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ABSTRACT

Background: Not all of the N1 lymph nodes are routinely dissected during surgical resection of non-

small cell lung cancer (NSCLC). The aim of our study is to determine the risk factors for N1 lymph node 

metastasis in NSCLC with peroperative dissection.

Materials and Methods: Patients who underwent lung resection in our hospital between September 

2014 and April 2016 were retrospectively included in this study. Resected specimens were dissected in 

the operating room by the surgeon before being put into formaldehyde solution. Patients were divided 

into three groups: with a single positive N1 node (Group 1), with multiple positive N1 nodes (Group 2), 

and with single or multiple positive N1 nodes and incidentally positive N2 nodes (Group 3).

Results: Fifty patients were included (46 males, 4 females). Univariate analysis showed significant 

correlation between N1 positivity and left-sided tumor, left central mass, squamous cell carcinoma, 

maximum standardized uptake (SUVmax) on positron emission tomography (PET/CT), pneumonectomy, 

and tumor size (p < 0.05). Logistic regression showed that the risk of N1 involvement was higher for 

squamous cell carcinoma compared to adenocarcinoma in all three groups.

Conclusions: Left central mass, squamous cell carcinoma, SUVmax ≥ 10, uptake in hilar lymph nodes 

on PET-CT, and tumor diameter > 3.5 cm correlated with single or multiple positive N1 nodes in our 

study. Specimen dissection in patients with such preoperative findings could improve the accuracy of 

pathological nodal staging, thus refining the assessment of prognosis and selection of patients who 

would benefit from adjuvant therapy.

Keywords: lymph node dissection, lymphatic metastasis, non-small-cell lung carcinoma, surgical 

pathology, thoracic surgery
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Introduction
In the 8th edition of the TNM Staging System for lung 
cancer, there are changes in the classification of T and M 
groups. The changes in these two groups affect prognosis 
[1]. However, one of the most reliable factors in the prog-
nosis of lung cancer patients and in determining optimal 
treatment options is the lymph node status. A publication, 
which is also mentioned in the 8th TNM edition manual, 
propose changes to N classifications [2].

In the surgical treatment of non-small cell lung can-
cer (NSCLC), mediastinal lymph node dissection is per-
formed after resection. However, not all of the N1 lymph 
node stations are routinely dissected during surgery. In 
order to determine the correct stage, immediately after 
the surgery, the N1 lymph nodes on the lesion may be 
dissected by the surgeon before the specimens are put 
into formaldehyde solution and sent to pathology. Dis-
section of all N1 lymph nodes during an operation is 
inconvenient, because this may extend the duration of 
the operation and jeopardize the surgery. The idea be-
hind dissecting the specimens before placing them into 
formaldehyde solution is that formaldehyde may affect 
the structure of lobes, reduce their volume, and cause 
possible false negative results in N1 lymph nodes. For 
this reason, we believe that the dissection of N1 nodes 
of the peripheral zone (stations 12-14) should be per-
formed by the surgeon, not the pathologist.

This study aimed to determine the risk factors for 
involvement of one or more N1 lymph nodes of the hi-
lar/interlobar (stations 10 and 11) as well as peripheral 
(stations 12, 13 and 14) zone acquired by dissection of 
fresh specimens prior to formaldehyde fixation.

Materials and Methods 
Patient selection

After giving informed consent, patients who underwent 
pulmonary resection for NSCLC with thoracotomy or 
video-assisted thoracoscopic surgery (VATS) between 
September 2014 and April 2016 were retrospectively 
included in the study. All patients had positron emission 
tomography (PET / CT) scans before the operations. All 
patients were also diagnosed with NSCLC before the 
surgery. Patients with known N2, synchronous tumor, 
distant organ metastasis; who had undergone sublobar 
resection, neoadjuvant chemotherapy, and/or radiother-
apy; who had wedge resection during the lobectomy; 
or who had a T4 tumor and/or those on whom a com-
plete resection could not be performed were not includ-
ed in the study. Approval was obtained from scientific 

research committee of University of Health Sciences, 
Istanbul Sureyyapasa Chest Diseases and Thoracic Sur-
gery Research and Training Hospital.

Technique

Mediastinoscopy was performed at the time of resection 
on patients suspected to be N2-positive. These include 
patients who have a ≥ 2.5 maximum standard uptake 
value (SUVmax) at mediastinal lymph nodes on PET/
CT or centrally located tumors. Pulmonary resection 
was performed via VATS or thoracotomy in patients 
who had no clinical evidence of N2 disease. After the 
resection, the lobectomy or pneumonectomy specimens 
were dissected in another area in the operating room 
without being placed in the formaldehyde solution. Care 
was taken to preserve the integrity of the lesion and to-
tal removal of the N1 lymph nodes. The dissection was 
performed from the center to the periphery. The paren-
chyma over the bronchus was opened by beginning with 
the bronchus located in the most central duct (right or 
left main bronchus for pneumonectomy, lobar bronchus 
for lobectomy) to the periphery. The bronchus was not 
cut during any dissection. The N1 lymph nodes located 
between the bifurcation regions of the bronchi were dis-
sected. The Mountain-Dressler nodal map was used to 
identify lymph node stations and assign the individual 
resected nodes [3]. All of the lymph nodes were dis-
sected one by one and put into separate containers filled 
with formaldehyde to send to pathology.

Patient groups

The patients were evaluated in three groups. The first 
group included patients who were identified by the dis-
section as being positive for only a single N1 node. The 
second group included patients identified by the dis-
section as having more than one N1-positive node. The 
third group included the patients with single or multiple 
positive N1 nodes and incidentally positive N2 nodes. 
The numbers of patients in each group was determined 
according to the distribution of lymph node status dur-
ing the study period.

The following parameters were included in the analy-
sis: Age, sex, side, systemic disease, history of previous 
surgeries, history of smoking, forced expiratory volume 
(FEV1), tumor localization and diameter on computed 
tomography (CT), tumor uptake and  hilar lymph node 
involvement on PET/CT (SUVmax ≥ 2.5), tumor type, 
tumor differentiation, tumor grade, invasion of visceral 
pleura, mediastinoscopy result, N1 dissection, N1 posi-
tivity status, N2 positivity status, N1 positivity accord-
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ing to different resected segments and centrally located 
tumors, resection type, duration of operation, duration 
of dissection, tumor stage according to the 8th TNM 
Staging System, morbidity, 30-day mortality [1].

In tumors involving more than one lung segment, 
the segment where the tumor occupies a larger propor-
tion was chosen. Masses the origin of which could not 
be precisely determined due to the centralization of the 
mass were named central masses. Tumor SUVmax cut-
off value was determined as 10 and above, vs. below 10 
according to the median value of SUVmax. Plus tumor 
diameter cut-off value was determined as 3.5 cm ac-
cording to the median value of the tumor.

From the perspective of localization, it was observed 
that N1 positivity was more frequent in the left upper 
lobe apicoposterior segment, as well as in cancers in-
volving both the left upper lobe apicoposterior and an-
terior segments, those involving a left central mass, and 
those involving central masses (left and right) than any 
other groups. Therefore, these four groups were evalu-
ated separately.

In the evaluation of dissected N1 lymph node results, 
the number of positive N1 lymph nodes (LNs) was deter-
mined and the lymph node ratio (LNR: Positive lymph 
nodes/sampled lymph nodes) was calculated [4].

Statistical Analysis
The data obtained in the study were analyzed using 
SPSS (Statistical Package for Social Sciences) for Win-
dows 22.0 software. Number, percentage, mean, and 
standard deviation were used as descriptive statistics. 
Logistic regression analysis was applied to examine 
the association of independent variables (predictors) 
with our dichotomous dependent variable (N1 positiv-
ity). Any variable whose univariable test has a p-value 
less than 0.20 or 0.25 along with all variables of known 
clinical importance was included in the multivariable 
model. The findings were evaluated with a 95% confi-
dence interval and a 5% significance level.

Results
Fifty patients were included in the study. Forty-six of the 
patients were male and four were female. Demographic 
information about the patients is given in table 1.

PET/CT scans showed that 13 patients had hilar 
lymph node involvement, seven patients had medias-
tinal lymph node involvement, eight patients had both 
types, and 22 patients had none of these. In patients with 
hilar lymph node involvement on PET/CT, the false 

negative rate for N1 was 27.5%, and the false positive 
rate was 57.1%. Six patients underwent resection with 
VATS, while two patients had en-bloc chest wall resec-
tion. Sleeve resection was performed in three patients. 
Of the 24 patients who underwent right-sided inter-
vention, there were patients with upper left lobectomy 
(46%), right lower lobectomy (21%), middle lobectomy 
(17%), superior bilobectomy (8%), inferior bilobec-
tomy (4%), and pneumonectomy (4%). Of the 26 pa-
tients that underwent left-sided intervention, there were 
patients with upper lobectomy (46%), pneumonectomy 
(31%), and lower lobectomy (23%). 

The average age of the participants was 61.7 ± 8.8 
years (Table 2). 

Mediastinoscopy was performed in 31 patients. The 
mean duration of operation, including the duration of 
mediastinoscopy during the same anesthesia, was 234.2 
± 77.6 min, and the mean duration of nodal dissection of 
the resected specimen was 12.1 ± 3.6 min. The average 
duration of hospital stay was 6.5 ± 3.33 days (range 1-18 
days). Five patients (10%) had prolonged air leakage, 
one patient (2%) had pneumonia, one patient (2%) had 
chylothorax, and one patient (2%) had bronchopleural 
fistula. Two patients (4%) underwent re-thoracotomy 
due to hemorrhage. There was no postoperative mortal-
ity. When evaluated in terms of tumor type, 24 patients 
were identified as having squamous cell carcinoma 
(SCC), 24 had adenocarcinoma, one had large cell car-
cinoma, and one had adenosquamous carcinoma.

Four hundred and eighty-eight N1 lymph node sta-
tions (10-14) were dissected in the study. Fifty-three of 
them had N1 lymph node metastasis (Table 3). The av-
erage number of N1 lymph node stations dissected from 
resected specimens was 9.76 ± 3.32 (range 5-19), while 
the LNs were 2.73 ± 1.59 (range 0-6). The LNR was 
0.10. Seventy percent of N1 positive patients had direct 
lymph node invasion.

Fifteen patients were in group 1, while 15 were in 
group 2, and 20 were in group 3. Tables 4-6 show the re-
lationships of statistically significant variables prior to 
logistic regression analysis to determine the risk factors 
for N1 positive in all three groups. Logistic regression 
analysis showed that likelihood of N1 positivity in cases 
with SCC was higher than in cases with adenocarcino-
mas separately for each group (p = 0.007, 0.004, 0.003; 
OR: 10.587, 11.000, 13.472; 95%CI: 1.90-58.92, 2.10-
57.50, 2.35-76.95 respectively) and for the whole study 
group (p = 0.001; OR: 9.167; 95% CI: 2.38-35.30).
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Table 1. Patient characteristics.
Groups Frequency (n) Percent (%)

Sex
Female 4 8.0
Male 46 92.0

Side
Right 24 48.0
Left 26 52.0

Systemic disease history
- 14 28.0
+ 36 72.0

Former operation history
- 20 40.0
+ 30 60.0

SUVmax of the tumor on PET/CT
<10 15 30.0
≥10 35 70.0

Hilar lymph node uptake on PET/CT
- 29 58.0
+ 21 42.0

Central mass
- 42 84.0
+ 8 16.0

Central mass (left side only)
- 45 90.0
+ 5 10.0

Apicoposterior segment (left upper lobe)
- 42 84.0
+ 8 16.0

Apicoposterior + anterior segment (left upper lobe)
- 38 76.0
+ 12 24.0

Pneumonectomy
- 41 82.0
+ 9 18.0

Tumor visceral invasion
- 35 70.0

15 30.0

Postoperatively found N2
- 43 86.0
+ 7 14.0

Tumor type
Adenocarcinoma 24 48.0

Squamous cell carcinoma 24 48.0
Other 2 4.0

Tumor differentiation
Poor 3 6.2

Moderate 42 87.5
Well 3 6.2

Tumor grade

G1 3 6.0
G2 37 74.0

G2-3 6 12.0
G3 3 6.0
G4 1 2.0

Abbrev.; SUVmax: Maximum standardized uptake value, PET/CT: Positron emission tomography
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Table 2. Descriptive statistics.
 n Mean SD Minimum Maximum
Age (years) 50 61.7 8.8 31 79
Cigarette consumption (package/year) 50 38.0 22.7 0 120
FEV1 (ml) 50 2233 558.1 1290 3490
FEV1 (%) 50 77.5 17.7 40 114
Clinical tumor size (mm) 50 36.3 16.4 10.0 71.0
Pathological tumor size (mm) 50 36.5 17.0 10.0 80.0
Abbrev.; SD: Standard deviation, FEV1: Forced expiratory volume in one second

Table 3. N1 positive lymph node stations.
Right Left
Station Positive (n) Station Positive (n)
10 10 3
11 superior 1 11 superior 3
11 inferior 1 11 inferior 1
12 superior 2 12 superior 2
12 inferior 1 12 inferior 2

Upper lobe

13 apical 1 13 apicoposterior 5
14 apical 14 apicoposterior 4
13 posterior 2 13 anterior 5
14 posterior 1 14 anterior 2
13 anterior 13 lingula (superior) 2
14 anterior 14 lingula (superior)

13 lingula (inferior) 1
14 lingula (inferior)

Middle lobe

13 lateral 1
14 lateral 1
13 medial
14 medial

Lower lobe

13 superior 1 13 superior 1
14 superior 1 14 superior
13 mediobasal 13 anteromedial 4
14 mediobasal 1 14 anteromedial
13 anterobasal 13 laterobasal 1
14 anterobasal 14 laterobasal
13 laterobasal 1 13 posterobasal 1
14 laterobasal 14 posterobasal
13 posterobasal
14 posterobasal 1

Current Thoracic Surgery-Volume 7 Number 1  p: 42-50



Table 4. Univariate analysis in group 1.
Negative Positive P

n % n %

SUVmax of the tumor in PET/CT <10 14 40.0 1 6.7 0.017≥10 21 60.0 14 93.3

Hilar lymph node uptake in PET/CT - 24 68.6 5 33.3 0.023+ 11 31.4 10 66.7

Central mass - 33 94.3 9 60.0 0.006+ 2 5.7 6 40.0

Pneumonectomy - 32 91.4 9 60.0 0.015+ 3 8.6 6 40.0

Tumor type AC 22 66.7 2 13.3 0.00111 33.3 13 86.7
Clinical tumor size (mm) (Mean±SD) 32.14±15.84 46.07±13.65 0.005
Abbrev.; SUVmax: Maximum standardized uptake value, PET/CT: Positron emission tomography, SD: Standard 
deviation, AC: Adenocarcinoma, SCC: Squamous cell carcinoma

Table 5. Univariate analysis in group 2.
Single Multiple pn % n %

Central mass - 33 94.3 9 60.0 0.006+ 2 5.7 6 40.0

Central mass (left side only) - 34 97.1 11 73.3 0.024+ 1 2.9 4 26.7

Pneumonectomy - 32 91.4 9 60.0 0.015+ 3 8.6 6 40.0

Tumor type AC 22 64.7 2 14.3 0.00212 35.3 12 85.7
Abbrev.; AC: Adenocarcinoma, SCC: Squamous cell carcinoma

Table 6. Univariate analysis in group 3.
Negative Positive pn % n %

Side Right 18 60.0 6 30.0 0.036Left 12 40.0 14 70.0

SUVmax of the tumor on PET/CT <10 13 43.3 2 10.0 0.011≥10 17 56.7 18 90.0

Hilar lymph node uptake on PET/CT - 21 70.0 8 40.0 0.035+ 9 30.0 12 60.0

Central mass - 30 100.0 12 60.0 <0.001+ 0 0.0 8 40.0

Central mass (left side only) - 30 100.0 15 75.0 0.007
+ 0 0.0 5 25.0

Pneumonectomy - 30 100.0 11 55.0 <0.001+ 0 0.0 9 45.0

Tumor type AC 21 72.4 3 15.8 <0.0018 27.6 16 84.2
Clinical tumor size (mm) (Mean±SD) 30.93±14.91 44.40±15.48 0.003
Pathological tumor size (mm) (Mean±SD) 32.00±15.26 43.45±17.57 0.018
Abbrev.; SUVmax: Maximum standardized uptake value, PET/CT: Positron emission tomography, SD: Standard deviation, AC: Adenocar-
cinoma, SCC: Squamous cell carcinoma
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According to the results of our study, a typical PET/
CT image example of a patient who may benefit from 
lymph node dissection is shown in figure 1.

Figure 1. The coronal image of a positron emission tomography 
symbolizing the results of our study.

Discussion
The debate over the prognostic significance of N1 involve-
ment is ongoing, and the variability of survival in these 
patients indicates the need to include a more detailed N1 
status in predicting prognosis. It is most likely that the 
varied number of N1 positive lymph nodes causes this in-
consistency. Therefore in our time, careful N1 lymph node 
dissection is becoming more important to better predict 
prognosis and understand the disease, plus it may affect 
the stage in upcoming TNM classifications [2].

In a study by Maeshima et al, the researchers sug-
gested routinely sampling lymph nodes 13 and 14 [5]. 
Another study indicating the prognostic significance of 
LNs in N1 disease is described by Jonnalagadda et al 
[6]. They showed that a greater number of N1 LNs was 
associated with worse lung cancer-specific (P < 0.0001) 
and overall (P < 0.0001) survival. As the number of 
positive N1 lymph nodes increase, survival decreases, 
and as a result, N1 positivity was suggested to be an 
independent prognostic factor.

Although LNs appear to be important in prognosis, 
some authors have emphasized that LNR is more critical 
than LNs in determining prognosis [7-9]. In the study of 
Matsuguma et al, the 5-year survival rate for N1 disease 
was 52.2%, 54.3% according to LNs, and 58.8% accord-

ing to LNR [7]. In the same study, they reported that LNR 
is superior to LNs, both are more significant than N1 in 
the TNM classification, and both may be present in future 
TNM classifications. Results of a meta-analysis of 6130 
diseases, which was published in 2016, showed that LNR 
is an important determinant in survival and cancer relapse 
[8]. All of these studies agree that a higher LNR was as-
sociated with a worse survival. Plus, it was shown that 
patients with a ≤ 0.15 LNR had the best survival, whereas 
in patients with a LNR > 5 survival was the worst [4]. In 
our study LNR was calculated as 0.10. It seems that by 
increasing the number of lymph nodes dissected, LNR is 
better calculated.

As an outcome, the significant differences in the sur-
vival of patients without N2 disease may arise from LNs 
and LNR factors. Therefore, N1 lymph nodes should be 
carefully dissected to calculate LNs and LNR correctly 
in patients with NSCLC.

In the literature, N1 lymph node metastasis has been 
reported to be more frequent in adenocarcinomas than in 
SCC [10,11]. Nakao et al reported that N1 lymph node 
involvement was seen more frequently in adenocarci-
nomas than in SCC [11]. In another study LNs was sig-
nificantly higher, and tumors recurred more frequently in 
adenocarcinoma cases than in SCC cases. This applies to 
tumor metastases to N1 lymph nodes, not direct invasion.

However, for direct invasion the situation seems to 
be different. In a study, it is stated that SCC prefer a 
direct invasion as it arises more frequently in the wall 
of the lobar bronchi and is associated with a higher inci-
dence of direct lymph node involvement compared with 
the usually peripherally located adenocarcinoma [12]. 
In another study by Varlotto et al investigating the effect 
of resection in patients with NSCLC on relapse and gen-
eral survival, N1 lymph node involvement was higher 
in SCC than in adenocarcinoma [13]. In our study, the 
probability of N1 lymph node metastasis in SCC was 
higher than in adenocarcinoma. This difference can too 
be explained by the fact that a higher number of our pa-
tients with direct lymph node invasion had SCC.

In left-sided stage 1 NSCLC patients, survival rate 
is not adequate [14]. Particularly, survival of patients 
with left lower lobe cancers is lower than that of patients 
with other lobe cancers [15]. It has been suggested in the 
literature that this may be due to the presence of right 
paratracheal lymph node involvement in left-sided lung 
cancers [16]. High involvement of the N1 lymph nodes 
in left-sided NSCLC may also contribute to this situation 
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[17]. In a study it is stated that left-sided tumors tend to 
directly invade or reach the hilar nodes more easily [12]. 
In our study, the likelihood of having N1 positivity in 
left-sided tumors was higher than in the right.

Tumor location may affect pN1 upstaging during op-
erations in patients with NSCLC [18]. Central tumors 
tend to have more positive N1 lymph nodes along with 
them, plus they may have retrograde lymphatic spread 
to other lobes. In our study, N1 positivity was seen in all 
patients who underwent pneumonectomy (n = 9). Four 
of these patients (44.4%) were found to have N1 posi-
tivity in a different lobe from where the tumor exists. 
These cases were a patient with a left lower lobe tumor 
and N1 positivity at the left upper lobe apicoposterior 
segment, a patient with a right upper lobe tumor and 
N1 positivity at the right middle lobe lateral segment, 
a patient with a left upper lobe tumor and N1 positivity 
at the left lower lobe in an anterobasal segment, and a 
patient with a left upper lobe tumor and N1 positivity at 
the left lower lobe laterobasal segment.

PET/CT scanning during the preoperative period has 
great importance. This method is especially highly sen-
sitive and specific in detecting mediastinal lymph node 
metastasis. In a recent study, the value of PET/CT in 
detecting prognosis was emphasized; however, the re-
quirement for pathological diagnosis was still described 
[19]. The benefits of PET/CT are much lower in the N1 
lymph nodes. The method is useful in detecting hilar 
lymph nodes, but its value in detecting interlobar, lobar, 
segmental, and subsegmental lymph nodes is low. In 
our study, PET/CT scans showed that a mass SUVmax 
value greater than 10 and hilar lymph node involvement 
in the N1+ and N1+, N2- groups was significant.

Tumor localization is also an important factor in 
evaluating the presence of N1 in the preoperative pe-
riod. In a previous study, unexpected N1 disease-related 
progression of stage occurred in 1/3 of central tumor pa-
tients, and tumor localization was found to be the only 
independent variable in pathological N1 stage increase 
[20]. In our study, central tumor presence for all three 
groups was significant in terms of N1 positivity.

There are publications in the literature about the re-
lationship between tumor diameter and N1 positivity. In 
a study by Zhang et al., the researchers investigated the 
determinants of lymph node involvement in small and 
peripheral NSCLC patients [21]. In our study, multivar-
iate analysis showed that the probability of lymph node 
metastasis in patients with a tumor diameter greater than 

10 mm was significantly higher than in other patients. In 
our study, the clinical and pathological tumor size was 
significantly higher in groups 1 and 2.

There are different practices about specimen han-
dling throughout the globe. In some institutions the 
specimens are put into formaldehyde solution and sent 
to pathology while in others they are sent fresh. The rea-
son why the dissection was done by a surgeon instead 
of a pathologist is that in our institution the specimens 
are not sent fresh to pathology but are put into formal-
dehyde solution first.

Limitations of the study
No significant survival study could be performed due 

to the short study period. Parameters such as 5-year sur-
vival rate, disease-free survival, and tumor relapse have 
not been investigated. Plus, due to the many criteria that 
reduce the sample size, dissection could be performed 
only on a limited number of lesions. However, this ar-
ticle contains only preliminary results and studies are still 
continuing. This study contains only one clinical center. 
However, our hospital is a reference center for lung can-
cer, accepting patients from many different places.

In conclusion preliminary results show that dissec-
tion of lymph nodes may be useful for both lung sides 
but especially for left central masses. In cases with SCC, 
involvement on PET/CT with mass SUVmax above 10, 
hilar LAP involvement on PET/CT, and tumor diam-
eters over 3.5 cm, performing dissection may be useful 
for improved detection of N1 and multi-N1 positivity 
and may provide prognostic information.
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