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Summary

In the staging of lung cancer with positron emiagimmography (PET) positive mediastinal lymph nodissue
sampling is required. The performance of transbn@aeedle aspiration (TBNA) using linear endolmtual
ultrasound (real-time EBUS-TBNA) under local anhesta and the value of PET for prediction of paibaal
results were assessed in that setting. The nunfileduded surgical procedures was evaluated. Alseontive
patients with suspected/proven lung cancers and-PBT positive mediastinal adenopathy were includfeab
diagnosis was reached, further surgical samplingnequired. Lymph node SUVmax (maximum standardized
uptake value) was assessed in patients whose PEPpeaviormed in the leading centre. One hundredsand
patients were included. The average number of TBE#ples per patient was 4.9 +1.1. The prevalence of
lymph node metastasis was 58%. Sensitivity, acguaiad negative predictive value of EBUS-TBNA in the
staging of mediastinal hot spots were 95, 97 arfd. FRatients without malignant lymph node involveimen
showed lower SUVmax (respective median values©B8d 10.0p < 0.0001 ). Surgical procedures were
eluded in 56% of the patients. Real-time EBUS-TBN®uld be preferred over mediastinoscopy as thediep
procedure in the staging of PET mediastinal hotsspolung cancer patients. In case of negative §Bsuirgical
staging procedure should be undertaken. The addifi®UVmax cut-off may allow further refinementtbu
needs validation.

Keywords: Endobronchial ultrasound; Lung cancer; Mediastiyaphadenopathy; PET-scan; Staging;
Transbronchial needle aspiration

1. INTRODUCTION

Staging before surgical resection of lung cancef j[garamount importance to limit the number ofléut
thoracotomies. In particular, patients with N2 naetinal lymph node involvement remain poor candisldor
initial surgical resection even if neoplastic inwasis limited to a single mediastinal station [1].

In the assessment of mediastinal lymph nodes, rpasitmission tomography with¥fluorodeoxyglucose
(FDG-PET) is more accurate than CT scan [2]. Amecensensus recommends that, in patients who are
potential candidates for surgery, a whole-body FBESF scan should be performed to evaluate the medias
[3]. PET scan also provides significant additioinébrmation in the search for distant metastasikiofj cancer
and is cost-effective [4]. Positive PET mediastigedph nodes nevertheless require histological icaomattion
because of possible increased FDG uptake relatedrtaneoplastic (mainly inflammatory) processeS8][Zor
that purpose, mediastinoscopy still remains théd‘gtandard" [5]. However, this procedure has atafity rate
of 0.2% and a morbidity rate of 0.5-2.5%, and reggigeneral anaesthesia; in addition, even ifrithea
performed on an ambulatory basis, many patierts&y at least one night in the hospital [6].

In this study, the diagnostic yield of a new tamidobronchial ultrasound (EBUS) examination withltene
guided TBNA under local anaesthesia [7-9] was agskm the staging of PET positive lymph nodes. The
number of avoided surgical staging/diagnostic pdaces was also evaluated. All the patients witlpsated or
proven lung cancers from Hépital Saint-Pierre/lnstBordet or referred from other hospitals to HapBaint-
Pierre/Institut Bordet endoscopic unit for thisication were included. As secondary aims, we aigd to
assess whether the addition of a standardized eptke (SUV, a semi-quantitative estimation of Flyftake)
cut-off to the usual simple visual (subjectiveeiretation of FDG uptake in lymph nodes may alforther
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refinement in patient selection [10].
2. MATERIALSAND METHODS

All the patients with suspected/proven lung camcet FDG-PET positive lymph nodes referred to Hdpita
Saint-Pierre/ Institut Bordet endoscopic unit wesasidered. Data were prospectively collected and
retrospectively assessed. Patients had two difféméial clinical presentations. In the first gqostaging), the
procedure was performed to stage the mediastinuapnoven lung cancer without any evidence foragist
metastasis. In the second group (diagnosis andthglagatients had suspected lung cancer but thalin
bronchoscopy was not contributive, and FDG-PET ala®rmal on the tumour and on the mediastinum.
Patients with previous chemotherapy induction trest were excluded. Sixty-nine (65% of the study
population) were referred from 26 other hospitAlspatients underwent EBUS for localization of thBG-

PET abnormal lymph nodes followed by real-time gdidBNA using the same standardized equipment and
technique throughout the study period.

Forty-three patients (all the 37 patients from Héipbaint-Pierre/Institut Bordet and six referredignts)
underwent FDG-PET scanning using the same comt®aSdCT system in the leading centre (GE Discovery
LS, GE Medical systems, Milwaukee, WI). Time oftfag before injection was at least 6h. Pre-injetserum
glucose was normal (range 78-122 mg/dL). A fixed3=@bse of 296 MBq (8mCi) was administered 60 min
before acquisition that included the trajectoryrirmid-thigh to mid-skull. Acquisition time was 4méh each
table position. Attenuation correction used theddemsitometry data. Image reconstruction usingrecie
subset expectation maximization (OSEM) was obtaimildl two iterations and 28 subsets after imageswe
smoothed by a 5.45 mm FWHM Gaussian filter.

Bronchoscopy was performed using a linear-arrapsittund bronchoscope (BF TYPE-UC160F-OL8; Olympus
Ltd., Tokyo, Japan) while patients were comfortad#gted in a 30° recumbent position. Oxygen (2 h)mwias
administered with nasal prongs, and transcutaneeo®globin saturation and cardiac rhythm (Ohmeax Bi
3740; Louisville, CO) were continuously monitorédchaesthesia of the airways was performed as prshjiou
described [11] with conscious sedation using irgreus midazolam and patients were managed on an
outpatient basis. The technical description ofasitund examination and real-time guided needleaipi of
lymph nodes using 22-gauge needle has previously described [7-9]. Colour Doppler was used as et én
avoid main vessel puncture. Identification of lympides levels was performed according to the iatarnal
staging system [12] and lymph nodes dimensions ais@recorded. For positive PET lymph nodes areas,
assessment was concentrated on N2 and/or N3 lygidsrin case of proven lung cancer but also onipesi
PET N1 lymph node in case of suspected lung caifcaccessible PET negative lymph nodes of higkegiag
were seen during EBUS, (e.g. N3 PET negative areesse of N2 PET positive areas), we sampled tfieste
in order to detect FDG-PET occult metastases. Dageten punctures were performed in each patient,
beginning with the highest staging node level ifesal areas were hypermetabolic on PET-scan. Tiieatesd
material was smeared onto glass slides that wesgriaed and also fixed in 70% alcohol. In addititime catheter
and needle were flushed with one millilitre of NalC9% and the material was collected for cytolagica
examination. No rapid on-site cytological examioativas used.

3. DATA ANALYSIS

For the purpose of EBUS lymph node size analysisc@nsidered the sampled lymph node with the larges
short-axis in each patient. TBNA was consideredrdmutive whenever a clear definite cytological or
histological diagnosis was obtained. It was notiGbutive if no diagnosis could be reached. In éhkdter
cases, surgical staging/diagnostic procedures @atdoscopy or thoracotomy with mediastinal lymplde
dissection) were recommended. The sensitivity, ifipitg, positive predictive value, negative pretile value
and accuracy were calculated using the standanditieis, excluding patients in whom surgery was no
undertaken to verify non contributive TBNA resuRsilse-positive aspirations were considered unjikeld no
surgical verification was then performed [13]. &tf, the main source of false positive resultkslii to be a
lung tumour abutting the main tracheo-bronchiag toet none of our patients showed this conditinrfatt the
majority of the patients were assessed for thendisig and staging of peripheral tumour with medias{hilar)
PET positive lymph nodes and the peripheral loatilin also explains the low diagnostic performaoiciitial
conventional bronchoscopy in this population. Agstel staging/diagnostic procedure was consideseslded
and therefore not performed whenever TBNA was douiive. Secondary aim included comparison of SU¥ma
measurements between patients with and without lyngque metastasis, using the Mann-Whitbletest. These
measurements were performeegosterioriby one experienced specialist in nuclear mediditi@)(in all the
patients assessed using the same PET-CT machindHdpital Saint-Pierre/Institut Bordet. This spéisitavas
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blinded to the results of EBUS-TBNA. For the pumpas analysis, the largest lymph node SUV value
(SUVmax) measured in the sampled lymph node stiioeach patient was used. The tomodensitometay da
were used to locate the sampled lymph node statinds region of interest was drawn encompassimgtiole
positive volume. SUVmax was chosen because issdensitive to the partial volume effect that ddwdve a
great influence on the uptake measurement of ssh@kts. The relationship between the SUVmax vaha

the presence of lymph node metastasis was furtfedysed through a logistic regression model. RO&lyais
was also performed to assess the value of SUVmaxdéagnostic technique for lymph node metastais.
attempt was made to extend this analysis to othetres because of the known lack of standardizati@&UV
analysis between various PET systems.

This study included 20 patients whose results \peggiously published in a French journal [14].
4.RESULTS

From December 2004 to March 2007, 106 patients svilpected/proven lung cancer and positive FDG-PET
mediastinal (hilar) lymph nodes were included. gdtients already had a bronchoscopy for diagngstipose.
Their main characteristics are summarized in TablEDG-PET and CT scan images were always availalile
data on quantitative assessment including starmddiptake value (SUV) or lymph node size (CT seate
most often missing due to non standardized indiajnostic work-up done in 27 different centres pfaviously
reported, the procedure performed under local dénesis was well tolerated and side effects, notablygh,
were seldom encountered [15]. In one patient witiPO, however, chest pain occurred during the praeed
and chest X-ray confirmed a pneumothorax that reguthest tube drainage. FDG-PET scan located atathor
lymph nodes in the mediastinum in 96 cases aruedhitar level only in 10 cases. EBUS localizatidhymph
nodes was always possible and required about 5aftér, which real-time guided TBNA was performed.

Punctured lymph nodes characteristics are show&dlife 2. A total number of 512 samples (mean nupbe
patient: 4.9 +1.1) were obtained, in 188 differlgniph node stations. The lymph node stations theewhe
most frequently explored were 4 (46% of the totahber of sampled areas, 76 patients) followed (84%6, 64
patients). In 18 patients, area 7 was the solghjoead station. The smallest proven malignant lympte had a
short axis measuring 5 mm.

Table 1- Characteristics of the patients

Total number 106
Proven lung cancer 29
Suspected lung cancer 77

Mean pack (years) 42 £21

Male/female 79/27

Mean age (years) 64 £ 10

Hilar FDG-PET positive lymph nodes or 10
N2-N3 FDG-PET positive lymph nodes 96
FDG-PET: 18-fluorodeoxyglucose-positron emissianagraphy.

Table 2- Punctured lymph nodes characteristics

Total number of samples (N) 512
Mean number of passes/patient 49+1.1

Stations (N) 188
Distribution 7 64 (34%)
Distribution 4R 49 (26%)
Distribution 4L 37 (20%)
Distribution 11R 19 (10%)
Distribution 11L 6 (3%)
Distribution 10R 8 (4%)
Distribution 10 L 4 (2%)
Distribution 2L 1 (0.5%)

Mean diameter of the largest node in each patrangg€) in mm 14.4 + 6.7 (5.0-40.0)




Published in: Lung Cancer (2008), vol.61, iss.3, 3f6-361
Status: Postprint (Author’s version)

Fig. 1 describes the final diagnosis in the 106epéd. EBUS-TBNA revealed lung cancer lymph node
metastasis in 58 (55%) patients, including two sadgesmall cell carcinoma. In four of these cagaph node
metastasis was also found in PET negative arehigbér lymph node level (2 N3 and 2 N2 confirmedesa
that appeared respectively as N2 and N1 diseasttedyasis of PET results). In one patient, searslll
biopsies showed normal lymph node tissue with aatisis (biopsies are rarely obtained with the 22gga
needle and the presence of lymph node tissue witieaplastic involvement was considered as a tegative
result in this particular case) and in anotherguafisuspected tuberculosis was confirmed by pléimpsies.

If this latter debatable case is discarded, surgitarvention was eluded by the use of EBUS-TBMAE %
(59/106) of the patients. Thirty of the 46 patientth tumour negative EBUS findings had surgicalifieation
that showed lymph node metastasis in three caséises$e latter cases, during EBUS, lymph node$kad
localized and biopsied in the areas that later glibmetastasis during surgical exploration (areadghe patient,
4L in the second one and 4R in the third patidnthne case, EBUS sampling showed neither lymplescyor
neoplastic cells suggesting inadequate samplingraadother patient, there was a 2 months delaydmt
EBUS-TBNA and mediastinoscopy due to a major abdahsurgery. In contrast, no explanation was fofand
the third false negative result. In 16 patientssaaical verification was performed because ofepatefusal

(n =5) or loss of follow-up (two patients) or physicimdecision to administer chemotherapy or radiatner
without surgical verificationr(= 6). In the last three cases, clinical follow-ugsxchosen by the referring team
and was uneventful at 6 months, supporting nonJastip disease. The prevalence of lymph node nasissin
the whole population was 58% (61/106). Based or9thassessable patients, the sensitivity, spegifisositive
predictive value, negative predictive value anduaacy of EBUS-TBNA for PET positive lymph node stag
were 93, 100, 100, 91 and 97%.

Fig. 1- Final diagnosis of mediastinal lymph nodes. (EBE&obronchial ultrasound; TB: tuberculosis).
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n=58 lymph n=46 tumor-free lymph n=1 anthracotic node
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5. LYMPH NODE SUVYMAX MEASUREMENT

PET-CT scan was performed in Hopital Saint-Pienstflut Bordet in 43 of the 106 patients. Two casese
excluded from the analysis because no surgicafie&tion was performed despite negative EBUS-TBNA
results. Among the 41 assessable patients, lymgla metastasis was confirmed in 29 and excludeditgiczal
verification in 12 of them. The mean SUVmax of natiinal lymph nodes was 9.1 + 6.1 for the wholeaugrbut
amounted to 11.1 £ 6.0 in the metastatic lymph sadel only 4.1 + 2.2 when no tumour was found wihi&e
median values were respectively 10.0 in positiiiepgs and 3.7 in negative patients. Location ef$tuVmax
distribution was significantly associated to lymmdde involvementy < 0.0001). When SUVmax was analysed
as a continuous variable, an increase by 1 in tén$ax value divided by 2 the probability of beirrgé of
lymph node metastatis (OR = 0.49, 95% CI: 0.30-0p/80.001). The area under the ROC curve for pridjct
negative involvement of lymph nodes was 0.93. Usimtyit-off value of 4, negative predictive valuesvi®0 %
for a sensitivity of 67%.

6. DISCUSSION

The present study shows that real-time EBUS-TBNA very safe and effective tool to stage patieritis w
suspected/proven lung cancers and FDG-PET positadiastinal lymph nodes. This technique could be
performed after local anaesthesia, on an outpatiasis and was associated with a high sensitivitiyaccuracy.
A serious complication (pneumothorax) was encowatén only one patient. It also allowed avoidante o
surgical diagnostic/staging sampling in 56 % ofgyas. In a few patients, it also confirmed lympida
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metastasis in higher lymph node levels than thggyssted by the PET scan. To that extent, this tqabrshould
be considered as a primary method of sampling tieipa with suspected/proven lung cancers and FBEG-P
positive mediastinal lymph nodes. If no lymph nodetastases were demonstrated, further surgicallsemp
should still be performed due to endobronchialsibund's 91 % negative predictive value. The addf
SUVmax cut-off may allow further refinement but deevalidation.

The study included patients from many differenttoes) leading to a potential selection bias. Ingdé8doatients
(65 % of the study population) were referred toléaeling centre from 26 other hospitals over 28 tm&nT his
suggests that, in many centres, the criteria tr thiese patients were not uniform. It is alsolyikhat, as long
as minimally invasive techniques (EBUS or EUS) wastavailable in these centres and evidence stipgor
their use was still limited, they were not consétkas primary staging procedures by a varying ptapoof the
local chest physician and/or thoracic surgeonss ®halso illustrated by the fact that very fewigails were
referred by thoracic surgeons. As already mentipsedyical staging/diagnostic procedures (mediastiapy or
thoracotomy with mediastinal lymph node dissectionje recommended whenever EBUS was not contributiv
but these recommendations were not always follosueth that the negative predictive value of EBUShnize
lower than the value reported. In addition, noragtewas made trying to standardize nodal samplittjca
dissection in the different centres. We believe éngav that the inclusion of all these referred pasién a study
with a pragmatic approach and the encouragingtesbtained in the present study strengthens tHerpgance
value of EBUS-TBNA for mediastinal staging.

Initially, EBUS lymph node localization has beemfpemed using the ultrasonic probe technique. Phidbe
however does not allow real-time guided TBNA. Heattd colleagues [16] have elegantly shown thatlyhiph
node sampling technique is better than the conwealti'blinded" TBNA. Recently, we have assesseddheeof
prior evaluation of FDG-PET positive lymph nodesgaultrasonic catheters before TBNA in patientthwi
various clinical presentations and the overall disgic yield was 82 % [15]. For obvious reasonsydwer, the
development of the new echo-bronchoscope allowgadrime guided TBNA will probably replace the iretit
ultrasonic probe technique.

The performance of EBUS-TBNA in the present stud Wwigh despite the fact that no rapid on-sitelogtoal
examination was performed and lymph node size elasively small. We believe that this is mainly &iped
by PET positive node selection and ultrasound gugtampling. Lymph node size has been reported to be
determinant of the diagnostic yield of blinded TBINA]. With real-time guided sampling, the impatsize on
yield should decrease by a large amount. In faetnediastinal lymph node size in a given poputatib
patients will depend mainly on the imaging diagitoark-up. If selection is done by CT scan on basis of
lymph node short-axis >1 cm, one may expect thaheraverage, larger lymph nodes will be explohaaht
when PET scan is used. Indeed, in the largest sindiie staging of CT enlarged mediastinal lymptiesousing
oesophageal ultrasound with fine needle aspiratiemmean size of sampled lymph nodes was 24 min [13
Despite differences in lymph node size and thetfaatthe latter study used rapid on-site cytolalgic
examination, both this latter and the present ssudhowed similar sensitivities and specificitiesltrasound
guided sampling in the context of similar prevaken€ lymph node metastasis.

Surprisingly, the prevalence of lymph node metastaas relatively low (58 %) in this populationpdtients
with PET positive lymph nodes. Several factors mantribute to the high-rate of "false positive PEFifst, the
study included a majority (73 %) of patients witht get proven lung cancers. This factor increakes t
probability of finding non-neoplastic disordersyiechronic infectious diseases including tuberde)o$econd,
the semi-quantitative analysis (SUVmax) of PET spits don@ posterioriin the 41 patients explored in a
single institution (Hopital Saint-Pierre/InstitubBlet), has shown that lymph nodes without metistes a
significantly lower SUV than those with metastgsmedian of 3.7 versus 10.0). If distinction betweealignant
and benign lymph nodes had been based on semiigtiaatassessment with as threshold, as an exathgle
best one (4.4) reported in a previous study [1@f &ie 12 patients without lymph node metastasiald/not
have been referred for EBUS and our negative pligdigalue would have been 96 %. Such semi-quaintta
measurements, however, are not routinely perforamedstill require between-centres (and various RHT-
machines) validation. Further, our sample size quate small with only 12 negative patients leadindarge
confidence intervals when assessing the charatitsres any diagnostic rule despite an area urtteiROC
being quite interesting. Anyway, proposing a thoddtor diagnosis purposes, at the present stagpjiie
difficult as any threshold would have been to bldaded in each institution before allowing its useslinical
practice. A potential explanation for the relativiigh rate of false positive initial visual readiperformed by
well-trained PET specialist is related to the idtretion of integrated PET-CT scans. Even if theiaisnalysis
suggest moderate FDG uptake, fusion of PET andn@ibés, provided they confirm that the uptake iated
within a lymph node, may lead to the decision tosider the lymph node as a suspicious one.
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EBUS allowed to elude 56 % of the required surgiealfication of PET positive mediastinal lymph resd
These results are in accordance with previous esushiowing that esophageal endoscopic ultrasoud8)(E
with fine needle aspiration (FNA) in lung canceti@ats with mediastinal and/or upper retroperitd G-
PET hot spots in fact decreased by 62 % the nuwitsirgical staging procedures and saved 40 %agfrgj
costs [18].

Several studies have assessed the use of EUS-Fili& #valuation of mediastinal hot spots [19,2@].dtudy

has compared EBUS-TBNA with EUS-FNA in this partazundication and these techniques in fact appear
more complementary than exclusive [21]. EBUS presidccess to the same lymph nodes as mediastiyoscop
(with even easier access to left lower paratractiesd, below the aorta and the posterior subcaanea)

whereas EUS allows visualization and access to lynques close to the oesophagus, including the left
paratracheal area, the aortopulmonary window, thearinal area and the posterior mediastinum. trcenter,
EBUS-TBNA is preferred over mediastinoscopy asfittst staging procedure and EUS is reserved for
exploration of lymph nodes that are located ingbgopulmonary window or in the lower mediastinum.

This initial non-surgical approach is also inteirggtn the present context of multi-modal treatméhrbvided
N2 disease is confirmed by initial EBUS (or EUShgting, restaging after the induction treatment thaf
paramount importance to assess the important pstigrfactor that is downstaging [22-25], might then
performed with mediastinoscopy. On the oppositipfiang initial staging with mediastinoscopy,
remediastinoscopy is a difficult surgery perfornida limited number of thoracic surgeons [26,27].
Furthermore, although ultrasound guided needleatipi may allow confirmation of the persistencdyofiph
node metastasis, it is not well suited to giveecijse staging information such as single versusipieilevel N2
disease or presence of extracapsular disease ithbewonsidered as a clear contra-indicationugisal
resection.

In summary, in patients with suspected/ proven lcengcer and FDG-PET positive mediastinal lymph spde
EBUS-TBNA allowed to assess lymph node metastasisanvhigh sensitivity and accuracy. It also petedit
sparing of a majority of surgical procedures. Isecaf negative EBUS, surgical staging procedurelghoe
undertaken. The addition of SUVmax cut-off may alliurther refinement but validation is required.
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