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Summary
Objective: To propose an internationally accepted definition of complete resection
in lung cancer surgery.
Material and methods: The International Association for the Study of Lung Cancer
(IASLC) Staging Committee created the Complete Resection Subcommittee in 2001
to work on an international definition of complete resection in lung cancer surgery.
The previous definitions of complete resection and the rules of the International
Union Against Cancer regarding the TNM residual tumor classification, together with
a thorough review of the pertinent literature, and the input of the members of the
IASLC Staging Committee were considered in order to get an international consensus
on the definition of complete resection in lung cancer surgery.
Results: Complete resection requires all of the following: free resection mar-
gins proved microscopically; systematic nodal dissection or lobe-specific systematic
nodal dissection; no extracapsular nodal extension of the tumor; and the highest
mediastinal node removed must be negative. Whenever there is involvement of re-
section margins, extracapsular nodal extension, unremoved positive lymph nodes
or positive pleural or pericardial effusions, the resection is defined as incomplete.
When the resection margins are free and no residual tumor is left, but the resection
does not fulfill the criteria for complete resection, there is carcinoma in situ at the
bronchial margin or positive pleural lavage cytology, the term uncertain resection
is proposed.

* Corresponding author. Tel.: +34 937365050; fax: +34 937365059.
E-mail address: rramip@teleline.es (R. Rami-Porta).

1 Members listed in the Appendix A.
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Résection complète (R0): 
marges de résections histologiquement saines (marges vasculaires, bronchique, périphérie des 
structures réséquées en-bloc), 

réalisation d’un curage ganglionnaire systématique 

ou 

au moins d’un curage sélectif « lobe-spécifique » comportant au minimum 6 unités 
ganglionnaires (3 scissuraux et hilaires – 3 médiastinaux provenant de 3 sites différents dont le 
site sous-carinaire)

absence de rupture capsulaire au niveau des éléments du curage ou sur la pièce d’exérèse à la 
marge de celle-ci

et ganglions les plus distaux histologiquement sains (sites 2 et 9)



Résection incomplète

résidus tumoraux ou ganglionnaires laissés en place (résection R2)

envahissement des marges de résection (R1)

cytologie positive d’un épanchement pleural ou péricardique en présence (R2) ou en l’absence 
(R1) de greffes tumorales sur la séreuse

rupture capsulaire au niveau des éléments du curage ou sur la pièce d’exérèse à la marge de 
celle-ci.



Résection incertaine (Run): 
marges de résection histologiquement saines 

MAIS 
• évaluation ganglionnaire absente ou insuffisante

• carcinome in situ au niveau de la marge bronchique

• cytologie de lavage pleural positive (enl’absence d’épanchement)

• ganglions les plus distaux envahis.



Validation du statut R

of the extent of resection needed in order to perform a
resection with no residual tumour left [5].

Different authors and working groups have established
their own criteria for complete resection. In one of these
definitions, a complete resection requires that the tumour
does not extend beyond the visceral pleura or invade the
suture line; that there is no mediastinal nodal involvement;
and that a complete nodal dissection has been performed
[2]. Others, in addition to free tumour margins, include the
concept of the most distant node, which must be free of
tumour, proved microscopically, as well as the integrity of
the nodal capsule, as requirements for complete resection
[3]. A multicentre study group accepts a nodal sampling of
paratracheal, subcarinal, hilar and bronchopulmonary nodes
as a defining factor of complete resection, if the highest
node is not involved [4,14].

The GCCB-S established its own definitions of surgical
interventions for lung cancer after consideration of all

others already reported. These definitions were used by all
members participating in the Group’s project and were
applied to 2994 patients prospectively recruited and
registered in the 4-year period from October 1993 to
September 1997. Once the definition of complete resection
was established, the requirements for incomplete resection
were also defined. Any residual tumour, either at the
resection margins, or in the form of extracapsular nodal
involvement, unresected positive nodes, or positive pleural
effusion with apparent pleural involvement, qualify for
incomplete resection. In complete resections, there is no
evidence of residual tumour, while in incomplete resections,
there is evident residual tumour left in the chest. However,
there are certain resections in which there is no evidence of
residual tumour, but do not fulfil all the established criteria
for complete resection. For these cases, the GCCB-S defined
the relatively incomplete resections.

In the series reported in this paper, 2410 (80.5%) patients
underwent complete or relatively incomplete resection and
their 5-year survival did not differ: 45 and 43%, respectively.
This similar survival was also found in patients with tumours
in pathological stages IA to IIB (Table 7). In 1042 (97%)
patients of the 1068 who underwent relatively incomplete
resection, the defining criterion for this type of resection
was that mediastinal nodal dissection, as defined by the
Group, had not been performed; excision of lymph nodes or
nodal sampling had been performed, instead. The main
difference between both types of resection was, therefore,
the intraoperative nodal assessment. This is a very
controversial issue in lung cancer surgery. While some
authors consider that a complete nodal dissection is
necessary for complete resections [2], others accept a
relatively large nodal sampling as an adequate intraopera-
tive nodal assessment that qualifies for complete resection
[4,14]. In fact, a prospective, randomised, study comparing
complete mediastinal nodal dissection with nodal sampling
has shown that both procedures identify a similar number of
involved N1 and N2 nodes [11] and that complete mediastinal
nodal dissection had a discrete survival benefit over nodal
sampling in patients with pN1 and pN2 with one positive
nodal station, only [15]. Another study showed that
complete mediastinal nodal dissection had some survival
benefit over nodal sampling in patients with right-sided

Table 6
Five-year survival according to type of surgical intervention (total: 2539
evaluable patients, after excluding those with small cell lung cancer,
operative mortality, induction treatment, and unclassified surgical interven-
tion)

Intervention n 5-year
survival

95%CI Median
survival
(months)

Log rank

Diagnostic 12 11% 0–30 7.67

0.21
Exploratory 223 5% 1–9 10.82

!0.0001
Incomplete 223 20% 14–26 19.10

!0.0001
Relatively
incomplete

936 43% 39–47 45.00
0.18

Complete 1145 45% 41–49 48.20

Notes. 95%CI: 95% confidence interval; other differences are statistically
significant: diagnostic versus incomplete resection (PZ0.0023), diagnostic
versus relatively incomplete (PZ0.0001), diagnostic versus complete (PZ0.
0001), exploratory versus relatively incomplete (PZ0.0001), and exploratory
versus complete (PZ0.0001).

Fig. 1. Survival curves of complete resection (red), relatively incomplete
resection (blue), incomplete resection (magenta), and non-resectional
operations (exploratory and diagnostic thoracotomies) (grey).

Table 7
Survival according to type of surgery for patients with tumours in pathological
stages IA to IIB with classification certainty (total: 1519, after excluding
patients with small cell carcinoma, operative mortality, induction treatment,
unclassified surgical intervention, and diagnostic or exploratory thoraco-
tomies)

Intervention n 5-year
survival

95%CI Median
survival
(months)

Log rank

Complete 877 51% 47–55 C60

0.0002
Incomplete 60 29% 17–41 24

0.0004
Relatively
incomplete

582 50% 46–54 59.5

Notes. 95%CI: 95% confidence interval; survival differences between complete
and relatively incomplete resections did not reach statistical significance: PZ
0.67.
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Abstract

Objective: Analysis of prognosis of the different types of resections for lung cancer defined by the Bronchogenic Carcinoma Cooperative
Group of the Spanish Society of Pneumology and Thoracic Surgery (GCCB-S). Methods: From October 1993 to September 1997, 2994 patients
with bronchogenic carcinoma who underwent thoracotomy were prospectively recruited by the GCCB-S. Prior to recruitment, the GCCB-S had
defined two types of non-resectional operations (diagnostic and exploratory thoracotomies) and three types of resections (complete-CR-: free
resection margins, mediastinal nodal dissection, no extracapsular nodal involvement, no involvement of most distant removed nodes; relatively
incomplete-RIR-: free resection margins, no mediastinal nodal dissection, unremoved nodes, involvement of most distant removed nodes,
positive pleural effusion with no pleural implants; and incomplete-IR-: positive resection margins, extracapsular nodal involvement, unremoved
positive nodes, positive pleural effusion with pleural implants). For survival analyses, patients with small cell carcinoma, induction therapy,
postoperative mortality, unclassified operation, or lost to follow-up were excluded. The total number of evaluable patients was 2543. Results:
In 1047 (97%) patients, RIR was defined because they had undergone a lesser nodal evaluation than mediastinal nodal dissection. Five-year
survival and 95% confidence interval were: diagnostic thoracotomy 11% (0–30%), exploratory thoracotomy 5% (1–9%), IR 20% (14–26%), RIR 43%
(39–47%), and CR 45% (41–49%). Differences between IR and CR or RIR were statistically significant (P!0.0001), but those between CR and RIR
were not (PZ0.18). Conclusions: CR and RIR should be combined in a single category as complete resection, because they do not discriminate
prognostic differences.
Q 2005 Elsevier B.V. All rights reserved.

Keywords: Lung cancer surgery; Resection for lung cancer; Complete resection in lung cancer

1. Introduction

The objective of the surgical treatment of bronchogenic
carcinoma is to perform a complete resection of all known

disease. This is achieved by removing the portion of the lung
involved, either by lobectomy or pneumonectomy, en bloc
with the peripheral structures affected by the tumour, and
by adding an intraoperative nodal evaluation [1]. Although
there are several definitions of complete resection [2–4],
based on the R0 (no residual tumour) category of the residual
tumour classification of the International Union Against
Cancer (UICC) [5], there lacks one that is internationally
accepted.

The objective of this paper is to present the prognosis of
surgically resected bronchogenic carcinoma depending on
the type of surgical resection performed as defined by the
Bronchogenic Carcinoma Cooperative Group of the Spanish
Society of Pneumology and Thoracic Surgery (GCCB-S).

European Journal of Cardio-thoracic Surgery 28 (2005) 622–628
www.elsevier.com/locate/ejcts

1010-7940/$ - see front matter Q 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.ejcts.2005.06.026
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Curage ganglionnaire
Régulièrement remis en cause

Essentiel++++ à la chirurgie même avec les techniques d’évaluation d’imagerie

ORIGINAL ARTICLES: GENERAL THORACIC

GENERAL THORACIC SURGERY:
The Annals of Thoracic Surgery CME Program is located online at http://www.annalsthoracicsurgery.org/
cme/home. To take the CME activity related to this article, you must have either an STS member or
an individual non-member subscription to the journal.

A National Study of Nodal Upstaging After
Thoracoscopic Versus Open Lobectomy for Clinical
Stage I Lung Cancer
Peter B. Licht, MD, PhD, Ole Dan Jørgensen, MD, PhD, Lars Ladegaard, MD,
and Erik Jakobsen, MD, MPM
Department of Cardiothoracic Surgery and Danish Lung Cancer Registry, Odense University Hospital, Odense, Denmark

Background. Nodal upstaging after surgical interven-
tion for non-small cell lung cancer (NSCLC) occurs when
unsuspected lymph node metastases are found during
the final evaluation of surgical specimens. Recent data
from The Society of Thoracic Surgery (STS) database
demonstrated significantly lower nodal upstaging after
thoracoscopic (VATS) lobectomy than after thoracotomy.
STS data, however, may be biased from voluntary
reporting, and survival was not investigated. We used
a complete national registry to compare nodal upstaging
and survival after lobectomy by VATS or thoracotomy.

Methods. The Danish Lung Cancer Registry was used
to identify patients who underwent lobectomy for clin-
ical stage I NSCLC from 2007 to 2011. Patient demo-
graphics, comorbidity, preoperative staging, surgical
approach, number of lymph nodes harvested, final
pathology, and survival were evaluated. Nodal upstaging
was identified by comparing cT N M with pT N M.

Results. Lobectomy for clinical stage I NSCLC was
performed in 1,513 patients: 717 (47%) by VATS and 796

(53%) by thoracotomy. Nodal upstaging occurred in 281
patients (18.6%) and was significantly higher after
thoracotomy for N1 upstaging (13.1% vs 8.1%; p < 0.001)
and N2 upstaging (11.5% vs 3.8%; p < 0.001). Overall
unadjusted survival was significantly higher after
VATS, but after adjusting for differences in sex, age,
comorbidity, and pT N M by Cox regression analysis,
we found no difference between VATS and thora-
cotomy (hazard ratio, 0.98; 95% confidence interval, 0.80
to 1.22, p [ 0.88).

Conclusions. National data confirm that nodal
upstaging was lower after VATS than after open lobec-
tomy for clinical stage I NSCLC. Multivariate survival
analysis, however, showed no difference in survival,
indicating that differences in nodal upstaging result
from patient selection for reasons not captured in our
registry.

(Ann Thorac Surg 2013;96:943–50)
! 2013 by The Society of Thoracic Surgeons

Nodal upstaging after surgical intervention for non-
small cell lung cancer (NSCLC) occurs when unsus-

pected lymph node metastases are found during the
final histopathologic evaluation of surgical specimens. It
provides important information about prognosis for
patients and may influence the indication for adjuvant
treatment and, consequently, survival [1]. Detection of
unsuspected lymph node metastases depends on removal
or sampling of lymph nodes, which is likely dependent
on the completeness of the lymph node dissection.
However, mediastinal lymph node dissection is not

performed routinely in all centers and varies with
surgical specialty. In a large study using the Nationwide
Inpatient Sample database, the overall lymphadenectomy
rate was just 56% in 222,233 patients [2].
During the last 2 decades, video-assisted thoraco-

scopic surgery (VATS) has been used increasingly
worldwide for advanced lung cancer resections,
including lobectomy. Differences in instrumentation,
palpation, and surgical perspective during VATS pose
a challenge to the identification and removal of regional
lymph nodes. Whether VATS or thoracotomy is a better
approach has been debated intensively and remains
controversial [3], which is why investigations of surgical
lymph node evaluation during a VATS lobectomy for
NSCLC are relevant.

For related article, see page 755
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assumed to be less traumatic than thoracotomy, with
reduced postoperative pain, better pulmonary function,
and shorter hospital stay, but the level of evidence for its
superiority is low. With the exception of four small
randomized trials, the literature is limited to case-series
or case-control studies from single institutions [8, 9],
and a significant amount of VATS data is published by
authors from high-volume academic centers. We know
that VATS is feasible in expert hands [10], but the exact
implications of this feasibility in the thoracic surgical
community remains controversial [3].

Adequately powered well-balanced studies comparing
VATS with open thoracotomy for lobectomy are lacking
in the literature, and we certainly agree that more high-
quality research is needed [11]. Nevertheless, the VATS
approach is used increasingly by thoracic surgeons,
although the exact proportion of lobectomies performed
by VATS is uncertain. Thus, previous data from the STS
database suggested that approximately 20% of all
lobectomies performed in the United States were done
by VATS [12], and this fraction increased over time,
reaching 44% of clinical stage I lung cancers in 2009 [6].

Table 2. Stage Migration by Comparison of cT N M and pT N Ma

cT N M pT N M No. (%) cT N M pT N M No. (%)

T1 N0 M0 T1 N0 M0 443 (29.3) T2 N0 M0 T1 N0 M0 89 (5.9)
T1 N0 M1 1 (0.1) T1 N0 M1 1 (0.1)
T1 N1 M0a 40 (2.6) T1 N1 M0a 9 (0.6)
T1 N1 M1a 1 (0.1) T1 N2 M0a 6 (0.4)
T1 N2 M0a 20 (1.3) T2 N0 M0 401 (26.5)
T2 N0 M0 221 (14.6) T2 N0 M1 5 (0.3)
T2 N1 M0a 23 (1.5) T2 N1 M0a 70 (4.6)
T2 N2 M0a 16 (1.1) T2 N2 M0a 58 (3.8)
T3 N0 M0 11 (0.6) T2 N2 M1a 2 (0.1)
T3 N2 M0a 3 (0.2) T3 N0 M0 48 (3.2)
T4 N0 M0 6 (0.4) T3 N0 M1 1 (0.1)
T4 N1 M0a 1 (0.1) T3 N1 M0a 13 (0.9)
T4 N2 M0a 1 (0.1) T3 N2 M0a 9 (0.6)

T3 N2 M1a 1 (0.1)
T4 N0 M0 5 (0.3)
T4 N1 M0a 5 (0.3)
T4 N2 M0a 3 (0.2)

Total 787 (52.0) 726 (48.0)

a Patient categories used for analysis of nodal upstaging.

Fig 2. Overall unadjusted survival is shown by the (A) Kaplan-Meier product limit method and (B) unadjusted Cox regression. The numbers below
the horizontal axis are patients remaining at risk. (HR ¼ hazard ratio; VATS ¼ video-assisted thoracoscopic surgery.)

946 LICHT ET AL Ann Thorac Surg
NODAL UPSTAGING AFTER VATS VS THORACOTOMY 2013;96:943–50
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Exemple : ACOSOG  Z4032

A Nomogram to Predict Recurrence and Survival of
High-Risk Patients Undergoing Sublobar Resection
for Lung Cancer: An Analysis of a Multicenter
Prospective Study (ACOSOG Z4032)
Michael S. Kent, MD, Sumithra J. Mandrekar, PhD, Rodney Landreneau, MD,
Francis Nichols, MD, Nathan R. Foster, MS, Thomas A. DiPetrillo, MD,
Bryan Meyers, MD, Dwight E. Heron, MD, MBA, David R. Jones, MD,
Angelina D. Tan, BS, Sandra Starnes, MD, Joe B. Putnam, Jr, MD, and
Hiran C. Fernando, MD
Department of Surgery, Beth Israel Deaconess Medical Center, Boston, Massachusetts; Department of Health Sciences Research,
Alliance Statistics and Data Center, Mayo Clinic, Rochester, Minnesota; Department of Surgery, Allegheny General Hospital,
Pittsburgh, Pennsylvania; Department of Surgery, Mayo Clinic, Rochester, Minnesota; Department of Radiation Oncology, Rhode
Island Hospital, Providence, Rhode Island; Department of Surgery, Washington University School of Medicine, St. Louis, Missouri;
Department of Radiation Oncology, University of Pittsburgh Cancer Institute, Pittsburgh, Pennsylvania; Department of Surgery,
Memorial Sloan Kettering Cancer Center, New York, New York; Department of Surgery, University of Cincinnati, Cincinnati, Ohio;
Department of Surgery, Vanderbilt University Medical Center, Nashville, Tennessee; and Department of Surgery, Boston Medical
Center, Boston, Massachusetts

Background. Individualized prediction of outcomes
may help with therapy decisions for patients with
non-small cell lung cancer. We developed a nomogram
by analyzing 17 clinical factors and outcomes from a
randomized study of sublobar resection for non-small
cell lung cancer in high-risk operable patients. The
study compared sublobar resection alone with sublobar
resection with brachytherapy. There were no differences
in primary and secondary outcomes between the study
arms, and they were therefore combined for this
analysis.

Methods. The clinical factors of interest (considered as
continuous variables) were assessed in a univariate Cox
proportional hazards model for significance at the 0.10
level for their impact on overall survival (OS), local
recurrence-free survival (LRFS), and any recurrence-free
survival (RFS). The final multivariable model was
developed using a stepwise model selection.

Results. Of 212 patients, 173 had complete data on all
17 risk factors. Median follow-up was 4.94 years (range,
0.04 to 6.22). The 5-year OS, LRFS, and RFS were 58.4%,
53.2%, and 47.4%, respectively. Age, baseline percent
diffusing capacity of lung for carbon monoxide, and
maximum tumor diameter were significant predictors for
OS, LRFS, and RFS in the multivariable model. Nomo-
grams were subsequently developed for predicting 5-year
OS, LRFS, and RFS.
Conclusions. Age, baseline percent diffusing capacity

of lung for carbon monoxide, and maximum tumor
diameter significantly predicted outcomes after sublobar
resection. Such nomograms may be helpful for treatment
planning in early stage non-small cell lung cancer and to
guide future studies.

(Ann Thorac Surg 2016;-:-–-)
! 2016 by The Society of Thoracic Surgeons

Patients with early stage lung cancer and limited
pulmonary reserve present significant challenges in

their management. The merits of surgical resection versus
ablative techniques such as radiofrequency ablation or
stereotactic radiosurgery are highly contentious [1–5]. For
patients who undergo resection, the appropriateness of

wedge resection versus segmentectomy is also an area
of active debate [6–8]. In addition to the specifics of
treatment, physicians caring for these patients must also
recognize that the survival of these patients is determined
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! 2016 by The Society of Thoracic Surgeons 0003-4975/$36.00
Published by Elsevier http://dx.doi.org/10.1016/j.athoracsur.2016.01.063

It may also be surprising that factors surgeons tradi-
tionally associated with appropriate oncologic surgery,
such as the degree of lymph node sampling, margin
status, and performance of a segmentectomy compared
with a wedge resection, were not significant predictors of
survival in this dataset. However, that may be related to

competing risk factors for mortality among these patients,
as evidenced by 50% of deaths being unrelated to cancer
in our series.
In our study, diffusion capacity was the most impor-

tant factor in predicting overall survival. Diffusion ca-
pacity was also found to be an important predictor of

Fig 2. Nomogram for predicting
5-year overall survival (OS).
(DLCO ¼ diffusing capacity of lung
for carbon monoxide.)

Fig 3. Calibration plot for the 5-year
overall survival (OS) nomogram.

6 KENT ET AL Ann Thorac Surg
SURVIVAL AFTER SUBLOBAR RESECTION 2016;-:-–-

Table 2 summarizes the 17 clinical variables for
the 173 patients with complete data. Median age was
70 years, with a mean diffusing capacity of lung for
carbon monoxide (DLCO) of 45% predicted. The majority
of patients underwent a video-assisted thoracoscopic
surgery procedure (n ¼ 115, 66.5%), and a wedge

resection was performed more often than a segmentec-
tomy (74.6% versus 25.4%). No lymph nodes were
sampled in 61 patients (35.3%). Squamous cell carcinoma
(n ¼ 81, 46.8%) and adenocarcinoma (n ¼ 92, 53.2%) were
equally common. Overall, 58.4% of the 173 patients in this
analysis were alive at 5 years.

Overall Survival
The results of the univariable and multivariable models
for overall survival are provided in Table 3. Age, baseline
DLCO%, margin to tumor ratio, maximum tumor diam-
eter, and histology were significant predictors of overall
survival in the univariable analysis. Age, baseline DLCO%,
and maximum tumor diameter retained significance in
the final multivariable model after stepwise selection. All
continuous variables passed the formal test for linearity
assumption. Figure 2 shows the nomogram for predicting
overall survival for patients undergoing sublobar resec-
tion for stage I lung cancer enrolled in ACOSOG Z4032.
The C-index (optimism corrected) for 5-year OS is 0.622.
Figure 3 shows the calibration plot, demonstrating good
agreement between the predicted and observed overall
survival.

Recurrence-Free Survival
The results for the univariable and multivariable models
for local recurrence-free and any recurrence-free survival
are presented in Appendix Tables 1 and 2. Similar to
overall survival outcome, age, baseline DLCO%, and
maximum tumor diameter were significant predictors in
the final multivariable model for these outcomes. The
C-index (optimism corrected) for 5-year local recurrence-
free survival and recurrence-free survival were 0.606 and
0.591, respectively.

Comment

Nomograms are useful and accepted tools to predict the
survival of cancer patients [13–15]. Nomograms provide a
graphic display of the variables that are found to be
statistically significant and their relative importance.
Furthermore, the ability to incorporate multiple variables
in a single model may allow nomograms to predict
survival more accurately than standard TNM staging
systems [16, 17]. For lung cancer specifically, nomograms
have been used to predict the response to tyrosine kinase
inhibitors and the development of brain metastases after
curative surgery [18, 19].
To our knowledge, only three studies, all published in

2015, have developed nomograms to predict survival after
surgical resection of lung tumors. The first study inves-
tigated the predictors of survival after resection of
synchronous lung cancer in more than one lobe [20]. This
was a pooled analysis of six previously published data-
sets. In that study, adenocarcinoma histology, being
female, N0 status, tumor size less than 3 cm, and age less
than 70 years were predictive of improved survival.
A similar study developed a nomogram to predict
survival after resection of typical carcinoid tumors, using
data from a multicenter European registry [21].

Table 2. Baseline Characteristics

Baseline Characteristics
Values

(n ¼ 173)

Arm
Sublobar resection 89 (51.4)
Sublobar resection þ brachytherapy 84 (48.6)

Age, years 70.0 (49.0–87.0)
Body mass index, kg/m2 27.3 (15.6–75.7)
Baseline performance status

0 37 (21.4)
1 96 (55.5)
2 40 (23.1)

Race
White 162 (93.6)
Black or African American 10 (5.8)
Unknown 1 (0.6)

Method of payment
Uninsured/Medicaid 20 (11.6)
Private or Medicare or both 146 (84.4)
Military or veterans sponsored or both 3 (1.7)
Other means of payment 4 (2.3)

ASA class on surgery day
I/II 20 (11.6)
III/IV 153 (88.4)

Baseline DLCO% 45.0 (8.0–97.0)
Baseline FEV1% 51.0 (22.0–110.0)
Surgery approach

Thoracotomy 58 (33.5)
VATS 115 (66.5)

Type of resection
Segmentectomy 44 (25.4)
Wedge resection 129 (74.6)

Lymph node evaluation
None 61 (35.3)
MLND/sampling 112 (64.7)

Histology type
Adenocarcinoma 92 (53.2)
Squamous cell carcinoma 81 (46.8)

Clinical nodule size
#2 cm 107 (61.8)
>2 cm 66 (38.2)

Actual margin size, cm 1.0 (0.0–3.6)
Maximum tumor diameter, cm 1.8 (0.4–6.5)
Margin to tumor ratio 0.5 (0.0–4.0)

Value are n (%) or median (range).

ASA ¼ American Society of Anesthesiologists; DLCO ¼ diffusing
capacity of lung for carbon monoxide; FEV1 ¼ forced expiratory vol-
ume of air in 1 second; MLND ¼ mediastinal lymph node dissection;
VATS ¼ video-assisted thoracoscopic surgery.
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Table 1. Demographics and Clinicopathologic Characteristics of the Primary Cohort (training set) and IASLC Cohort (validation set)

Demographic or
Clinicopathologic

Characteristic

Training Set (N ! 5,261)
IASLC Validation Set (N ! 2,148)

No. of
Patients %

OS (months)
China Europe North America Overall

Median 95% CI
No. of

Patients %
No. of

Patients %
No. of

Patients %
No. of

Patients %

Sex
Male 3,657 69.5 85.8 77.5 to 94.1 145 69.4 572 83.7 560 44.6 1,277 59.5
Female 1,604 30.5 90.2 78.6 to 101.8 64 30.6 111 16.3 696 55.4 871 40.5

Age, years
" 60 2,597 49.4 101.6 87.4 to 115.7 99 47.4 209 30.6 252 20.1 560 26.1
60-70 1,891 35.9 88.3 76.3 to 100.3 64 30.6 256 37.5 436 34.7 756 35.2
# 70 773 14.7 65.0 49.8 to 80.2 46 22.0 218 31.9 568 45.2 832 38.7

ECOG PS
0 1,788 34.0 91.6 81.4 to 101.9
1 3,473 66.0 88.1 79.6 to 96.6

Histology
BAC 269 5.1 101 NA 7 3.3 26 3.8 130 10.4 163 7.6
SC 1,651 31.4 90.4 75.2 to 105.6 50 23.9 268 39.2 208 16.6 526 24.5
ADC 2,886 54.9 87.1 76.6 to 97.6 126 60.3 276 40.4 628 50.0 1,030 48.0
ADSC 282 5.4 56.8 38.2 to 75.3 8 3.8 19 2.8 11 0.9 38 1.8
LC 104 1.9 NA 16 7.7 53 7.8 6 0.5 75 3.5
Others 69 1.3 44.4 25.1 to 63.7 2 1.0 41 6.0 273 21.7 316 14.7

Operation type
Complete VATS 1,673 31.8 102.9 91.5 to 114.3
Assisted VATS 764 14.5 80.6 67.4 to 93.7
Open surgery 2,824 53.7 87.1 76.6 to 97.7

Resection type
Lobectomy 4,733 94.6 90.4 81.1 to 99.7
Sleeve resection 146 2.8 NA
Wedge resection 96 1.8 88.2 46.3 to 130.1
Pneumonectomy 286 5.4 40.3 32.6 to 48.1

Tumor location
Right upper lobe 1,490 28.3 102.6 NA
Right middle lobe 383 7.3 73.6 54.5 to 92.7
Right lower lobe 982 18.7 98.8 81.7 to 116.0
Left upper lobe 518 9.9 87.4 72.3 to 102.4
Left lower lobe 379 7.2 88.1 NA
Undefined 1,509 28.7 78.3 62.6 to 94.0

Pathologic T category
T1a 696 13.2 Not reached 25 12.0 139 20.4 414 33.0 578 26.9
T1b 717 13.6 Not reached 25 12.0 82 12.0 206 16.4 313 14.6
T2a 2,498 47.5 99.4 84.9 to 113.9 104 49.8 233 34.1 343 27.3 680 31.7
T2b 642 12.2 54.3 40.8 to 67.8 19 9.1 75 11.0 73 5.8 167 7.8
T3 625 11.9 35.6 30.5 to 40.7 25 12.0 125 18.3 150 11.9 300 14.0
T4 83 1.6 41.7 16.4 to 67.1 11 5.3 29 4.2 70 5.6 110 5.1

Pathologic N category 115 55.0 474 69.4 897 71.4 1,486 69.2
N0 3,141 59.7 129.3 NA 21 10.0 131 19.2 153 12.2 305 14.2
N1 857 16.3 53.0 46.4 to 59.7 73 34.9 78 11.4 206 16.4 357 16.6
N2 1,263 24.0 33.0 30.1 to 35.9 115 55.0 474 69.4 897 71.4 1,486 69.2

Pathologic TNM stage
IA 993 18.9 Not reached 32 15.3 172 25.2 505 40.2 709 33.0
IB 1,479 28.1 Not reached 59 28.2 162 23.7 213 17.0 434 20.2
IIA 878 16.7 76.2 62.7 to 89.7 24 11.5 124 18.2 133 10.6 281 13.1
IIB 429 8.2 40.5 27.9 to 53.1 11 5.3 93 13.6 122 9.7 226 10.5
IIIA 1,482 28.2 33.7 30.9 to 36.5 77 36.8 129 18.9 263 20.9 469 21.8
T4N2 NA NA 6 2.9 3 0.4 20 1.6 29 1.4

No. of harvested LNs
0-14 2,755 52.4 77.5 68.1 to 86.9 54 25.8 505 73.9 1155 92.0 1,714 79.8
! 15 2,506 47.6 101.7 97.3 to 106.1 155 74.2 178 26.1 101 8.0 434 20.2

(continued on following page)

Liang et al

862 © 2015 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Downloaded from ascopubs.org by 92.175.68.132 on October 7, 2019 from 092.175.068.132
Copyright © 2019 American Society of Clinical Oncology. All rights reserved.

a perfect ability to correctly discriminate the outcome with the model. Com-
parison of the C-index of two different models was based on methods previ-
ously described.17 Calibration of the nomogram for 1-, 3-, and 5-year OS was
performed by comparing the predicted survival with the observed survival
after bias correction.

Risk Group Stratification Based on the Nomogram Beyond
TNM Staging

In addition to numerically comparing the discrimination ability
by C-index, we sought to illustrate the independent discrimination
ability of the nomogram beyond standard TNM staging. By grouping the
patients evenly into different risk groups within a certain TN category
according to the total risk scores (from highest to lowest) in the training
cohort, we determined the cutoff values. These values were then applied to
the IASLC validation cohort, and the respective Kaplan-Meier survival
curves were delineated.

RESULTS

Screening Process and Clinicopathologic
Characteristics of Patients

Among the collected variables in the primary database, FEV1,
FEV1%, tumor location (central v peripheral), presence of viscera
invasion, and smoking history were not suitable for analysis because of
a rate of missing values of greater than 10%. Of the 6,111 patients in
the primary database, patients without documented staging informa-
tion (n ! 83) and patients who had stage IIIB or IV disease (n ! 255)
were excluded. In addition, patients who had missing values on any of
the examined variables, including histology (n ! 140), tumor location
(n ! 373), resection type (n ! 21), sampled lymph nodes (n ! 28),
sampled lymph node station (n ! 27), blood loss volume (n ! 292),
presence of comorbidity (n ! 266), presence of postoperative compli-
cations (n!280), and survival outcome (n!4), were excluded. Thus,
a total of 5,261 patients were included according to the screening
criteria. There were 1,746 events (deaths) over a median follow-up
time of 3.1 years (range, 3 days to 10.6 years). The median survival
time was 7.3 years (95% CI, 6.7 to 7.8 years). The IASLC cohort
consisted of the entire 2,148 patients with stage I to III NSCLC diag-

nosed between 1999 and 2010, which included 209 patients from
China, 683 patients from Europe, and 1,256 patients from North
America. There were 762 events (deaths) over a median follow-up
time of 2.6 years (range, 0 to 9.1 years). The median survival time was
5.6 years (95% CI, 5.1 to 6.2 years). The clinicopathologic character-
istics of patients in the primary and IASLC validation cohorts are listed
in Table 1.

Independent Prognostic Factors in the Training Set
The results of the univariable analysis are listed in Table 2. Female

sex (v male; P " .001) and younger age (" 60 v 60 to 70 v # 70; P "
.001) were associated with better prognosis. Among all cell types,
bronchioloalveolar carcinoma subtype had the most favorable sur-
vival, followed by squamous cell carcinoma, adenocarcinoma, large-
cell carcinoma/adenosquamous carcinoma, and others (P " .001).
Pathologic T (P " .001) and N categories (P " .001) were also factors
that had an impact on survival. With respect to factors associated with
surgery, we found that patients who underwent pneumonectomy
experienced less favorable survival compared with patients who un-
derwent lobectomy, sleeve resection, or wedge resection (P " .001).
Patients who received and successfully finished a complete VATS
resection had superior survival than patients who did not receive or
complete a minimally invasive surgery (P " .001). Interestingly, there
was no significant survival difference between Eastern Cooperative
Oncology Group performance status of 0 and 1 (P ! .486). Some
parameters obtained from the perioperative period, including num-
ber of lymph nodes obtained (P" .001) and volume of blood loss (P"
.001), were significant, but other parameters, including the stations of
sampled lymph nodes (P ! .182), presence of any comorbidity (P !
.194), and presence of postoperative complications (P ! .081), were
not. All significant factors in the univariable analysis were entered into
the multivariable analysis based on the Cox regression. Age (P" .001),
sex (P ! .002), histology (P " .001), number of obtained lymph nodes
(P " .001), blood loss volume (P " .001), T category (P " .001), and
N category (P " .001) remained independent prognostic factors in the
Cox model (Table 2).

points

Sex

Age, years

Histology

0 1 2 3 4 5 6 7 8 9 10

0 5  10 15 20 25 30 35

0.9 0.85 0.8 0.75 0.7 0.6 0.5  0.4 0.3 0.2 0.1

0.9            0.85       0.8    0.75   0.7          0.6        0.5      0.4      0.3       0.2          0.1

0.95                        0.9            0.85      0.8    0.75   0.7          0.6       0.5      0.4

N2 N0

T1a                                                          T2a                                                                                           T3

T1b                                                                                      T2b                                                              T4
15 or more

0-14

Total points

BAC ADC LC

OthersADSCSC
07 >06 <

60-70Female

Male

N1

Sampled LNs

T stage

N stage

1-year survival

3-year survival

5-year survival

Fig 1. Postoperative prognostic nomo-
gram for patients with resected non–small-cell
lung cancer. ADC, adenocarcinoma; ADSC,
adenosquamous carcinoma; BAC, bronchi-
oloalveolar carcinoma (fits adenocarcinoma in
situ and minimally invasive adenocarcinoma);
LC, large-cell carcinoma; LN, lymph node; SC,
squamous carcinoma.
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A B S T R A C T

Purpose
A nomogram is a useful and convenient tool for individualized cancer prognoses. We sought to
develop a clinical nomogram for predicting survival of patients with resected non–small-cell lung
cancer (NSCLC).

Patients and Methods
On the basis of data from a multi-institutional registry of 6,111 patients with resected NSCLC in
China, we identified and integrated significant prognostic factors for survival to build a nomogram.
The model was subjected to bootstrap internal validation and to external validation with a separate
cohort of 2,148 patients from the International Association for the Study of Lung Cancer (IASLC)
database. The predictive accuracy and discriminative ability were measured by concordance index
(C-index) and risk group stratification.

Results
A total of 5,261 patients were included for analysis. Six independent prognostic factors were
identified and entered into the nomogram. The calibration curves for probability of 1-, 3-, and
5-year overall survival (OS) showed optimal agreement between nomogram prediction and
actual observation. The C-index of the nomogram was higher than that of the seventh edition
American Joint Committee on Cancer TNM staging system for predicting OS (primary cohort,
0.71 v 0.68, respectively; P ! .01; IASLC cohort, 0.67 v 0.64, respectively; P " .06). The
stratification into different risk groups allowed significant distinction between survival curves
within respective TNM categories.

Conclusion
We established and validated a novel nomogram that can provide individual prediction of OS for
patients with resected NSCLC. This practical prognostic model may help clinicians in decision
making and design of clinical studies.

J Clin Oncol 33:861-869. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Lung cancer remains the leading cause of cancer-
related deaths worldwide, with non–small-cell lung
cancer (NSCLC) accounting for approximately 85%
of all diagnosed patients.1 For early-stage NSCLC,
including stage I and II and a subset of stage III
disease, the standard and potentially curative treat-
ment is radical resection.2The seventh edition of the
American Joint Committee on Cancer TNM classi-
fication represents the most widely used staging sys-
tem, in which patients with nonmetastatic NSCLC
are stratified based on tumor size and invasion, as
well as extent of lymph node involvement.3How-
ever, survival of patients with the same stage varies

widely.4-6It is believed that other independent prog-
nostic factors such as sex, age, histology, and
treatment-related factors could significantly con-
tribute to individualized prediction of survival.4-6

Nomograms have been accepted as reliable
tools to quantify risk by incorporating and illustrat-
ing important factors for oncologic prognoses.7-9By
creating an intuitive graph of a statistical predictive
model, a nomogram gives rise to a numerical prob-
ability of a clinical event, such as overall survival
(OS). In several types of cancers, nomograms have
been proved to generate more precise prediction
when compared with the traditional TNM staging
systems.10,11 However, nomograms for predicting
long-term survival outcome after surgery in NSCLC
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Table 1. Demographics and Clinicopathologic Characteristics of the Primary Cohort (training set) and IASLC Cohort (validation set)

Demographic or
Clinicopathologic

Characteristic

Training Set (N ! 5,261)
IASLC Validation Set (N ! 2,148)

No. of
Patients %

OS (months)
China Europe North America Overall

Median 95% CI
No. of

Patients %
No. of

Patients %
No. of

Patients %
No. of

Patients %

Sex
Male 3,657 69.5 85.8 77.5 to 94.1 145 69.4 572 83.7 560 44.6 1,277 59.5
Female 1,604 30.5 90.2 78.6 to 101.8 64 30.6 111 16.3 696 55.4 871 40.5

Age, years
" 60 2,597 49.4 101.6 87.4 to 115.7 99 47.4 209 30.6 252 20.1 560 26.1
60-70 1,891 35.9 88.3 76.3 to 100.3 64 30.6 256 37.5 436 34.7 756 35.2
# 70 773 14.7 65.0 49.8 to 80.2 46 22.0 218 31.9 568 45.2 832 38.7

ECOG PS
0 1,788 34.0 91.6 81.4 to 101.9
1 3,473 66.0 88.1 79.6 to 96.6

Histology
BAC 269 5.1 101 NA 7 3.3 26 3.8 130 10.4 163 7.6
SC 1,651 31.4 90.4 75.2 to 105.6 50 23.9 268 39.2 208 16.6 526 24.5
ADC 2,886 54.9 87.1 76.6 to 97.6 126 60.3 276 40.4 628 50.0 1,030 48.0
ADSC 282 5.4 56.8 38.2 to 75.3 8 3.8 19 2.8 11 0.9 38 1.8
LC 104 1.9 NA 16 7.7 53 7.8 6 0.5 75 3.5
Others 69 1.3 44.4 25.1 to 63.7 2 1.0 41 6.0 273 21.7 316 14.7

Operation type
Complete VATS 1,673 31.8 102.9 91.5 to 114.3
Assisted VATS 764 14.5 80.6 67.4 to 93.7
Open surgery 2,824 53.7 87.1 76.6 to 97.7

Resection type
Lobectomy 4,733 94.6 90.4 81.1 to 99.7
Sleeve resection 146 2.8 NA
Wedge resection 96 1.8 88.2 46.3 to 130.1
Pneumonectomy 286 5.4 40.3 32.6 to 48.1

Tumor location
Right upper lobe 1,490 28.3 102.6 NA
Right middle lobe 383 7.3 73.6 54.5 to 92.7
Right lower lobe 982 18.7 98.8 81.7 to 116.0
Left upper lobe 518 9.9 87.4 72.3 to 102.4
Left lower lobe 379 7.2 88.1 NA
Undefined 1,509 28.7 78.3 62.6 to 94.0

Pathologic T category
T1a 696 13.2 Not reached 25 12.0 139 20.4 414 33.0 578 26.9
T1b 717 13.6 Not reached 25 12.0 82 12.0 206 16.4 313 14.6
T2a 2,498 47.5 99.4 84.9 to 113.9 104 49.8 233 34.1 343 27.3 680 31.7
T2b 642 12.2 54.3 40.8 to 67.8 19 9.1 75 11.0 73 5.8 167 7.8
T3 625 11.9 35.6 30.5 to 40.7 25 12.0 125 18.3 150 11.9 300 14.0
T4 83 1.6 41.7 16.4 to 67.1 11 5.3 29 4.2 70 5.6 110 5.1

Pathologic N category 115 55.0 474 69.4 897 71.4 1,486 69.2
N0 3,141 59.7 129.3 NA 21 10.0 131 19.2 153 12.2 305 14.2
N1 857 16.3 53.0 46.4 to 59.7 73 34.9 78 11.4 206 16.4 357 16.6
N2 1,263 24.0 33.0 30.1 to 35.9 115 55.0 474 69.4 897 71.4 1,486 69.2

Pathologic TNM stage
IA 993 18.9 Not reached 32 15.3 172 25.2 505 40.2 709 33.0
IB 1,479 28.1 Not reached 59 28.2 162 23.7 213 17.0 434 20.2
IIA 878 16.7 76.2 62.7 to 89.7 24 11.5 124 18.2 133 10.6 281 13.1
IIB 429 8.2 40.5 27.9 to 53.1 11 5.3 93 13.6 122 9.7 226 10.5
IIIA 1,482 28.2 33.7 30.9 to 36.5 77 36.8 129 18.9 263 20.9 469 21.8
T4N2 NA NA 6 2.9 3 0.4 20 1.6 29 1.4

No. of harvested LNs
0-14 2,755 52.4 77.5 68.1 to 86.9 54 25.8 505 73.9 1155 92.0 1,714 79.8
! 15 2,506 47.6 101.7 97.3 to 106.1 155 74.2 178 26.1 101 8.0 434 20.2
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are scarce. In this study, we aimed to build a nomogram for resected
NSCLC by combining known clinicopathologic variables based on the
data from a multi-institutional registry in China. In addition, we used
a separate cohort from the International Association for the Study of
Lung Cancer (IASLC) database to externally validate it.

PATIENTS AND METHODS

Patient Population and Data Processing
A multi-institutional registry consisting of 6,111 patients who received

treatment between January 2001 and December 2008 from the departments of
cardiothoracic surgery of seven institutions in the People’s Republic of China
(The First Affiliated Hospital of Guangzhou Medical University, Guangzhou;
Shanghai Pulmonary Hospital of Tongji University, Shanghai; Shanghai
Zhongshan Hospital of Fudan University, Shanghai; West China Hospital,
Sichuan University, Chengdu; China and Japan Friendship Hospital, Beijing;
Shenzhen People’s Hospital, Shenzhen; and Cancer Center of Sun Yat-Sen
University, Guangzhou) was established. Ethical approval was obtained from
participating institutions through their respective institutional review boards
or the chairperson of their ethics committee who waived the need for patient
consent for this study when individual patient consents were not identified.

A standardized data form was created to retrieve all relevant information
on sociodemographic data (age, sex, Eastern Cooperative Oncology Group
performance status, smoking history [yes or no], forced expiratory volume in
1 second [FEV1], and FEV1/forced vital capacity [FEV1%]); pathologic data
(histologic type; pathologic tumor, node, and metastasis status; tumor loca-
tion: central [starting within tertiary bronchi] v peripheral [starting beyond
tertiary bronchi], or specific lobes; number and station of obtained lymph
nodes; and presence of viscera invasion); treatment-related data, including
type of resection (lobectomy, sleeve resection, wedge resection, or pneumo-
nectomy) and type of operation (complete video-assisted thoracic surgery
[VATS; non–rib-spreading approach], assisted VATS [mini-thoracotomy ap-
proach with rib spreading], or open surgery); and presence of any comorbidity
(including all diseases described in the International Classification of Diseases,
Ninth Revision, Clinical Modification12) or complications (including bron-
chopleural fistula, chylothorax, hemothorax, transfusion, respiratory failure,
arrhythmia, myocardial infarct, cardiovascular complications, prolonged air
leak of ! 5 days, pneumonia lung embolism, empyema, and wound infec-

tion). Standardized clinical data for consecutive patients treated in each of the
seven institutions were entered into an independent central database at the
Baird Institute for Applied Heart and Lung Surgical Research in Sydney,
Australia. Follow-up data for all patients were obtained from their most recent
medical review, which consisted of a clinical examination and an assessment of
chest x-rays or computed tomography scans. Patients’ survival time was cal-
culated from the surgery date to the date of death or last contact. Pathologic
staging was characterized according to the seventh edition of the American
Joint Committee on Cancer TNM staging system. An independent biostatis-
tician managed and maintained the collected data.

Only patients diagnosed with NSCLC who underwent radical resection
were included in the study. Patients who underwent resection for local ad-
vanced or metastatic disease (TNM stage IIIB or stage IV) were excluded.
Variables with more than 10% missing values were not eligible for analysis. In
addition, patients with any missing value on the eligible variables were ex-
cluded from subsequent processing. Continuous variables were transformed
into categorical variables based on recognized cutoff values (for age) or median
number (for blood loss volume, number of obtained lymph nodes, and lymph
node station).13

To examine the generalizability of the model, an external validation
cohort was provided by the IASLC lung cancer database. The cohort is com-
posed of 2,148 patients with stage I to III NSCLC diagnosed between 1999 and
2010 in China, Europe, and North America. It should be noted that patients in
this cohort from China were treated at the Guangdong General Hospital and
Shanghai Lung Tumor Medical Center and are completely distinct from the
patients in the primary multi-institutional registry. Only patients with surgi-
cally resected, nonmetastatic disease were included, and all patients were
required to have sufficient information to score all variables in the established
nomogram. Patients with N3 disease were excluded because they could not be
scored according to the nomogram. Although we did not include patients with
T4N2 disease when building the nomogram, the statisticians from the IASLC
included these patients according to the principle of validation because these
patients could be scored by the nomogram. Including these patients tested the
validity of the nomogram in a wider set of patients.

Construction of the Nomogram
In the training set, survival curves for different variable values were

generated using the Kaplan-Meier estimates and were compared using the
log-rank test. Variables that achieved significance at P " .05 were entered into
the multivariable analyses via the Cox regression model. Statistical analyses to

Table 1. Demographics and Clinicopathologic Characteristics of the Primary Cohort (training set) and IASLC Cohort (validation set) (continued)

Demographic or
Clinicopathologic

Characteristic

Training Set (N # 5,261)
IASLC Validation Set (N # 2,148)

No. of
Patients %

OS (months)
China Europe North America Overall

Median 95% CI
No. of

Patients %
No. of

Patients %
No. of

Patients %
No. of

Patients %

Stations of sampled LNs
1-6 2,129 40.5 78.7 68.0 to 89.3
7-10 3,109 59.1 97.7 89.0 to 106.4

Blood loss volume, mL
0-150 2,324 44.2 99.4 87.5 to 111.4
! 150 2,937 55.8 76.2 66.0 to 86.4

Comorbidity
Yes 4,755 90.4 88.3 81.2 to 95.4
No 270 5.1 71.9 46.2 to 97.6

Postoperative complications
Yes 4,956 94.2 89.0 82.3 to 95.7
No 305 5.8 71.9 NA

Abbreviations: ADC, adenocarcinoma; ADSC, adenosquamous carcinoma; BAC, bronchioloalveolar carcinoma; ECOG PS, Eastern Cooperative Oncology Group
performance status; IASLC, International Association for the Study of Lung Cancer; LC, large-cell carcinoma; LN, lymph node; NA, not available; SC, squamous
carcinoma; VATS, video-assisted thoracic surgery.
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Association of Pathologic Nodal Staging Quality With Survival
Among Patients With Non–Small Cell Lung Cancer After
Resection With Curative Intent
Matthew P. Smeltzer, PhD; Nicholas R. Faris, MDiv; Meredith A. Ray, PhD; Raymond U. Osarogiagbon, MBBS

IMPORTANCE Pathologic nodal stage is the most significant prognostic factor in resectable
non–small cell lung cancer (NSCLC). The International Association for the Study of Lung
Cancer NSCLC staging project revealed intercontinental differences in N category–stratified
survival. These differences may indicate differences not only in cancer biology but also in the
thoroughness of the nodal examination.

OBJECTIVE To determine whether survival was affected by sequentially more stringent
definitions of pN staging quality in a cohort of patients with NSCLC after resection with
curative intent.

DESIGN This observational study used the Mid-South Quality of Surgical Resection cohort, a
population-based database of lung cancer resections with curative intent. A total of 2047
consecutive patients who underwent surgical resection at 11 hospitals with at least 5 annual
lung cancer resections in 4 contiguous US Dartmouth hospital referral regions in northern
Mississippi, eastern Arkansas, and western Tennessee (>90% of the eligible population) were
included. Resections were performed from January 1, 2009, through January 25, 2016.
Survival was evaluated with the Kaplan-Meier method and Cox proportional hazards models.

EXPOSURES Eight sequentially more stringent pN staging quality strata included the
following: all patients (group 1); those with complete resections only (group 2); those with
examination of at least 1 mediastinal lymph node (group 3); those with examination of at least
10 lymph nodes (group 4); those with examination of at least 3 hilar or intrapulmonary and at
least 3 mediastinal lymph nodes (group 5); those with examination of at least 10 lymph
nodes, including at least 1 mediastinal lymph node (group 6); those with examination of at
least 1 hilar or intrapulmonary and at least 3 mediastinal nodal stations (group 7); and those
with examination of at least 1 hilar or intrapulmonary lymph node, at least 10 total lymph
nodes, and at least 3 mediastinal nodal stations (group 8).

MAIN OUTCOMES AND MEASURES N category–stratified overall survival.

RESULTS Of the total 2047 patients (1046 men [51.1%] and 1001 women [48.9%]; mean [SD]
age, 67.0 [9.6] years) included in the analysis, the eligible analysis population ranged from 541
to 2047, depending on stringency. Sequential improvement in the N category–stratified
5-year survival of pN0 and pN1 tumors was found from the least stringent group (0.63 [95%
CI, 0.59-0.66] for pN0 vs 0.46 [95% CI, 0.38-0.54] for pN1) to the most stringent group (0.71
[95% CI, 0.60-0.79] for pN0 vs 0.60 [95% CI, 0.43-0.73] for pN1). The pN1 cohorts with 3 or
more mediastinal nodal stations examined had the most striking survival improvements.
More stringently defined mediastinal nodal examination was associated with better
separation in survival curves between patients with pN1 and pN2 tumors.

CONCLUSIONS AND RELEVANCE The prognostic value of pN stratification depends on the
thoroughness of examination. Differences in thoroughness of nodal staging may explain a
large proportion of intercontinental survival differences. More thorough nodal examination
practice must be disseminated to improve the prognostic value of the TNM staging system.
Future updates of the TNM staging system should incorporate more quality restraints.

JAMA Oncol. doi:10.1001/jamaoncol.2017.2993
Published online September 28, 2017.
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Ratio ganglionnaire ?

Au dessus de 10 ganglions réséqués le ratio ganglionnaire (N+/N) est le plus sensible pour 
prédire la survie globale et la survie sans récidive

Limites :

Øvariabilité inter-individus

ØFragmentation ganglionnaire

ØRôle du chirurgien (médiastin) et du pathologiste (intra-lobaire)
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Table 1. Demographics and tumor characteristics of 5289 patients with non-small cell lung cancer from 
Surveillance Epidemiology and End Results 18 registries, 2010–2013.  

Variable No. of Patients (%) 

Age, years  

     <50  243 (4.6) 

     50–59 945 (17.9) 

     60–69 1886 (35.7) 
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Log odds of positive lymph nodes may predict survival benefit
in patients with node-positive non-small cell lung cancer.
Deng W, Xu T, Wang Y, Xu Y, Yang P, Gomez D, Liao Z



Rupture capsulaire ?
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Extranodal extension of nodal metastases is a poor prognostic
moderator in non-small cell lung cancer: a meta-analysis

Claudio Luchini1,2 & Nicola Veronese3,4 & Alessia Nottegar5 & Monica Cheng6 & Takuma Kaneko7 & Camilla Pilati8 &

Fabrizio Tabbò9 & Brendon Stubbs10 & Antonio Pea11 & Fabio Bagante11 & Jacopo Demurtas12 & Matteo Fassan2 &

Maurizio Infante13 & Liang Cheng6 & Aldo Scarpa1,2
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# Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract
Extranodal extension (ENE) of nodal metastasis is defined as the extension of metastatic cells through the nodal capsule into the
perinodal tissue. This morphological parameter, recently proposed as an important prognostic factor in different types of malig-
nancy, has not been included in the TNM staging system for non-small cell lung cancer (NSCLC). In this systematic review with
meta-analysis, we weighted the prognostic role of ENE in patients with lymph node-positive NSCLC. Two independent authors
searched SCOPUS and PubMed through 28 February 2017. Prospective and retrospective studies on NSCLC, comparing
patients with presence of ENE (ENE+) ENE+) vs. only intranodal extension (ENE–) and including data regarding prognosis,
were considered as eligible. Data were summarized using risk ratios (RR) for the number of deaths/recurrences, and hazard ratios
(HR) with 95% confidence intervals (CI) for time-dependent risk related to ENE+, adjusted for potential confounders. We
identified 13 studies, including 1709 patients (573 ENE+ and 1136 ENE–) with a median follow-up of 60 months. ENE was
associated with a significantly increased risk of mortality of all causes (RR = 1.39, 95% CI: 1.18–1.65, P < 0.0001, I2 = 70%;
HR = 1.30, 95% CI: 1.01–1.67, P = 0.04, I2 = 0%) and of disease recurrence (RR = 1.32, 95% CI: 1.04–1.68, P = 0.02, I2 = 42%;
HR = 1.93, 95% CI: 1.53–2.44, P < 0.0001, I2 = 0%). We conclude that in NSCLC, requirements for assessment of ENE should
be included in gross sampling and ENE status should be included in the pathology report. Inclusion of ENE status in oncology
staging systems will allow further assessment of its role as prognostic parameter.

Keywords Lung cancer . NSCLC . Prognosis . Extranodal . Extracapsular . Metastasis
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imaging, and our results by meta-analysis of the prognostic
significance of ENE in NSCLC, call for a comprehensive
study on the possible prognostic roles of ENE in NSCLC.

The results of our meta-analysis have direct implications
for gross sampling of surgical specimens of NSCLC. As ENE
can be very focal in a lymph node metastasis, all lymph nodes
including large ones should be examined in full, including the
surrounding adipose tissue. In addition, the histological defi-
nition of ENE should be standardized, since its importance
justifies its inclusion in the final pathology report. In eight of
the articles we included, ENE was defined as extension of
metastatic cells beyond the nodal capsule [34, 36, 37, 39,

40, 43, 44, 46]. In the other five studies [35, 38, 41, 42, 45],
ENE included free tumor deposits or vessel emboli in the
adipose tissue. Inclusion of these series in our meta-analysis
might have introduced a possible bias. However, the low het-
erogeneity of the outcome results of our meta-analysis indi-
cates that they are robust and our results most likely are not
affected significantly by this issue, which in addition concerns
only a small percentage of the included studies. For squamous
cell carcinoma of the genital organs and of head and neck,
ENE is taken into account as a parameter in TNM staging
[7]. The results of our meta-analysis, if confirmed in further
studies including nomograms, justify inclusion of ENE

Fig. 3 Extranodal extension and
risk of recurrence. Forrest plot of
the association between ENE
status with unadjusted (risk ratios,
a) and adjusted (hazard ratios, b)
risk of recurrence estimates

Table 2 Pooled risk ratio
estimates for adjusted hazard
ratios for overall and disease-free
survival according to presence or
not of extranodal extension

Parameter N studies Hazard ratios
(95% CI)

P value Heterogeneity
(I2; P value)

All-cause mortality 2 1.30 (1.01–1.67) 0.04 0; 0.42

Risk of locoregional recurrence 2 3.12 (1.67–5.80) < 0.0001 0; 0.68

Risk of recurrence 3 1.93 (1.53–2.44) < 0.0001 0; 0.93

Italicized items are statistically significant

Virchows Arch

indicating high diagnostic accuracy [49]. It might differenti-
ate, prior to surgery, patients with ENE– metastasis for whom
radical locoregional treatment is potentially curative. In con-
trast, for patients with ENE+ metastasis, surgery should be
performed after neoadjuvant treatment, as they have a very
high risk of nonradical resection and locoregional recurrence.
The prognostic significance of ENE has also been investigated

in esophageal squamous cell carcinoma patients [16, 50]. ENE
emerged as the strongest independent predictor for survival in
multivariable analysis [50]. Our results show that the impact
of ENE on prognosis is stronger in case of pN1 than in case of
pN2 lymph node status, which further highlights the impor-
tance of ENE in NSCLC. Together, the results reported for
other tumor types, the possibility to predict ENE with

Fig. 2 Extranodal extension and
all-cause mortality. Forrest plot of
the association between ENE
status with unadjusted (risk ratios,
a) and adjusted (hazard ratios, b)
all-cause mortality estimates

Table 1 Pooled risk ratio estimates for overall and disease-free survival according to presence or not of extranodal extension (ENE)

Parameter N studies N of events*
in ENE+

N of ENE+ N of events*
in ENE–

N of ENE– Risk ratio
(95% CI)

P value Heterogeneity
(I2; P value)

Egger test
(P value)

All-cause mortality 10 404 481 361 681 1.39 (1.18–1.65) < 0.0001 70; < 0.0001 0.36; 0.84

Distant metastasis 2 71 94 171 334 0.84 (0.16–4.47) 0.84 71; 0.07 0.84; 0.74

Risk of recurrence 3 81 108 241 403 1.32 (1.04–1.68) 0.02 42; 0.18 − 1.05; 0.60

Italicized items are statistically significant

*Events stand for death for overall survival, and for relapse (distant and overall) for disease-free survival
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Nécessité d’obtenir l’information dans le compte rendu anatompathologique

Standardisation de la définition de la rupture capsulaire

Prise en compte de l’impact pronostic dans la stratégie? 



Quel curage ganglionnaire proposer?
vAbsence de standardisation et d’uniformité de la terminologie

vFrein à l’analyse précise des données de la littérature

Echantillonnage aléatoire

Echantillonnage systématique

Curage sélectif (lobe spécifique)

Lymphadénectomie radicale

Ricquet M. Thèse de doctorat 1992



Quel curage ganglionnaire proposer?

Toujours en reséquant les adénopathies hilaires et lobaire et au moins 3 adénopathies

- Curage lobe spécifique: admis pour les tumeurs périphériques T1         
(£3cm) (probabilité N2 < 5%)

LSD et LM: 2R, 4R et 7
LID: 4R, 7, 8, 9
LSG: 5,6, 7
LIG: 7, 8, 9
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Summary

The European Society of Thoracic Surgeons (ESTS) organized a workshop dealing with lymph node staging in non-small cell lung cancer. The
objective of this workshop was to develop guidelines for definitions and the surgical procedures of intraoperative lymph node staging, and the
pathologic evaluation of resected lymph nodes in patients with non-small cell lung cancer (NSCLC). Relevant peer-reviewed publications on the
subjects, the experience of the participants, and the opinion of the ESTS members contributing on line, were used to reach a consensus.
Systematic nodal dissection is recommended in all cases to ensure complete resection. Lobe-specific systematic nodal dissection is acceptable for
peripheral squamous T1 tumors, if hilar and interlobar nodes are negative on frozen section studies; it implies removal of, at least, three hilar and
interlobar nodes and three mediastinal nodes from three stations in which the subcarinal is always included. Selected lymph node biopsies and
sampling are justified to prove nodal involvement when resection is not possible. Pathologic evaluation includes all lymph nodes resected
separately and those remaining in the lung specimen. Sections are done at the site of gross abnormalities. If macroscopic inspection does not
detect any abnormal site, 2-mm slices of the nodes in the longitudinal plane are recommended. Routine search for micrometastases or isolated
tumor cells in hematoxylin-eosin negative nodes would be desirable. Randomized controlled trials to evaluate adjuvant therapies for patients
with these conditions are recommended. The adherence to these guidelines will standardize the intraoperative lymph node staging and
pathologic evaluation, and improve pathologic staging, which will help decide on the best adjuvant therapy.
# 2006 Elsevier B.V. All rights reserved.

Keywords: Lung cancer; Intraoperative lymph node staging; Pathologic evaluation of lymph nodes

1. Introduction

Defining the stage of a malignant disease is key for
planning therapy, estimating prognosis and for comparison of
studies [1]. The extent of lymph node involvement in patients
with non-small cell lung cancer (NSCLC) is themost important

prognostic factor and influences therapeutic strategies [2].
There are internationally accepted definitions for lymph
node staging in NSCLC, however, there are some unanswered
questions regarding extent, nomenclature definition, and
surgical procedure of intraoperative lymph node evaluation.
Furthermore, the quality of pathologic assessment is ill-
defined and may vary between observers [3].

The council of the European Society of Thoracic Surgeons
(ESTS) initiated a workshop which took place in Zurich on
25th March and 6th July 2004 in order to standardize
definitions, surgical procedures, and pathologic evaluation.

www.elsevier.com/locate/ejcts
European Journal of Cardio-thoracic Surgery 30 (2006) 787—792

§ The first ESTS Workshop was organized during the first ESTS Spring Meeting
March 2004 Zurich Switzerland and was presented at the second ESTS Spring
Meeting April 2005 Athens Greece.
* Corresponding author. Tel.: +41 1 2558802; fax: +41 1 2558805.
E-mail address: walter.weder@usz.ch (W. Weder).

1010-7940/$ — see front matter # 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.ejcts.2006.08.008



ACOSOG Z0030 : 
Méthode: n = 1013 patients NSLC cT1,T2, N0 ou N1 (interlobaire) M0
Echantillonage è poumon droit (2R,4R, 7, 10R) et poumon gauche (5, 6,7, 10L)
Curage systématiqueè+ 8,9,3a 3p
Prélèvement systématique des interlobaires et hilaires

Echantillonnage ganglionnaire orienté ?

Randomized trial of mediastinal lymph node sampling versus
complete lymphadenectomy during pulmonary resection in the
patient with N0 or N1 (less than hilar) non–small cell carcinoma:
Results of the American College of Surgery Oncology Group Z0030
Trial

Gail E. Darling, MD,a Mark S. Allen, MD,b Paul A. Decker, MS,b Karla Ballman, PhD,b

Richard A. Malthaner, MD,c Richard I. Inculet, MD,c David R. Jones, MD,d Robert J. McKenna, MD,e

Rodney J. Landreneau, MD,f Valerie W. Rusch, MD,g and Joe B. Putnam, Jr, MDh

Objective: Todeterminewhethermediastinal lymph nodedissection improves survival comparedwithmediastinal
lymph node sampling in patients undergoing resection for N0 or nonhilar N1, T1, or T2 non–small cell lung cancer.

Methods: Patients with non–small cell lung cancer underwent sampling of 2R, 4R, 7, and 10R for right-sided
tumors and 5, 6, 7, and 10L for left-sided tumors. If all tumors were negative for malignancy, patients were ran-
domized to no further lymph node sampling (mediastinal lymph node sampling) or complete mediastinal lymph
node dissection.

Results: Of 1111 patients randomized, 1023 (mediastinal lymph node sampling in 498, mediastinal lymph node
dissection in 525) were eligible and evaluable. Therewere no significant differences between the 2 groups in terms
of demographics, Eastern Cooperative Oncology Group status, histology, cancer location, type or extent of resec-
tion, and pathologic stage. Occult N2 disease was found in 21 patients in the mediastinal lymph node dissection
group. At a median follow-up of 6.5 years, 435 patients (43%) have died: mediastinal lymph node sampling in 217
(44%) and mediastinal lymph node dissection in 218 (42%). The median survival is 8.1 years for mediastinal
lymph node sampling and 8.5 years for mediastinal lymph node dissection (P¼ .25). The 5-year disease-free sur-
vival was 69% (95% confidence interval, 64–74) in the mediastinal lymph node sampling group and 68% (95%
confidence interval, 64–73) years in the mediastinal lymph node dissection group (P ¼ .92). There was no differ-
ence in local (P ¼ .52), regional (P ¼ .10), or distant (P ¼ .76) recurrence between the 2 groups.

Conclusions: If systematic and thorough presection sampling of the mediastinal and hilar lymph nodes is neg-
ative, mediastinal lymph node dissection does not improve survival in patients with early stage non–small cell
lung cancer, but these results are not generalizable to patients staged radiographically or those with higher stage
tumors. (J Thorac Cardiovasc Surg 2011;141:662-70)

Earn CME credits at
http://cme.ctsnetjournals.org

Lung cancer is the leading cause of cancer deaths.1 Non–
small cell lung cancer (NSCLC) may be curable by surgical
resection; however, even tumors that appear localized by
imaging may have lymph node metastases. Lymph node
assessment is important for accurate staging of NSCLC.
However, the extent of lymph node removal required and
the impact of mediastinal node removal on survival are con-
troversial. Unfortunately, in a pattern of care study, only
57.3% of patients had any mediastinal nodes removed at
the time of pulmonary resection.2

Studies addressing the survival benefit of mediastinal
lymph node dissection (MLND) have been inconclusive,
with only 1 of 3 previous randomized trials reporting a sur-
vival advantage.3 Proponents argue thatMLND, by removing
occult N2 disease, would decrease recurrence and increase
survival. However, distance metastases as the first site of re-
currence develop in two thirds of patients with N2 disease.4

TheAmericanCollege of SurgeryOncologyGroup (ACO-
SOG) Z0030 study was a randomized, multi-institutional,
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Minn; London Health Sciences Center,c London, Ontario, Canada; University of
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Curage ou échantillonnage?

vImpact réel du curage dans les stades plus avancés

vBénéfice brut de 7.5% à 5 ans
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Abstract

OBJECTIVES: To re-examine the evidence for recommendations for complete dissection versus sampling of ipsilateral mediastinal lymph
nodes during lobectomy for cancer.

METHODS: We searched for randomized trials of systematic mediastinal lymphadenectomy versus mediastinal sampling. We performed a
textual analysis of the authors’ own starting assumptions and conclusion. We analysed the trial designs and risk of bias. We extracted data
on early mortality, perioperative complications, overall survival, local recurrence and distant recurrence for meta-analysis.

RESULTS: We found five randomized controlled trials recruiting 1980 patients spanning 1989–2007. The expressed starting position in 3/5
studies was a conviction that systematic dissection was effective. Long-term survival was better with lymphadenectomy compared with
sampling (Hazard Ratio 0.78; 95% CI 0.69–0.89) as was perioperative survival (Odds Ratio 0.59; 95% CI 0.25–1.36, non-significant). But there
was an overall high risk of bias and a lack of intention to treat analysis. There were higher rates (non-significant) of perioperative complica-
tions including bleeding, chylothorax and recurrent nerve palsy with lymphadenectomy.

CONCLUSIONS: The high risk of bias in these trials makes the overall conclusion insecure. The finding of clinically important surgically
related morbidities but lower perioperative mortality with lymphadenectomy seems inconsistent. The multiple variables in patients, can-
cers and available treatments suggest that large pragmatic multicentre trials, testing currently available strategies, are the best way to find
out which are more effective. The number of patients affected with lung cancer makes trials feasible.

Keywords: Lung cancer • Surgery • Lymph node staging

INTRODUCTION

The surgical approach to ipsilateral mediastinal (N2) nodes at the
time of lobectomy for lung cancer has long been a subject of inter-
est. The European Society of Thoracic Surgeons Guidelines in 2006
stated ‘adherence to these guidelines will standardize the intraopera-
tive lymph node staging and pathologic evaluation, and improve
pathologic staging, which will help decide on the best adjuvant ther-
apy ’ [1]. The opening statement of the International Association for
the Study of Lung Cancer staging project’s proposals for the revision
of the N Descriptors in the eighth Edition of the tumour node me-
tastasis (TNM) Classification for Lung Cancer reads: ‘Nodal status is

considered to be one of the most reliable indicators of the prognosis
in patients with lung cancer and thus is indispensable in determining
the optimal therapeutic options’ [2]. The extent of nodal dissection
and the number of nodes removed and sent to the pathology la-
boratory is used as a quality standard in some jurisdictions.

Arguments in favour of more extensive lymph nodes dissection
fall into three groups.

1. More accurate N staging makes research comparisons be-
tween treatment effects more reliable.

2. More complete N staging provides more information on
which to plan already available and novel adjuvant treatments.
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complications. (Fig. 3) As might be expected, bleeding (P = 0.36),
chylothorax (P = 0.08) and recurrent nerve injury (P = 0.14) were
all more frequent with the more extensive surgery; although not
statistically significant in this analysis they are anticipated compli-
cations of more extensive surgery in the mediastinum. Despite
the excess morbidity with [MLND] the early mortality was lower.
In unblinded trials, run by doctors with a vested interest in the
outcome, there are opportunities for reassignment or exclusion
of patients in trials. The exercise of bias may be unintentional but
later we will discuss data which suggest it may have happened.

These five trials were intended to test in survival terms the ‘ef-
fectiveness’ of extending the surgery performed at the time of
lobectomy to include lymphadenectomy. This has direct bearing
on three distinct drives for change in clinical practice.

1. When stereotactic radiotherapy is used as treatment for pri-
mary lung cancer rather than lobectomy [28] lymphadenec-
tomy is precluded.

2. When videothoracoscopic surgery is used instead of open
lobectomy, the prior assumption is that lymphadenectomy is
less often complete [8].

3. An increasing role of lymphadenectomy will be to provide
more tissue and more complete staging to guide multimo-
dality therapy [29].

Despite a difference in overall survival, lymphadenectomy was
not associated with a significant reduction in the rates of either
local or distant recurrence and we cannot infer from the trials
whether the apparent effect on survival is due to removal of
more involved nodes having a beneficial effect on survival or the
information from more accurate nodal staging guiding adjuvant
treatment with consequent benefit. Only three studies mention
the use of postoperative radiotherapy and it is not clear if the
rates of use varied. Chemotherapy is not mentioned in the any of
the reports of three of the trials [11, 13, 15, 23, 24]. Use of pre-
operative chemotherapy was an exclusion criterion in one of the

Figure 2: Forest plots of comparison in meta-analysis. (A) Early mortality odds ratio. (B) Late mortality hazard ratio. (C) Local recurrence odds ratio. (D) Distant recur-
rence odds ratio
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Conclusion I

ØRôle important à la fois du chirurgien et du pathologiste 

ØIndicateur le plus pertinent : statut R 
ØExtrêmement mal utilisé
ØRun+++

ØCurage ganglionnaire souvent inadéquat



Conclusion II
ØCurage ganglionnaire systématique

ØPierre angulaire de la chirurgie thoracique
ØMalgré les progrès du bilan préthérapeutique
ØEt surtout à l’heure des techniques alternatives
ØChirurgie infra-lobaire et minimalement invasive ¹ curage minimal

ØCritères IASLC : le plus simple

Ø3 sites ganglionnaires intrapulmonaire et 3 sites ganglionnaires médiastinaux
ØA MINIMA


