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Flow of my Talk

LALC - Definition and Selection of patients

Time, dose and fractionations

Radiation Volumes

OAR Constraints

Outcome and complications
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What is Locally Advanced Lung Cancer
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Patient factors

Survival Functions

- Age - No cut-off

Performance status (KPS/ECOG) — 70-100/0-2

PFT parameters — FEV1>50% predicted or 21.0L and DLCO >40%

Comorbidities — COPD, DM, HT

Interstitial lung disease
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Tumor factors

« T stage - T1-T4 (except nodules in different lobe)

» N3 — Crossing midline

- Size/PTV Volume - > 700cc —bad prognosis

- Location and Laterality

- Collapse: Major airway involved
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Treatment factors

- Motion management — Very essential

» Linear accelerator — Must (No Cobalt)

- Planning System — tissue heterogeneity corrections

» Pulmonary rehabilitation
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Radiation Alone or Combined with Chemo

Two Year Overall Survival

Piest asthe Statistics for each study Relative
L, Hazard ratio with 95% CI ;eigm

FlnnlSh (year) Hazard Lower  Upper Z-Value  P-Value
ratio limit limit

Atagi (2012) 0.68 0.47 0.98 -2.06

Nawrocki (2010) 0.62 0.40 0.96
Huber (2006) 0.76 0.56 1.04
Atagi (2005) 0.68 0.39
Dill (1996) 0.76 0.60

NCCTG

Pooled effect 0.72 0.62
0.1 0.2 0.5 2 5 10

Heterogeneity test Q=0.917, df = 4, P=0.979, I-square = 0% Favor CT+RT Group Favor RT only Group

IGR-French

Hung et al. Medicine (2019) 98:27
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Timing of Radiation

W ‘B RT+concCT
== BT + seq CT

HR = 0.84 {95%C1, 0.74 to 0.95)
F=.004

1 2 3
Time Since Random Assignment (years)

Deaths/Person-Years by Period

Ty Zy=3y Sy=—ily = dy
1471276 67T 30116 37/186
171/242 70129 30/ B3 23/126

Oy=1y
240/498
2537491

RT+ conc CT (n = 603}
AT+ seq CT (n=602)

A

MNo. Deaths / No. Entered
Trial RT + Conc CT RT+SeqCT

Variance

Hazard Ratio

HR (95% Cl)

CALGB 8831 45/46

WJLCG 1311156
RTOG 8410 180/204

GMMA 15/15
Ankara 95

GLOT-GFPC
NPC

87n1o2

EORTC 08972 63/80
Total 521/603

Test for heterogeneity:
125= 3.24, P= 66, F=0%

39/45 . 20.9

1421158 -16. 67.3

189/203 -20. 911

18/15 . 1.0

1.12(0.73 to 1.72)

0.78 (0.61 1o 0.99)

0.80 (0.65 to 0.98)

0.87 (0.41 10 1.82)

0.80 (0.60 to 1.07)

0.98 (0.69 1o 1.39)

0.84 ().74 to 0.95)

0.25

RT + Conc CT Better

4.00

RT + Seq CT Better

| RT 4 conc CT effect: Log-rank test = 8.19, P=.004 |

Auperin A et al. J Clin Oncol. 2010

Absolute benefit of 5.7% (from 18.1% to 23.8%) at 3 years and 4.5% at 5 years
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Radiation Volumes

« GTV — Primary + Nodes (>1cm or SUV>3)
No ENI
ITV (iGTV) — GTV + Resp motion
CTV—-ITV+0.7 cm
PTV-CTV+0.5cm

Prescription — Planning target volume
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Radiation Volumes - Nodal

ENI is not recommended

ESTRO ACROP guidelines 2018 6th Annual IBCC & PO - 2022




Motion Management
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Techniques — 3D/ IMRT

« IMRT is more conformal and reduces normal tissue doses better
than 3D CRT

« In RTOG 0617 — inspite of larger volumes and more IIIB disease,

. - Outcome 3D-CRT IMRT, P value
IMRT reduces the risk of pneumonitis

» No difference in overall survival 2-year OS 49.4 53.2 0.597

2-year PFS 27.0 25.2 0.595
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Meta Analysis of 3DCRT Vs IMRT

%
D study RR (95% Cl)  Weight

unvarate i radiation pneumonitis
Harris Jp 2014 . 0.90 (0.82, 0.95)

Chen AB 2014 ; 0.95 (0.87, 1.04) Sejpa S 2011 R 0.59 (0.40, 0.86)22 52

Subtotal (equared = 0.0%, p = 0.401) 0 0.92 (0.87, 0.98) \ McCloskey —_— 0.76 (0.47, 1.21y18.29
Rehman S 0.91 (0.61, 1.35)19.51

multivariate

P ‘ AR Do Noh JM 2015 —- 0.72 (0.34, 1.55)6.54

Harris JP 2014 S 094085 1.04) 1 Subtotal (l-squared = 0.0%, p = 0.481)<_> 0.74 (0.59, 0.93)66.86

Hsia TC 2014 e 1.54 (0.82, 2.90)

Chen AB 2014 -~ 0.99 (0.90, 1.09) radiation esophagitis
Noh JM 2015 2.16 (0.67, 6.96)

Subtotal (-squared = 48.7%, p = 0.093) 0.96 (0.90, 1.03) ; Gomez D 2011 1.92 (1.33, 2.78)14.74
Sejpa S 2011 —%—— 250(1.42, 440)6.65
"“"““““::;:“”""e anE B— Gomez DR 2012 ——%——> 3.55(2.32, 5.44)8.88
Sk SR Noh 2015 1.89 (0.77, 4 67)2.86

Chen AB 2014 0.89 (0.82, 0.97)

Subtotal (-squared = 0.0%, p = 0.414) 091 (085,007) 33 Subtotal (l-squared = 38.8%. p = 0.179) LT 247 (1.95, 3.14)33.14

Heterogeneity between groups: p = 0.462

il Tt 25 oo S 28 Overall (l-squared = 88.1%, p = 0.000) <> 1.31 (1.12, 1.54y100.00

0.93 (0.90, 0.97)

F - o= = - -

T
144

-

184 544

No difference in OS, significantly reduced the risk of pneumonitis

Hu et al 6th Annual IBCC & PO - 2022




Dose and Fractionation

- Standard - 60-66 Gy in 30-33 fractions

- No proven role of uniform dose escalation

RTOG 0617 Outcome 60 Gy 74 Gy P value
Med OS 28.7 20.3 0.007

5yr0OS 32.1% 23% 0.004
5yr PFS 18.3% 13% 0.055

Croerall survheal (%)

T T
24
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Accelerated fractionation schedules

Category No. Deaths / No. Entered

Trial Exp.RT Conv.RT  O-E  Variance HR (95% CI) ° 5_yr abSOIUte beneﬁt in OS Of
[Very accelerated RT |

PMCI 88C091 48/48 52/63 -0.8 24.3 2 5 %
PMCI 88C091 CT 51/51 56/56 6.0 25.6 *
CHART 316/338 217/225 -29.4 120.7
ECOG 2597 51/60 55/59 -7.4 25.8

CHARTWEL 132/150  132/150 0.2 65.8 ° ESOphagitiS rate Signiﬁcantly

CHARTWEL CT 40/53 47/53 6.4 21.2

Subtotal 638/700 559/596 283.4 ; 0.88 (0.78 to 0.98) h ig h e r Wit h hype r fra Ctio n ati O n
[Moderately accelerated RT

Gliwice 2001 26/29 27/29 ; :
Subtotal 26/29 27/29 i 5 - 0.90 (0.52 to 1.54)

|Hyperfractionated RTl-identical total dose :
NCCTG 902451 34/39 35/35 —'—i-

NCCTG 942452 111/125 108/121 ’;—
¢

Subtotal 145/164 143/156 0.87 (0.69 to 1.10})

|Hyperfractionated RTlincreased total dose
RTOG 8808 155/163 156/163 -6.4
Subtotal 155/163 156/163 -6.4

0.92 (0.74 to 1.15)

Total 964/1,056 885/944 -566.2 0.88 (0.80 to 0.97), P=.009

Test for heterogeneity: y?, =9.74, P=.37, 1’ =8% :
Test for interaction: ng =0.17, P= .98 0.25 1.00 4.00

Experimental RT Conventional RT
better better

Mauguen A et al. J Clin Oncol 2012 Aug 1;30(22):2788-97 6th Annual IBCC & PO - 2022




Trial (CTRT Arm)

INT 0139 (2009)

Outcome of CTRT

Median OS (months) 3 year OS

22.2

30%

RTOG 0617 (2015)

28.7

32% (5yr)

Proclaim (2016)

25

37%

PACIFIC (2020)

29.1

50% (4yr)
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Patterns of failure

» Predominant site of failure — local and distant

¢ Arm 1 - Sequential PROCLAIM Arm A Arm B

RTOG 9410 Arm 2 — Concurrent 60 Gy

Relapse Site PtsNo. % PtsNo. %
Table 3. Patterns of failure* * Arm 3 —Concurrent 69.2 Gy

No. (%) Within RT field 60 37.3 80 45.8
Arm 1 Arm 2 Arm 3
Component of first failure (n=195) (n=195) (n=187)

Primary tumor 65 (33) 56 (29) 47 25) Outside RT field 34 20.5 16.3

Thoracic lymph nodes (infield) 34 (17) 24 (12) 18 (10)
Thoracic lymph nodes (out of field) 4 (2) 8 (4) 3(2) .

Brain metastases 24(12)  28(14) 24 (13) Distant Relapse 83 l >0 I
Other metastases 65 (33) 64 (33) 60 (32)

Infield only 59 (30) 49 (25) 38 (20)
QOut of field only 67 (34) 73 (37) 69 (37)
Both infield and out of field 22 (11) 20 (10) 16 (9)

Brain Mets 31




Immunotherapy with CTRT

» PACIFIC Trial - Consolidation Durvalumab improved 5 yr OS

» Concurrent Durvalumab (Ongoing)

» Neo-adjuvant Durvalumab (Ongoing)

» Adjuvant Pembrolizumab (Ongoing)

No. of events/ 12-month 0S 24-month OS 36-month OS 48-month OS
total no. of Median OS rate (95% CI) rate (95% CI) rate (95% Cl) rate (95% CI)
patients (%)  (95% CI), months % % % %

247/476 (51.9)  47.5(384-526) 83.1(79.4-86.2) 66.3(61.8-704) 56.7 (52.1-61.1) 49.6(44.9-54.1)
1491237 (629)  29.1(22.1-35.1) 74.6(685-79.7) 553(486-614) 436(37.1-49.9) 36.3(30.1-42.6)

Stratified HR for death, 0.71 (95% CI: 0.57-0.88]
Stratified HR for death from the primary analysis,” 0.68 (95% CI: 0.53-0.87

1 I U 1 1 1 U 1 1 1 1 1 1 1 1

1 l
12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66
Time from randomization (months)

414 385 364 343 319 2099 290 274 265 252 241 235 225 195 138 V5 36 15 2 0
56 143 133 123 116 107 8 497 9 g a3 15 53 20 5 7 2 (
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Neoadjuvant Chemo-Radiation

Study Arms Median OS Median PFS Downstaging
(months)

NACT-Sx 70% (1yr)
RTOG 8901
NACT-CTRT . 66% (1yr)

INT 0139 CTRT (45Gy)-Sx . 27% (5yr) 12.8 (5yr — 22%)

CTRT (61Gy) . 20% (5yr) 10.5 (5yr — 12%)

ESPATAUE NACT-CTRT (bid)-Sx 44% (5yr) (5yr — 35%) R0-81%
(2015 JCO)
NACT-CTRT 40% (5yr) (5yr — 32%)

Pless et al NACT-RT-Sx : 12.8 R0-91%
(2015 Lancet)
NACT-Sx : 11.6 R0-81%

Katakami et al CTRT(40Gy)-Sx . 52% (3yr) 12.4 (3yr — 34%) 40%
(2012 Cancer)
NACT-Sx . 39% (3yr) 9.7 (3yr — 18%) 21%

Thomas et al NACT-Sx £ RT 31% (5yr) 21 (5yr — 25%) 20%
(2008 Lancet)

NACT-CTRT (bid)-Sx . 39% (5yr) 20 (5yr — 30%) 60%
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Downstaging - Significance

INT 0139 34.4 months (pNO)

Katakami et al 72 months 31 months
(2012 Cancer)

Thomas et al 50 months 20 months
(2008 Lancet)
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Complications of CRT

» Radiation Pneumonitis —> Gr 3 -15-20 %

- Oesophagitis — length of oesophagus and Etoposide

» Radiation Induced Heart Disease — RTOG 0617
attributed poorer OS

CTCAE Scale

Factors impacting RIP PFT  Cutoff  No Pneumonitis HR 95%Cl P
Age > 65 yrs point Pneumonitis value

Lung Doses (MLD>20Gy, V20>35%) FEVI <19 2 (9.1%) 7 (467%) 321 093-  0.017

PFT >19 20 (909%) 8 (533%) 116

Smoking 175 13(59.1%) 3 (20%) 190 1.10-
Taxanes CT 3.28

) =175 9 (40.9%) 12 (80%)
Treatment - Short course steroids
<189 7 (31.2%) 12 (80%) 226 121-

=189 15 (68.2%) 3 (20%) 422

Bouscoulet et al. Respiratory Research (2018) 19:72
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Risk stratification for RP

Patients treated with CCRT for NSCLC

Owerall Pneumanitis Risk
29% (Training set) / 31% (Validation set)

I
¥ v

Carboplatin/Paclitaxel ] [ Cisplatin/Etoposide ] <20%

Chemotherapy or Other Chemotherapy

Risk: 45% (T} / 50% (V) Risk: 24% (T} / 30% (V)

20-29.99%

h

= ~ 30-39.99%
Age 265
Voo 2 25% Vi <
Risk: 36% (T) / 47% (V)

> 40%

b
PR

—
h 4
INTERMEDIATE
RISK RISK

9% (T)
0% (V)

HIGH RISK LOW RISK IERMEDIATE LOW RISK

18% (T)
AL%AT) 19% (V)

48% (V)

28% (T)
38% (V)

Palma et al; JROBP: 2014 6™ Annual IBCC & PO - 2022




Predictors of Esophagitis

Y U S u a I Iy Sta rtS fro m 4_5th We e k CLINICAL INVESTIGATION | VOLUME 87, ISSUE 4, P690-696, NOVEMBER 15, 2013

Predicting Esophagitis After Chemoradiation Therapy for Non-Small
° EtOpOSide Cell Lung Cancer: An Individual Patient Data Meta-Analysis

¢ V 6 0 LOW RISK: 29% Grade 22 RE 4% Grade 2 3 RE
V60< 0.07% (T: 26%/ V: 35%) (T: 4%/ V: 4%)

(T:10% / V: 10%)

vso INTERMEDIATE RISK: 41% Grade 2 2 RE
ESOPHAGUS V60:0.07% - 17.0% (T: 38%/V: 46%)

10% Grade =3 RE }

6 Annual IBCC & PO - 2Palma et al; IJROBP:




PORT in LALC

Hazard ratio
Hazard ratio

H L *=+ Test for trend
%2 1=13194
p=00003

Table 3. ANITA trial results: Percentage of patients with 5-year
survival, according to treatment received by nodal status

Treatment group pNO pN1 pN2

Nodal Status Observation (%) 62.3 31.4 16.6

Test for trend [Observanon + PORT (%) 43.8 42.6 21.3

= Chemotherapy* (%) ] 59.7 56.3
X w Chemotherapy* + PORT (%) 44 4 40.0 47.4

p=0016
Douillard et al. IJROBP.2008;72:695-701

Hazard ratio =1:21
p=0001

05 10 15 05 10 15 20
PORT better No PORT better

PORT better No PORT better

PORT Meta Analysis; Lancet - 1998
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Postoperative radiotherapy versus no postoperative
radiotherapy in patients with completely resected
non-small-cell lung cancer and proven mediastinal

N2 involvement (Lung ART): an open-label, randomised,
phase 3 trial

—— Mo PORT
—— PORT
Adjusted hazard ratio 0-86 (95% Cl 0-68-1-08), p=0-18

Disease-free survival (%)

T T T T T T T T T T 1

10 15 20 25 30 35 40 45 50 55 60
Time since randomisation (months)
Number at risk
(number censored)
No PORT 247(2) 193(3) 156(3) 124 (13)104 (21) 91(28) 78 (37) 68 (43) 59(49) 49(56) 45 (59)
PORT 252(0) 210(2) 176(4) 147 (12) 127 (19)108 (25) 89 (36) 78 (44) 70(51) 58(58) 48 (67)

6th Annual IBCC & PO -
2022




JAMA Oncology | Original Investigation

Effect of Postoperative Radiotherapy for Patients With pllIA-N2 Non-Small
Cell Lung Cancer After Complete Resection and Adjuvant Chemotherapy
The Phase 3 PORT-C Randomized Clinical Trial

E mITT population, DFS
1.00+

@ Per-protocol population, DFS
1.00+

0.75+

2-Sided log-rank P=.20

2-Sided log-rank P=.05

0 12 24 36 48
Months

0 12 24 36 48
No. at risk Months
Observation 180 110 56 35 20
PORT 184 120 73 51 36

No. at risk
Observation 170 103 50 29 16
PORT 140 94 60 42 28
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Take Home Message

Radiation therapy is the standard treatment for LALC

Patient selection is very crucial

Concurrent chemotherapy — improves OS

Radiation volume and Planning — utmost consideration

Immunotherapy with CTRT — Promising results
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THANK YOU
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Effect of preoperative chemoradiation in addition to
preoperative chemotherapy: a randomised trial in stage lll
non-small-cell lung cancer Thomas et al 2008

Histopathological response in patients with complete resection*
(n=182), n (%)

>90% 59 (60) 17 (20)
<90% 30(31) 60(71)
Unknown or not done 9(9) 7(8)
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