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Incidence of lung cancer

e 13% of all cancers worldwide(1.6million cases)
e 18% of all cancer related deaths(1.4 million)

 Treatment Nihilism due to large number of
patients succumbing to primary disease
except in EGFR/MET-ALK/EML4 tumours
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Summary of changes in Seventh edition

NSCLC,SCLC and Carcinoids are staged through TNM
T-Classification revision-

T1 subclassified into-T1la(<2cm)and T1b(>2-3 cm)

T2 subclassified into T2a(>3-5cm)and T2b(5-7cm)
T2(7cm)has been reclassified as T3

Multiple tumour nodulesin same lobe are now T3 and not T4

Multiple tumor nodules in same lung but different lobe are now T4 and
not M1

No change in N stage

M-M1a-malignant pleural and pericardial effusion are now M1a and not
T4

M1b-distant metastases



Stage summary Matrix

NO N1 N2
T1 A A
T2 B A
T3 A A
T4 B B 1B

Thorax : Lung Cancers
* N stage determines stage group
-NO, N1, N2, N3a, N3b are stage group |, I, llIA, 1lIB
* N1 can be associated with T1 or T2
* T stage modifies substages
-T1,T2,NO=IA, lIB and Tq, T2 N2=lIA, 1IB
* M stage is a separate stage
- M1=Iv
* Exceptions are:
- BAC only has T progression by definition

- SCA is either limited or extensive (i.e., M0 or M1 independent of T or N stages)

N3
1B
1B
B
1B




Treatment Algorithms

NSCLC-50%patients present with disseminated disease

Stage | and lI-Surgical resection is the treatment of choice with lobectomy
or pneomonectomy +mediastinal lymphadenectomy.

LCSG showed 17% risk of failure with wedge resction vs 6% with
lobectomy in 276 patients of TINO,T2NO disease.

Series from MSKCC showed an 82% survival at 5 years and 74% at 10 years
in TINO and 68% @5 years /60% @10 years for T2NOtumors

ACOSOG Z0030-1,111 patients randomized to mediastinal lymph node
sampling vs mediastinal lymph node dissection-68% vs 69% 5 years DFS

EGFR /MET-ALK/EMLA4-Different category of tumours

Cochrane Reviews1995-2010



Treatment Algorithms-SCLC

Limited disease-Chemotherapy and concurrent
radiation with Cycle 1 or 2(50-64Gy,once or twice
daily protocols)

Prophylactic cranial radiation after 4 weeks of
completion of chemotherapy(36-40Gy)

Extensive disease-Chemotherapy followed by
thoracic radiation 45-54GY gives better results

(RTOG-0937 and CREST-The Dutch study are
ongoing and results are awaited)
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SURGERY ALONE VERSUS NEOADJUVANT CHEMOTHERAPY FOLLOWED BY SURGERY
IN STAGE 1l NON-SMALL LUNG CANCER

Author Patien CT Stages Resection Or pCR
ts Rates Rates
PCT/Surgery (%)
(%)

Dautenberg 26 c/V/ LI A 45

et al P

Depierre at al 375 M/I/ 1B, 11, THHA 92 vs 86 64 11
P

Pass et al 27 E/P 1A N2 85 vs 86 61 7.6

Rosell et al 60 M/1/ A 85 vs 90 53 3.3
P

Roth et al 60 C/E/ A 61 vs 66 35 3.6
P

Operativ
e
Mortality
PCT/Surg
ery (%)

0

7.8vs 4.5

6.6 vs 6.6

3vsb6

Median
Survival
PCT/Surgery
(Months)

23 vs 21

37 vs 26
(p=0.09)

28.7 vs 15.6
(p=.09)

26 vs 8 (p=.001)

21vs 14
(p=.056)



Outcome of Radiation therapy/dose and treatment volume for Early stage NSCLC

Author
(Reference)

Dosoretz et al
Graham et al

Haffty et al

Kaskowitz et al
Krol et al
Noordijk et al
Rosenzweig et al
Sandler et al
Sibley et al
Talton et al

Zhang et al

Patients

152
103
43

53
108
50

77
141
77
44

Dose (Gy)

76% , 60-69
Median, 60

59
Continuous or
54 split

Median, 63
60 or 65
60 split

>80

Median, 60
Median, 64
60

50%, 55-61,
50%, 69-70

Local Field Grade 3-5 Intercurre Overall Cause-
(%) Toxicity nt Death survival (%) Specify
Survival (%)
1 2 3 5
year year year year
Minority 0% 11 - 10 - -
20 1% 28 - 13 - -
- 0% - 36 21 - -
<10 8% 27 19 6 33 13
100 0% 34 31 15 42 31
100 0% 40 33 17 - -
100 7% 2 - 36 - -
10 Minimal 16 17 14 22 17
27 1.5% 43 24 13 - -
0 0% - 21 17 - -
0 1 myelitis 20 55 32 - -



Sequential chemotherapy versus radiation therapy alone for locally advanced non-
small cell lung cancer

Author RT (Gy) CcT Sequence No. of Median Overall survival (%)
(Reference) Patients Survival
(Months) 1 2 3 5

year year year year

Le Chevalieret 65 - - 177 10 41 14 4 -
al 65 VCPC CT2>RT>CT 176 12 51 21 12 -
Morton et al 60 - - 58 9.6 43 12 - 7
60 MACC CT>RT 56 10.4 47 23 - 5
Sause et al 60 - - 149 11.4 46 19 6 5
60 - CT=>RT 151 13.2 60 32 15 8
69.6 PV - 152 12 51 24 13 6
Diliman et al 60 - - 77 9.7 40 13 11 7
60 PV CT=>RT 79 13.8 55 26 23 19
NSCLC 32-65 Various  Neoadjuvant CT 3,033 - 41 15.7 6.7 2.7
Collaborative ;no concurrent CT 45 17.7 10.1 4.8



Concurrent chemo/radiotherapy for stage 11l NSCLC

Number of |Additional Concomitant XRT Dose |Median PFS| Median OS
Trial (reference) Phase Patients |Nonconcomitant Agents |Chemotherapy (Gy) (Months) | (Months) | 2- Year OS | 4- Year OS |5 — Year OS
RTOG 9801 (230) (1 243 +- Amifostine Carbo + Pac 69.6bid 9 17.9. 39% 21% 16%
CALGB 9431 (219) 1 62 DDP + Gem DDP + Gem 66 8.4 18.3 37% 17% 9%
58 DDP + PAC DDP + Pac 66 9.1 14.8 29%
DDP +
55 DDP + Vinorelbine Vinorelbine 66 11.5 17.7 40%
Hoosier 203 +- Docetaxel DDP + VP - 16 59.4 11 21.7 33% 20% 20%
CALGB 39801 182 Carbo + Pac 66 7 12 29% 14% 11%
184 Carbo + Pac Carbo + Pac 66 8 14 31% 17% 14%
LAMP (456) 74 Carbo + Pac (Induction) Carbo + Pac 63 6.7 12.7 25% NR NR
92 Carbo + Pac (adjuvant) Carbo + Pac 63 8.7 16.3 31% NR NR
RTOG 9410 (207) 198 DDP + Vinblastine B 63 NR 14.6 31% 12% 10
198 - DDP + Vinblastine 63 NR 17 37% 21% 16%
198 - \VP- 16+ DDP 69.6bid NR 15.2 32% 17% 13
West Japan (205) 156 - MMLC + Vindesine 56 10 15 35% 17% 15%
+ DDP
DDP +
Czech (457) 102 - Vinorelbine 60 11.9 16.6 NR NR NR
WJTOGO0105 (221) 153 DDP + Vindesine +MMC DDP + Vindesine 60 Split 8.2 20.5 45% 28% 175%
+ MMC
152 Carbo + CPT-11 Carbo + CPT —11 60 8 19.8 40% 20% 17.8%
156 Carbo + Pac Carbo + Pac 60 9.5 22 45% 22% 19.5%
OLCSG 0007 (218) 99 DDP + Docetaxel 60 13.4 26.8 60.3% 30% 23%
101 MMC + Vindesine 60 10.5 23.7 48.1% 23% 16%
+ DDP

XRT radiotherpay; PFS progession — free survival ; OS, overall survival; carbo, carboplatin; Pac, paclitaxel; bid, twice daily; DDP, ciplatin; Gem, gemcitabine ; VP — 16,
etoposide, NR, not reached ; MMC, miomycin C; CPT- ll, irinotecan
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SBRT for primary lung cancer

Author No. of patients Local control Overall survival
Nagata (2005) 45 48 Gy/4 fr at IC 95% (T1) 83% (T1, 3 yr)
100% (T2) 72% (T2, 3 yr)

Timmerman et al. 70 60-66 Gy/3 fr at PTV 95% (2 yr) 54.7% (2 yr)

(2006) periphery

Hoyer et al. (2006) 45 45 Gy/3 fr at IC 85% (2yr) 48% (2 yr)

Zimmermann et al. 68 24-40 Gy/3-5 fr at PTV 88% (3 yr) 51% (3 yr)

(2006) periphery

Hof et al. (2007a) 42 19-30 Gy/1 frat IC 67.9% (3 yr) 37.4% (3 yr)

Koto et al. (2007) 31 45 Gy/3 fr, or 60 Gy/8 fr 77.9% (T1, 3 yr) 71.7% (3 yr)
at IC :

40.0% (T2, 3 yr)

Abbreviations: /C isocenter, fr = fraction, yr = year
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Optimized treatment plan for right lower lobe tumour Optimized treatment plan for left lower lobe tumour



‘(eaJse payorey
-§S010) sasop Jaybiy o) pajeas; aie sepou ydwA| pebiejus A|ssolb
pue Jown] ‘iown} Arewud Jo uoniedo| oiwoyeue uo Buipuadep ‘Bun
JO BWOUIDIBD |80 1B0-UOU JO UoleIpeLll 10} pasn S|euod

(VINONIM "HO)
S38071 31aaINW

e )
%
“:‘1
LAY

N

LN

$38907 H3IMO S3807 "3ddn

ANNNSYY
\ M
\
W\ 35

: A\

\

\\‘{{{{\ N




In CT Simulation

Free Breathing Breath-hold

Al




In Treatment Planning

Free Breathing Breath-hold




Treatment Delivery

fractional Errors

ional Errors







get Movement- 3D Solutio




arget Movement- 3D Solution

icult to generate isodose distributi
ming to the moving target.

inimize the dose




nagement Of Respiratory Moti

ing Technique




Active Breathing Coordinator

It is a device to deliver radiation in
breath hold position. It is non-
iInvasive device that pauses the
breathing movements of patient to
Increase the accuracy of treatment
planning and treatment delivery.



Procedure For Treatment Using
ABC

atient Selection
ient Training







Planning

Contouring and treatment planning on breath-hold CT
PTV margin can be reduced to 5mm

Planning margins can be decided on the basis of
verification strategy or technique of treatment

Free Breathing Breath-Hold
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erification

ter shift from free breathing CT

and matched with free brea
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Template Matching o

Step 1

Match field edge

[l (=]

|\::::| | P | [*;Iml L
Pa Field Image

Su Use left mouse button to shift 454 000000 [DICO = |??,l[njl 1 12:59:46 Double
St Use right mouse button to rotate ng node ap
SL ung node lat bud 22701411 10:40:43 DICOM R

Use left mouse button to shift
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Match anatomy
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Anatomy displacement relative to the field edge
Sy
Horizontal (mm): +2.0 e

E Vertical (mm): +0.0 _++ @ I%m u{_i? @ E‘T ﬁ g (
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Console Room Treatment Room




Clinical Advantages of Using ABC

creases quality of CT images

reases Intrafractional as well as
actional errors




Additional Advantages of Using ABC
In Deep Inspiration
Increased lung volume and decreased lung

density in deep inspiration allows less healthy
tissue to be irradiated.

Expiration / normal inspiration Deep Inspiration



Additional Advantages of Using ABC
In Deep Inspiration

- SBRT or hypo fractionation regime, highe
ose per fraction and less total no. of
tions are useful with conventional

erapy. This results in shorte
it time for patient, toge




Limitations

Difficult in patients with severely
compromised lung/ cardiac
functions

Needs extra treatment time

Comes closest to reducing
uncertainties but never equal to
real time treatment



Limitations

ath hold may not be reproduci
times
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= mebanta, =
Traditional Radiation Therapy

» Imaging and Tumor Targeting
» Traditional IGRT daily set-up imaging maybe inadequate
for sub-millimeter accuracy
» Localization
» Targeting
» How to account motion




Traditional Radiation Therapy

» Imaging and Tumor Targeting

» Traditional IGRT daily set-up imaging may be inadequate

for sub-millimeter accuracy
» Localization
» Targeting
» Breath Hold
» Gating |
» Stereotactic
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GTV

The GTV consists of the primary tumor, clinically
positive lymph nodes seen either on the planning CT
(> 1 cm short axis diameter) or on pre-treatment
PET/CT scan (SUV > 3), and any known involved nodal
level found on mediastinoscopy or biopsy, regardless
of CT or PET/CT findings.

Volume(s) may be disjointed. In the event of a
collapsed lobe or lung segment, the use of PET/CT to
distinguish  tumor from  fluid/atelectasis s
encouraged.



Target Volumes in Radiation Oncology:
ICRU 50 and 62:

e Gross Tumor Volume:
GTV

e Clinical Target Volume:
CTVv

* Internal Target Volume:
ITV

e Planning Target
Volume: PTV

e Organ at Risk: OAR
[ ) Planning Organ at RiSk The arrow illustrates the influence of the organs at risk

on delineation of the PTV (thick. full line).
VO I u m e : P RV - Gross Tumor Volume (GTV)
[] subclinical invoivement
- Intenal Margin (IM)
] set Up Margin (SM)



Planning CECT images







PET-CT — differentiates tumor from collapse

4/22/14



Mediastinal GTV Proposal

Nodal diameter and PET

Action

<lcm PET positive

<lcm PET Negative

>1cm PET positive

>1cm PET Negative

>1cm or conglomerate of
LN on CT

Include in GTV

Exclude in GTV

Include in GTV unless cytology negative

Include in GTV if primary PET negative

If primary PET + Exclude from GTV

Include in GTV

Senan et al Radiotherapy and oncology. 2000




Contouring: GTV




Clinical Target Volume

. CTV is defined as the GTV plus a 0.5-1 cm
margin to account for microscopic tumor
extension.

. CTV for node — average of 5 mm is sufficient

RTOG 0839



Number of slides

Clinical Target Volume

&0
58 28
52 }: 20 :
. § 24 b
44 ..... :2
3 } 20
30 b ® 18
az L % 16
26 b w '
24 2 12
20 10
10 3 st E
12 0 it
8 | al
4 ey 2
I ] e p— . e i [osese]
0 1.2 24 (5.6] 75 (8,10) (11.12) 0 (1.2) 24 5.6 78 @,10] (11,12) »13
©.1) 23] 4.5 ®.7 ®.0) (10.11)] =13 (0.1) 23] {4.3] 0.7 ®8) (10.11) (12,13
ME (mm) ME (mm)
Mlcroscop|06exten3|on for SCC Microscopic extension for Adenocarcinoma
mm

8mm

Giraud et al. IJROBP 2000:48;1015



Planning Target Volume

. PTV: PTV consists of CTV + Tumor motion

margin + Setup margin



Internal Target Volume

Free Breathing, Non-ITV Approach B CT plus 1 cm in the
inferior-superior direction and 0.5 cm in the axial plane.

Breath-hold or Gating Non-ITV Approach BI CTV plus 0.5 cm in
the superior-inferior direction and 0.3 cm in the axial plane.

4D CT Approach B No additional margin is required for the ITV
(encompasses the tumor motion for a complete respiratory
cycle).

Abdominal Compression B CTV contoured on a free-breathing
CT with abdominal compression plus 0.8 cm in the superior-

inferior direction and 0.5 cm in the axial plane.

RTOG 0839



END Expiration END Inspiration

Dynamic lung Static spine
tumor region

Internal Target Volume



Dynamic Tumour Tracking

Camera A Camera B




Internal Margin

Set up Margin

PTV Margin

Free-breathing CT +
Freebreathing
delivery without
daily IGRT

1 cm in superior-
inferior

direction and 0.5 cm in
axial directions

0.5 cm uniform
expansion

1.5 cmin the
superiorinferior
direction and 1 cm

in the axial directions

Free-breathing CT +
Freebreathing
delivery + daily
IGRT

1 cmin the
superiorinferior
direction and 0.5

cm in axial directions

0.2-0.3 cm uniform
expansion

1.2-1.3 cm in the
superiorinferior
direction and 0.7-
0.8 cm in axial
directions

Breath-hold or gating CT
+ breath-hold or gating
delivery + daily IGRT

0.5cm in the
superiorinferior
direction and 0.3

cm in axial directions

0.2-0.3 cm uniform
expansion

0.7-0.8 cm in the
superiorinferior
direction and 0.5-
0.6 cm in axial

directions
4D CT + Free-breathing TV 0.2-0.3 cm uniform ITV +0.2-0.3 cm
delivery + daily IGRT expansion uniform
expansion
Abdominal compression | 0.8 cm in the 0.2-0.3 cm uniform 1.0-1.1 cm in the

CT + abdominal
compression
freebreathing
delivery + IGRT

superiorinferior
direction and 0.5
cm in axial directions

expansion

superiorinferior
direction and 0.7-
0.8 cm in axial
directions

RTOG 0839







V20_IL-PTV
V5_IL
Mean_IL
V20_CL
V5_CL
Mean_CL
Heart_V20
Mean_Heart

Spinal
cord_Dmax

Spinal cord_D2
Esophagus_V60

2D
481cc(45%)

476cc(44%)
2157¢cGy
278cc(19%)
316cc(21%)
405cGy
116cc(25%)
216cGy
6063cGy

5996¢Gy
3.4(17%)

3DCRT
365cc(34%)

466¢cc(43%)
1862cGy

469cc(32%)

598cc(41%)
1235cGy
Occ(0%)
205cGy
5050cGy

4950cGy
4.8cc(24%)

IMRT
258cc(24%)

463cc(43%)
1306cGy

419cc(29%)

618cc(42%)
1289cGy
Occ(0%)
279¢cGy
4095cGy

3593cGy
2.4cc(12%)

VMAT
250cc(23%)

456cc(42%)
1202cGy

386¢c(26%)

619cc(42%)
1228cGy
Occ(0%)
234cGy
3580cGy

2965cGy
0.9cc(4.5%)




50Year male
Smoker
SCC
cT4N2MO

Rescan @ 22fr




V20_IL-PTV
V5_IL

Mean_IL

V20 _CL

V5_CL
Mean_CL
Heart_V20
Mean_Heart
Spinal cord_Dmax
Spinal cord_D2
Esophagus_V60

Non- Adaptive plan

484cc(33%)
795cc(55%)
1360cGy
266cc(18%)
516cc(48%)
1289cGy
0(0%)
279cGy
3940cGy
3265cGy
5.8cc(29%)

Adaptive plan
197.5cc(18%)

456¢c(42%)
1280cGy
150cc(10%)
596¢c(39%)
1040cGy
0(0%)
212.8cGy
3760cGy
3104cGy
5.6cc(28%)




Post CK response

Post — CK; 4 mths
/; f:b*v/""_,u—-\ ~

PET-CT 16/4/13: Significant metabolic regression with
near total regression on CT as compared with Dec CECT



A minimum of 40 hours and a maximum of
8 days should separate each treatment.

 Regimes
Table. — Selected Reported Results in the Use of Stereotactic Radiotherapy for Treatment of Peripheral Lung Cancers

Authors Sample Size Total Dose/# of Fractions (fx) Local Control Follow-up (mos) 2 Grade 3 Toxicity
Uematsu et al 50 50-60 Gy/5-10 fx 94% 60 0.0%
Onishi et al’ 251 18-75 Gy/1-22 fx 86% 38 5.4%
Nagata et al® 45 48 Gy/4 fx 98% 30 0.0%
Timmerman et al® 37 60-66 Gy/3 fx 95% 24 5.4%
Baumann et al'0 138 30-48 Gy/2-4 fx 88% 33 10.1%"*
Zimmermann et al" 68 37.5 Gy/3 fx 88% 36 3.0%
McGarry et al'2 47 54-72 Gy/3 fx 87% 15 -
Xia et al*? 43 50 Gy/10 fx 95% 36 2.3%

*Some of the treated lesions were central in location, not peripheral, athough the report does not clarify whether a central tumor location led to
increased risk of treatment toxicity.




Biologic rationale 10°

107 - - : b
c - ) \""-.
= 10" e

 Vascular g c
g 10°%
damage: ® ~
= ]
C 10" -
w —
— — — Hypoxic
10

iy - Oxic

01 | —— RT+ Vas.Damage

1

0 5 10 15 20 25 30
Dose (Gy)
The total cell death in the tumors receiving SRS or SBRT is the
product of cell death directly caused by radiation and the cell
death indirectly caused by radiation-induced vascular/stromal

damage.
Semin Radiat Oncol 18:240-243.



Role of 4 Rs

 Reoxygenation

 High-dose per fraction, e.g. >10 Gy, significant
vascular damage occurs.

o Consequently, intratumor environment becomes
hypoxic and acidic, which not only will prevent
reoxygenation of hypoxic cells but also will cause
secondary cell death

 Fowler* also strongly argued that SBRT should be
fractionated in order to allow reoxygenation so that the
tumors become sensitive to subsequent irradiation.



Repair of sub-lethal Damage

— Considerable repair of sub-lethal radiation

damage may take place during the prolonged
radiation exposure.

— The estimated loss of radiation effect is greater
than 10% when the irradiation of tumors lasts
longer than 30 min.

—the vascular injury high-dose fraction SRS and
SBRT, may significantly hinder the repair of
radiation damage.



 Redistribution

— Extremely high-doses of irradiation, I.e. >15—
20 Gy, In a single fraction, cells are indefinitely
arrested in the phases of cell cycle where they
were Irradiated and undergo Interphase
death.

* Repopulation:

— Since SRS or SBRT treatment lasts for a short
period, at most 2 weeks, repopulation of
tumor cells will not be substantial during the
course of SRS or SBRT.
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e Median FU: 17.5 months

e Grade 3 to 5 toxicity occurred in a total of 14 pts.

 Tumors in the peripheral lung had 2-year freedom
from severe toxicity of 83% compared with only 54%
for patients with central tumors.

« GTV > 10 cc tumors showing greater toxicity than
smaller GTVs.
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Patient Selection

 Histologically confirmed of non-small cell
cancer

* |noperability/Operable (RTOG 0618)

« AJCC stage | or Il based on only one of the
following combinations of TNM staging:
—T1, NO, MO
— T2 (=5 cm), NO, MO

— T3 (= 5 cm), NO, MO chest wall primary tumors
only



o |deally, pleural effusion should not be there, If
present, must be deemed too small to tap
under CT guidance and must not be evident
on chest x-ray.

* Pleural effusion that appears on chest x-ray
are permitted only after thoracotomy or other
Invasive procedures.



Immobilization and CT Simulation

e Patient Positioning
— accurate reproducibility
— comfortable for the patient

 Internal Organ Motion Management
— Abdominal compression,

— Gating,

— Activebreath-holding technigues

— Synchrony Respiratory tracking System

 Aim: GTV does not deviate beyond the
confines of the PTV



e Image Acquisition

— CT Is the primary image platform for targeting
and treatment planning.

— Contrast (+/-)

— Slice Thickness (1-3mm)

— PET-CT



Target and OARs delineation

 GTV: Lung windows; however, soft tissue windows
with contrast may be used to avoid inclusion of
adjacent vessels, atelectasis, or mediastinal or
chest wall structures within the GTV.

e PET-Fusion*- 51% Pts.
e The GTV and the, CTV, are identical.

 An additional 0.5cm in the axial plane and 1.0 cm
In the longitudinal plane (cranio-caudal) is added
to the GTV to PTV.

*Bradley et al. Int. J. Radiation Oncology Biol. Ph  ys., Vol. -, No. -, pp. 1-8, 2010.
**Sonke JJ, et al. Int. J. Radiation Oncology Biol. Phys., Vol. 74, No . 2, pp. 567-574, 2009



DOSEe (Timmerman R, et al. Chest. 124(5): 1946-55, 2003.)

The only dose finding study of SBRT (Phase | study of dose
escalation).

Starting with 8 Gy x 3, and escalating to 10, 12, 14, 16, 18,
20 and 22 Gy x 3 fractions, in patients.

Patients were enrolled into three separate dose escalation
groups based on tumor size.

Protocol-defined maximum tolerated dose (MTD) was only
observed in patients with large T2 tumors (5-7 cm in size) at
22 Gy x 3.

Greater than 90% primary tumor control was observed with
20 Gy x 3.



What dose for peripheral lung cancers?

Medically operable - onishi, J Thorac Oncol 2007.

Syr OS by BED,, in medically

1 -
BED > 100 Gy (o=82)
0.8 5.y OS (95%CI): 72.0% (60.8-83.3%)
0.6 9
- P <005
0.4 BED < 100 Gy (a=24)
( Sy 05 (95%CD): 49.6% (26.2-73.0%)
0.2 9
o -

S AR A " 16 Gy x 3

Time (years)
FIGURE 4. Overall survival rate in operable patients accord- 12 Gy X 4
ing to the biological effective dose (BED). OS, overall survival
rate; Cl, confidence interval. 10 Gy X 5




* Planning

— 1) Normalization:

» The treatment plan should be normalized such that 100%
corresponds to the center of mass of the PTV .

— 2) Prescription Isodose Surface Coverage:

» The prescription isodose surface is chosen such that 95% of
the PTV is conformally covered by the prescription isodose
surface, and

* 99% of the PTV receives a minimum of 90% of the
prescription dose (i.e., 18 Gy per fraction = 54 Gy total)



 High Dose Spillage

—a) Location: Any dose greater than 105% of
the prescription dose (> 21Gy per fraction =
63 Gy total) should occur primarily within the
PTV.

—b) Conformality: PIV/IPTV=1.2



Contouring of Normal Tissue Structures

Spinal Cord

Esophagus

Brachial Plexus

Heart

Trachea and

Proximal Bronchial Tree

Rt and Lt lung as one structure

 Including inflated and collapsed lung
» Excluding GTV/Trachea and ipsilateral bronchus



RTOG

RADIATION THERAPY
ONCOLOGY GROUP

Thoracic Radiation Therapy

Feng-Ming (Spring) Kong MD PhD
Leslie Quint MD
Mitchell Machtay MD
Jeffrey Bradley MD




Structure

Lung

Heart

Esophagus

Spinalcord

Brachialplex

RTOG 1106 Required OARs

Description

Lungs —
PreGTV
(composite of
CT1GTV and
PETMTV)

Heart &
Pericardium

Esophagus

Spinal Canal

Brachial Plexus

Structure definition and contouring instructions

Both lungs should be contoured using pulmonary windows. The right and left lungs can be
contoured separately, but they should be considered as one structure for lung dosimetry. All
inflated and collapsed, fibrotic and emphysematic lungs should be contoured, small vessels
extending beyond the hilar regions should be included; however, pre GTV, hilars and
trachea/main bronchus should not be included in this structure.

The heart will be contoured along with the pericardial sac. The superior aspect (or base) will begin
at the level of the inferior aspect of the pulmonary artery passing the midline and extend
inferiorly to the apex of the heart.

The esophagus should be contoured from the beginning at the level just below the cricoid to its
entrance to the stomach at GE junction. The esophagus will be contoured using mediastinal
window/level on CT to correspond to the mucosal, submucosa, and all muscular layers out to the
fatty adventitia.

The spinal cord will be contoured based on the bony limits of the spinal canal. The spinal cord should be
contoured starting at the level just below cricoid (base of skull for apex tumors) and continuing on every
CT slice to the bottom of L2. Neuroformanines should not be included.

This is only required for patients with tumors of upper lobes. Only the ipsilateral brachialplex is
required. This will include the spinal nerves exiting the neuroforamine from top of C5 to top of
T2. In contrast to prior RTOG lung studies of contouring the major trunks of the brachial plexus
with inclusion of subclavian and axillary vessels, this trial requests contouring the nerves
according to the CT anatomy on every other CT slice. The structure should extend at least 3 cm
above the PTV.




RTOG

Structure Description

Pericard Pericardium

Greatves Great vessels

Aorta Aorta

SVvC Superior vena
cava

IvVC Inferior vena cava

PV pulmonary vein

PA pulmonary artery

Pbtree Proximal

Bronchial Tree

Chest wall 2 cm
CW2cm outside of lung

1106 Optional OARs

Structure definition and contouring instructions

The structure of pericardium includes pericardial fatty tissue,

part of great vessels, normal recesses, pericardial effusion

(if applicable) and heart chambers. Pericardium starts at one slice above the top of
aortic arch, ends at the last slice of heart apex at diaphragm. Pericardium includes
the heart.

The great vessels should be contoured separately from the heart, using mediastinal
windowing to correspond to the vascular wall and all muscular layers out to the fatty
adventitia (5 mm from the contrast enhanced vascular wall). The great vessel should
be contoured starting at least 3 cm above the superior extent of the PTV and
continuing on every CT slice to at least 3 cm below the inferior extent of the PTV.

For right sided tumors, SVC will be contoured, and for left sided tumors, the aorta
will be contoured. The ipsilateral PA will be delineated for tumor of either side.

This structure includes the distal 2 cm of the trachea, the carina, the right and left
mainstem bronchi, the right and left upper lobe bronchi, the intermedius bronchus,
the right middle lobe bronchus, the lingular bronchus, and the right and left lower
lobe bronchi.

Chest wall can be autosegmented from the ipsilateral lung with a 2-cm expansion in
the lateral, anterior, and posterior directions. Anteriorly and medially, it ends at the
edge of the sternum. Posteriorly and medially, it stops at the edge of the vertebral
body with inclusion of the spinal nerve root exit site. CW2cm which include
intercostal muscles, nerves exclude vertebrate bodies, sternum and skin. This can be
accomplished through auto-expansion of the ipsilateral lung (within 3 cm range of
PTV).



Chest Wall

CW refers to CW2cm which include intercostal muscles, nerves
exclude vertebral bodies, sternum and skin.

Chest wall contours around GTV.



_"J;-?f"::".‘.‘,‘f"i‘fs}" Int. J. Radiation Oncology Biol. Phys., Vol. 76, No. 3, pp. 796-801, 2010
e A Copyright © 2010 Elsevier Inc
I arsa opyright € 2 wisevier Inc.
v Printed in the USA. All rights reserved

0360-3016/10/S-see front matter

ELSEVIER doi:10.1016/j.ijrobp.2009.02.027

CLINICAL INVESTIGATION Lung

CHEST WALL VOLUME RECEIVING >30 GY PREDICTS RISK OF SEVERE PAIN AND/
OR RIB FRACTURE AFTER LUNG STEREOTACTIC BODY RADIOTHERAPY

NEAL E. Duncar, M.D..* JinG CaL Pu.D..* GrReGOrY B. BieDErRMANN, M.D..* WENSHA YANG, Pu.D..*
StanLEy H. Benepict, Pu.D..* Ki SHENG, Pi.D..* TRACEY E. ScHEFTER, M.D..!
Brian D. Kavanaci, M.D.. Anp James M. LARNER. M.D.*

The CW volume receiving >20,>30,>40,>50, and >60 Gy was
determined and related to the risk of CW toxicity.

A volume threshold of 30 cm3 was observed before severe
pain and/or rib fracture was reported.

30% risk of developing severe CW toxicity correlated with a
CW volume of 35 cm3 receiving 30 Gy.



Results

o Stanford University

 Erasmus Medical Centre in Rotterdam
« University of Pittsburgh

e Georgetown University

* Cyberknife centre, Miami



Stanford University Clinic(Updated

results?_: o |

o 32 patients with primary NSCLC (n=20) patients)
or single lung metastases (n=12) were treated in a
single fraction of 15 Gy/20Gy/25Gy or 30Gy.

« Pulmonary toxicity was encountered at doses 25
Gy or higher, mainly in patients with central tumors
or PTV greater than 50 ml

« Analysis of outcomes in this series found the main
predictor of local control with single fraction SABR
to be tumor volume, with excellent local control of
tumors smaller than 12 ml but inadequate control
of larger tumors in the dose range tested.

*J Thorac Oncol 1, 802-809 (2006).
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University of Pittsburgh group

 N=100,
e 46 with primary NSCLC,
« 35 with locally recurrent tumors after prior therapy, and
e 19 with pulmonary metastasis (14).

« The majority (72 patients) were treated with 20 Gy in a
single fraction, while 28 received 60 Gy Iin 3 fractions.

* With a median follow-up of 20 months, median time to
local progression was 22 months and median overall
survival was 24 months.

* There was a statistically significantly longer time to local
progression with the higher dose.

Annals of Thoracic Surgery 88, 1594-1600 ,



Georgetown University

N=20 medically inoperable patients with small peripheral stage |
NSCLC treated with CyberKnife SABR to an average dose of 53
Gy (range 42-60 Gy) in 3 fractions over a 3-11 day period (37).

The mean tumor volume in this series was 10 ml (range 4-24 ml).

With a median follow-up of 43 months, the 2-year actuarial
survival was 90% and local control was 95%.

No regional and 3 distant recurrences were observed.

Chest wall discomfort occurred in 8 of 12 patients with tumors
near the pleura and 1 case of subacute grade 3 pneumonitis was
encountered in a patient who had received radiation concurrently
with Gefitinib.

J Hematol Oncol 2, 1 (2009).



Cyberknife centre, Miami

 N=31 with Stage |IA or IB NSCLC with tumors
ranging in volume from 0.6 ml to 71 ml
treated to doses of 60-67.5 Gy In 3-5
fractions (11).

e After a median FU time of 27.5 months,
actuarial LC rates of 93.2% and 85.8% were
observed at 1 and 4.5 years, respectively,
and OS was 93.6% and 83.5% at 1 and 4.5

years, respectively.

« There were no observed grade 3 or higher
toxicities.
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STARS (Stereotactic Radiotherapy vs. Surgery) trial

« Randomised study by M.D. Anderson Cancer
Center and sponsored by Accuray, Inc.

 Comparative effectiveness of fractionated SABR
(nominally 60 Gy In 3 fractions for peripheral
lesions, and 60 Gy in 4 fractions for central
lesions) using the CyberKnife system specifically
versus surgical lobectomy for stage | NSCLC
(41).



A9 09 JO |B1O] B 10) ‘SHaam
Z-%.} 19A0 suoljoely ¢ 10j uonoely 1ad A9 oz
‘(14gs) Adesay] uoneipey Apog o13oej0219)g

WO - wx

VINIHOS

J22ue9 BunT 129 |jews-uo) |I/| @Beis sjqesadou) Ajjedipay Yim sjuaijed
jo juswgeal)] ayj ul (1 ¥gs) Adeisy] uoneipey Apog 23oej0819)S JO |Bl] || @Skeyd Y

9£20 901y




(s
6°67-8" @bues)(syiuow ¢ = dn-mojjo} ueipspy

siown} g] Yum L| ‘siown) || Yyum sjuaned pi

(8) ¢ ‘(g€) I ‘(swuaned g|) 0 @ouewlonad po.igqnz

sieal g, abe ueipaw ‘ajewa} %29

(ajgqenjens gg) pajjoiua sjuaned g

900¢ 1290100 pPaso|d pue 002 Aej\ pauadQ

solisualorIRY) 920 DOLH




904} [BIYoU0Iq [ewix0id BY) JO BUOZ SOULD(] wem mmm === ==

93] [e1youo.q jewixo.d jo auoz,
JO apisino siown} jeiaydiiad pamojje Ajup -

Aljgibn3




JIouaboJlalay anssi) 1o) bununodoe

L(Aep Jayjo
AJoAd) sjuswileal)
A9 g 9aleledas

¢ Ul usnIb A9 G

= Ald 0O} 8S0(

\F

9S0(] pue suoniuleq 1ebJie |




€2 ve 6S o LY GG sy 1e
1HgS JO UelS Jaye SYJuo Sljuslied
9¢ o€ ve 81 2l 9

GG :eloL
L -lled

o 0
L0 Q¥
(%) 101U0D) [B207

0
N

(%001-¥8 :1D) %86 = |041u09d Jown} Arewd
yluow 9¢g

e e - 001
lown] Asewnd 8yl JO W g ulylim aanjiey} |

|0JJU0D Jown | Arewiid




%/ 06 = [0JJU0D [B20] JaIa)\ ue|dey Jeah-¢

90| PSAJOAUI Y] UIYIM 8injie} pey sjusiied €
+
ainjie} Jown) Arewnd pey usned | .

oy}l u
Q

|0JJUOD) [B207]




%2 /8 Sl (|041u09 [euoibal-000]) 8ouUsLINJS.
leuoibal pue |Bo0| yioq BuIpIOAR Sludlled

(s1edh 0°'¢ pue g'2) sieah z Jaye ylog
‘ain|ie] jeuolba. e payuodal eAey sjuaned g .

90Ua.IN2dY [euoibay




(seinjie) | 1)
JUE]ISIJ

sajis
ol1oeIoyjellXe B
Bunj| jJo seqo| paAjoAuluf)

8

(Clele]

z PAAJOAUI

(feunselpaw sqo] € “Jowm
L “aeqy L\ S°PON W/

| i panjoau JArewrd |

:sein|ie} g) \ jeunseipapy %m%_,“__ﬁ :sain|ie} v)

euoibay NC [e00T

ain|ie Jo suiened




€ L& v W IS GG YsiHle
1H49S Jo UelS Ja}e SYJUOJ\ sjualied
0c ve 8L 2l 9

(payoeal 10U ‘G2) (1D %S6)
v ¥E 1SN
GS lelo]
0€:|led/peeQ

Al

(% 19-V€ :1D) %8Y = [EAIAINS 981} 8seasI(]
yluow 9g

G/

=
0P
©
A
P
i
L
=
O
05 ©
2
=
<.
<
)
&

001
1eoued 0] painguie yieap (%8| ) siuaned Q| -

|IBAIAING 8814 8SedsI(]




GE )7 1% VA% 14°] GG S le
1H49S 10 UelS Jalje SYJUo\ sjuaied
(0] ¥e 8l 2l 9

1 x L : 1 1

(payoeal 10u ‘9'62) (1D %S6)
1'8Y 1SN
GS |elo|
92 :peeq

Al

(%89-2¥ :1D) %9G = |[BAIAINS [[BISAO
yluow 9g

=
1D
(%) IBAIAINS |[BISAQ

N

001
SUlUOW | 8% SI [BAIAINS UBIPSI -

JEAININS [|[EISA()




SJown] [eJludd ylim suaied pespnjoxy —
Syleap JIX0] ON -

olendoidde
Algeuoseal sem Buibe]ls/uoi109|as jualjed —

papnjoul Adeiay] jeuoibas oN —

ybiy sem [01u0d [euoibsy .

9.1n9 Jaoued Buipioyje ul dois |enuassy —
ybiy A1ea sem [01u09 Jown) Arewd

sBuipui4 buibeinooul




s|eld} ainin} Joj uoljejndod siyl ul siown} jesaydiiad
loj piepuels HO1YH @y}l a4 ||Im suoljoel} g ul AH 5 yUM 1 HES

JoJluod jeuoibal-020] alidsap
‘Adeusyy Jayje Ajaes uayo ‘uoljeuIwassip Jo }su jueayiubis

pajelajo} ||om sieadde
sjualled ajqesadoul Ajjesipaw Ul 1 4GS ‘sanipiqiowod aydsaqg

UOWIWOD JOU SEeM 1Sayd ayl ulyum
sapou ydwAj 1o Bunj ayy ui ainjie} ‘Buibels jesiuld audsaq

[EAIAINS ||BIBAO
1eal-¢ 9,96 ul Bbunynsai sjuaied jo Aliolew abie| ayl ul siown)
Atewrid Jaoueo Bun| abels Ajdes jesaydiiad sjojuod | HES

SUOISN[OUOD




Tv9 (TPv9 (We

uoleg ul 8|qe)} 89g) uoljoeg ul 8|qe} 89g) 8 3ybry) 6un sjoypp

(uonoeuy snyouo.g

18d A9 01) A9 0¢ iod Auy |essje|isd| pue esyoel |
(uonoeuy

18d A9 0L) A9 0¢ juiod Auy JesH

(uonoeuy snxa|d

18d Lo g) Ao $2 iod Auy |eiyoelg |essye|isd]
(uonoeyy

18d Lo g) Ao ;2 od Auy snbeydos3
(uonoey

1ed Lo g) Lo g1 yulod Auy p10) |euldg

(A92) asoQ awin|oA uebip




"A}IDIX0]} "|OIJUOD \ /
Jowny Arewnd
10} Mojjo4 2 Asdoiq 10 | 34 wiopiad

N\ /

21qe3s Ud ™o ER

7 ¢1D uo (37) Juswsbaejug @207

, £9 09 Jo |e303 & 10 ‘KM
Z-G'1 1aA0 suoijoely ¢ 10j uonoely 1ad A9 oz
‘(Ly9S) Adeiay ) uoneipey Apog 2130ej03.9)8

WO vk wa

(0L/SZ/€ "60/¥/Z) YWIHOS

1aoue) Bun |20 [lewg-uo |i/| abeig ajqesadQ Yim sjusned
jo jusuneau] sy ui (14gs) Adessy) uoneipey Apog onoejosiels jo el] || eseyd v

8190 ©01y



RTOG 0813

Seamless Phase l/ll Study of Stereotactic Lung Radiotherapy (SBRT) for
Early Stage, Centrally Located, Non-Small Cell Lung Cancer (NSCLC) in Medically Inoperable Patients

SCHEMA

Escalating dose levels;

at all levels, patients will receive q 2 day fractionation X 5 fractions over 1.5-2 weeks

Dose Level | Level 1 Level2 | Level 3 Leveld | tLevel5 | Level6 | Level7 | Level8 | Level9
Dose per 8 Gy 85Cy |9Gy 285Gy | 10Gy 105Gy [11Gy | 115Gy | 12Gy
Fraction

Total Dose | 40 Gy 425 Gy | 45 Gy 47.5 Gy | 50 Gy 525Gy [55Gy |57.5Gy | 60Gy

TProtocol treatment begins at Level 5. Levels 1-4 will be employed if dose-limiting toxicity is seen with

the Level 5 (10 Gy) starting dose.
See Section 5.0 for pre-registration requirements; see Section 6.0 for details of radiation therapy planning and

delivery.

to answer that clinical question and to establish the maximum tolerated dose of
SBRT for centrally located NSCLC in patients who are not operative candidates.




« The primary endpoint of the study Is the
maximal tolerated dose (MTD) of a SBRT
schedule of 5 fractions, administered on
alternate days, over 1% - 2 weeks, for stage |
NSCLC tumors that are touching or within the
zone of the proximal bronchial tree or are
adjacent to mediastinal or pericardial pleura
(as these are also dose-limiting organs for
high dose SBRT)

« The MTD for this schedule will be assessed
by the adverse events within the first 12
months following study entry.



e The starting RT dose for the study will be
10 Gy x 5 fractions every 2 days, over 1Y
- 2 weeks (total dose [TD] of 50 Gy). The
subsequent dose levels will escalate dose
by 0.5 Gy per fraction (i.e., a 2.5 Gy total
dose) to a maximum dose of 12 Gy x 5
fractions (TD 60 Gy In 5 fractions).

« Several lower dose levels will be
employed if unacceptable dose-limiting
toxicity (DLT) Is seen with the planned
starting dose of 10 Gy.



* Thus, rather than dose limits, we are
proposing volume limits and dose
guidelines in the protocol, which we expect
to be observed for cases in which the
tumor Is not in the immediate vicinity of a
critical organ.

* In such a case, the planning needs to be
done so that there Is no hot spot within
that organ, even If that organ is part of the
PTV, I.e., that no part of anyOAR receives
more than 105% of the prescribed dose.
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Table 3

Serial Tissue” Volume Volume Max (Gy) | Max Point Dose Avoidance
(Gy) Endpoint
Esophagus, non- <6 cc 215 06y»S 105% of PTV stenosis/fistul
adjacent wall Gy/fx) prescription a
Heart/Pericardium <15 cc 32 Gy (6.4 Gy/fx) 105% of PTV pericarditis
prescription

Great vessels, non- | <10 cc 47 Gy (9.4 Gy/fx) 105% of PTV aneurysm
adjacent wall prescription
Trachea and <4 cc 18 Gy (3.6 Gy/fx) 105% of PTV stenosis/fistul
ipsilateral prescription a
bronchus, non-
adjacent wall

The maximum point dose limits must be respected.




Parikh et al from Washington University in St. Louis reported initial
results from a Phase I/ll study of SBRT dose escalation in patients
with centrally located Stage | lung cancers.

Radiation was delivered in five fractions for each of four arms: 9, 10,
11, and 12 Gy per fraction given over two weeks.

There were five or six patients per group in Phase | with median
follow-up approaching two years in the 9-11 Gy/fraction arms.

No treatment-related Grade 3 or greater toxicity occurred at fractions
sized of 9-11 Gy.

One patient treated at 12 Gy x 5 fractions experienced a grade 3
radiation pneumonitis.

Based on the Phase | results, this trial has proceeded to the Phase
Il portion. With 14 patients treated using 211 Gy x 5 fractions, there
have been no local failures thus far.

The conclusions of this study are that doses up to 11 Gy x 5
fractions appear to be safe for patients with centrally located Stage

lung cancer.
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Future studies

Finally, RTOG 0633 (A. Bezjak, J. Bradley, L. Gaspar, co-
Pls) will be a phase | dose escalation study for patients with
tumors located within the zone of the proximal bronchial tree.



ACOSOG Z4099/RTOG 1021

Histological
confirmation
NSCLC and
confirmation
N2/N3
negative
lymph nodes

Phase Il Trial

Opened June 2(

D11 ARM 1:
Sublobar
Resection =
Brachytherapy
(SR)

Registration
and
Randomization

Endpoint: 3 year OS

Accrual = 420 patients

ARM 2:
Stereotactic
Body
Radiation
Therapy
(SBRT) 18 Gy
X 3 =54 Gy

SOrrom

T C




In SBRT, confidence in this accuracy is accomplished by the
integration of modern imaging, simulation, treatment

planning, and delivery technologies into all phases of the
treatment process; from treatment simulation and planning,

and continuing throughout beam delivery.
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