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  Abstract 
  Background.  The 7th TNM staging system for non-small cell lung cancer (NSCLC) developed by the International Asso-
ciation for the study of Lung Cancer (IASLC) has been applied in Sweden since the beginning of the year 2010. The aim 
of this retrospective study was to evaluate the prognostic role of the 7th TNM staging system in a surgical Swedish patient 
cohort with node-negative NSCLC.  Material and methods . We collected data from stage I patients (pT1-2 pN0, 6th TNM 
system) who underwent surgery for NSCLC at Karolinska University Hospital from 1987 to 2002. Tumors were restaged 
according to the 7th TNM version. Cox multivariate survival analysis was implemented in order to determine the prog-
nostic impact of pathological stage when classifi ed according to either the 6th or the 7th TNM systems.  Results.  The patient 
population consisted of 452 subjects. Tumor size was    �    3 cm in 51% of cases. The predominant histology was adenocarci-
noma (53%) and lobectomy was the most common surgical procedure (82% of patients). The fi ve-year survival rate in 
patients with stage IA vs. IB (6th TNM) was 62% vs. 51%, respectively (log-rank p    �    0.036). Corresponding fi gures for 
the 7th TNM system were 70% in stage IA-T1a, 51% in stage IA-T1b, 54% in stage IB, 51% in stage IIA and 35% in 
stage IIB (log-rank p    �    0.002). On multivariate analysis, adjusted by age, gender, histology, kind of surgery, grade of dif-
ferentiation and smoking status, pathological stage was an independent prognostic factor if classifi ed according to the 7th 
TNM version (p    �    0.001), but not if scored according to the 6th TNM edition (p    �    0.090).  Conclusion . The 7th TNM clas-
sifi cation system is a more accurate predictor of prognosis in stage I operated patients than the old classifi cation. The new 
system should be implemented even on retrospective cohorts especially when investigating the prognostic implication of 
the expression of molecular biomarkers.   

 Lung cancer is a major healthcare problem, being the 
most frequent cause of cancer-related deaths in both 
men and women worldwide [1]. Similar fi gures are 
observed in Sweden, with a dramatic 3.6% increase per 
year in incidence in women in the last decade [2]. 

 Approximately 25 – 30% of cases with non-small 
cell lung cancer (NSCLC) are diagnosed with an 
early stage of disease and are amenable of curative 
treatment with surgical resection. However, in spite 
of diagnostic improvements, systematically lymph 
node dissection during lung cancer surgery and the 
addition of post-operative chemotherapy, an average 
of 35% and 55% of cases with stage I and II disease, 
respectively, do suffer tumor recurrence and die of 

lung cancer [3]. In order to identify what patients are 
at higher risk of disease recurrence, robust and vali-
dated clinical and molecular prognostic factors 
should be implemented. 

 The tumor node metastasis (TNM) staging sys-
tem is still the strongest clinical prognostic factor in 
NSCLC and plays a predominant role in the choice 
of treatment modality. The old 6th TNM staging ver-
sion, based on data of approximately 5000 patients 
was published by C. F. Mountain in 1997 [4]. 

 In 1999 the International Association for the 
study of Lung Cancer (IASLC) started the collection 
of patient data in order to elaborate and propose to 
the International Union against Cancer (UICC) a 
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more accurate staging system for the new TNM ver-
sion. Changes proposed by IASLC have been fully 
accepted and constitute the current 7th TNM clas-
sifi cation that is presently being implemented in the 
clinical setting [5,6]. 

 Early stage node-negative tumors represent the 
majority of surgical cases. In this category the specifi c 
changes presented in the 7th TNM edition comprise 
a further sub-classifi cation of stage IA into T1a and 
T1b, if the larger tumor diameter is up to or greater 
than 2 cm, respectively, and a move to stage IIA of 
cases with a diameter between 5 and 7 cm, and to 
stage IIB of tumors larger than 7 cm (Table I). In 
addition, in this subgroup of patients, the use of post-
operative chemotherapy is still controversial. In fact, 
results from a recent meta-analysis show that plati-
num-based adjuvant chemotherapy may be detrimen-
tal in stage IA [hazard ratio (HR) 1.19, 95% confi dence 
interval (CI) 0.84 – 1.68, p    �    0.33] and may improve 
fi ve-year overall survival by 5% in stage IB cases (from 
55% to 60%) [7]. Hence, a need of an early identifi ca-
tion of patients who would suffer tumor recurrence 
would be of high value. Moreover, when performing 
biomarker studies in this specifi c patient cohort, it is 
of great importance to correct biological fi ndings with 
strong clinical prognostic factors, in order to avoid the 
risk of false positive results. 

 The aim of the present retrospective study was 
thus to compare the 6th and 7th TNM classifi cation 
systems in node-negative, surgically resected NSCLC 
cases, in order to defi ne which of the two systems 
retains the strongest prognostic value in this particu-
lar patient population.  

 Material and methods 

 Subjects included in the present study where selected 
from the surgical lung cancer registry established in 
the year 1987 in the Stockholm-Gotland region, 
Sweden. Eligible cases were patients who received a 
curative and radical (R0) surgical resection for 
node-negative NSCLC and had a post-surgical fol-
low-up of at least fi ve years. Pre-operative staging 
was performed with chest x-ray only until 1993. 
Thereafter, CT-scan of the thorax and upper abdo-
men was introduced as routine imaging method for 

staging purposes. Patients with one of the following 
conditions were considered ineligible: 1) diagnosis of 
either neuroendocrine lung cancer or NSCLC with 
mixed neuroendocrine features [8]; 2) two synchro-
nous tumors; 3) pathological stage  �    I according to 
the 6th TNM staging edition; and 4) peri-operative 
chemotherapy. Tumors with mainly bronchoalveolar 
features were included because the staging classifi ca-
tion was based on pathological specimens (pTNM) 
and not on clinical evaluations. In addition, formalin-
fi xed and paraffi n-embedded tumor blocks had to be 
available from the County Council ’ s biobank for 
pathological review of original diagnosis. 

 Follow-up data were provided by the Swedish 
Cancer registry. However, single patient fi les were 
also carefully reviewed in order to retrieve additional 
information not present in the registries such 
as smoking history, tumor localization, time-to-
progression and metastasis localization. The post-
operative follow-up consisted of clinical visit (history 
and physical) and chest x-ray approximately every 
three months for a total of fi ve years. 

 Pathology reports describing the gross and micro-
scopic examination of the surgical specimens con-
taining the primary tumor and regional lymph nodes 
were collected. Cases were re-classifi ed according to 
both the 6th and 7th TNM editions. 

 The study was approved by the Institutional 
Review Boards at Karolinska Institutet and at 
Stockholm ́ s County Council.  

 Statistics 

 Statistical analyses were performed using the JMP 
software 5.1.2 (SAS Institute, Cary, NC, USA). 

 Overall survival was calculated from date of sur-
gical resection until death from any cause or last 
follow-up date. Assuming no disease recurrence after 
a follow-up of 10 years, patients surviving longer 
were censored at 120 months. Survival curves were 
calculated using the Kaplan-Meier method and com-
pared by using the log-rank test. In order to deter-
mine the independent prognostic role of pathological 
stage scored according to either the 6th or the 7th 
TNM version, multivariate analysis by using the Cox 
proportional hazard method was conducted. 

 A p-value  �    0.05 was considered statistically 
 signifi cant.    

 Results  

 Patient characteristics 

 A total number of 452 patients were included in this 
study. Subjects received curative surgery at the Depart-
ment of Cardiothoracic Surgery and Anesthesiology, 
Karolinska University Hospital, Stockholm, Sweden, 

  Table I. Comparison between 6th and 7th TNM systems for N0 
tumors (modifi ed from Rami-Porta et   al. [5].  

T cm 6th TNM 7th TNM

 �    2 T1 IA T1a IA
 �    2 –  �    3 T1b IA
 �    3 –  �    5 (or    �    5 with invasion 

of pleura visceralis)
T2 IB T2a IB

 �    5 –  �    7 T2b IIA
 �    7 T3 IIB
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between March 1987 and December 2002. Patient 
characteristics are listed in Table II. Median age was 
68 years, and 40% of patients were elderly (aged    �    70 
years). The histological type was squamous-cell carci-
noma in 32% of cases. Among the 240 adenocarcino-
mas, 72 tumors had also bronchioloalveolar features. 
All surgical procedures were performed with open 
thoracotomy and consisted of lobectomy (82%), 
bilobectomy (7%) or pneumonectomy (10%). The N0 
condition was pathologically confi rmed in all patients. 
Unfortunately, it was not possible to determine for 
each case how many lymph nodes were actually 
removed, due to inconsistent registration of this infor-
mation in the pathology as well as in the the surgery 
reports. Mediastinal lymph node sampling was done 
randomly based on the macroscopic examination of 
the mediastinum during the operation for lung resec-
tion through the same thoracic incision.   

 Changes in stage classifi cation according to the 6th 
and the 7th versions 

 Approximately half of the cases were in either stage 
IA or IB according to the 6th TNM edition. Patients 

were classifi ed according to both TNM systems 
(Table III). Of tumors with a diameter  �    3 cm, 
52% had a size of    �    2 cm and moved to T1a (7th 
TNM), and 48% had a size     �    2 cm and moved to 
T1b (7th TNM). In terms of stage IB (6th TNM), 
the majority of cases were still in this staging class 
even according to the 7th TNM classifi cation 
because of tumor size  �    5 cm. However, approxi-
mately 35% of cases moved to either stage IIA or 
IIB (Table III).   

 Survival analysis and risk of metastasis 

 At the time of data analysis 299 subjects had died 
(66%). Minimum follow-up time in 153 living 
patients was 63 months (median 120 months). 

 Univariate survival analyses by tumor size are 
presented in Figure 1, where Kaplan-Meier curves 
according to the 6th TNM classifi cation and the 
further sub-grouping according to the 7th system 
are depicted together. In terms of stage IA tumors, 
fi ve-year overall survival rates were 70% vs. 51% in 
stage IA – T1a and IA – T1b, respectively (log-rank 
p-value    �    0.001). The fi ve-year survival rate was 51% 
in patients with a tumor size     �    3 cm. Further sub-
grouping according to the 7th TNM edition resulted 
in fi ve-year overall survival rates of 54%, 51% and 
35% in stage IB, IIA and IIB, respectively (log-rank 
p-value  �    0.150). Table IV depicts fi ve-year survival 
rates and univariate overall survival analyses by 
patient characteristics. 

 Multivariate survival analyses were adjusted by 
gender, age ( �    70 years vs.  �    70 years), histology 
(squamous vs. non-squamous tumors), grade of dif-
ferentiation (low vs. moderate vs. high), smoking sta-
tus (never vs. former vs. current smokers) and kind 
of surgery (lobectomy vs. pulmectomy-bilobectomy). 
Pathological stage was included in each model and 
scored according to either the 6th or the 7th TNM 
classifi cations. In terms of overall survival, stage was 
not an independent prognostic factor if scored 
according to the 6th edition. HR of death for stage 
IA (vs. IB) was 0.90 (95% CI 0.80 – 1.02), p-value
    �    0.090. Conversely, it was indeed an independent 
prognosticator when classifi ed according to the 7th 

  Table II. Patient characteristics.  

# %

Age, median (range) 68 (39 – 86)
Age

   �    70 y
   �    70 y

  274
  178

  61
  39

Gender
  Male
  Female

  247
  205

  55
  45

Histology
  Squamous-cell
  Adenocarcinoma
  Large-cell
  Adenosquamous
  Undifferentiated

  147
  240
  14
  36
  15

  33
  53
  3
  8
  3

Surgery
  Lobectomy
  Bilobectomy/pulmectomy

  371
  81

  82
  18

T cm, median (range) 3 (0.5 – 14)
Grade of differentiation

  G1
  G1 – 2
  G3
  Missing

  85
  165
  185
  11

  19
  38
  43

Tumor localization
  Left upper lobe
  Left lower lobe
  Right upper lobe
  Right middle lobe
  Right under lobe

  136
  55

  150
  17
  94

  30
  12
  33
  4

  21
Smoking history

  Current
  Former
  Never
  Unknown

  238
  125
  36
  52

  53
  28
  8

  11

  Table III. Classifi cation of 452 node-negative NSCLC patients 
according to the 6th and 7th TNM systems.  

6th TNM 7th TNM

# (%) # (%)

T1 IA 230 (51)  ® T1a IA 119 (26)

 ® T1b IA 111 (25)

  T2   IB   222 (49)  ® T2a IB 142 (31)
 ® T2b IIA 40 (9)
 ® T3 IIB 40 (9)
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TNM version (p-value    �    0.001). Using stage IIB 
as reference, HR (95% CI) was 1.10 (95% CI 
0.79 – 1.50) for stage IIA, 0.96 (0.78 – 1.17) for 
stage IB, 1.02 (0.81 – 1.27) for stage IA – T1b and 
0.68 (0.53 – 0.87) for stage IA – T1a.    

 Discussion 

 In the present study we performed a retrospective 
analysis in order to determine whether the newly 
introduced 7th TNM classifi cation system for early 
stage node-negative NSCLC is a more accurate 
prognosticator of overall and disease specifi c survival 
than the previous 6th TNM system. Adjusted multi-
variate survival analysis showed that the 7th TNM 
system was indeed a more accurate classifi cation 
than the 6th TNM to predict the overall survival of 
patients in this cohort. This was likely an effect of the 
further separation of stage IA tumors into two 
cohorts, which resulted into the identifi cation of 
tumors with a size  �    2 cm as a clear group with bet-
ter outcome, with a fi ve-year survival rate of 71%, 
compared to the approximately 50% observed in 

stage IA – T1b until IIA. This newly introduced sub-
classifi cation of T1 tumors seems to retain a strong 
prognostic potential, being statistically signifi cant on 
multivariate overall survival analysis. 

 Our study encompasses only early stage pN0 
cases treated with curative surgical resection, without 
the addition of adjuvant or neoadjuvant treatments. 
This choice was based on the following consider-
ations. With the introduction of well-established 
technologies to refi ne diagnosis, such as the pre-
operative use of PET-CT, the majority of currently 
operated NSCLC cases are pN0 tumors [9,10], since 
it is praxis to treat patients with positive N2 disease 
with chemoradiation although surgical resection 
could be technically feasible. As a consequence, bio-
markers research requiring archival surgical material 
for extensive analyses will be mainly performed on 
node-negative cases. In addition, the use of adjuvant 
chemotherapy in this group of patients is still debated 

  Table IV. Univariate survival analysis.  

Overall Survival

5-year survival 
rate %

Log-rank 
p-value

Age
   �    70y
   �    70y

  59
  52

0.006

Gender
  Male
  Female

  51
  62

0.005

Histology
  Squamous
  Non-Squamous

  50
  59

0.234

Surgery
  Lobectomy
  Bilobectomy/Pulmectomy

  59
  47

0.214

Grade of Differentiation
  G1
  G1 – 2
  G3

  63
  57
  52

0.079

Tumor Localization
  Left upper lobe
  Left lower lobe
  Right upper lobe
  Right middle lobe
  Right under lobe

  56
  43
  61
  55
  53

0.228

Smoking history
  Current
  Former
  Never
  Unknown

  57
  53
  76
  43

0.073

Stage, 6 th  TNM
  IA
  IB

  62
  51

0.036

Stage, 7 th  TNM
  IA – T1a
  IA – T1b
  IB
  IIA
  IIB

  70
  51
  54
  51
  35

0.002

  Figure 1.     Kaplan-Meier curves of overall survival comparing the 
6th TNM system (stage IA in A; stage IB in B) with the patient 
sub-grouping resulting from the 7th TNM classifi cation.  
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[7,11]. Hence, a detailed study on clinical prognostic 
factors in this group of patients is clinically relevant. 
The main advantages of our study are the long patient 
follow-up and the accuracy of clinical data included 
in multivariate analysis, e.g. smoking status. The 
major limitations are the absence of further classifi -
cation of visceral pleural invasion (VPI) and of lym-
phovascular invasion (LVI), although the prognostic 
role of these factors is still debated [12 – 14] and the 
lack of detailed information about mediastinal lymph 
node dissection, whether performed with sampling 
or systematic. As far as this latter issue is concerned, 
according to Lardinois et   al. [15] systematic lymph 
node dissection is generally considered the proce-
dure of choice even in pre-operative cN0 cases. How-
ever, a recent randomized trial from Darling et   al., 
which allocated 1111 T1 – 2, N0 – 1 patients to either 
sampling or systematic dissection, showed no differ-
ence in overall survival and local recurrence rate 
between the two procedures after a median follow-up 
of 6.5 years [16]. The staging accuracy is important, 
then it can contribute to patient selection for adju-
vant chemotherapy and prediction of prognosis but 
when it comes to the question of a possible benefi t 
of systematic lymph node dissection in stage I 
patients, it is still controversial. 

 Since the results of the IASLC staging project 
were published and a proposal for a 7th TNM ver-
sion for staging NSCLC was released, a number of 
papers have investigated the applicability of the new 
system into retrospective series [3,14,17 – 21]. 

 Each study explores different aspects of the 
problem, making diffi cult direct comparisons, 
especially because of the heterogeneity of the 
patient population in terms of, e.g. histology and 
nodal involvement. However, very few papers per-
form a direct head-to-head comparison between 
the 6th and 7th TNM versions in terms of prog-
nostic implications, as we instead do in the present 
report [14,20]. 

 One of the major advances of the 7th TNM sys-
tem is the importance given to the further subclas-
sifi cation of tumors by size, especially with regard 
to surgical cases. Nonetheless, previous experiences 
concerning the prognostic role of tumor size were 
confl icting. Whereas Li et   al. [14] found that the 
tumor size was a signifi cant independent prognos-
tic factor in stage I NSCLC and Veeramachaneni 
et   al. showed that in Stage IA the increase of tumor 
diameter by 1 cm increased the risk of nodal metas-
tases by a factor of 3.5 with signifi cant decrement 
in survival [22], an earlier study from Duke 
University found that in a similar patient cohort 
there was no statistic relationship between tumor 
size and survival [23]. Similarly, Takeda et   al. 
reported that in node negative NSCLC patients 

there was no signifi cant prognostic difference 
among tumors up to 5 cm [24]. Conversely, Ruffi ni 
et   al. recognized the crucial role of tumor size as a 
prognostic indicator but also noticed the impor-
tance of the way the tumor size is measured and 
the fi xation process after resection [21]. Whenever 
possible it should be measured on the fresh speci-
mens and calculated on the longest diameter, oth-
erwise it could theoretically falsely downstage about 
10% of cases. In addition, another interesting con-
sideration in the study from Ruffi ni et   al. [21], is 
that the IASLC does not further investigate or elu-
cidates the  ‘ non-size-based ’  descriptors of T2 
tumors, i.e. the airway location of the tumor and 
its local invasion, which were instead mentioned 
and recognized in the 6th TNM version [25]. 

 Further strengthening the role of tumor dimen-
sion, a Japanese study has shown that after the spread 
implementation of the lung cancer mass screening 
system (started 1987 with plain chest radiograph 
plus sputum cytology for unemployed residents), the 
detection of early stage lung tumors with a size of 2 
cm or less has increased, leading to a fi ve-year sur-
vival rate improvement from 47.8% in 1989 to 62% 
in 1999 [26]. 

 In addition to tumor size, other pathological fac-
tors such as the lymphovascular invasion and the 
visceral pleural involvement have been described as 
valuable prognostic factors for the fi ve-year survival 
rate [14,19,27]. Interestingly, Yano et   al. report a sta-
tistically signifi cant difference in the incidence of 
lymphatic permeation in node-negative T1a and T1b 
(4.5% vs. 12%, respectively) [19]. However, to what 
extent this information may also be relevant in order 
to predict the benefi t of adjuvant chemotherapy is 
presently not clear. 

 In conclusion, the results of our retrospective 
study confi rm that the 7th TNM classifi cation sys-
tem is a more precise predictor of prognosis in stage 
I operated patients than the 6th TNM version. The 
newly introduced subclassifi cation of T1 tumors 
seems to retain a strong prognostic potential, being 
statistically signifi cant on multivariate overall sur-
vival analysis. The 7th TNM system should further-
more be implemented even on retrospective cohorts 
especially when investigating the prognostic impli-
cation of the expression of molecular biomarkers.              
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