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Introduction

In recent years, malignant tumours have become a serious 
worldwide epidemiological threat. Lung cancer is the main 
oncological cause of death in men, and the third one in 
women. This disease mostly affects inhabitants of North 
America, eastern Asia, north-east Europe, Australia and New 
Zealand. In 2012, this pathology contributed to over 1.6 
million deaths worldwide. It is estimated that in 2035, this 
number will reach 3 million (2.1 million men and 0.9 million  

women) (1). On setting a diagnosis, about 30% of patients 
have already demonstrated local progression of the 
disease and future treatment is determined by the type 
and number of lymph nodes involved by the tumour (2).  
Patients with III A stage make up a heterogeneous group. 
Thus, the size of the tumour, invasion of adjacent structures 
and invasion of lymph nodes of the N1 or N2 feature are 
factors which allow to classify the patients in this particular 
group (3). Ruckdeschel divided the patients with the N2 
feature into three groups. The first one includes patients, 
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in whom the invasion of mediastinal lymph nodes is 
invisible and detected only in postoperative material. The 
second group includes patients with confirmed metastases 
in the N2 group nodes, detected by imaging or surgical 
procedures (mediastinoscopy, EBUS, EUS). The third 
group includes patients with multi-level, large N2 nodes (4).  
The influence of the N2 feature is indisputable and 
determines the percentage of 5-year survivals. The aim of 
the study is an analysis of factors that affect the survival in 
patients with non-small cell lung cancer (NSCLC) with the 
N2 feature, confirmed with postoperative examination.

Methods

Study population

In the years of 2007–2015, 1,148 patients with lung cancer 
were included in treatment. A postoperative histopathological 
study confirmed the N2 feature in 150 patients. Before 
the surgery, all patients had undergone chest CT and 
bronchoscopy. In the case of lymphadenopathy (the diameter 
of lymph node in short axis exceeds 10 mm), PET-CT, 
mediastinoscopy was performed as well as EBUS from 2008. 
The patients who did not demonstrate metastases to lymph 
nodes or those with only one type of lymph nodes, affected 
by the tumour and in whom the nodes were not clumped into 
packages, were qualified for the procedure.

Definition of group

Out of the total number of 150, we excluded 37 patients 
whose postoperative lifespan was shorter than 5 years. 
We also rejected 3 patients, who died in the perioperative 
period due to cardiological reasons. Finally, 110 patients 
were included into the analysis. The material was collected 
from 61 men and 49 women, aged from 40 to 78 years (the 
mean age was 62.2 years). Imaging studies showed presence 
of tumour in the right lung in 46 patients, and in the left 
lung in 64 patients. Histopathologically, the tumours were 
classified as adenocarcinoma in 57 cases, squamous cell 
carcinoma in 42 cases and large cell carcinoma in 11 cases.

Surgical procedure

A n a t o m i c  r e s e c t i o n s  ( l o b e c t o m y,  b i l o b e c t o m y 
pneumonectomy) of lung tissue with en bloc removal 
of lymph nodes at stations 2R, 4R, 7, 8, 9 and 10R for 
right-sided tumours and nodes at stations 4L, 5, 6, 7, 8, 

9 and 10L for left-sided tumours were performed. We 
decided to remove at least 6 groups of nodes with N1 and 
N2 feature in all patients. A wedge resection was considered 
only in patients with low spirometry values. The stage of the 
tumour was evaluated according to the TNM classification 
(UICC 2009-7 edition), while the collected lymph nodes 
were classified according to the Naruke map (5). All patients 
underwent supplementary treatment after the surgery.

Statistical analysis

The statistical analysis included the following factors: the 
size and histological type of the tumour, its location, extent 
of the performed surgery, number of metastatic lymph 
nodes and presence of skip metastases. We did not take 
into consideration postoperative chemo- and radiotherapy. 
It will be a subject of another study. The overall survival 
(OS) of the patients was defined as a period of time between 
the surgery and death due to various reasons. Kaplan-
Meier probability curves of survival were calculated using 
the Gehan-Wilcoxon test. In order to analyse the age of 
patients, we used the t-test. The Mann-Whitney test was 
used to measure the size of the tumour, whereas, the chi 
square test was used to calculate values of other variables.

Results

Treatment courses of patients with N2 disease

Table 1 presents patients’ characteristics. The tumour was 
located in the right upper lobe in 13 patients, middle lobe 
in 2 patients, right lower lobe in 29 patients, left upper lobe 
in 28 patients and left lower lobe in 38 patients. Of the 
total number of 110 patients, 61 underwent lobectomy, 10 
bilobectomy, 31 pneumonectomy and 8 wedge resection.

Lobectomy/bilobectomy was the most frequent 
procedure (71 patients), performed mainly at stages T1a–
T2b (48/71). Pneumonectomies were most often performed 
for tumours located in the left lung (25/31), mainly at stages 
T2a–b and T3. Wedge resections were performed at stages 
T1a–T1b in patients with low spirometry values.

Final pathological T and N status

An analysis of postoperative material showed advancement 
of T2 in 65 patients (59%). Twenty-nine patients were 
operated on in stage T1, 14 in T3 and only 2 in T4.

Jumping metastases were reported in 23 patients 
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(21%). The N2 feature was found only within one node 
group, in 22 patients. In one case, the advancement of 
N2 concerned two groups. In the remaining 87 cases, 
metastases were found in three or more nodal groups. In 44 
patients with neoplasm located in the right lung, metastases 
were most often found in subcarinal lymph nodes (node 
No. 7 according to Naruke) and in lower paratracheal 

lymph nodes (node No. 4 according to Naruke): 28 cases. 
With regards to left lung tumours, metastases were most 
commonly found in subcarinal and subaortic lymph nodes 
(nodes No. 7 and 5 according to Naruke: 37 cases) and in 
para-aortic lymph nodes (node No. 6 according to Naruke: 
20 cases). A detailed location of N2 metastases is shown in 
Table 2.

Results in patients with the N2 feature after surgery

Five-year survival was achieved by 23 patients (21%). The 
patients’ survival was not related to the type of surgery, type 
of tumour, its location or occurrence of metastases in N1 
nodes (P=0.55, P=0.55 and P=0.23, respectively) Table 3. 
The OS of patients is presented in Figure 1. A statistically 
significant correlation was observed (P=0.01) between 5-year 
survival of a patient and the presence of metastases only in 
one group of lymph nodes of the N2 feature (22 patients, 
20%). Involvement of three or more mediastinal nodal 
groups resulted in survival shorter than 5-year (on average 
12.5 months) (Table 3). The analysis also showed a reduced 
time of survival, on average to 17 months, in patients with 
right lung tumours, accompanied by metastases to group No. 
4 of nodes (right paratracheal according to Naruke), P=0.01 

Table 1 Patients’ characteristics

Parameter n [%] 

Number of patients 110

Age (median/range) 62/40–78 

Sex

Male 69 [63]

Female 41 [37]

Tumor location

Lobe left upper 28 [25]

Left lower 38 [35]

Right upper 13 [12]

Middle 2 [2]

Right lower 29 [26]

Histopathology

Adenocarcinoma 57 [52]

Squamous cell carcinoma 42 [38]

Multicellular carcinoma 11 [10]

Type of procedure

Lobectomy 61 [56]

Bilobectomy 10 [9]

Pneumonectomy 31 [28]

Wedge resection 8 [7]

Clinical T factor

T1 29 [26]

T2 65 [59]

T3 14 [13]

T4 2 [2]

Pathological N status

Skip metastases 23 [21]

Single station N2 22 [20]

Multi-station N2 88 [80]

Table 2 Metastases in groups of mediastinal lymph nodes according 
to Naruke map

N2 feature n Average survival (months), N2/N0 P

Right lung (n=44)

Group No. 2 4 x x

Group No. 3 1 x x

Group No. 4 28 17/48 0.0148

Group No. 7 47 29/36 0.4480

Group No. 8 5 x x

Group No. 9 6 x x

Left lung (n=66)

Group No. 4 15 17/ 36 0.2946

Group No. 5 37 24/ 36 0.7268

Group No. 6 20 13/34 0.3269

Group No. 7 37 12/57 0.0008

Group No. 8 1 x x 

Group No. 9 9 x x 

x, small numbers—making a statistical analysis is not possible.
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(Figure 2). With regards to patients with left lung tumours, 
accompanied by metastases to subcarinal lymph nodes—
group No. 7 (P=0.0008), the survival decreased, on average, 
to 12 months (Table 2 and Figure 3). In patients with jumping 
metastases, the 5-year survival rate was observed in 35% of 
cases but the value was statistically insignificant (P=0.25).

Discussion

Indications for surgical treatment of patients with stage III 

Table 3 Location of tumour, histopathology and type of procedure 
versus 5-year survival

Parameter % of 5-year survival (%) P

Tumour location 0.3655

Lobe upper left 9/28 (32.14)

Lower left 7/38 (18.42)

Upper right and middle 3/15 (20.00)

Lower right 4/29 (13.79)

Histopathology 0.5173

Adenocarcinoma 11/57 (19.30)

Squamous cell carcinoma 11/42 (26.19)

Large cell carcinoma 1/11 (9.09)

Type of procedure 0.8271

Lobectomy 13/61 (21.31)

Bilobectomy 3/10 (30.00)

Pneumonectomy 6/31 (19.35)

Wedge resection 1/8 (12.50)

T feature 0.0824

T1 10/29 (34.48)

T2 12/65 (18.46)

T3 1/14 (7.14)

T4 0/2 (0)

N1 feature/skip metastases 0.25

Skip metastases 8/23 (34.78)

N1 15/71 (21.13)

N2 feature 0.01

1 group N2 22 (20.0)

2 group N2 1 (0.9)

3 group N2 and more 0 (0.0)
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Figure 1 The overall survival of patients with N2 disease.

Figure 2 Probability of survival by Kaplan-Meier of patients 
with metastases in right paratracheal lymph nodes (group No. 4 
according to the Naruke map). P=0.01.

Figure 3 Probability of survival by Kaplan-Meier of patients with 
metastases in subcarinal lymph nodes (group No. 7 according to 
the Naruke map). P=0.0008.
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A/N2 are not really clear. The decision on implementation 
of treatment depends on the heterogeneity of patients with 
the N2 feature and subsequent prognosis (6). In most cases, 
patients at this stage are not treated surgically but they 
are administered chemo- and/or radiotherapy. Surgical 
treatment is administered only to a selected group of 
patients, and involves implementing chemo-radiotherapy 
or chemo-radiotherapy with surgery treatment system (7). 
A randomised test of Intergroup trial 0139 indicates that 
such method of disease management is justified. A study 
by Albain et al. showed a prolonged disease free survival 
(DFS) in patients who received radio-chemotherapy after 
a surgical treatment. There were no differences in OS 
when exclusively chemotherapy or radio-chemotherapy 
were applied (8). In a study published in 2016 by Lei et al., 
another correlation was observed. The two- and three-
model treatment system did not show any differences in 
DFS, while OS was significantly prolonged in patient 
subject to postoperative radio-chemotherapy (P=0.006) (9).

Factors determining DFS and OS which are most 
often cited in literature include: the size and histological 
type of tumour, its location, type of treatment, number of 
metastatic lymph nodes (4,7,10,11,12). There is a close, 
unquestionable relationship between tumoral size and risk 
of metastases to lymph nodes. In the event of tumours 
ranging from 3cm to 5cm in diameter, the N0 feature is 
expected to occur in 48% of patients. In the case of tumours 
larger than 7 cm, the above feature will be probably found 
in only 1/3 of patients (13). Bao et al. showed that the N2 
feature can be positive (13%) in patients with the T1a 
feature (11). In our study, in patients at stages T1, T2 and 
T3, the percentage of 5-year survival was 34%, 18% and 
7%, respectively; however, the difference in the groups was 
not statistically significant (P=0.08).

The diagnosis of adenocarcinoma significantly increased 
the risk of involved mediastinal lymph nodes (11,12). Xiong 
et al. conducted a multivariable analysis, which showed 
that the histopathological type of tumour, in addition to 
the patient’s sex and size of the tumour, is a significant 
factor determining the N2 feature (14). Ilic et al. found an 
increased percentage of N2 nodes pathologically affected in 
adenocarcinoma (15). In our study, patients with squamous 
cell cancer lived longer than patients with adenocarcinoma 
(26% versus 19%).

Some authors claim that the location of the tumour is 
a potential risk factor of metastases to lymph nodes of the 
hilum and mediastinum (11,14,16). Bao et al. examined 
patients with the T1a feature. They showed a statistically 

significant relationship (P=0006) between the positive 
N2 feature and the location of the tumour in the lower 
or middle lobe (11). In turn, Qiang et al. noted a higher 
percentage of non-regional N2 in tumours located also in 
the lower lobe (16). In a study published in 2016, Xiong 
et al. showed a statistically significant correlation (P<0.01) 
between the occurrence of metastases to lymph nodes of 
the aortic and lower mediastinum and a tumour with the 
feature from T1a to T2b, located in the upper left lobe. A 
similar significant relationship was observed in the case of 
metastases to the upper mediastinum, when tumours with 
the above feature were located in the upper right lobe (14).  
In our study, patients with cancer located in upper lobes 
lived longer than those with tumours located in lower 
lobes. However, the groups were not statistically different 
(P=0.36).

In the case of advanced N2, lobectomy is the most 
preferred type of treatment. Kawasaki et al. showed that 
5-year survival at this stage of clinical advancement was 31.5% 
for lobectomy, 25% for bilobectomy, and only 15.6% for 
pneumonectomy (7). Also, Albain et al. observed an adverse 
effect of pneumonectomy on OS (8). In the presented analysis, 
the highest percentage of 5-year survivals was achieved after 
bilobectomy (30%). For lobectomy, the percentage was 21%, 
whereas for pneumonectomy, it was 19%.

The most important determinants of distant survival 
in lung cancer patients are metastases to lymph nodes of 
the N2 group. The authors point out that the N2 feature 
itself is not homogenous, and the prognosis depends on 
the number of involved lymph nodes, their type and the 
occurrence of skip metastases (15-18). Patients with the N2 
feature, manifesting with involvement of only one lymph 
group, are best candidates for a surgery.

The authors point out that the clinical stage of patients 
with one group of N2 nodes (single-station N2) does 
not have to correspond to real advancement (true single-
station N2) (17,18). Five-year patient survival in such cases 
is estimated to be 23 (28%) (18,19). In our material, single 
metastases to the N2 group were observed in 22 patients, in 
whom 5-year survival was 20%.

Some authors emphasise the importance of subcarinal 
lymph nodes as they might be prognostic indicators of 
distant survivals. Hishida et al. observed 5-year survival 
in 44% of patients with the N2 feature, when it included 
only one nodal group and this was not the subcarinal 
node (16,18). Our analysis confirmed that occupation of 
subcarinal nodes, only in tumours located in the left lung, 
was an unfavourable prognostic factor (P=0.0008). With 
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regards to right lung tumours, involvement of paratracheal 
lymph nodes (No. 4 according to Naruke) contributed to 
poor prognosis (P=0.0148). The occurrence of multiple 
N2 metastases (multiple N2 station) significantly (P=0.001) 
deteriorates the prognosis, and 5-year survival decreases 
to 11% (16,19). Studies have shown that occupation of 
more than three N2 node groups is a significant (P<0.001) 
factor deteriorating the prognosis, while the 5-year survival 
is around 5% (16). In the analysed group of patients, we 
obtained similar results. Metastases in over three N2 groups 
were a factor, which did not allow to achieve 5-year survival 
(P=0.01). Bearing in mind the number and type of metastatic 
N2 lymph nodes, some authors decided to propose a 
revision of the TNM classification in the aspect of the N2  
features (20). The advocates of this innovation believe that 
such an improvement will allow to more accurately qualify 
patients for surgeries and predict prognosis in patients 
operated on for grade III lung cancer (20,21).

Many authors also point out a significant impact of 
skip metastases on the length of survival (15,16,22). 
Such metastases are frequently observed in squamous 
cell carcinoma (15). However, in the study performed 
on patients with adenocarcinoma, Li et al. showed skip 
metastases in 25% of patients. The 5-year survival rate of 
these patients was 60.7%. Ilic et al. observed skip metastases 
in 46% of patients with squamous cell carcinoma. 
Nevertheless, the postoperative survival of these patients 
did not differ from the survival of those, in whom the N2 
feature was observed (15). In the group of patients included 
in the analysis, the occurrence of skip metastases resulted in 
5-year survivals observed in 35% of patients; with regards 
to the statistical significance, P=0.25.

Conclusions

(I) In patients with the N2 feature, the type of performed 
operation, the type of cancer and occurrence of 
metastases in lymph nodes of the lung hilum do not 
affect 5-year survival;

(II) Occupation of only one nodal group allows to obtain 
5-year survival in 20% of patients;

(III) Occurrence of metastases in paratracheal lower right 
and subcarinal lymph nodes significantly reduces the 
survival time.
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