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INTRODUCTION

Increases in both life expectancy and cancer incidence 
with age, together to the exposure to pollutants includ-
ing smoking habit, result in a significant rise in lung 
cancer rates among elderly patients 1-5.
At diagnosis, half of the patients are over 70 years of 
age, and most present with comorbidities and ad-
vanced disease for which chemotherapy provides lim-
ited benefit in terms of response rate and survival 6-16. 
Better understanding cancer biology  17-37 is leading 
to renovated target based approaches also in elderly. 
Mediastinal lymph node (LN) staging represents the 
cornerstone in the diagnosis, treatment and prognosis 
of patient with non-small cell lung cancer (NSCLC). 
Despite the advances in radiological proceduresand 
the routine use of F-18 fluorodeoxy-D-glucose positron 
emission tomography(18-FDG-PET)  38-45 in diagnostic 
work-up of lung cancer, 5-15% of NSCLC patients 
clinically staged as N0 and undergoing surgery have an 
unexpected pN2 disease 46-54.

Thus, we have reviewed the literature to define if routine inva-
sive mediastinal stage is indicated in NSCLC elderly patients 
without LN involvement on PET-CT, an issue still debate. 

RESEARCH CRITERIA

Medline search was done on PubMed, EMBASE and 
Cochrane databases using the following terms: lung 
cancer, mediastinum, PET, staging, Endoscopy (Bron-
chial) Ultrasound-Endoscopy (EBUS, EUS), Video As-
sisted Thoracic Surgery (VATS), and mediastinoscopy. 
The time frame was restricted to articles published from 
January 2000 up to July 2015. Cited references of re-
view articles on indication for invasive mediastinal stag-
ing were manually examined to find additional articles 
not found in the computerized databases. Additional 
articles were identified from reference lists of selected 
articles. No-English language papers, case reports, 
abstracts only, letters and unpublished data were ex-
cluded. Of the 293 papers founded, 19were identified 
for answering our question and summarized in Table I. 

We have reviewed the literature to clarify if routine invasive mediastinal staging is indicated also in Stage I elderly 
patients screened with PET/CT scan. Nineteen papers were chosen to answer the question. Occult pN2 disease 
was < 10% in five papers; between 10-16% in four papers; and > 16% in four papers.Significant risk factors for 
occult pN2 disease are the SUV value of primary tumor (seven papers), central tumor (four papers), tumor > 3 
cm (five papers), adenocarcinoma histology (five papers) and cN1 disease(two papers). Two papers found that 
unexpected pN2 patients had a better survival than cN2 patients operated after induction therapy. Invasive medi-
astinal staging is recommended also in cN0 patients with central tumor or with peripheral tumor > 3 cm. 

Key words: CT/PET, Invasive technique, Mediastinal staging, Non small cell lung cancer
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RESULTS

Park et al. 55 attended mediastinoscopy in 78/147 (53%) 
patients with NSCLC Stage I. N2 disease was found in 
7 (4.8%) cases of which 6 underwent mediastinoscopy 
with diagnosis of N2 involvement in only 3 cases (50%). 
Significant predictors of N1/N2 metastasis was a SUV 
of primary tumor > 7.3 (p = 0.001). 
Cerfolio et al. 56 evaluated 153 NSCLC cN0 (n = 136) and 
cN1 (n = 17) patients screened with PET/CT. All patients 
underwent mediastinoscopy and EUS. N2 disease was 
found in 22/153 (14.3%) patients; among cN0 (n = 15) 
mediastinoscopy (n = 4; 2.9%) and EUS (5; 3.7%) cor-
rectly diagnosed N2 disease in 9 cases and failed in 6 
(4.7%); among cN1 (n = 7) mediastinoscopy (n = 3; 17.6%) 
and EUS (n = 4; 23.5%) correctly diagnosed N2 disease 
in all cases. Significant risk factors were a SUV primary 
tumor > 10 (0.01) and poorly differentiated cancer (0.03). 
Sivrikoz et al. 57 attended mediastinoscopy in 68 resect-
able patients. N2 disease was found in 11/68 (16%) 
cases. Mediastinoscopy correctly diagnosed N2 dis-
eases in 9/11 patients (81.8%) and failed in 2/11 be-
cause sub-centimeters LNs. 
Sanli et al. 58 studied 78 NSCLC patients. Mediastinos-
copy (n = 33/78; 42%) was attended in cN2 patients 
and in those with adenocarcinoma or central tumors 
even without mediastinal involvement. Accuracy of me-
diastinoscopy was 96.9% with one false negative result. 
Al-Sarraf et al. 59 evaluated 153 NSCLC patients with-
out mediastinal adenopathy. No mediastinoscopy was 
performed. N2 disease was found in 25/153 (16%) 
patients; significant risk factors were central tumor 
(p = 0.007); right upper lobe (p = 0.01); and cN1 dis-
ease on PET (p = 0.002). 
Perigaud et al.  60 evaluated 51 NSCLC. Mediastinos-
copy was attended in only 2 patients to exclude N3 
disease. N2 disease was found in 10/51 (19.6%) 
patients; of these, 6 sub-centimeters LNs were PET 
negative. Meyers et al. 61 evaluated 248 NSCLC early-
stage patients. 14/248 (5.6%) had N2 disease; of these 
13/14 (92.8%) underwent mediastinoscopy detecting 
metastasis in 5/13 (38%) patients. Only 1/70 patient 
who did not have mediastinoscopy had N2 disease. 
The 5 year progression free survival of patients un-
dergoing mediastinoscopy or not was similar (72% vs 
77%; p = 0.245). Zhang et al. 62 in 530 NSCLC T1N0 
stage patients found N2 disease in 89/530 (16.8%) 
cases. No mediastinoscopy neither PET/CT was rou-
tinely carried-out. Significant risk factors were central 
tumor (p = 0.002); tumor size (p < 0.001), and invasive 
adenocarcinoma (p < 0.001). De Franchi et al. 63 in 968 
pT1 patients found 59/968 (6.1%) occult N2 diseases. 
In 16/59 cases (27%) mediastinoscopy was attended 
revealing N2 disease in 3/16 (19%) cases and failing in 

13 (81%). In 7/13 cases, metastases were in stations 
not accessible by mediastinoscopy whereas in 6/13 
cases in 4R or 7 stations. The 5 year-survival-time of 
patients with occult N2 disease was better than cN2 
patients (46% vs 31%). 
Lee et al. 64 attended mediastinoscopy in 76/224 (34%) 
NSCLC Stage I patients. N2 disease was found in 
16/224 (7.1%). Metastases were identified by medias-
tinoscopy in 11 and missed in 5 cases. Significant risk 
factors were central tumor location (p < 0.001); tumor 
size > 6.0 (p < 0.001), and SUV > 4.0 (p = 0.01). Kim et 
al. 65 found occult N2 disease in 34/150 (23%) cases. 
PET-CT had a low value of sensitity (47%) probably 
because LNs were sub-centimeters. Thus, the authors 
concluded that negative PET N2 disease did not obvi-
ate mediastinoscopy. Iskender et al.  66 evaluated 212 
patients with NSCLC underwent to PET/CT and  me-
diastinoscopy. Only 4/107 (3.7%) with negative medi-
astinal LN uptake on PET/CT had pN2 disease. Trister 
et colleagues 67 drew up a report, focusing on 201 pa-
tients with clinical stage I and II NSCLC screened with 
PET scan and undergoing invasive staging of the me-
diastinum. N2 disease was found in 63/201 (31%) pa-
tients. Multivariate analysis showed thatSUV of primary 
tumour >  6 was the only significant predictive factor 
(p = 0.02). Gomez-Caro et al. 68 investigated 79 patients 
with NSCLC Stage I screened with PET-CT scan. Oc-
cult pN2 diseases were found in 6/79 (7.6%) among 
patients with Stage IA and 11/74 (14.8%) among those 
with clinical Stage IB. Significant risk factors for oc-
cult pN2were tumor sizes ≥  5  cm, pN1 disease, ad-
enocarcinoma and female patients. Wang et al. 69 in a 
metanalysis including 10 studies and a total of 1122 
patients with NSCLC stage  I (T1-2N0) NSCLC evalu-
ated the negative predictive value of PET-CT. Negative 
predictive value of PET/CT in detecting of mediastinal 
LN metastases was 94% in T1 and 89% in T2 patients. 
Significant risk factors were adenocarcinoma histology 
and high FDG uptake of the primary lesion. 
Billé et al. 70 investigating 353 NSCLC stage I patients. 
PET/CT sensitivity, specificity and accuracy were 
38.8%, 97.4%, and 85.7% for adenocarcinoma histol-
ogy and 81.8%, 91.8% and 90.8% for squamous car-
cinoma histology. 
The authors 71 evaluated 901 consecutive patients with 
Stage I NSCLC screened with PET/CT scan. 108/901 
(12%) had unexpected pN2 disease. Central tumor lo-
cation (p < 0.003), cT2a (p < 0.0001) and pT2a stage 
(p  <  0.0001), pN1 disease (p  =  0.004), and SUV of 
primary tumor > 4.0 (p = 0.007) were prognostic fac-
tors of occult pN2 disease. pN2 patients versus cN2 
patients operated after induction therapy presented a 
betteroverall survival (56 vs 20 months; p = 0.001) and 
disease-free survival (46 vs 11 months;  p  <  0.0001). 
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The update of European Society of Thoracic Surgery of 
2014 72 stated that preoperative mediastinal staging is 
advised in central tumors < 3 cm, in every tumor larger 
than 3 cm or in CT or PET N1 nodes positivity. Instead, 
a systematic nodal dissection is indicated for tumors 
≤ 3 cm, located in outer third of the lung cm and when 
there are no pathologic evidence on PET-CT scan. 
American College of Chest Physician 73 guidelines did 
not support mediastinoscopy in stage I NSCLC unless 
a PET scan finding is positive in the nodes. However, 
mediastinoscopy is indicated for central tumors, cN1 
disease, or low FDG uptake of the primary tumor with 
N2 PET negative LNs 16 mm on CT scan.

DISCUSSION

The most of analyzed papers evaluated patients without 
mediastinal adenopaties on PET-CT undergoing resec-
tion. Invasive mediastinal staging was attended in all or 
in two/third of patients in four papers 55-58; in half or less 
in two 63,64; and in nobody patient in four 59 60 62 71. Occult 
pN2 disease was < 10% in five 55 61 63-65; between 10-16% 
in four 56 57 59 71; and > 16% in four papers 60 61 65 67. Diag-
nostic yield of mediastinoscopy was between 50-61% in 
two 55 61, and > 80% in four papers 57 58 63 64. It missed N2 
metastases because LNs were within inaccessible station 
or sub-centimeters 55 63. Significant risk factors for occult 
pN2 disease are the SUV value of primary tumor ranging 
from 4 to 10 56, central tumor 59 63 64 71, tumor larger than 
3 cm 68 70, histology of adenocarcinoma 68-70 and presence 
of clinical hilar lymph node involvement (cN1 disease) 71. 
However, the last guidelines of ESTS 54 and ACCP 53 in 
agreement with previous papers reported that invasive 
mediastinal staging is advised also for tumor < 3 cm if 
located in hilar region. Two papers 63 71 found that unex-
pected pN2 patients had a better survival than cN2 dis-
ease undergoing surgery after induction therapy.
From analysis of the literature 74-76, we can conclude that 
invasive mediastinal staging with mediastinoscopy, EBUS 
or EUS is recommended also in cN0 patients with central 
tumor or with peripheral tumor > 3 cm. Despite in the last 
years EBUS-TBNA is become the preferred approach for 
mediastinal sampling, mediastinoscopy or VATS remain 
the best options in case of lymph node with high suspi-
cion of involvement but negative on EBUS. 

References 
1 de Laurentiis G, Paris D, Melck D, et al. Separating smok-

ing-related diseases using nmr-based metabolomics of ex-
haled breath condensate. J Proteome Res 2013;12:1502-11. 

2 Mazzarella G, Esposito V, Bianco A, et al. Inflammatory ef-
fects on human lung epithelial cells after exposure to diesel 

exhaust micron sub particles (PM₁.₀) and pollen allergens. 
Environmental Pollution 2012;161:64-9. 

3 Mazzarella G, Ferraraccio F, Prati MV, et al. Effects of diesel 
exhaust particles on human lung epithelial cells: an in vitro 
study. Respir Med 2007;101:1155-62.

4 Esposito V, Lucariello A, Savarese L, et al. Morphology 
changes in human lung epithelial cells after exposure to 
diesel exhaust micron sub particles (PM(1.0)) and pollen 
allergens. Environmental Pollution 2012;171:162-7. 

5 Mazzarella G, Lucariello A, Bianco A, et al. Exposure to 
submicron particles (PM1.0) from diesel exhaust and 
pollen allergens of human lung epithelial cells induces 
morphological changes of mitochondria tonifilaments and 
rough endoplasmic reticulum. In Vivo 2014;28:557-61.

6 Jemal A, Bray F, Center MM, et al. Global cancer statistics. 
CA Cancer J Clin 2011;61:69-90.

7 Longobardi L, Di Giorgio A, Perrotta F, et al. Bronchial asthma 
in the elderly patient. J Gerontology Geriatrics 2016;64:55-65. 

8 Corbi G, Bianco A, Turchiarelli V, et al. Potential mech-
anisms linking atherosclerosis and increased cardio-
vascular risk in COPD: focus on Sirtuins. Int J Mol Sci 
2013;14:12696-713.

9 Bianco A, Mazzarella G, Bresciani M, et al. Virus-induced 
asthma. Monaldi Arch Chest Dis 2002;57:188-90.

10 De Simone G, Aquino G, Di Gioia C, et al. Efficacy of aer-
obic physical retraining in a case of combined pulmonary 
fibrosis and emphysema syndrome: a case report. J Med 
Case Rep 2015;9:85.

11 Frasci G, Lorusso V, Panza N, et al. Gemcitabine plus 
vinorelbine versus vinorelbine alone in elderly patients 
with advanced non-small-cell lung cancer. J Clin Oncol 
2000;18:2529-36.

12 Comella P, Frasci G, De Cataldis G, et al. Cisplatin/carbo-
platin+etoposide+ vinorelbine in advanced nonsmall-cell-
lungcancer: a multicentrerandomised trial. Gruppo Onco-
logico Campano Br J Cancer 1996;74:1805-11. 

13 Comella P, Frasci G, Panza N, et al. Cisplatin, gemcit-
abine, and vinorelbine combination therapy in advanced 
non-small-cell lung cancer: a phase II randomized study of 
the southern Italy Cooperative oncology group. J Clinical 
Oncol 1999;17:1526-34. 

14 Frasci G, Lorusso V, Panza N, et al. Gemcitabine plus vi-
norelbine yields better survival outcome than vinorelbine 
alone in elderly patients with advanced non-small cell lung 
cancer. A Southern Italy Cooperative Oncology Group (SI-
COG) phase III trial. Lung Cancer 2001;34(Suppl 4):S65-9.

15 Schiller JH, Harrington D, Belani CP, et al. Comparison of 
four chemotherapy regimens for advanced non-small-cell 
lung cancer. N Engl J Med 2002;346:92-8. 

16 Piantedosi FV, Caputo F, Mazzarella G, et al. Gemcitabine, 
ifosfamide and paclitaxel in advanced/metastatic non-
smallcell lung cancer patients: a phase II study. Cancer 
Chemother Pharmacol 2008;61:803-7. 

17 Cattaneo F, Guerra G, Parisi M, et al. Expression of formyl-
peptide receptors in human lung carcinoma. Anticancer 
Res 2015;35:2769-74.

18 Lodola F, Laforenza U, Bonetti E, et al. Storeoperated 



A. Fiorelli et al.36

Ca2+ entry is remodelled and controls in vivo angiogen-
esis in endothelial progenitor cells isolated from tumoral 
patients. PLoS One 2012;7:e42541.

19 Moccia F, Lodola F, Dragoni S, et al. Ca2+ Signalling in 
endothelial pro genitor cells: a novel means to improve 
cell-based therapy and impair tumour vascularisation. Curr 
Vasc Pharmacol 2014;12:87-105.

20 Nigro E, Scudiero O, Sarnataro D, et al. Adiponectin af-
fects lung epithelial A549 cell viability counteracting TNFa 
and IL-1ß toxicity through AdipoR1. Int J Biochem Cell Biol 
2013;45:1145-53.

21 Nigro E, Daniele A, Scudiero O, et al. Adiponectin in asth-
ma: implications for phenotyping. Curr Protein Pept Sci 
2015;16:182-7.

22 Bianco A. Mazzarella G. Turchiarelli V, et al. Adiponectin: 
an attractive marker for metabolicdisorders in Chron-
ic Obstructive Pulmonary Disease (COPD). Nutrients 
2013;15:4115-25.

23 Daniele A, De Rosa A, Nigro E, et al. Adiponectin oligomer-
ization state and adiponectin receptors airway expression 
in chronic obstructive pulmonary disease. Int J Biochem 
Cell Biol 2012;44:563-9. 

24 Nigro E, Scudiero O, Monaco ML, et al. New insight into 
adiponectin role in obesity and obesity-related diseases. 
Biomed Res Int 2014;2014:658913. 

25 Nigro E, Imperlini E, Scudiero O, et al. Differentially ex-
pressed and activated proteins associated with non small 
cell lung cancer tissues. Respir Res 2015;16:74. 

26 Cardarella S, Johnson BE. The impact of genomic chang-
es on treatment of lung cancer. Am J Respir Crit Care Med 
2013;188:770-5.

27 Wu JY, Vlastos AT, Pelte MFet al. Aberrant expression of 
BARD1 in breast and ovarian cancers with poor prognosis. 
Int J Cancer 2006;118:1215-26.

28 Zhang YQ, Bianco A, Malkinson AM, et al. BARD1: an 
independent predictor of survival in non-small cell lung 
cancer. Int J Cancer 2012;131:83-94.

29 Bria E, Di Modugno F, Sperduti I, et al. Prognostic impact 
of alternative splicing-derived hMENA isoforms in resect-
ed, node-negative, non-small-cell lung cancer. Oncotarget 
2014;5:11054-63.

30 Fiorelli A, Ricciardi C, Pannone G, et al. Interplay between 
steroid receptors and neoplastic progression in sarcoma 
tumors. J Cell Physiol 2011;226:2997-3003.

31 Fiorelli A, Accardo M, Carelli E, et al. Circulating tumor 
cells in diagnosing lung cancer: clinical and morphologic 
analysis. Ann Thorac Surg 2015;99:1899-905.

32 Ragusa M, Vannucci J, Ludovini V, et al. Impact of epider-
mal growth factor receptor and KRAS mutations on clinical 
outcome in resected non-small cell lung cancer patients. 
Am J Clin Oncol 2014;37:343-9.

33 Baldelli E, Bellezza G, Haura EB, et al. Functional signaling 
pathway analysis of lung adenocarcinomas identifies novel 
therapeutic targets for KRAS mutant tumors. Oncotarge 
2015;6:32368-79.

34 Fiorelli A, Izzo AC, Frongillo EM, et al. Efficacy of wound 
analgesia for controlling post-thoracotomy pain: a 

randomized double-blind study†. Eur J Cardiothorac Surg 
2016;49:339-47.

35 Fiorelli A, Vicidomini G, Mazzella A, et al. The influence of 
body mass index and weight loss on outcome of elderly 
patients undergoing lung cancer resection. Thorac Cardio-
vasc Surg 2014;62:578-87.

36 Santini M, Fiorelli A, Vicidomini G, et al. The use of Liga-
Sure for preservation of a previous coronary artery bypass 
graft by using the left internal thoracic artery in a left upper 
lobectomy. J Thorac Cardiovasc Surg 2008;136:222-3.

37 Fiorelli A, Petrillo M, Vicidomini G, et al. Quantitative as-
sessment of emphysematous parenchyma using multide-
tector-row computed tomography in patients scheduled 
for endobronchial treatment with one-way valves. Interact 
Cardiovasc Thorac Surg 2014;19:246-55.

38 Brunese L, Greco B, Setola FR, et al. Non-small cell lung 
cancer evaluated with quantitative contrast-enhanced CT 
and PET-CT: net enhancement and standardized uptake 
values are related to tumour size and histology. Med Sci 
Monit 2013;19:95-101.

39 Del Giudice G, Bianco A, Cennamo A, et al. Lung and no-
dal involvement in non tuberculous mycobacterial disease: 
PET/CT role. Biomed Res Int 2015;2015:353202.

40 Bianco A, Mazzarella G, Rocco D, et al. FDG/PET uptake 
in asymptomaticmultilobar Chlamydia pneumoniae pneu-
monia. Med SciMonit 2010;16:CS67-70. 

41 Guarino C, Mazzarella G, De Rosa N, et al. Pre-surgical bron-
choscopic treatment for typical endobronchial carcinoids. Int 
J Surg 2016 May 30. pii: S1743-9191(16)30140-6.

42 Fiorelli A, Rambaldi P, Vicidomini G, et al. Combined 
transbronchial needle aspiration and(99m)Tc-2-methoxy-
isobutyl-isonitrile single photon emission computed tomo-
graphy for diagnosing enlarged mediastinal lymph nodes. 
Arch Bronconeumol 2014;50:3-9.

43 Fiorelli A, Rambaldi P, Accardo M, et al. Malignant trans-
formation of bronchogenic cyst revealed by 99mTc-MIBI-
SPECT. Asian Cardiovasc Thorac Ann 2012;20:347-9.

44 Fiorelli A, Vicidomini G, Laperuta P, et al. The role of Tc-
99m-2-methoxy-isobutyl-isonitrile single photon emission 
computed tomography in visualizing anterior mediastinal 
tumor and differentiating histologic type of thymoma. Eur J 
Cardiothorac Surg 2011;40:136-42.

45 Santini M, Fiorelli A, Vicidomini G, et al. F-18-2-fluoro-
2-deoxyglucose positron emission tomography compared 
to technetium-99m hexakis-2-methoxyisobutyl isonitrile 
single photon emission chest tomography in the diagnosis 
of indeterminate lung lesions. Respiration 2010;80:524-33.

46 Caronia FP, Fiorelli A, Ruffini E, et al. A comparative analy-
sis of Pancoast tumour resection performed via video-as-
sisted thoracic surgery versus standard open approaches. 
Interact Cardiovasc Thorac Surg 2014;19:426-35.

47 Fiorelli A, Caronia FP, Daddi N, et al. Sublobar resection ver-
sus lobectomy for stage I non-small cell lung cancer: an ap-
propriate choice in elderly patients? Surg Today 2016 Apr 16.

48 Verhagen AF, Schuurbiers OC, Looijen-Salamon MG, et 
al. Mediastinal staging in daily practice: endosonography, 
followed by cervical mediastinoscopy. Do we really need 



Routine invasive mediastinal staging of lung cancer in elderly patients without lymph adenopathy on PET-CT scan 37

both? Interact Cardiovasc Thorac Surg 2013;17:823-8.
49 Micames CG, McCrory DC, Pavey DA, et al. Endoscopic 

ultrasound-guided fine-needle aspiration for non-small cell 
lung cancer staging: a systematic review and metaanaly-
sis. Chest 2007;131:539-48. 

50 Gu P, Zhao YZ, Jiang LY, et al. Endobronchial ultrasound- 
guided transbronchial needle aspiration for staging of lung 
cancer: a systematic review and meta-analysis. Eur J Can-
cer 2009;45:1389-96.

51 Adams K, Shah PL, Edmonds L, et al. Test performance 
of endobronchial ultrasound and transbronchial needle 
aspiration biopsy for mediastinal staging in patients with 
lung cancer: systematic review and meta-analysis. Thorax 
2009;64:757-62.

52 Chandra S, Nehra M, Agarwal D, et al. Diagnostic accuracy 
of endobronchial ultrasound-guided transbronchial needle 
biopsy in mediastinal lymphadenopathy: a systematic re-
view and meta-analysis. Respir Care 2012;57:384-91.

53 Detterbeck FC, Jantz MA, Wallace M, et al.; American 
College of Chest Physicians. Invasive mediastinal staging 
of lung cancer: ACCP evidence-based clinical practice 
guidelines (2nd edition). Chest 2007;132:202S-20S.

54 De Leyn P, Dooms C, Kuzdzal J, et al. Preoperative medi-
astinal lymph node staging for non-small cell lung cancer: 
2014 update of the 2007 ESTS guidelines. Transl Lung 
Cancer Res 2014;3:225-33.

55 Park HK, Jeon K, Koh WJ, et al. Occult nodal metastasis 
in patients with non-small cell lung cancer at clinical stage 
IA by PET/CT. Respirology 2010;15:1179-84.

56 Cerfolio RJ, Bryant AS, Eloubeidi MA. Routine mediastinos-
copy and esophageal ultrasound fine-needle aspiration in 
patients with non-small cell lung cancer who are clinically 
N2 negative: a prospective study. Chest 2006;130:1791-5.

57 Sivrikoz CM, Ak I, Simsek FS, et al. Is mediastinoscopy still 
the gold standard to evaluate mediastinal lymph nodes in 
patients with non-small cell lung carcinoma? Thorac Car-
diovasc Surg 2012;60:116-21.

58 Sanli M, Isik AF, Zincirkeser S, et al. Reliability of positron 
emission tomography-computed tomography in identifi-
cation of mediastinal lymph node status in patients with 
non-small cell lung cancer. J Thorac Cardiovasc Surg 
2009;138:1200-5. 

59 Al-Sarraf N, Aziz R, Gately K, et al. Pattern and predictors 
of occult mediastinal lymph node involvement in non-small 
cell lung cancer patients with negative mediastinal uptake 
on positron emission tomography. Eur J Cardiothorac Surg 
2008;33:104-9.

60 Perigaud C, Bridji B, Roussel JC, et al. Prospective pre-
operative mediastinal lymph node staging by integrated 
positron emission tomography-computerised tomography 
in patients with non-small-cell lung cancer. Eur J Cardio-
thorac Surg 2009;36:731-6.

61 Meyers BF, Haddad F, Siegel BA, et al. Cost-effectiveness 
of routine mediastinoscopy in computed tomography- and 
positron emission tomography-screened patients with stage 
I lung cancer. J Thorac Cardiovasc Surg 2006;131:822-9.

62 Zhang Y, Sun Y, Xiang J, et al. A prediction model for N2 

disease in T1 non-small cell lung cancer. J Thorac Cardio-
vasc Surg 2012;144:1360-4. 

63 Defranchi SA, Cassivi SD, Nichols FC, et al. N2 dis-
ease in T1 non-small cell lung cancer. Ann Thorac Surg 
2009;88:924-8.

64 Lee PC, Port JL, Korst RJ, et al. Risk factors for occult me-
diastinal metastases in clinical stage I non-small cell lung 
cancer. Ann Thorac Surg 2007;84:177-81.

65 Kim BT, Lee KS, Shim SS, et al. Stage T1 non-small cell 
lung cancer: preoperative mediastinal nodal staging with 
integrated FDG PET/CT – a prospective study. Radiology 
2006;241:501-9. 

66 Iskender I, Kapicibasi HO, Kadioglu SZ, et al. Comparison 
of integrated positron emission tomography/computed to-
mography and mediastinoscopy in mediastinal staging of 
non-small cell lung cancer: analysis of 212 patients. Acta 
Chir Belg 2012;112:219-25.

67 Trister AD, Pryma DA, Xanthopoulos E, et al. Prognostic 
value of primary tumor FDG uptake for occult mediastinal 
lymph node involvement in clinically N2/N3 node-negative 
non-small cell lung cancer. Am J Clin Oncol 2014;37:135-9.

68 Gómez-Caro A, Boada M, Cabañas M, et al. False-negative 
rate after positron emission tomography/computer tomog-
raphy scan for mediastinal staging in cI stage non-small-
cell lung cancer. Eur J Cardiothorac Surg 2012;42:93-100.

69 Wang J, Welch K, Wang L, et al. Negative predictive value 
of positron emission tomography and computed tomogra-
phy for stage T1-2N0 non-small-cell lung cancer: a meta-
analysis. Clin Lung Cancer 2012;13:81-9.

70 Billè A, Okiror L, Skanjeti A, et al. Evaluation of integrated 
positron emission tomography and computed tomography 
accuracy in detecting lymph node metastasis in patients 
with adenocarcinoma vs squamous cell carcinoma. Eur J 
Cardiothorac Surg 2013;43:574-9.

71 Fiorelli A, Sagan D, Mackiewicz L, et al. Incidence, risk fac-
tors, and analysis of survival of unexpected N2 disease in 
stage I non-small cell lung cancer. Thorac Cardiovasc Surg  
2015;63:558-67. 

72 De Leyn P, Dooms C, Kuzdzal J, et al. Revised ESTS 
guidelines for preoperative mediastinal lymph node stag-
ing for non-small-cell lung cancer. Eur J Cardiothorac Surg 
2014;45:787-98.

73 Silvestri GA, Gonzalez AV, Jantz MA, et al. Methods for 
staging non-small cell lung cancer: dDiagnosis and man-
agement of lung cancer, 3rd ed: American College of 
Chest Physicians evidence-based clinical practice guide-
lines. Chest 2013;143(Suppl 5):e211S-50S.

74 Pedersen BH, Vilmann P, Folke K, et al. Endoscopic ul-
trasonography and real-time guided fine-needle aspiration 
biopsy of solid lesions of the mediastinum suspected of 
malignancy. Chest 1996;110:539-44 .

75 Silvestri GA, Hoffman BJ, Bhutani MS, et al. Endoscopic 
ultrasound with fine-needle aspiration in the diagnosis and 
staging of lung cancer. Ann Thorac Surg 1996;61:1441-5. 

76 Annema JT, van Meerbeeck JP, Rintoul RC, et al. Mediasti-
noscopy vs endosonography for mediastinal nodal staging of 
lung cancer: a randomized trial. JAMA 2010;304:2245-52.


