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Radiologic Evaluation of LN in Lung Cancer (PET/CT)
ofhgsl selst

o &

PET/CT with F-18 fluorodeoxyglucose (FDG) is routinely recommended for staging work—up in the patients with lung
cancer, The status of mediastinal or hilar LNs is the most important factors to determine TNM stage in lung cancer with
locdlized or regional stage.

Previous studies have reported that FDG PET/CT shows low sensitivity and high specificity for nodal staging in lung
cancer. One reason for false—negative findings is the insufficient resolution of PET for detecting microscopic lymph node
metastasis. In addition, partial volume effect is one of the important factors in false negatives for small—sized LNs, One
of the main reasons for false—positives is reactive lymph nodes containing inflammatory or granulomatous tissue with
increased metabolic activity. It has been reported that tuberculosis, sarcoidosis, lung empyema, eosinophilic lung disease,
aspergillosis, and other infections show high FDG uptake, The pattern of bilateral symmetric FDG uptake of mediastinal
and hilar LNs with or without calcification is often encountered in our clinical practice. Nuclear medicine physicians can
classify the uptake pattern as benign. However, metastatic LNs can be hidden among the concurrent infection or in—
flammation, which might be one of low sensitivity of PET/CT for nodal staging.

In this section, some cases are introduced to show the usefulness and limitations of FDG PET/CT for nodal staging.

In addition, the current imaging techniques to overcome these limitations are also discussed.
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Endobronchial Sonography for Mediastinal Node Metastasis

Division of Pulmonary and Critical Care Medicine, Department of Medicine,
Samsung Medical Center, Sungkyunkwan University School of Medicine

Kyung Jong Lee, MD
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_ Mediastinal lymph node evaluation
Lung Cancer Staging Project

Proposals for the Revision of the N Descriptors in the Forthcoming
8th Edition of the TNM Classification for Lung Cancer

The International Association for the Study of Lung Cancer I
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o o Problems in the current diagnostic standards of
Mediastinal lymph node stage clinical N1 non-small cell lung cancer
ChestCT
2 oy
£ £
@ @ Table 5 pN2-3 disease rate among patients with ¢cN1 non-small cell
@ @ ance
o 18 lung cancer
pN2-3 disease rate
cN1 patient with %)
A o E S T Adenocarcinoma and separate N1 on CT 53
i : | i Adenocarcinoma and continuous N1 on CT 45
. © % ® m oW @ ¥ % % ®E %N & Non-adenocarcinoma and separate N1 on CT 29
1 - Specificity 1 - Specificity Non-adenocarcinoma and continuous N1 on CT 12

Thorax 2008;63

Chest 2003;123;1375-1465
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psiakl s FN after PET-CT in cl stage NSC

* Chest CT - < 10 mm lymph node; sample range : 5-10 mm size LN .
Abstract

Location Blopsisd nades S B VY Cofime g OBJECTIVES: To asess the false-negative (FN) raie of positron emission tomography (PET)-chest computied tomography (CT) scan in
iz s b o ‘clinical nan-central clA and ¢il non-small-cell lung cancer (NSCLC) for mediaginal caging
[ )
2 " 20 2003 METHODS: Between January 2007 and December 2010, 402 patients with potentially operable NSCLC were assessed by thoracic CT
o 1 209 2000 scan and 18-fluoro-2-decwy-o-ghucose PET-CT for mediastinal staging and 10 detect extrathoracic metastases, of which 153 surgically
o 7 3718 . treated patients. (79 clA an I8 cases) were prospectively included in the study. Central tumoun were excluded on the basis of CT
¥ - ks o scan criteria, defined 25 contact with the intrapulmonary main bronchi, pulmonary artery, pulmonary veins or the origin of the first seg
o ” o e mental branches. CT scan was consdered negative if lymph nodes were <1 cm at the smaller diameser, 18FDG PET-CT was considened
z ' negative when the high maximum gandard uptake value (SUV,,,.) was <2.5 Non-invasive surgical staging was carried out in this group,
L 9 X il and curative resection plus systematic mediastinal dissection was perormed except in the event of unexpected oncological contraindi
e ] 118y 20 prbrtcy
i 1 ice A0
Total | " 28 24 g I RESULTS: Compasite non-invasive staging (CT scan, PET-CT) showed a negative predictive vakue (NPV) of 92% (€1 B3.6-96.8) in the clA
group and 85% {C1 74-52) in the cli group There Were & of 79 (76%) false-negatives (Fis) In oA and 11 of 74 (148%) in di
Multileved pN2 were detectod in four cases, all of them in the ciB group. The most frequently involved N2 was subcarinal {fwo cases) in
' Wb and right lower paratracheal (R4) and seven (five cases) in o, Occult [pR2] lymph nodes were mone frequent in tumour sites 25

om (pT2b, nine cases, four FNs, P« 003), pN1, adenocarcinoma [excluding minimally invasie ademocarcinoma (MIA] and lepidic pre-
20(3/ dominant growth (LPA}] (P = 0.029) and female patients, but no other risk factors for mediastinal metastases were identified (age, clinical

0 stage, fumour location, central or paripheral, P> 0.05). Multhevel p2 was sgnificantty mone frequent in the ol group (P <0.03) In
' PT 51 am (Tal, NPV was significantly better (NPY = 100%, P« 0.05) than the other subgroups studied (1A > 1 om and 18],

CONCLUSIONS: Compasite results for non-irvasive mediastinal siaging [CT scan, PET-CT) showed 11% of FNs in ol siage (76% in non

0 central clA and T4.8% in cIB). In Bimours 1 om, NPV makes surgcal staging unnecessary, In women with ademocarcinama and rion-

1 g /0 central ciB, however, the high FN rate makes imvasive staging necessary, panticulardy in pT2b to decrease the incidence of unexpected
P2 in thormcotormy.

ERJ November 1, 2006 vol. 28 no. 5 910-914 European Journal of Cardio-Thoracic Surgery 42 (2012)

_Fa!se negative of PET-CT _ _Results of CP-EBUS

m Rate : 8-18% (pooled incidence)

Table 3—IHagnostic Valwes of Integrated PETACT Scanning awd EBUS-TENA in the De
Medigstinal Metastases

m PET-CT negative adenocarcinoma
m |ncidence of pN2 disease in cNO-1 patients 11%
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Combination of EUS-FNA and EBUS-TBNA

m Limitation of this combination procedure
= Expert endoscopist
= Expenesive equipment
» Incresed medical costs
» Delayed time for stage work-up

Landmark of EUS using EBUS scope

I

Mediastinoscopy vs Endosonography for
Mediastinal Nodal Staging of Lung Cancer

A Randomized Trial

JAMA

Table 2. Diagnostic Performance®

Mo./Total No. (%) [95% Confidence Interval]
T 1

Endosonography
Surgical Staging and Surgical Staging P |

Nodal I N2/N3 (n=118) (n=123) Value|
Sansitivity 41/52 (79) G2/66 (94) 02

165-88] [85-98] .
MNegative predictive value BE/TT (B6) 57/61{93) 18 |

[76-92) [84-97]
[ and syrgical staging reduced ¥ from 18% to 7%
Negative endosonography results . 20 % lymph node metastasis

Adding a confirmatory = missed nodal metastasis to 5%

JAMA. 2010,304(20):2245-2252

Increase in sensitivity of 13 % (95 %CI 8 %—20 %) for the combined approach
compared with EBUS-TBNA alone

Study Events  Total 2 Proportion __ (95%CL)
Herth 2010 3 o A 0.04 [0.01,0.12]
Hwangbo 2010 3 45 W 0.07 [0.01, 0.18]
Kang 2014 1 34 -l—-— 0.03 [0.00,0,15]
Lee 2014 6 29 ——— 0.21 [0.08, 0.40]
Liberman 2014 0 53 —— 0.19[0.09,032]
Oki 2014 A EE —— 0.21 [0.09, 0.39]
Srlubowski 2010 & 28 — —- 0.21 [0.08, 0.41]
Vilmann 2005 3 20 — 0.15 [0.03, 0.38]
Wallace 2008 w42 w— e 0.24 [0.12.039]
Random-effects model 355 =

SlE S sSS s
0 01 02 03 04 05

Endoscopy 2015; 47: 545-558

Combined endobronchial and esophageal endosonography for the diagnosis
and staging of lung cancer: European Society of Gastrointestinal Endoscopy
(ESGE) Guideline, in cooperation with the European Respiratory Society (ERS)
and the European Society of Thoracic Surgeons (ESTS)

@ OERS:E

ESGE

For mediastinal nodal staging in patients with suspected or proven non-small-cell lung
cancer (NSCLC) with abnormal mediastinal and/or hilar nodes at CT and/or PET,
endosonography is recommended over surgical staging as the initial procedure.

The combination of EBUS-TBNA and endoscopic EUS-FNA or EUS-B-FNA scope, is
preferred over either test alone

For mediastinal nodal staging in patients with suspected or proven non-small-cell
peripheral lung cancer without mediastinal involvement at CT or CT-PET, we suggest
that EBUS-TBNA and/or EUS-(B)-FNA should be performed before therapy,
provided that one or more of the following conditions is present:
(i) enlarged or fluorodeoxyglucose (FDG)-FET-avid ipsilateral hilar nodes;
ii) primary tumor without FDG uptake;
tumor size =3cm
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Interpretation of false negative outcomes

Lymph node scoring system for predicling malignancy in patients no found malignancy by EBUS-TBNA

Echogenicity Homogeneous Heterogeneous
suv =4 >4
Lymph SUV% =40 41-60 >60
m Total score : 0~5
= Low risk : 0-1 NPV 97.9%
m Highrisk 22
JTO 2015

Johannes Nak

Endosonography for lung cancer staging: predictors for false-negative
outcomes  Predicted probabilities of false negative endosonography results

EUS/EBUS
0.00987

Mehrdad Tal EBLS EUS

0.04253 0032

Peripheral tumar, no nodal
enlargement on CT, PET
NO/NT

Peripheral tumor, nodal
enlargement on CT, PET
NO/NT

Peripheral tumar, no nodal
enlargement on CT, PET
N2IN3

Central tumor, no nodal
enlargement on CT, PET
NOJN1T

Peripheral tumer, nodal
enlargement on CT, PET
N2JN3

Central tumor, nodal
enlargement on CT, PET

# Degurtment of Pubsos
* Bleparmment of Medsc
Departiment of P
4 Dparrmvent of Pulims
* Department of Pubmar
| Department of Putmos

0.12542 0078 O.04656

015611 019 006959

014059 0131 003423

037393 0255 026823

034562 [rrr 014708

Central tumor, 10 nodal 040523 0202
enlargement on CT, PET
N2jN3

Central tumor, nodal
enlargement on CT, PET

N2/N3

068748 0.606 0.56589

Kaplan-Meier survival curve: single versus multilevel persistent N2 disease

After induction therapy
1 -
_‘_‘l‘_ * Censored
—pN2 single level
08 (n=33)
"""" ph2 multilevel
Zos & pN3 (n=14)
H
[
2
E- o4
§ P<0.005
€ oz
v
0
[ 12 u £ @ &
Mumber a1 risk Months
Ingle
fvei iy 35 FL] n 17 12 [
A 10 5 3 2 1

Decaluwé H et al. Eur J C Surg 2000;36:433-439

Comparison between endobronchial ultrasound-guided
transbronchial needle aspiration and '®F-fluorodeoxyglucose
positron emission tomography in the diagnosis of
postoperative nodal recurrence in patients with lung cancer

Takayoshi Yamamoto®, Yuichi Sakairiv, Takahiro Makajima**, Hidemi Suzuki’, Tetsuzo Tagawa’,
Takekazu lwata*, Teruaki Mizobuchi, Shigetoshi Yoshida®, Yukio Makatani® and Ichire Yoshino®

Table 3: Pathological results of EBUS-TBNA and FDG-PET

n=40 EBUS-TBMA (+) EBUIS-TBNA (-]
FDG-PET (+) 3 14
FDG-PET () 1 2

Eurcpean Journal of Cardo-Thorace Surgery 47 (2015)

Endobronchial Ultrasound With Transbronchial Needle Aspiration for
Restaging the Mediastinum in Lung Cancer

T ems a1Eus s agius
rage patre negaren e

Thomcosamy Tharssatomy Thoracommy
Fp— 14 poatiee 8 povtve

Criteria Tumor response outcome (%)
PR (n=66) 5D (n=58)
Sensitivity 77 75
Specificity 100 100
PPV 100 100
NPV 22 18
Aecuracy 7 L) J Clin Oncol. 2007

The Efficacy of Restaging Endot hial Ultr i in Patients With
Non-Small Cell Lung Cancer After Preoperative Therapy

Neoadjuvant therapy
- Chemoradiation 31 (97%)
- Chemotherapy only 1 (3%)

Performance of Endobronchial Ultrascund as a Restaging Tool

Results of Surgery
Results of EBUS — -
Positive Negative
E True positive False positive
Positive N=3 N=0 PPV 100%
Naaative False negative True negative NPV 88%
i N=3 N =21
Sensitivity = 50% | Specificity = 100% | Accuracy = 88%

Ann Thorac Surg. 2014 Sep
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Comparison for restaging

Restaging after induction theray of lung cancer

--- Sensitivity(%) | Specificity(%) Accuracy(%)

PET  8trials 380 59 85
MES  3trials 204 vl 100 81
EBUS 2trials 185 67-76 86-100 T7-80

Summary

m EBUS ; The first choice of mediastinal staging in
lung cancer

m Combination of EBUS & EBUS using EBUS
scope showed better diagnostic performance

m Indication of EBUS

= abnormal mediastinal and/or hilar nodes at CT and/or PET
= In case if normal mediastinum at CT and PET,
1) hilar node enlargement or abnormal PET uptake in N1
2) primary turmor > 3em
3) no uptake of primary tumor

m Restaging by EBUS revealed acceptable
diagnostic accuracy
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Pathology of LN Metastasis

SAActtL ojpihst Akl welnt

o} FAe] 4 AOIA FI Ao] oinE WS S RISk AL HE T Qo] YA He) WAl FUstck
SISt 2 92 B2 YRS U2 LT A A0 ek A% B85 SeloIS ATl BUS 9T, 2
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1. Intrapulmonary lymph node retrieval in pathologic examination of resected lung cancer

WA 7l ti=, "o ek Haks FHEe|atolA] ojn] SREE o] MUl fxd HAjo| &g ey, HAlE
AA Well= NI gzdo] th= ZAsh o5 Anl Ao ZA]717] ffsliMe 520 212 Helshs] {3t A} (gross examina—
tion)7} " Qs}ch

Ramirez RA 52 9|9} & A2 42t HAAE EA4MQ1 W (routine pathologic examination; RPE)T} Z3Xd &L =o]7]
st EslE "W (special pathologic examination; SPE)S.2 LE3}o] & 737 9] Ex} HAA Al§st AutE B sk THl].
SPE WIS BAFAQ] 2ot AN Tof TS AXIE 3-5 mm AR Aysle] Y SARE 248 mE Wehfa oS &elo]

2

=& Aslo] dnA0R AusHs Wlololeh 1 Auk 00%e] ARl S0 Yado] wAlEiRl, St wWrlE Y
o 11960 o]/} WISl SPE WS B31e] 8 (1990] Sell ] 2% wejshy W)t AR g, 1 % 63e Y
ju=Ke)

Hol7k F712 WARel] o], 28 F7} Fo FHo] WAEely] vRolgi). 0|3 Fke wziE A Aol el
ool olE g x|t Ao thek Zue EAISH orot SPE o] A9l QAR ool obd mlgelela & 4+ Yirk
Jel, W 44 A Well EASN: Yol dhiste] elstl At TAo] FH3| o]stoldok $he A Molm Autetm &

% 9k
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2. Occult micrometastases in lymph nodes

SR M3 9= AJCC Cancer Staging 73RS @3 wlA| oo} Betslo] theat o] 7|43l Yz,

[solated tumor cells (ITC)= Tl QFA|3E(single tumor cells) T3= 0.2 mm ©]8}2] 2R F2](small clusters)& 2Jn|3lt}, o)==
1 wolzslat ol 1) A MR, NOZ WrIskES ZiaEle] ok %, WelzXsioh 94 9 A 7x} ol
whe} 242} pNOG-)/pN(i+) H= pNO(mol-)/pNO(molH) = E7]5k= Zlofeh. & 7] Al2gofA mlA] Zo|e] Aol7} igetslA viet
QA eroLt Ab7] Ule-S 72 shhd, 0.2mm ool Hoji= o] 9]0 ulel NI B N27b € AeS AAfskh

7] 7ol miAll Zol7t shte] etz & vk o] Q= oS Ftolth k] B7] AAollA] isolated tumor cell?]
ol werolie] Hojel ulstck, 2, 0.2 mm of5te] A4S Hel, Ei- tel ME, Ei- 2007 vghos T AT Fol2
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Surgical Technique of Lymph Node Dissection

Department of Thoracic and Cardiovascular Surgery,
Ajou University School of Medicine, Suwon, Korea

Seong Yong Park, MD, PhD

Ageda

Lymph node map

= Lymph node map

= Surgical anatomy of mediastinal lymph node
dissection

= Techniques and Surgical video

Mountain-Dresler lymph node map

Naruke lymph node map (1978)
(MD-ATS map, 1997)

IASLC lymph node map

IASLC lymph node map

= Proposed at 2009
with 7t" AJCC TNM
stage

Rusch et al. JTO 2009

mEEmry] Ruschetal. JTO 2009




-

20164 CHOHg RARATCITION Y ochel o o

Biopsy vs. Sampling vs. Dissection

Bronchial artery

Dissection

Variations in bronchial arteries

Right ard boft bronchial — Cvly sieghe &
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Vagus nerve

Vagus nerve

wangry
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Clinical anatomy
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Seong Yong Park: Surgical Technique of Lymph Node Dissection

Visceral pleura Calcified anthracotic LN

Types of approaches for MLND Right side MLND - paratracheal

= Right side approach
= Left side approach
= Sternotomy

= TELMA (transcervical extended mediastinal
lymphadenectomy), VAMLA

= For staging purpose or for dissection of contralateral
lymph nodes (N3)

Right side MLND - subcarina

Subcarina
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Left side MLND
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LN Dissection in Metastatic Lung Cancer from Other Organs

Seoul National University Bundang Hospital

Sukki Cho

Since the first pulmonary metastasectomy (PM) was performed in 1882, it is now generally agreed that overall survival
can be improved by PM in highly selected patients. Much has been focused on prognostic indicators for patients undergoing
PM including the cell type of the primary tumor, time interval between primary tumor resection and the identification
of metastasis, number, and the completeness of PM. However, very little attention has been paid to the influence of lymph
node (LN) metastasis on outcomes after PM.

Despite mediastinal LN dissection being a widely accepted standard in primary lung cancer, its role of PM has not been
well—defined. One of the reasons for this is the infrequency with which mediastinal LN dissection was performed. The
International Registry of Lung Metastases found only a 5% of incidence of LN metastases in 5206 patients, however,
only 4.6% having mediastinal LN dissection among 5206 patients, Generdlly the incidence of metastatic LN involvement
ranged from 14.3% to 29.8%.

Recent studies have investigated the prognostic significance of metastatic LN after PM. In most of these studies, 5—year
survival ranges from 25—50% of negative LN metastasis, in contrast, 5—year survival ranges from O to 24% of positive
LN metastasis. Pfannschmidt et al found that in patients with colorectal cancer, median survival after PM in patients
with hilar LN metastases alone was 21 months versus 15 months for patients in whom mediastinal LN were involved, Murthy
et al. demonstrated that in patients having PM for renal cell carcinoma, an increasing number of involved LN was asso—
ciated with an incremental risk of death,

Whether mediastinal LN dissection during PM has a positive therapeutic effect is unknown although there appears to
be little doubt that positive LN during PM portends worse prognosis. However, most studies recommend complete media—

stinal LN dissection at the time of PM to define the patients’ prognosis and to guide adjuvant therapy.
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Radiation Therapy for LN Metastasis

2 WO Az N2-3 7] slAESRlolA] WA 27} 3E3heRe combined treatment7} o] ojah 4 Sof 23] =t
A} st} =24 Clinical, Pathological, Recurrent N2 diseaseo]] tfjgt £ 1723} IMRT, proton therapy 2] modern radiotherapy
technique2 4102 3}9ith

1. Radiotherapy for N2 disease

@ dlinical N2-1lIA disease: Definitive CCRT or Neoadjuvant CCRT + Surgery
NCCN guideline®]|A+= definitive concurrent chemoradiation (CCRT)Z- category 122 AJA|5}aL )tk Definitive CCRT vs.
sequential chemoradiotherapyS- H]1 gt 67 A5H1205)2] meta—andlysisol|A] 3¥ AJE&- 23.8% vs. 18.1%, 31 locoregional
progression rate 28.1% vs. 34.1% 2= 9531 A4S H=d[l], o5 A= 1988—2003¢0 24 X|2E ke R|E oz
alof Hjzoll A 22 v TS0 ula) HAHel HHE FA| ke Holck FHH, 2008201210 A7} WFHE PROCLAIM
study?] 3¥ AJE&E&2 37-40% 2 H[2], 2007-2011do) 2]=&7} Z8i% RTOG 0617 trial®] 2\ AE8-2 44.6-57.6%ATH3].
N2-IIIA disease®]|4] induction chemo *radiotherapy (RT) %of ~&4] |85 1183 =% ¢J=4|, o] definitive CCRT
o BlaRk AtoflA] survivale]l f-olgh 2je]7k AN 2] WO R lobectomyg -2 -9 AEE0] FEE AE Ho,
lobectomy candidateo]| A= trimodality therapy”} 1121= 4= AtH4,5]. o]} = Y-8o] 2015 ASCO — ASTRO practice
guidelineojl 4] o}Efje} Zro] 7|5t o] JUTHE].
— Patients with resectable stage III NSCLC should be managed by a multidisciplinary team that uses best surgical
judgment. The best candidates for preoperative chemoradiotherapy have preoperatively planned lobectomy (as op—

posed to pneumonectomy), no weight loss, female sex, and only one involved nodal station.

@ Pathological N2 disease: Postoperative RT + Chemotherapy

S A H7)= cNO-10]X0t 2% & N2 disease”} BHAE 79 postoperative RT (PORT)7} EAFECE pNO-19] 749 PORT
7} hazardoussith= Hu17} o, pN2ojil= PORTE §3fl survivale] == Aos d2iA qlo, o= AR7I571E o8
S F) AR RS 2 A9 B F5IsIt{7-10]. th sequential chemotherapy + RT9] <oA= AJ3fsh= 21 NCCN gu
line 2 2015 ASCO - ASTRO practice guidelineo]|4] A5}l 9121 [6], RI-2 resection®] 739~ postoperative CCRTE- 118{&H
4 o Aow Ho] 9l

— Postoperative radiotherapy may be recommended for patients with complete resection of N2 disease to improve local

control, but should be delivered sequentially after adjuvant chemotherapy.

— Postoperative radiotherapy is recommended for patients with incomplete resection (microscopic or gross positive mar—
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gin, or gross residuadl disease), to be given either concurrently or sequentially with chemotherapy.

® Recurrent N2 disease: Salvage RT or CCRT
2% A& ¥ mediastinal recurrence”} BAYSE 79 resectiono]| ¢]2)2] S} curative aim®] high—dose RT +Chemotharpy
= Agef & 4 Qick o] W] median survival 10—207]49] A& o] tiekslA| Hal =3l 91O, disease—free interval ©] 1
oo g 71 AL Er 535t X7 AAL 7|t 4= JoHll]. NCCN guidelineo]| A} prior RTS W& 72 systemic therapy=
gAskaL AL o[ RTE wieitt sl eke IMRT/proton 59 techniques ©]-8shH ¢Fdslal #3421 re—RT7} 71&3lth

2. Modern Radiotherapy Technique

@ YAMIX|IES| FX2 tumor control2 SH3loIHA EHAE3S %|AT6t= Zio|Ct

20417]0] 22 o] FolX|8l 2342 WAH ZOHLE landmarke] 7S WS W9IE M=l wheh target misse] 7F5A}
Aol S ast Aol AR 7hs/do] B EAfsto], of2feh HAls EAdske Hl SEoAl & skt CT-simulation:
7IHko 2 k= 32} AA|IZE WA R & (3—dimensional conformal radiotherapy, 3D—CRT)+= AJ&F51A| target volumeS- delin—
eationdto] 2|4]o] AFRas vhgo] ¥ 4= qlof | /AR F4 4oz AAH. &S PET-CI7} Hst Fo
w2} elective nodal irradiation: 3F4] &3l involved—fieldoit TAIERE ZARSE 4= Q1A E|Qlom, 3x}o] S50 = 229
HHdst 4D-simulations: 3l o2 ASKGE X527} 75381 =ik

@ IMRT (Intensity-modulated radiotherapy, M|7|XEHIAIMZX|R)

N2-3 7] # ol tigt 2214 2o WAMAARE & u] 60 Gy ool Aol W=, 249 Agil®re 45-50 Gy
o] mean lung dose®] AgE 20 Gy ofsfolt}. Al GA| HIAMALS Wo] BHA] & severe esophagitis 2 A7 S & esophageal
stenosis 52| F28-2 77| =4, lower lobe primary tumor ©]] SCN involvement”} 3)3= N3-1IIB disease & ®wH2] H7}
& 7% 3D-CRTZ+= “tumor control Stfa}e} FARg- 2|40} o) 7 vl B715 FAlo| &717} uig- o=, o5 7Fs3HAl
gk Zlo] IMRTo]t,

IMRT= thef3t Zofl A Al717F T2 ofe] S0 HAMlS 2AIhe Wl eR, 340 Aes}A|dose painting®] 7FsshH #,
Ak, e, A ol AR ARE A 5 olskE ARKE 4= Qlek igtell theh IMRT 2] & /g2 MDACC 52 7]¥tollA]
T2 stage Il BAE oz slof 11 AE Husiglon, 3D-CRTE W 2ol vjs| o 2 919 HHS A wdlol=
E:ILOI'_’ H|/AE=0] FARGE A S7IHA] ¢hom, A= A tiesiAl Ul Ao Fof it} [13-15]. of= APdA =

oAM= FARBHA YERESH, Tt early disseminationg Hol= SRS AL o]0 gt &114Q] systemic therapeutic
strategygs 74+ B 2+= ot [16].

® Proton therapy (°”};I}ili)

Proton beam& Bragg Peakzli= £3]Z¢] physical propertyS 7AW, 0|5 E3l X-rayo] H|3}] lung, heart 52} normal
tissueE & ¢ sparingst 4= 10} ‘ﬂ]‘/\]— 27 P =4S A 4= ok o]g|st EAJo] survival benefit 0 & HZAE]= o]
thefiAl= oF4] F-E5] HEAIRlE e AdEiolHl, MDACCE] A=/ &lof| A A= el FAR-S 2| vehd ¥hH survival out—
come 7|& X-Al X7 AZAo| vl =35k 551K & 31} [17]. Stage II-IIB Aol 4] Proton CRT vs. X—ray 3D—-CRT
or IMRTE H|wdl= RTOG 1308 34} A7t So] ZgP=]ar gjom, o]ddt A1E E3) o d=Ix 52| Avlo| &t evidence”}
& o 23 Bast ok
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Reasons to Favor Neo-Adjuvant Chemotherapy

Reasons to Favor Neo-Adjuvant Chemotherapy

O control potential distant metastatic disease at earliest time point
O facilitate less extensive surgery or render inoperable tumor operable

O evaluate biological effects of conventional or novel agents with visible
results

O improve drug delivery and patient tolerance in preoperative setting

M control potential distant metastatic disease at earliest time point
O facilitate less extensive surgery or render inoperable tumor operable

O evaluate biological effects of conventional or novel agents with visible
results

O improve drug delivery and patient tolerance in preoperative setting

Lobectomy when Unsuspected pN2?

Stage [-111A NSCLC_Adjuvant Chemotherapy

Pt by Jo b e S S o e et

+ Combined HR was 0.88 (95% CI,0.81-0.97, p=0.009), favoring adjuvant
chemotherapy, from 29% to 33% @ 5-YSR.
NSCLE Meta-anlysis olla

. Lancet 2014;383:1561

- 046,746 patients who underwent lobectomy as ‘Survival of Patients with Unsuspected ph2 Disease
primary therapy for ¢T1-3N0-1 NSCLC, 2,108 (4.5%) Sxaiied by Type of Adgaint Tharapy
patients had pN2 disease with 5-YSR of 29% =8,
- 5-YSR was 24% for no therapy, while that was 40% E'
for adjuvant chemotherapy (HR, 0.63; 95% CL: 0.53- £s
0.76; p < 0.001), 34% for chemoradiatherapy (HR, 5 g
0.65; 95% Cl: 0.53-0.80; p < 0.001), 19% for del
radiotherapy (Hazard Ratio [HR], 1.04; 95% Cl: 0.78- i ; -
1.36; p=0.78). sl s : L 2 .
- There was no difference in 5-YSR between suspected ! b S
N2 patients (cT1-3 N2 NSCLC) and unsuspected pN2 oo T T R =
patients that received adjuvant chematherapy or O ®oR I omo B
chemoradiotherapy (43% vs 44%, p = 0.63). Pattn X6 M 10 4w

‘Yang (] et al. National Cancer Data Base Analysis. 2015 AATS Annual Meeting
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Reasons to Favor Neo-Adjuvant Chemotherapy

e )
Mkt 1
P siiin syt

+ Combined HR was 0.87 (95% CI, 0.78-0.96, p=0.007), favoring neo-adjuvant
chemotherapy, from 45% to 50% @ 5-YSR.
NSCLE Meta

hoeie (ollah
¥

. Lancet 2014;383:1561

O control potential distant metastatic disease at earliest time point:

unlikely
M facilitate less extensive surgery or render inoperable tumor operable

O evaluate biological effects of conventional or novel agents with visible
results

O improve drug delivery and patient tolerance in preoperative setting

Neo-adjuvant Chemovs. Chemoradiotherapy

Neo-adjuvant followed by Surgery vs. Radiotherapy

Mediastinal Downstaging (pCR) Survival Qutcome
of e e ke T O felaiee P e e
ity b s Bl
Wetantes' 15 Rstonged cves vy Fhiparatone ry
Gt 5T ¢ 2 1 WER mpnrg - T € D un IRpHg |
;7" LA LB B RN NN }‘ :ﬂ“‘ A8 _UE BN Lany 'l
Eu\: [] o WA s Em; [T LERR 1Y * |
L i T
g 48 £ P S TN . e R PR n ¥
Tt ol [ Q0 PN fraall  faon 08 Tty st s P r— L
Significant 15% increase in pCR in stage 1A (N2) o o e s sostittmine st fimims
H i Chipmean e
NSCIJCaPherneuadmantrhemuradmmeragy sz O - v
compared to neoadjuvant chemotherapy prior Tewm 4N A0 &R 2 1

surgery. But,
no difference in survival outcome, =

XuY et al. Medicine 2015;94:0879

Sty of Scbgrogg H gt Weight O£} 235 Cl gl 0-E1 (], Fined 55% €
Ao 208 E T ] ummq 1

Jetnsiore 202 28 W8 1N LI AT ] =T

Srepre 138 amoomom [T AT —r—
wnlbeteed P20 AT THBE 5% 106088, 133 { ]

| Toul sy [T [TTTRL] ] |
Total evert |

Helaogensty, O = 200 =3P = 0835 = 0% m

Toe? for overalleflect 7 =063 F = 0.48) Favous Surgesy Fur Radcthery

No significant difference in survival outcome in stage [11A (N2)
- between surgery and mdiotheﬁpy (HR.0.95; 95% C10.81-1.10; P=0.49)
- herapy or chemoradiotherapy
- after palhologlcal pmufquE based on endobronchial ultrasound-guided procedures,
mediastinoscopy, or thoracoscopic procedures,
XuY etal. Medicine 2015,94:0879

Reasons to Favor Neo-Adjuvant Chemotherapy

Stage I-I11A NSCLC_Neo-Adjuvant

O control potential distant metastatic disease at earliest time point

DOfacilitate less extensive surgery or render inoperable tumor operable:

unlikely

W evaluate biological effects of conventional or novel agents with visible
results

O improve drug delivery and patient tolerance in preoperative setting

Effect of Preoperative Chemotherapy by Pre-specified Trial Group

Trial Group WolTris  WolDeathyPatiests  HR(SSWCT) pradoe  Heterogenety pralue
Schedule (Interaction p= 0.32)

Preoperative Guly 10 10451683 050 (0:50-102), 0.09 010
Pre & postoperative for respoaders 5 su/502 078 (064055, 002 [15]
Mumber of cycles (Interaction p =0.74)

2eyddes 6 418/576 089 (0.74-106), 025 039
Ioydes ] 1002/1799 085 (074-056), 001 010
Regimen (Interaction p= 0.79 ( i L ly trals))

Mon-platisum singlet 1 /62 095 (1.56-179), 087 HA
Platinuss+2* generation doublet 2 6883 108 (066-1.76) 042
Hatinum+ 2 generation riplet 5 4750611 083 (0.65-100),0.05 [T}
Platinum+3" generation doublet & B01/1540 085 (0.74-057), 002 057
Cisplatia vs. Carboplati,n (Interaction p=0.48)

Cisplatin-based 7 301289 083 (0.72-055), 001 (1]
Carbopaltin-based 5 432905 0.90 (0.75-1.07),023 088

NSCLE Meta-analysis Collaborative Group. Lancet 2014,383:1561
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Reasons to Favor Neo-Adjuvant Chemotherapy

Adjuvant Therapy: Compliance?

O control potential distant metastatic disease at earliest time point
O facilitate less extensive surgery or render inoperable tumor operable

O evaluate biological effects of conventional or novel agents with visible

results: llkel}?

 improve drug delivery and patient tolerance in preoperative setting

Study

BLT (2004)
IALT (2004)
BR10 (2005)

ANITA (2005)

Planned  Obtained Compliance Survival Gain
TTR— . ... Hamed/Obiained
1300 1209 69% 7% (5y)/3% (5y)
4000 381 64% 5% (5y) /0% (1y)
3300 1867 74% 5% (5y)/4% (5y)
450 482 65% 10% (3y)/15%(3y)
800 840 76% 10% (2y)/5.1% (2y)

Neo-Adjuvant Therapy: Impact on Surgery?

Reasons to Favor Neo-Adjuvant Chemotherapy

EORTC08941  INT0139 GLCCG
(stageIlIN2) (stagellIANZ)  (stage[lIA/B)
Treatment CT- CT/RT-»  CT-CT/R CT
Svs.RT CT/RTvs.S =S =S
No. of Pts (Randomized) 579(332) 39 264 260
Surgical Resection/Allocated (N) 154/167 164/177 142/202  154/226
% uni-/bi- lobectomy 38 59 56 55
Y% pneumonectomy 47 33 35 35
Surgical mortality (%) 4 79 92 45
% uni- /bi- lobectomy 0 1 75 24
% pneumonectomy 7 26 140 54

O control potential distant metastatic disease at earliest time point

[ facilitate less extensive surgery or render inoperable tumor operable

Oevaluate biological effects of conventional or novel agents with visible

results

Mimprove drug delivery and patient tolerance in preoperative setting:

Likely but

So what?

Stage I1IA (N2)_Multimodality Treatment

Study Key Eligibility
+ Pathologic proof of unresectable stage 111A-N2 (Neither PET nor MRI brain)
EORTC 08941 - Umclahiflily: 1? any N2 in»:;vem:r:t.by 1 nonsquamnﬁcar?nu:l:;? ings: of
squamous cell carcinoma, any N2 nodal invelvement exceeding level ra right-
van Meerbeeck Petal sided tumor and level 5 and 6 for a left-sided tumor.
2007 - N2 found only at thoracotomy after a negative staging mediastinoscopy was not
necessarily considered to be ble.
* Pathologic proof of Stage [[IIA-pN2
1rrrq139;m9399 - Biopsy of ipsilateral mediastinal nodes visible on radiographs: N2
Albain KS etal Bi s
2009 - Biopsy of contralateral mediastinal nodes 1 cm on the CT scan: N3
* Potentially technically resectable.
A of mediastinal lymph nodes by opy (eccasionally by
thoracoscopy, thoracotomy, or needle biopsy) was mandatory
German LOCG + Stage 1A (T1-3 NZ M0 or central T3 NO-1 M0) or stage 11IB (T4 N1-3 M0 or T1-4
Thomas M etal. N3MD)
2008 + Tumor involving the superior vena cava, left atrium, carina, distant trachea, or the

great vessels was resectable T4 while T4 tumor invading the heart, oesophagus, or
vertebra, or involving supraclavicular LN were not eligible.
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Stage II1A pN2_EORTC 08941 Concurrent vs Sequential Chemoradiotherapy

w0 00

e + Outof eligible 579 patients with i \ St
! Median 0S: 17.5 mos ¥ 16.4 mos median 0§ of 15.4 mo, 332 patients ®1 N\ HR084(95%C1,0.74100.95) g " !"l. HR, 0.90 (95% C1,0.79 to 1.01)
SYSR: 14% vs 15.7% were randomly assigned with an ORR E F= 000 a4 | \P=wr
HR: 1.06 (0.84-1.35), p=0.596 of 61% e an absolute benefit of 4.5% at S years g " 'l, an absolute benefit of 2.2% at 5 years
Y =3
- :
+  For responders to induction § ? .
cl:lemcrl.‘._lerapy. subsequent surgery a .
did not improve overall or
progression-free survival compared e
104 . e 1 H [ 8
n B k] with radiation therapy. Time Since Random Assignment fysars|
EEEEEEREEE i 5% e B3 B S meeem 5% 55 5 O3S 4N

Induction Chemotherapy vs Sequential Chemoradiotherapy

Auperin A etal | Clin Oncol 2010;28:2181
van Meereeck |P et al. INC1 2007;99:442

Stage I11A (N2)_GLCCG Stage I11A (N2)_Multimodality Treatment
[ i EORTC08941  INT0139 GLCCG
i
1\ s n (stagellIN2) (stagellIANZ)  (stagellIA/B)
|\ miensaz Treatment - | CIRT> CI-CT/R| cT
. p=097 \ Svs.RT CT/RTvs.§ =S =S
e "-“-\,?_ M e T No. of Pts (Randomized) 579(332) 9 264 260
‘ﬁ"“c}‘: - il ﬁ;ﬁﬁiﬂ?}m — Surgical Resection,/Allocated (N) 154/167 164177 142/202 |154/226
L p=082 % uni-bi- lobectomy 38 59 56 55
! % pneumonectomy 47 3 3 3
o e Tt Surgical mortali 4 79 92 | 45
Induction treatment with additional chemoradiation increased mediastinal down-staging rgical mortality (1) : :
but did not improve survival. % uni-/bi- lobectomy 0 1 75 24
More intensive induction treatment before Surgery? Mortality! il Z & 515
Thomas M et al. Lancet Oncol 2008;9:636

Stage IIIA (N2)_INT0139/RT0G9309 Stage IIIA (N2)_INT0139/RT0G9309

Median 05: 23.6 mos vs 22.2 mos 1 Lobectomy b
HR: 0.87 (0.70-1.10), p=0.24 | 33.6mos v 217 mos Median 05: 23.6 mos v 222 mos 334 mas 1 217 mos
. p=0002 HR:087 (0.70-1.10), p=0.24 i
) ' | No.of LN reported i

n 9 T8 {
o) @ e | || —

sz Pneumonectomy R T ', Pneumonectomy

189 mos vs. 29.4 mos § 5 1 W i 189mos 294 mes
F0.05 Unimown G (L) (28%) : : : . ' P05

CRT with or without resection y : P, :

. | g or ut resection
{fmfe;;a;il};?beﬂomy] are options for : (oreferablylo ) s
stage ' e stage INA NZ. -
Albain K, etal, Lancet 2009; 374: 379 Albain K, et al. Lancet 2009; 374: 379
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Stage IIIA (N2)_ESPATUE

*  Induction Therapy (n=246):

Induction chemotherapy (Pac/CDDP) |\,
followed by Concurrent CRT (45Gy, = "*1 — e
Vin/CDDP) - s =

+  Then, Boost Therapy: Surgery (n=81) _— ._.‘"‘L“__
vs Definitive Concurrent CRT ;™ _ “L"‘J‘_"'ﬂ_...q_._.
(65~71Gy) (n=80) 2 1l imksmtson o

Lograakp=031

+ There was no difference in terms of W o - mp e e e

Wel'aﬂsumval. i i Tuuu;:-lunli-::j- P

After More Intensive Induction Treatment, surgery vs CCRT?

Eberhardt WEE et al. | Clin Oncol 2014:32 (suppl 5): abstr 7510

The ball is in your court but...

Trimodality is Better in Stage I11-N2

e Necadpovant Chemoradiotheraay + Lobectomy 0,51 (95% Cl: 0.45-0.58)
0.7 (95% Cl: 0.63-0.95)

]

1 e lobectomy At sy 0,66 (95% Cl: 0.59-0.75)
Ll = oeumonestorys At Ty 0,69 (95% C: 0.54-0.88)
_ = = DefntiveCemoradaticn 1.0 (reference)
5
2 e
g
= o7
E
g o
=
% 4
1 -
A R R b T bt

Koshy et al. ] Thorac Oncal 2013;8:915-922
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