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Supraclavicular zone
1 Low cervical, supraclavicular, and
sternal notch nodes

SUPERIOR MEDIASTINAL NODES
Upper zone
. 2R Upper Paratracheal (right)

. 2L Upper Paratracheal (left)

. 3a Prevascular

. 3p Retrotracheal

. 4R Lower Paratracheal (right)
| 4L Lower Paratracheal (left)

AORTIC NODES

. 5 Subaortic

. 6 Para-aortic (ascending aorta or phrenic)l

AP zone

INFERIOR MEDIASTINAL NODES
Subcarinal zone

7 Subcarinal
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. 9 Pulmonary ligament
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8th edition Lung Cancer Stage Classification
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Types of Staging Assessments

Prefix

Name

Definition

C ( Clinical )

Pathologic

Restaging

Recurrence

Autopsy

Before initiation of any
treatment, using any and
all information available
(eg, including
mediastinoscopy)

After resection, made on the
basis of pathologic
assessment

After part or all of the treatment
has been given

Stage at time of a recurrence

Stage as determined by autopsy

Goldstraw P et al. J Thorac Oncol 2016; 11: 39-51.



MEDIASTINAL LYMPH NODE STAGING

* Several techniques are available and their use depends on local

availability and local expertise

 These techniques include:
(i) imaging techniques (CT, PET-CT)

(ii) endoscopic techniques (EBUS,

EUS, EUB-B)

(iii) surgical techniques (mediastinoscopy VATS, thoracotomy)



Mediastinoscopy vs Endosonography for
Mediastinal Nodal Staging of Lung Cancer

A Randomized Trial ASTER study

241 patients

enlarged or FDG-avid mediastinal lymph nodes
enlarged or FDG-avid hilar lymph nodes
central lung lesion

Surgical group
118 patients (79% sensitivity, 86% NPV)

Endosonography group
123 patients 85% sensitivity —-EBUS/EUS
94% sensitivity when followed by surgical staging, 93%NPV

However, to detect one case of single level N2 disease, 11 patients need to undergo
additional surgical staging
Endosonography and surgical staging versus immediate surgical staging reduced

the percentage of unnecessary thoracotomies from 18% to 7%.
Annema JT, JAMA 2010



Staging of the mediastinum

( no distal metastases)

PET-CT

No enlarged mediastinal
lymph nodes NO

.| Extensive mediastinal infiltration of
"] tumor by CT (2C)

/\

v

PET-CT neg
IA tumor (2B)

A 4

A 4
| PET-Pos (1C) N

A 4

N1 or central tumor (1C)

Enlarged mediastinal lymph nodes
PET+/PET- (20)

Tissue confirmation

A 4

Invasive staging ( 1C)

'

Mediastinoscopy
LUL: Chamberlain, VATS or
extended mediastinoscopy (2B)

A 4

Negative result

v

Operation

y
‘ EUS FNA or EBUS TBNA or combined if avaible ( 2B)

A 4

A 4

Negative result

Negative result but high clinical

suspect for involment

A

Invasive staging ( 1C)

v

Negative result

Chest 2013; 13 (5 supl)
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I NSCLC ¢T1-3N1-3M0 (PET/CT) / central tumour / FDG-non-avid tumour / peripheral tumour >3 ¢cm l

Treatment according
to local standard

= " . " e ;\
Inclusion & )
Randomization
- - — >//
Intervention Control
+

? . Treatment according
Cervical Videomediastinoscopy

to local standard

EBUS /EUS

Anatomic resection and lobe Anatomic resection and lobe

specific lymphadenectomy specific lymphadenectomy
Unforeseen N2 Unforeseen N2

Fig. 1 Flowchart
(.

Main objective: to compare the cost-effectiveness and cost-utility of mediastinal
staging strategies including and excluding mediastinoscopy, provided that non-

inferiority of excluding mediastinoscopy regarding unforeseen N2 disease can be
demonstrated.

Bousema, BMC 2018



CHEST Supplement
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Methods for Staging Non-small Cell
Lung Cancer

Diagnosis and Management of Lung Cancer,

3rd ed: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines

Specificity NPV
(%)
81 83

7368
PET-CT 2014 62 90 90
MES 10648 81 100 91
EUS 2756 89 100 86
EBUS 2347 89 100 91
EBUS/EUS 811 91 100 96
N

Silvestri, CHEST 2013
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Endosonographic nodal staging

+ 1991: EUS-FNA
EUS

)

EBUS

e 2003: Endobronchial
ultrasound (EBUS)

e 2007: Esophageal ultrasound
(EUS) with EBUS scope (EUS-B) \( /\

This combined EBUS scope approach can be performed in one

endoscopy session by a single operator which facilitates staging.

Herth FJ, Chest 2010
Hwangbo B, Chest 2010



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)

@ ERS ==

ESGE I

For mediastinal nodal staging in patients with suspected or proven NSCLC with abnormal
mediastinal and/or hilar nodes at CT and/or PET, endosonography is recommended over
surgical staging as the initial procedure

(Recommendation grade A).

Vilmann, Endoscopy 2015



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)
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ESGE

The combination of EBUS-TBNA and EUS-FNA or EBUS (EUS-B-FNA) scope is preferred

over either test alone (Recommendation grade C).

If the combination of EBUS and EUS-(B) is not available, we suggest that EBUS alone is

acceptable (Recommendation grade C).

Vilmann, Endoscopy 2015



EBUS alone:
e 10R, 11R
e 10L, 11L

EBUS/EUS
e 2L, 4L, 7, (2R, 4R)

Vilmann, Endoscopy International Open 2015



Utility and Safety of Endoscopic Ultrasound With Bronchoscope-Guided
Fine-Needle Aspiration in Mediastinal Lymph Node Sampling:
Systematic Review and Meta-Analysis

Table 6. Summary Characteristics of EBUS-TBNA and the
Combined Procedure (EBUS-TBNA and EUS-B-FNA)

10 StUdi es Characteristic EBUS-TBNA Alone Combined Procedure
Sensitivity (%) 80.3 (73.7-85.9) 01 (85.8-94.8)
1 080 su bjeCtS Wlth Specificity (%) 100 (98.7-100) 100 (98.7-100)
’

Positive likelihood ratio  74.9 (18.9-296.8) 88.9 (22.5-351.2)

mediastinal |ymphaden0pathy N?gﬂtivetlikelihoc}d- ratio  0.21 (0.09-0.49) 0.095 (0.03-0.28) |
Diagnostic odds ratio 388.5 (90.9-1659.9) 1323.5(278.3-6293.6)

Th e Same ecC h 0] b ronc h 0OSCo pe All values are pooled values with 95% confidence intervals in parentheses.
EBUS-TENA = endobronchial ultrasound-guided transbronchial needle aspiration
EUS-B-FNA = endoscopic ultrasound with bronchoscope-guided fine-needle aspiration

The additional diagnostic gain of EUS-B-FNA over EBUS-TBNA was 7.6% in the
diagnosis of mediastinal adenopathy.

No serious complication of EUS-B-FNA procedure was reported.
Dhooria S, Respir Care 2015



Utility and Safety of Endoscopic Ultrasound With Bronchoscope-Guided

Fine-Needle Aspiration in Mediastinal Lymph Node Sampling:

Systematic Review and Meta-Analysis

Table 7. Individual Studies Reporting the Reasons for Performing

EUS-B-FNA

First Author

Reasons for Perforrmng EUS-B-FNA

Hwangho!!

Hwangbo

Herth®
Szulobowski®®

Bugalho®?
Araya®™

Oka®®
Szlubowski0
Lee3!
Oki*?

Inaccessible by ERUS-TRMA., technical
difficulty of EBUS-TBNA, intolerance of
bronchoscopy due to cough or dyspnea,
brain metastasis with mass effect, medical
condition precluding bronchoscopy
(ischemic heart dizsease)

Inaccessible by EBUS-TBNA, well
visualized arcas by EUS-B-FNA, technical
dillrculty of EBUS-TBNA

Inaccessible by ERUS-TBNA

Inaccessible by EBUS-TBNA, patient
comfort

Inaccessible by EBUS-TBNA

Inaccessible by EBUS-TBNA, poor
performance status, poor respiratory
condition

Nol reported

Not reported

Inaccessible by EBUS-TBNA

Inaccessible by EBUS-TBNA, techmcal
diffrculty of EBUS-TBNA

LN:9, 8,7,4L,5

No cough

No cartilage to hit during

FNA

Preferred by patients?
More time for ROSE

Dhooria S, Respir Care 2015
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complete sampling (all visible lymph nodes)
systematic sampling (each nodal station)

selective sampling (‘hit-and-run’ suspicious
nodes only)

limited or no sampling



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)
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A complete assessment of mediastinal and hilar nodal stations, and sampling of
at least three different mediastinal nodal stations (4R, 4L, 7) is suggested in
patients with NSCLC and an abnormal mediastinum by CT or CT-PET

(Recommendation grade D).

Vilmann, Endoscopy 2015
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Sampling order: N3- N2- N1

EBUS, (EUS

L




Endosonography for left adrenal gland staging

Benign LAG

of lung cancer

Prospective trial (44 patients with (suspected) lung

cancer and suspected mediastinal and LAG

metastases.

Following complete mediastinal staging using the

EBUS scope (EBUS+EUS-B), the LAG was evaluated
and sampled by both EUS-B (experimental procedure)

and conventional EUS (current standard of care).
RESULTS:

* The success rate for LAG analysis (visualized,

sampled and adequate tissue obtained)

* 89% for EUS-B-FNA

* 93% for EUS-FNA

Crombag, Lung Cancer , 2017



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)
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For optimal endosonographic staging of lung cancer, we suggest that individual
endoscopists should be trained in both EBUS and EUS-B in order to perform

complete endoscopic staging in one session (Recommendation grade D).

Complete E(B)US staging

Vilmann, Endoscopy 2015



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)

ESGE

We suggest that new trainees in endosonography should follow a structured
training curriculum consisting of simulation-based training followed by
supervised practice on patients (Recommendation grade D).

We suggest that competency in EBUS-TBNA and EUS-(B)FNA for staging lung
cancer be assessed using available validated assessment tools

(Recommendation Grade D).

Comprehensive hands-on training of EBUS-TBNA procedure

Vilmann, Endoscopy 2015
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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)

ESGE I

In patients with suspected or proven <3cm peripheral NSCLC with normal
mediastinal and hilar nodes at CT and/or PET, we suggest initiation of therapy

without further mediastinal staging (Recommendation grade C).

Vilmann, Endoscopy 2015



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)

@ ERS ==

ESGE

For mediastinal nodal staging in patients with suspected or proven peripheral NSCLC
without mediastinal involvement at CT or CTPET, we suggest that EBUS-TBNA and/or
EUS-(B)-FNA should be performed before therapy, provided that one or more of the

following conditi ' nt
I enlarged or (FDG)-PET-avid ipsilateral hilar nodes >

(ii) primary tumor without FDG uptake;

(iii) tumor size 23 cm ( grade C)

Vilmann, Endoscopy 2015
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Staging of the mediastinum

( no distal metastases)

PET-CT

No enlarged mediastinal
lymph nodes NO

.| Extensive mediastinal infiltration of
"] tumor by CT (2C)

/\

v

PET-CT neg
IA tumor (2B)

A 4

A 4
| PET-Pos (1C) N

A 4

N1 or central tumor (1C)

Enlarged mediastinal lymph nodes
PET+/PET- (20)

Tissue confirmation

A 4

Invasive staging ( 1C)

'

Mediastinoscopy
LUL: Chamberlain, VATS or
extended mediastinoscopy (2B)

A 4

Negative result

v

Operation

y
‘ EUS FNA or EBUS TBNA or combined if avaible ( 2B)

A 4

A 4

Negative result

Negative result but high clinical

suspect for involment

A

Invasive staging ( 1C)

v

Negative result

Chest 2013; 13 (5 supl)



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)

ERS #5% (L

ESGE

Centrally located tumor

False-negative rates:

CT 20%—-25%

PET 24%—83%

« Centrally located lung cancer
* Normal mediastinum

For mediastinal staging in patients with centrally located suspected or
proven NSCLC without mediastinal or hilar involvement at CT and/or
CT-PET, we suggest performance of EBUS-TBNA, with or without EUS-
(B)-FNA, in preference to surgical staging

Vilmann, Endoscopy 2015



Z CHEST

Enavaotadionoinon NSCLC

Mediastinal re-staging can be performed with:
* Imaging

CT false negative 33%, false positive 25%

PET false negative 33%, false positive 33%

e invasive surgical procedures (mediastinoscopy, thoracotomy)

false negative of repeat mediastinoscopy 22%
* minimally invasive endosonographic procedures

e or acombination of the above
Muthu, CHEST 2018



Efficacy of endosonographic procedures in mediastinal re-staging of lung |S3E

cancer after neoadjuvant therapy: A systematic review and diagnostic
accuracy meta-analysis

¥
Citations found after initial search (n=285)

Studies excluded after initial review (n=202)
* Gastroenterology articles (n=162)

* Duplicates (n=21)

* Unrelated (n=19)

L 4

Studies assessed for eligibility (n=83)

Studies excluded

* Review articles (n=24)

* Abstract/editorial/case reports/letter
(n=23)

= Not about restaging (n=11)

* Restaging without EUS or EBUS (n=3)

* Guidelines (n=4)

*  Non-English literature (n=1)

* Incompletef/overlap of data (n=1)

L
Studies included in the systematic review (n=10)
+ [EBUS in mediastinal restaging (n=4)
= EUS in mediastinal restaging (n=4)
+ Combined EUS/EBUS in restaging (n=2)

Muthu, CHEST 2018



Efficacy of endosonographic procedures in mediastinal re-staging of lung
cancer after neoadjuvant therapy: A systematic review and diagnostic

accuracy meta-analysis

Cetinkaya et al, 2017
Szlubowski et al, 2014
Nasir et al, 2014
Zielinski | 2013

Von Bartheld et al, 2011
Szlubowski et al, 2010
Stigt et al, 2009

Herth et al, 2008
Varadarajulu et al, 2005
Annema et al, 2003

COMBINED

53-0.79]
12-0.88]
21-0.61]
27 - 0.62]
46 - 0.83]
64 -1.00]
67 - 0.83]
35-0.97]

o
o

o
w»

_-A--Hhu.u.u----

—_
o

SPECIFICITY (95% CI)

1.00[0.79 - 1.00]
0.96 [0.87 - 1.00]
1.00[0.84 - 1.00]
1.00 [0.94 - 1.00]
1.00 [0.86 - 1.00]
0.91 [0.76 - 0.98]
1.00[0.78 - 1.00]
1.00 [0.59 - 1.00]
1.00 [0.54 - 1.00]
1.00 [0.54 - 1.00]

0.99 [0.89 - 1.00]

Conclusions: Endosonographic procedures are safe and highly specific in mediastinal re-

staging of lung cancer.

Muthu, CHEST 2018



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)

ESGE I

Restaging

For mediastinal nodal restaging following neoadjuvant therapy,

EBUS-TBNA and/or EUS-(B)-FNA is suggested for detection of

persistent nodal disease, but, if this is negative, subsequent

surgical staging is indicated (Recommendation grade C).

Vilmann, Endoscopy 2015



2 UMUTTEPOLOLOLTLKAL. .

To mpwTto Pripa otn otadlomoinon tou NSCLC gival o evE0OKOTIKOC UTIEPNXOC

(€vavti Tou x/ov)

H ouotnuatikn npooeyylon twv Aspdpadevwy pe EBUS-TBNA o cuvbuaouod pe
EUS-(B)-FNA aufavel tn dtayvwotikn akpifeta (N3/ N2/N1) kot €xel peyoAUTepn

apvNTIKA poyvwoTtiki agia and to EBUS povo tou.

Ye aoBeveic pe mepiudpepikny BAABN kat ducloloylkd pecobwpakio oe CT i PET-CT,
ovotnvetal n xpryon EBUS-TBNA kat/f} EUS-(B)-FNA mtpwv tn Beparmneia av:

1) unapxouv Sloykwpévol 1 (FDG)-PET-avid cuototyot muAaiot Aepdadéveg

2) o mpwtomnaBng oykog dev mpooAhapPavel FDG

3) av o oyko¢ €ival 23 cm






ORIGINAL ARTICLE
LUNG CANCER

Systematic and combined endosonographic ,
® staging of lung cancer (SCORE study) Eur Respir J 20139

CrossMark
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. E Upstaging from N2 to N3 disease .
229 patients | | | ~ t9patients
25 ] Upstaging from single level to multilevel N2/N3 disease
B Upstaging from NO/N1 to N2 disease ﬁ 25
20 + 5 patients &
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= o
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Added value systematic Added value EUS-B Systematic EBUS +
EBUS EUS-B

Systematic EBUS followed by EUS-B increased sensitivity for the detection of N2/N3
disease by 9% compared to PET-CT-targeted EBUS alone.
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PULMONARY PROCEDURES

The Role of the Pulmonologist in Rapid
On-site Cytologic Evaluation of
Transbronchial Needle Aspiration

A Prospective Study

Table 4—Sensitivity, Specificity, and Accuracy of ROSE

Performed by Cytopathologist and Pulmonologist

(Final Diagnosis as Gold Standard)

Sensitivity, Specificity, Accuracy,
Physician % (95% CI) % (95% CI) % (95% CI)
Pulmonologist 91 (86-94) 72 (65-78) 80 (77-90)
Cytopathologist 95 (88-95) 92 (87-95) 92 (85-94)

Conclusions:

could obviate most difficulties related to the involvement of cytopathologists in

routine diagnostic activities and may reduce the costs of the procedure.

Training pulmonologists to have a basic knowledge of cytopathology

Bonifazi M, Chest 2014



Rapid On-Site Evaluation of Endobronchial
Ultrasound-Guided Transbronchial Needle
Aspirations for the Diagnosis of Lung Cancer

A Perspective From Members of the Pulmonary Pathology Society

Table 4. Advantages and Limitations of Rapid On-Site Evaluation (ROSE)

Advantages Limitations

Adequacy assessment of the specimen Needs an experienced cytopathologist or a dedicated trained
Improved diagnostic yield cytotechnician
Reduction of additional procedures Cost may not be reimbursed
Obtain additional passes for molecular testing, microbiology Time-consuming process (35-56 min)®

cultures, and flow cytometry Al present, no statistically significant results for ROSE and
Better use of laboratory resources and reduced laboratory effort increased diagnostic yield, fewer aspirations, decreased

because of the lower number of total slides procedure time, and reduced rate of complications

Improved patient care
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Figure 1. Suggested algorithm for locoregional lymph node staging
in patients with non-metastatic NSCLC. CT, computed ...

CT and PET or PET-CT

[ Mediastinal LN's negative | Medi | LN's positive |
cNO cN1
and or
peripheral tumour central tumour
(outer third of the lung) Tumour >3 cm
and (mainly AdenoCa with high FDG uptake)
tumour <3 cm (a)
Tissue confirmation: Tissue confirmation:
EBUS/EUS EBUS/EUS
or
VAM (¢)
“ \
Mediastinal LN's Mediastinal LN's Mediastinal LN's
negative positive negative on EBUS/EUS
’ VAM l
l (d) 1
Multimodal Mediastinal LN's Mediastinal LN's
treatment positive negative
Surgery

(a) : In tumours > 3 cm (mainly in adenocarcinoma with high FDG uptake) invasive staging should be considered

(b) : Depending on local expertise to adhere to minimal requirements for staging

(c) : Endoscopic techniques are minimally invasive and are the first choice if local expertise with EBUS/EUS needle aspiration is available

(d) : Due to its higher NPV, in case of PET positive or CT enlarged mediastinal LN's, videoassisted mediastinoscopy (VAM) with nodal dissection or biopsy
remain indicated when endoscopic staging is negative. Nodal dissection has an increased accuracy over biopsy
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Endosonography for left adrenal gland staglng
of lung cancer '

e Retrospective trial (143 parients)

* In 85% of patients it was feasible

to transgastrically detect the LAG

with the EBUS scope.

e 9 patients punctured (6:benign
adrenal tissue, 2:metastases of

NSCLC, 1: pheochromocytoma)
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