

GTV: 60Gy/5Fx @ 75% Isodose

100 % of GTV---60Gy

L2 4 BT M APPROVIDLIR

GTV Dmean:63Gy
Dmax GTV =67G

GTV: 60Gy/5Fx @ 90% Isodose

39
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Priority OAR for dose Constraints?
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CHman. Tnvestigation Int J Radiation Oncol Biol Phys, Vol. l, No. B, pp. 116, 2019
Organs at Risk Considerations for Thoracic
Stereotactic Body Radiation Therapy: What Is
Safe for Lung Parenchyma?

Feng-Ming (Spring) Kong, MD, PhD,* Vitali Moiseenko, PhD,

there are no apparent “thresholds” for risk

40+ P=.84 No. of studies: 17 5049 pP=.98 No. of studies: 14 Combined I/L
No. of patients: 1734 No. of patients: 1636 MLD 6 Gy 10 Gy
® 304 ES o1
E £ 304 V5Gy 30% -
5 204 5 V10Gy 17% 35%
[-4 e 204
+
S & . V20Gy 12 25
| V30Gy 7 15
0 . 0+ v .
1 100 1 10 100
Median Vg % Median MLD (Gy)
Combined lung V20Gy 10- 12% Combined lung MLD <6- 8Gy
Combined Lung MLD EQD2: 9.9(Guckenberger et al) a1

1)
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Chestwall

2cm chest wall is most robust

m ot Low Risk Limits | crade 2 or higher
T D50% D20% D70cc D2cc
Limit Limit Limit Limit
(Gy) (Gy) (Gy) (Gy)
I fix 6.0 12.1 9.3, 10.0% 229, 10.0%
2 fix 7.8 16.3 124, 10.0%  31.5, 10.0%
3 fx 9.0 19.3 14.6, 10.0% 378, 10.0%
4 Ix 10.0 21.6 16.2, 10.0%  43.0, 10.0% "
: 17.6, 10.0% _ 50.0, 11.2% |u. oo




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

Parameter Edge Truebeam Versa HD (Agility Cyberknife
Head)
Algo AAA, Acuros AAA, Acuros MC RT, MC

TPS Eclipse Verl5.5 Eclipse Ver15.5 Monaco Ver 5.1 Precision

Wl
== mepanTa




Planning Algorithm?
Why?

L
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RTOG 0236. (20 x 3=60)

Heterogeneity comection evaluation for RTOG 0236 @ Y. X0 er al,
1w bl 2 3 ‘\
o | HC - \* No HC
\
SA
w .
= = « PTV Helorogeneity Corrected Al \ I ), Rasbistion Oueolagy Rl Phiys., Vel. T3, No. 4, pp. 1235-1242, 2000
é . 1360- 101 A0S0 front meeter
680 : dol:10.1016/L4Jrobp.2008.11.019
£ L
S % s
- N \ PHYSICS CONTRIBUTION
g 40 ‘. DOSIMETRIC EVALUATION OF HETEROGENEITY CORRECTIONS FOR RTOG 0236:
: ' \ STEREOTACTIC BODY RADIOTHERAPY OF INOPERABLE STAGE I-11 NON-SMALL-
30 . CELL LUNG CANCER
p . YinG Xiao, Pu.D.* Lech Pariez, P_u.D..' Resicca Pauus, B.S.,! Rosert TIMMERMAN, MD.,'
2 s Wiiiam L. Strause, M.S.," Wavter R. Boscr, D.Sc.,” Jere Michacskl, M.D.,*
s AND James M. GaLviy, D.Sc.*
10 > Y
\ !
o N
0 10 20 30 40 50 60 70 80 20
Dose (Gy)
Fig. 4. Dose-volume histograms for planning target volume (PTV) coverage with unit density and density correction for
case shown in Fig. 3, 1 of cases with larger than average differences between heterogeneity-corrected and unit density plans
chosen for illustration.

* Non-HC algorithms OVERESTIMATED target dose
« UNDERESTIMATED dose to normal tissues 4
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OncoTargets and Therapy Dove

a ORIGINAL RESEARCH

Dosimetric comparison of different algorithms in
stereotactic body radiation therapy (SBRT) plan

f -small cell | NSCLC
Stereotactic Ablative Body ornon:small ‘cell lung cancer )

Radiation Therapy (SABR):

This arecle wis publahed in the following Dove Preas joumst:
OrcoTerpens and Tharaty

......

A Resource

.\

UK Consortium

\ersion 6.1, January 2019

Type B or MC are mandatory for lung SBRT

W00 2000 3000 4000 SO000 6000 7000
Dose(cGy)

| Type C algorithm is recommended for Lung SBRT ‘
46
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Plan evaluation:
essential component:

& mebDanrta|
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Plan Evaluation:

* Target receive Px dose Coverage:

* Hottness and location. Dmax: 110% - 140%

* Px dose closely hugging PTV: HD spill Conformity of Px dose to PTV

* Compact Intermediate Dose spill Gradient Index( Steep dose fall)
* OAR constraints meet OAR constraints

* 95% of PTV shud receive 100% Px dose ( 50Gy)
e 99% of PTV shud receive minimum of 90% Px dose (45.7Gy)

Wl
== mepanTa




Conformity Index & R50%, Gradient Index

RTOG 0813

Table 6.1. Prescription dose spillage requirements for lung and non-lung
sites

Vol(PTV) (cc) al{100% )/ PTV YIOO%

<20
20-40

Table 6.2. Modified Gradient Index and other requirements for lung sites

PTV Ratio of Ratio of 50%
Volume Prescription Prescription
(cc) Isodose Volume | Isodose Volume
to the PTV to the PTV
Volume Volume, R
evViation
Minor None Minor
1.8 y <1.5 <59 <7.5
3.8 <1.2 <15 <5.5 <6.5
7.4 <1.2 <1.5 <5.1 <6.0
13.2 <1.2 <1.5 <4.7 <5.8
22.0 <1.2 <1.5 <A4.5 <5.5
34.0 <1.2 <1.5 <4.3 <5.3
50.0 <1.2 <1.5 <4.0 <5.0
70.0 <1.2 <1.5 <3.5 <4.8
95.0 <1.2 <1.5 <3.3 <4 .4
126.0 <3.1 <4.0
163.0 <2.9 <3.7

Vol(PTV) Vol(50%)/ PTV V100%
(cc)
Target Tolerance
<20 7* 9*
20-40 5.5 6.5*
40-60 5% 6*
60-90 4.* 5
>90 4on 4.5
__ Vol (100%) g : __ Vol (100%)
R100% = = = w=) Prescription dose spillage = ey
vol (5 PP : Vol (50%
R50% = “200%) Modified Gradient Index = F= (508)
Vol (PTV) PTVV100%
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Followup —Aim; when and how?
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Grade

Criteria Grade 1 Grade 2 Grade 3 Grade 4 -
Symptomatic; . .
) ) Severe symptoms; Life threatening
CTCAE n " Required medical 3 o inated . Death
S omatic xygen indicated; respira ea
v4.0 S intervention; Limits = ) s ‘ry
Impairs ADLs dysfunction
ADLs
Persistent symptoms  Severe symptoms, Severe symptoms
requirin ossibly requirin requiring continuous
RTOG Mild symptoms . g‘ p _y . = . = _ -
symptomatic intermittent O7 or 09 or assisted
treatment steroids ventilation

53
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Other S/E in tumor close to chestwall?

54
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When to suspect failure?

F.wa‘?}I
s .

S 0 - [ Shi keEr

| _—_—

= |

TABLE 1. High-Risk Features on CT Predictive of
Local Recurrence®?

High-Risk Feature Sensitivity (%) Specificity (%)
Enlarging opacity at primary site 92 67
Sequential enlargement 67 100
Enlargement after 12 months 100 83
Bulging margin 83 83
Linear margin disappearance 42 100
Loss of air bronchogram 67 96
Cranio-caudal growth of 25 mm 92 83
and 220%

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

55
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Radiologist will report as residual disease

Bx done

Thorax: There is no significant change in the primary residual ill defined plaque like pleural based mass in the medial
aspect of apicoposterior segment of left upper lobe, measuring approximately 2.3 x 1.6 as before with insignificant

metabolic activity; and merging with surrounding post RT related changes in the form of fibro-atelectatic bands with
consolidation in the apicoposterior segment of left upper lobe and superior segment of left lower lobe, showing low

Histopathology Report
CLINICAL DIAGNOSIS: Carcinoma Lung

SPECIMEN: Plaque Like Apical Thickening
GROSS: Received multiple linear cores measuring 2 to 8 mm. All processed in A and B block.
MICROSCOPIC EXAMINATION:

Sections studied shows multiple linear tissue cores composed of predominantly necrotic tissue.
Very few viable tissue is identified which is unremarkable.

p-40- Negative
TTF-1- Negative
AFB- Non contributory

IMPRESSION: Plaque Like Apical Thickening: Pl see description

e MR RI= IO IS IRR NS |
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SBRT + “extra” in High Risk

National

Comprehensive NCCN Guidelines Version 3.2023 Nﬁgﬂmﬁﬁﬂ%&ﬁ:
NCCN i Non-Small Cell Lung Cancer Discussion
CLINICALASSESSMENT PRETREATMENT EVALUATION® INITIAL TREATMENT
Sutglal oxploration
Operable—|Mec """““"" ""‘”‘ |Tmannem
Negative tyshmdic lymph
wauml
es
. functi
?i:'?"-;;n (f ot previcusly el = meedinrbiet ) e SucoNns « ”
one - . .
Stage A ronchoscopy sl it High risk Features—> “extra
(peripheral T1abe, NOj ™ g:‘:;mm dpof;:md)
o1 * Micropapillary, solid patterns
Liotiiags ooy Postlive.. .| Stage IIIAMIIB (NSCL-8) or
o Stage IIBAIC (NSCL-12) e LVSI
CLINICAL PRETREATMENT EVALUATIONY INITIAL TREATMENT . .
ASSESSMENT Surgical aploraton and * Visceral pleural involvement
resoction' + mediastinal
Oparable — [YE ot ehnote | mmu&scw
m. 1 T 1 \ L n
camping after precparative e e Tumor size > 4 cm
Negative systomic therapy, If planned”
+ Evaluate foh:. R m:'“"ﬂ Consider
m L
« PFTy ot proviousty Oefiniive T [ahovanto| s,voiiance « Wedge resection
Stage 1B (peripheral | | G° = NO-gistaptly  [— (NSCL-16)
Lan + Bronchoscopy SABR"° for high-isk | (191
.':' '{;"‘-""  Pathologic mediastinal Medically stages 1B-1B"
T1abe-T2a, NO) lymph nods inoperable' s
Il (T1abe-2ab, ovaluation® Durvalumab’
N1; 2=im; + FDG PETICT scank (i Ny—sDetinitve CESIEYT | surveilance
Msw M TS )) . g,',:',',‘,m?‘:g done) chemoradiation™* " |Z8E T o a ~(NSCL-16)
contrast? (Stage II, INA) | |5 .o stage Il)
(Stage 1B [optional]) mediastinal Stage WAINIB (NSCL-8) or 58
s Stage IIBAIIC (NSCL-12)
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SABR+ Nivo. Vs SBRT

Stereotactic ablative radiotherapy with or without
immunotherapy for early-stage or isolated lung
parenchymal recurrent node-negative non-small-cell lung
cancer: an open-label, randomised, phase 2 trial

Joe f Chang, Steven H Lin, Wenl Dong, Zhangxing Liao, Seumil | Gandhi, Card M Gay, Manjun Zhang, Stephen G Chun, Yasir Y Elamin

Frank V Fossella, Gearge Blumenschein, Tina Cascone, Xiuning Le, Jenny V Pozadzides, Anne Tsao, Vivek Verma, james W Welsh, Adeen B Chen

Mehumet Altan, Reza ) Metan, Ara A Vaparcipan, Stephen G Swisher, Peter A Balter, funye Fuimoto, lgnucko | Wistuba, Lei Feng, | Jock Lee,
John V Heymach

e T<7cm,NO

 SABR +/- 4x Nivolumab
* PE: 4-year EFS
 60/5to 80/10

A
Wt
bR | 7“&- -t sttt

g 08 e Y L_‘—‘ﬁ_ﬂ"\

2 g

£ b

# 06 s

13 e

&

B

g o4

§ p~0-004 (log-rank)

£ g2 = I'SABR(E/N-11/66)

SABR alone (E/N=30{75)
HR (95% Cl)»0-38 (0 19-0.75) p»0-0056 (Cox model)
0 T 7 T 7
0 6 12 ll8 1|4 30 36 4I2 4‘8
Number at risk
(number of events)

1SABR 66 (0) 54 (4) 38(4) 18 (3) 7{0)

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

T,
y
5 ) P e— .“.’_‘k’.. ﬂ“_m
£ os- - b o
b
1
. 06 i
4 N PR
2 o - VWO
®
= 04+
z
a p=0-006 (log-rank)
£ g2 —1SABR{EN-14/75)
—— SASR alone (E/N~30/75)
HR (95% Cl)=0-42 (0-22-0-80); p=0-0080 (Cox model)
D L T T T ) L} ) ]
0 6 12 18 4 30 36 42 48
Number at risk Time since randormisation (months)
(number of events)

LSABR 75{0) 62(5) 43(6) 22(3) 9{0)
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Figure 2: Kaplan-Meier plot of event-free survival
(A) Event-free survival for the randomlv assianed per-orotocol nopulation (n=141). (B) Event-free survival for the

iISABR: 4-year event-free survival Benefit (24%) from 53% VS 77%

e Local Control
—100% VS 87%

 Distant
Control

—97% VS 84%

59

—%"ﬁ%}— mepanTa &




* SBRT standard of Care for Stage I/Il, NO 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.

e Larger tumors (>4cm ) need Adjuvant- iISABR data is exciting.

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