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Lymph node metastasis outside of a tumor-
bearing lobe in primary lung cancer and the
status of interlobar fissures
The necessity for removing lymph nodes from an adjacent lobe
Hui Li, MDa,b, Ruimin Wang, MDc, Dexian Zhang, MDd, Yongming Zhang, MDb, Wanhu Li, MDe,
Baijiang Zhang, MDb, Qi Liu, MDa,∗, Jiajun Du, MD, PhDa,∗

Abstract
The new Tumor NodeMetastasis staging system does not recognize fissure status with respect to adjacent lobe invasion (ALI) in lung
cancer. Furthermore, no specific surgical strategies have been recommended for lymph node dissections around adjacent
nontumor-bearing lobes (NTBLs) according to fissure status. Therefore, this study was undertaken to investigate the necessity of
removing additional adjacent lobe lymph nodes in patients with nonsmall cell lung cancer (NSCLC) for lesions limited to in the vicinity
of the interlobar fissure.
From August 2013 to March 2015, the records of 332 patients, who underwent systematic mediastinal lymph node dissection,

were reviewed in this retrospective study. The bronchial lymph nodes had been subjected to pathological examination, and the status
of the fissures was also recorded. A statistical analysis was performed to identify the significant predictors of lymph node metastasis.
The patients were divided into a nonadjacent lobe invasion (NALI) group (n=295) and an ALI group (n=37). There was a significant

difference in tumors with pN2 disease between the ALI and NALI groups (37.8% vs 8.8%, P= .001). ALI tumors had significantly more
frequent pleural involvement than NALI tumors (62.2% vs 43.1%, P= .035). The frequency of N2 involvement among tumors invading
across the complete fissure was higher than that of the tumors invading across the incomplete fissure (44.4% vs 14.3%, P= .015).
However, the frequency of N1 involvement among tumors invading across the incomplete fissure was not statistically different than that
of tumors not invading across incomplete fissure (32.1% vs 24.2%, P= .357). Regarding lymph node metastasis in NTBL, 15 (12.7%)
patientshad lymphnodemetastases inNTBLs.Pleural involvementwasan independentpredictor of lymphnodemetastasis in anNTBL.
A greater frequency of N2 lymph nodes existed in NSCLCwith invading adjacent lobe across complete fissure, extensive lymphatic

resection within the hilum, and NTBL in tumors with pleural involvement are justifiable and necessary.

Abbreviations: ALI = adjacent lobe invasion, CEA = carcinoembryonic antigen, NALI = nonadjacent lobe invasion, NSCLC =
nonsmall cell lung cancer, NTBL = nontumor-bearing lobe, NTBS = nontumor-bearing segment.
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1. Introduction

Lung cancer is the most commonly diagnosed cancer clinically
and is also one of the leading causes of death.[1] Lobectomy with
systematic nodal dissection has been a standard surgery for
nonsmall cell lung cancer (NSCLC).[2] In the 8th Tumor Node
Metastasis (TNM) classification, currently, tumors invading the
surface of the interlobar pleura are still classified as T2, unless
other T factors are identified that induce a higher category. This
classification is made regardless of fissure status at the site of
tumor invasion (interlobar pleura only or transfissural and into
the parenchyma of the adjacent lobe).[3] Although the new TNM
staging system does not consider fissure status in the diagnosis of
adjacent lobe invasion (ALI), previous results have indicated that
interlobar fissure status affects survival in patients with ALI.[4]

Furthermore, no specific surgical strategies have been recom-
mended when this condition occurs. The feasibility of anatomical
or nonanatomical resections (lobectomy plus segmentectomy for
tumor-bearing tissue, or limited wedge resection of the adjacent
lobe) is currently controversial. Moreover, the optimal resection
method for lymph node dissection is unclear. Incomplete fissures
indicating partial fusion between lobes may also alter the spread
of disease within the lung.[5] Because of anatomical variations,
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the extent and frequency of lymph node metastases into an
adjacent lobe (nontumor-bearing lobe [NTBL]) are unclear and
can ultimately affect the success of the surgical procedure. After
completing the anatomical lobectomy of a tumor-bearing lobe,
removal of highly suspicious N1 nodes around the artery and
bronchus of the adjacent (nontumor-bearing) lobe and segment
should be considered. However, this could cause excess bleeding,
air leakage, and incidental injury to the bronchovascular
structures, even though it would provide a more definitive staging
and further guidance for prognosis and target adjuvant treatments.
To the best of our knowledge, this is the first study on lymph

node metastasis outside of a tumor-bearing lobe in primary lung
cancer and the status of interlobar fissures. The aim of this study
was to better understand the frequency of regional lymph nodes
metastasis in NSCLC and to tentatively explore the necessity of
removing lymph nodes around the adjacent (nontumor-bearing)
lobe according to the status of the interlobar fissure.
2. Materials and methods

2.1. Patients

This study was approved by the Ethics Committee of Shandong
Cancer Hospital and Institute, Jinan, Shandong Province, China.
The need toobtain informed consent fromeachpatientwaswaived
due to the retrospective nature of the study. We retrospectively
evaluated 786 patients, from August 2013 to March 2015 whose
pathologically examinations indicated adiagnosis of lung cancer in
the Cancer Hospital. The patients subsequently underwent
pulmonary resection for treatment of lung cancer. TNM staging
and lymph node station numbers were determined and classified
according to the description proposed by the International
Association for the Study of Lung Cancer (IASLC).[3] Patients
with extrathoracic metastases and those who received prior
chemotherapy or radiotherapy were excluded. Patients with
nonsystematic sampling or dissection intraoperatively, those with
pathologic findings consistent with small cell lung cancer or rare
histologic type, those with ipsilateral multiple lesions or benign
disease, and those with incomplete records were also excluded.

2.2. Collection of clinicopathological information

Preoperative radiologic findings and tumor locations in all
patients were determined on chest computed tomography (CT)
scans. Brain magnetic resonance imaging (MRI), positron
emission tomography (PET), abdominal ultrasonography, and
whole body radionuclide bone scanning were selectively
performed at the physician’s discretion. Mediastinoscopy and
endobronchial ultrasound-guided transbronchial needle aspira-
tion (EBUS-TBNA) were selectively performed in patients with
mediastinal lymph nodes >1cm on chest CT or an increased
maximum standard uptake value in themediastinal nodes on PET
scan. We reviewed the medical records of each patient for their
clinicopathological information, including age, sex, smoking
history, preoperative serum carcinoembryonic antigen (CEA)
level (with a cutoff at the normal upper limit of 3.4ng/mL), mode
of resection, histology, tumor size, pathological node status,
lymphatic permeation, vascular invasion, and pleural invasion as
defined in the TNM classification, 8th edition.[3]

2.3. CT assessment

Tumors were assessed via CT preoperatively by 2 or more
experienced radiologists using a diagnostic picture archiving and
2

communication system (PACS) station. The PACS station was
used to obtain interactive multiplanar reconstructions and
assigned to the following assessments based on axial CT images
presented in a preoperative conference attended by all general
thoracic surgeons and radiologists. The locations of the lesions
were determined from the transverse, sagittal, and coronal planes
on CT imaging.We assessed the presence, extension, localization,
and type of incompleteness of the oblique interlobar fissures and
the horizontal fissures. The extensions of incompleteness were
expressed as percentages of the entire fissure area and were
divided into 5 categories (1%–20%, 21%–40%, 41%–60%,
61%–80%, and ≥81%). Two localizations of fissure discontinu-
ity were defined, parahilar and other. The following radiographic
findings were used as diagnostic criteria for incomplete interlobar
fissures: the interlobar line was not observed; the zone was
avascular; vessels in the adjacent lobes crossed over the interlobar
region; pulmonary blood vessels, particularly the pulmonary
vein, penetrated the interlobar region; the pulmonary vein was
observed in the interlobar region and was related to the vessels
in the adjacent lobes.[6] When multiple types of incompleteness
were present simultaneously, the type with a higher number
was prioritized.[7] In the present study, we defined a complete
interlobar fissure as one with entirely clear and continuous
interlobar pleura and separate lobes and an incomplete interlobar
fissure was defined by the 5 categories as mentioned above.
Ground glass opacity (GGO) was defined as a misty increase in
lung attenuation that did not obscure the underlying vascular
markings. A pure ground grass opacity (pGGO) type in the study
was defined by a 100% GGO appearance; the solid type was
defined by a 100% solid appearance without any GGO
components; and the mixed GGO (mGGO) type was defined
by any other patterns of combined solid and GGO components.
2.4. Surgical procedure

Decisions regarding the type of resection for each patient were
based on the surgeon’s preference according to the pulmonary
reserve of the patient and the localization of the tumor, if it was
eligible for resection. Patients with pGGO types who underwent
sublobar resection, such as a wedge resection or segmentectomy,
were excluded. Intraoperative frozen pathology examinations
that assessed tumor invasiveness may have helped to identify
patients in whom systematic lymph node dissection or sampling
could be omitted. All the patients underwent systematic
mediastinal lymph node dissection, At least 6 nodes were
removed from all patients and included intrapulmonary, hilar,
and mediastinal nodes. The criteria for systemic lymphadenecto-
my was defined by the European Society of Thoracic Surgeons
guidelines.[8] After completing a primary tumor-bearing lobecto-
my, pneumonectomy and bilobectomy, lobectomy plus wedge
resection or segmentectomy, and dissection or sampling of
bronchial lymph nodes of the adjacent lobe, including hilar
nodes and intersegmental nodes, were performed and recorded
separately.
2.5. Pathologic examination

After identifying each bronchus and the intersegmental veins
delineating the segmental borders in the resected specimens, the
location of intrapulmonary nodes, including the intersegmental
and segmental nodes, was dissected by a well-trained thoracic
surgeon immediately after resection of the specimen. The lung
parenchyma was dissociated from the bronchial wall until
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subsegmental bronchioles were exposed. Meanwhile, interseg-
mental and segmental nodes were identified and separately
recorded as being inside or outside of the tumor-bearing segment
(TBS) and were then subjected to pathological examination.
Extrapulmonary nodes, including hilar and mediastinal nodes,
were separately recorded and classified as lymph nodes in either a
TBS or a nontumor-bearing segment (NTBS). Dissection or
sampling of bronchial lymph nodes in an adjacent lobe was
recorded as NTBL nodes. We defined a skip N2 metastasis
as a mediastinal nodal metastasis with no hilar, lobar, or
intrapulmonary nodes.[9]

The integrity of the fissures in the specimens was recorded, and
the anatomical classification based on the degree of fissure
completeness, proposed by Craig and Walker, was followed to
determine the presence and completeness of the fissures.[10] Fissure
completenesswas graded in 4 stages: grade 1, completefissurewith
entirely separate lobes; grade 2, complete visceral cleft but
parenchymal fusion at the base of the fissure; grade 3, visceral
cleft evident for part of the fissure; and grade 4, complete fusion of
the lobes with no evident fissure line. In the present study, we
classified complete interlobar fissures as grades 1 and 2 and
incomplete interlobar fissures as grades 3 and 4. Directly adjacent
lobar invasion was defined by a contiguous extension of the
primary tumoracross thefissureand intoanother lobeaccording to
the histopathologic examination. For tumors adjacent to an
incomplete pulmonary fissure, it was also necessary to determine
the authenticity of the tumors invading the fissure or the
intersegmental and interlobar plane, and into the adjacent lobe
according to their relationship to the interlobar veins or
intersegmental veins. To determine whether the tumor invaded
a complete lobar fissure or not, elastic fiber staining was used to
determine whether the adjacent pleura was involved.[11,12]

2.6. Statistical analysis

In a univariate analysis, we compared the characteristics of
patients with ALI and those with nonadjacent invasion and
analyzed them using Pearson x2 test or Fisher exact test and the
independent samples t test. Relationships between the clinico-
pathologic factors and nodal metastasis were analyzed using the
Kruskal–Wallis test. Pearson x2 test or Fisher exact test was used
to compare the quantitative parameters. In the multivariate
analysis, categorical variables and continuous variables were
assessed to identify independent predictors. A multivariate
logistic regression analysis using a backward stepwise procedure
was performed to identify the significant predictors of lymph
node metastasis in NTBL. Receiver-operating characteristic
(ROC) curves were created to determine the optimal cutoff
value for tumor size that would be predictive of lymph node
metastasis. All P values are based on a 2-tailed statistical analysis
and P< .05 was considered statistically significant. All analyses
were performed using SPSS 19.0 statistical software (SPSS II for
Windows, standard version 19.0, SPSS Inc., Chicago, IL).
3. Results

3.1. Compare of patient characteristics

A total of 786 patients received surgical treatment during the
study period. Based on the exclusion criteria, 454 patients were
omitted from the analysis for the following reasons: nonsystem-
atic sampling or dissection intraoperatively (n=139), small cell
lung cancer (n=10) or rare histologic type (n=18), multiple
ipsilateral lesions (n=27), and benign disease (n=22). We
3

selected only those tumors that were located in the vicinity of the
fissures. Forty-three patients (5.67%) with tumors that were
located away from the area of the fissures were excluded from our
study. Patients with CT scans showing major accessory fissures
(n=5) were also excluded. Consequently, 332 patients with an
average age of 62 years were subjected to the analysis (Fig. 1).
These characteristics of the patients are summarized in Table 1.
There were 209 male patients and 123 female patients. Tumor
size was �3cm in 124 patients and ranged from >3.0 to 10.5cm
in the remaining 208 patients according to long-axis measure-
ments in the CT lung window assessment on a diagnostic PACS
station. The tumor consistency was solid in 311 patients (93.7%)
and showed mGGO appearance in 21. A total of 158 tumors
were right-sided and the other 174 were left-sided. In our series of
332 consecutive patients, 60 (18.1%) had complete lung fissures
and 272 (81.9%) had incomplete fissures. The pathological
findings after surgery included 198 adenocarcinomas, 85
squamous cell carcinomas, 14 large cell carcinomas, and 35
adenosquamous carcinomas. At total of 5810 lymph nodes were
harvested in our study. There were 875metastasized lymph nodes
in 1620 (27.8%) harvested lymph nodes from 126 patients who
showed lymph node metastasis. The pathologic stages included
40 stage IA, 71 stage IB, 64 stage IIA, 95 stage IIB, 57 stage IIIA,
and 5 stage IIIB. All patients were divided into nonadjacent lobe
invasion (NALI) group (n=295) and ALI groups (n=37)
according to the presence or absence of interlobar fissure
invasion. The ALI group comprised those patients with direct
invasion to the adjacent lobe, but without invasion of the chest
wall, diaphragm, mediastinal pleura, or parietal pericardium.
These characteristics of the patients are summarized in Table 2.

3.2. Lymph node metastases in patients by ALI, NALI,
and fissure status

In all, 5 patients underwent pneumonectomy and lobectomy plus
limited resection (wedge resection [n=16] and segmentectomy
[n=10]) and 6 underwent bilobectomy for ALI. Patients with ALI
underwent more aggressive approaches than those with NALI
according to a higher number of lobes and segments invaded
(P< .000). There were no significant differences in the character-
istics of patients with ALI and NALI tumors based on age, sex,
preoperative CEA, and histology. There was a significant
difference in pN2 tumors in the ALI group compared with the
NALI group (37.8% vs 8.8%, P= .001). ALI tumors had
significantly more pleural involvement than NALI tumors
(62.2% vs 43.1%, P= .035). Lymphatic permeation was more
frequent with ALI tumors than with NALI tumors, although this
was not statistically significant (56.8% vs 48.8%, P= .388). The
pathological nodal status of the patients, according to fissure
status and ALI, is shown in Table 3. The frequency of N2
involvement in the tumors invading across complete fissures was
higher than that of tumors invading across incomplete fissures
(44.4% vs 14.3%, P= .015). However, the frequency of N1
involvement in the tumors with invasion across incomplete
fissures was not statistically different from that of tumors without
invasion across incomplete fissures (32.1% vs 24.2%, P= .357).
3.3. Lymph node metastases in TBL and NTBL at each
tumor size

Forty-seven patients (14.2%) had segmental lymph node
metastasis. Seventeen of these 47 patients showed intrapulmo-
nary metastasis relative to the primary tumors that were in the T3
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Figure 1. Patients enrolled in the study.
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category. With increased tumor size, greater lymph node
involvement was observed. Lymph node metastases of the
patients are summarized in Table 4. Metastasis outside the TBS
was observed in 4 patients, which represented 1.2% all lesions.
Twelve patients had associated lymph node metastases outside
the TBS accompanied by extrapulmonary metastasis. Of the 47
patients with segmental lymph node metastases, the frequency of
segmental node involvement was higher in TBS than in NTBS. Of
319 patients with tumors 2.0cm or more in diameter, 15 (4.51%)
had lymph node metastases in NTBL. Skip metastases were
detected in 8 patients (2.4%). An ROC curve for tumor size on
CT was established to determine the optimal cutoff value for
predicting lymph node metastasis. The area under the ROC curve
(AUC) was 0.697 (95% confidence interval [CI], 0.638–0.757)
and 3.05cm was selected as the cutoff value (sensitivity 74.5%,
specificity 51.7%), as shown in Figure 2.
4

3.4. Tumor location and status of N1 involvement
The details of tumor location are shown in Table 5. Among 86
patients with N1 involvement and 32 with N1 and N2
involvement, 15 (12.7%) had lymph node metastases in an
NTBL. Of those 15 patients, 9 had metastases in an N2 site.
Considering the direction of lymph node drainage and location of
the tumor, a greater number of lymph node metastases from
adjacent upper lobe and segments were observed in 6.25% of
lesions (10/160) in the upward-invasion group. These represented
lesions primarily located in the lower andmiddle lobes, regardless
of fissure completeness or tumor patterns extending beyond the
fissure. Five of these 15 patients with lymph node metastasis in an
adjacent NTBL were observed in the downward-invasion group.
Interestingly, all primary lesions were located in the upper lobes
and were associated with concurrent N2 disease. Lymph node
metastasis of the apico-posterior and lingual segments of the
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Table 1

Patient characteristics.

Characteristics No. of patients (%) (n=332)

Age
Median, y 62
Range 29–83

Sex
Men 209 (63)
Women 123 (37)

Smoking status
No 140 (42.2)
Yes 192 (57.8)

CEA, ng/mL
<3.4 171 (51.5)
≥3.4 161 (48.5)

Surgery
Pneumonectomy 15 (4.5)
Bilobectomy 42 (12.7)
Lobectomy + wedge resection or segmentectomy 30 (9.0)
Lobectomy 245 (73.8)

Histology
Adenocarcinoma 198 (59.6)
Squamous cell carcinoma 85 (25.6)
Large cell carcinoma 14 (4.2)
Adenosquamous carcinoma 35 (10.6)

Tumor size, cm
Mean ± SD 4.9 ± 3.3
Tumor <30 mm 124 (37.3)
Tumor >30 mm 208 (62.7)

Tumor consistency
Solid 311 (93.7)
mGGO 21 (6.3)

Pathological nodal status
pN0 206 (62.0)
pN1 86 (25.9)
pN2 40 (12.1)

Pleural involvement
Yes 150 (45.2)
No 182 (54.8)

Vascular invasion
Negative 276 (83.1)
Positive 56 (16.9)

Lymphatic permeation
Negative 222 (66.9)
Positive 110 (33.1)

CEA= carcinoembryonic antigen, mGGO=mixed ground glass opacity, SD= standard deviation.

Table 2

Comparison of patient characteristics between the adjacent lobe
invasion and nonadjacent lobe invasion groups.

No. of patients (%)

Characteristics NALI (n=295) ALI (n=37) P

Age
Median, y 62 59 .799

∗

Range (29–83) (32–79)
Sex
Men 186 (63) 23 (62.2) .916†

Women 109 (37) 14 (37.8)
Smoking status
No 98 (33.2) 13 (35.1) .816†

Yes 197 (66.8) 24 (64.9)
CEA, ng/mL
�3.4 152 (51.5) 19 (51.4) .984†

>3.4 143 (48.5) 18 (48.6)
Tumor size, cma

�2.0 14 (4.7) 0 (0) .001†

>2.0 to �3.0 108 (36.6) 2 (5.4)
>3.0 to �5.0 117 (39.7) 12 (32.4)
>5.0 to �7.0 35 (11.9) 16 (43.2)
>7.0 21 (7.1) 7 (18.9)

Surgery
Pneumonectomy 15 (5.1) 5 (13.5) <.000†

Bilobectomy 36 (12.2) 6 (16.2)
Lobectomy 219 (74.2) 0 (0)
Lobectomy + wedge resection 17 (5.8) 16 (43.2)
Lobectomy + segmentectomy 8 (2.7) 10 (27.1)

Histology
Adenocarcinoma 180 (61.0) 18 (48.6) .467†

Squamous cell carcinoma 74 (25.1) 11 (29.7)
Large cell carcinoma 12 (4.1) 2 (5.4)
Adenosquamous carcinoma 29 (7.8) 6 (16.2)

Pathological nodal status b

pN0 194 (65.8) 12 (32.4) .001‡

pN1 75 (25.4) 11 (29.7)
pN2c 26 (8.8) 14 (37.8)†

Fissure completeness
Complete 51 (17.3) 9 (24.3) .363†

Incomplete 244 (82.7) 28 (75.6)
Pleural involvement
Yes 127 (43.1) 23 (62.2) .035†

no 168 (56.9) 14 (37.8)
Vascular invasion
Positive 47 (15.9) 9 (24.3) .242†

Negative 248 (84.1) 28 (75.7)
Lymphatic permeation
Positive 144 (48.8) 21 (56.8) .388†

Negative 151 (51.2) 16 (43.2)

ALI= adjacent lobe invasion, CEA= carcinoembryonic antigen, NALI=nonadjacent lobe invasion.
a Tumor size was measured from the long axis through CT lung window assessment using a diagnostic
PACS station.
b Including skip N2 metastasis, 5 cases with skip N2 metastasis in mediastinal nodes (stations 2, 4, 7,
9) in ALI group; 3 cases with skip N2 metastasis in mediastinal nodes (stations 4, 5, 6, 7) in NALI
group.
c pN2 status in NALI group versus ALI group, P= .001.
∗
Independent samples t test.

† Pearson x2 test or Fisher exact test.
‡ Kruskal–Wallis test.
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upper lobe of the left lungwere observedwith 5 primary lesions in
the lower lobe of the left lung.

3.5. Lymph node metastases in the NTBL

Follow-up and therapy of patients with lymph node metastases in
NTBL are summarized in Table 6. Both univariate and
multivariate logistic analyses were performed to evaluate the
impact of potential predictors of lymph nodemetastasis in NTBL.
As shown in Table 7, the univariate analysis identified that
pleural involvement, ALI, complete fissure, and tumor size were
statistically significant predictors. The result of the multivariate
analysis revealed that pleural involvement was an independent
predictor of lymph node metastasis in NTBL.

4. Discussion

Some previous reports have described the appropriateness of
selective nodal dissection based on the extent of lobe-specific
5

nodal spread. Pleural invasion indicates biological tumor
invasiveness and is associated with a poor outcome.[12] From an
anatomical point of view, small vascular structures, including
lymphatic ducts and blood vessels, are abundant in the subpleural
space.[13] Theoretically, tumors invade adjacent segments and
lobes, or directly extend from the primary lesion into adjacent
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Table 3

Comparison between lymph node metastases according to fissure status and adjacent lobe invasion.

Pathological nodal status (%)

Variables n N0 N1 N2 P

Complete fissure/ALI 9 2 (22.2) 3 (33.3) 4 (44.4)
∗

.004†

Incomplete fissure/ALI 28 15 (53.6) 9 (32.1) 4 (14.3)
Complete fissure/NALI 51 27 (52.9) 15 (29.4) 9 (17.6)
Incomplete fissure/NALI 244 162 (67.6) 59 (24.2)† 23 (9.4)

Complete fissure/ALI versus incomplete fissure/ALI, P= .015. Incomplete fissure/ALI versus incomplete fissure/NALI, P= .357.
ALI= adjacent lobe invasion, NALI=nonadjacent lobe invasion.
∗
Pearson x2 test or Fisher exact test.

† Kruskal–Wallis test.
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lobes beyond the complete fissure through 2 layers of the visceral
pleura. This increases lymphatic drainage and the probability of
nodal involvement in adjacent lung segments and lobes. Giovanni
Leuzzi et al[14] reported a pN0 rate of 58%, whereas other
authors have reported that pN0 generally occurs in <50% of
cases. However, nodal involvement is present in more than two-
thirds of patients because the invading tumor drains into the
adjacent lobe lymphatic system.[15,16] Although the frequency of
pleural invasion occurred in 45.2%of patients in our study, theN
involvement rate was 37.9% and the lymphatic invasion rate was
33.1%. There is not yet a clear definition of ALI as a potential
factor affecting node involvement.[15–18] In this study, ALI
differentiated tumors that invaded beyond the intersegmental and
interlobar planes into the adjacent lobe. Moreover, controversies
exist as to the treatment of tumors with fissure invasion. Yang
et al[17] reported that, in their study, the patients who underwent
pneumonectomy or bilobectomy had better survival rates than
those who underwent nonanatomical resections. On the
contrary, Okada et al[18] and Haam et al[19] reported that
survival did not differ between the patients who underwent
lobectomy plus partial resection and those who underwent an
anatomical resection. Actually, N1 involvement was observed far
less than N2 involvement, which is attributed to the tumor cells
exfoliating from the visceral pleura, disseminating into the
pleural cavity, and being reabsorbed by the parietal pleural and
diaphragmatic lymph vessels to move toward the mediastinal
lymph nodes.[20] pN2 involvement occurred more frequently
than pN1 involvement in tumors invading the visceral pleura.
This finding that was also reported by Miura et al,[15] who found
that 30% of pN2 and 13.3% of pN1 occurred with visceral
Table 4

The details of lymph node metastases in each tumor size.

Site of metastasis
�1 cm 1.1–2.0 cm 2.1–3.0
(5) (9) (110

TBS 1 0 5
NTBS 0 0 2
TBS + NTBS 0 1 2
NTBS + extrapulmonary 0 1 2
Extrapulmonary 0 0 2
TBS + NTBS + extrapulmonary 0 2 1
NTBL

∗
0 0 1

Skip N2 1 0 1
Hilar and lobar nodes metastases† 0 3 7

NTBL=nontumor-bearing lobe, NTBS=nontumor-bearing segment, TBS= tumor-bearing segment.
∗
Nime patients had metastases in the N2 site.

† Lymph nodes in nontumor-bearing lobe (NTBL) and primary tumor-bearing lobe.

6

pleural involvement. In this study, the frequency of N2
involvement in the tumors invading across complete fissures
was higher than that of tumors invading across incomplete
fissures, which is in accordance with previous reports.[21]

However, the frequency of N1 metastases in the tumors invading
across incomplete fissures was not statistically different from that
of tumors without invasion across incomplete fissures. The side of
the primary tumor was thought to influence the extent of lobe-
specific nodal spread; however, there might be other specific
mechanisms.
The incidence of metastasis to segmental lymph nodes in TBS

was higher than that in NTBSs, as had been expected. Metastasis
outside the TBS was observed in 4 patients, which represented
1.2% all lesions. Of 47 patients with segmental lymph node
metastases, 26 had metastases limited to TBSs, 17 had metastases
to both TBSs and NTBSs, and 4 had metastases to NTBSs alone,
as similarly described by some authors.[9,22] Solid type tumors
comprise 100%with metastases to NTBSs. In the literature, 16%
of solid type tumors of 20mm or less are associated with nodal
metastasis.[23] However, these investigations rarely noted the
impact of clinical characteristics on lymph node metastases in
NTBL. The present study found that 15 (12.7%) patients had
lymph node metastases in NTBL and 9 had metastases in N2
sites. As reported in the literature,[24] whether or not LN
metastases occurred in NTBL did not affect staging or treatment.
We demonstrated a significantly higher frequency of lymph node
metastases in NTBL among tumors invading across complete
fissures and in tumors sized 3.0cm or more in diameter.
Moreover, the multivariate analysis revealed that pleural
involvement was an independent predictor of lymph node
Tumor size

cm 3.1–4.0 cm 4.1–7.0 cm >7.0 cm Total no.
) (109) (71) (28) (332)

6 10 4 26
1 0 1 4
6 3 5 17
3 4 2 12
1 3 1 7
5 3 2 13
6 5 3 15
1 3 2 8
12 10 1 33



Figure 2. The receiver-operating characteristic (ROC) curve for tumor size on
computed tomography was established to determine the optimal cutoff value
for predicting lymph node metastasis. Details of lymph node metastases in
each tumor size are summarized in Table 4. Based on the material, a database
was created without considering the location of lymph node involvement.
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metastasis in NTBL. However, these results are questionable
considering the number of samples and statistical bias.
Regional lymph node metastases of among the tumors with

invading across fissures were probably associated with a variety
of factors, including histology, tumor size and variations of the
lymphatic drainage pathways. In addition, different recurrence
Table 5

Primary tumor location and status of N1 metastases.

Metastases no. (%)

Location No. TBL NTBL

Right lung 158 37 (31.3%) 7 (5.9%)
Upper lobe 77

S2† 46 12 (10.1%) 2 (1.7%)
∗,‡

S3 31 6 (5.1%) 0

Middle lobe 29
S4 17 4 (3.4%) 1 (0.8%)jj

S5 12 2 (1.7%) 1 (0.8%)jj

Lower lobe 52
S6 29 7 (5.9%) 1 (0.8%)jj

S7 8 3 (2.5%) 1 (0.8%)¶

S8 5 1 (0.8%) 0
S9 10 2 (1.7%) 1 (0.8%)

∗,jj

NTBL=nontumor-bearing lobe, S= segment, TBS= tumor-bearing lobe.
∗
Concurrent N2 involvement.

† Lesion located in S2 (including the tumors with invading adjacent segment S1 or S3).
‡Metastasized node located in lower lobe.
x Two patients had metastatic nodes limited to the anterior basal segment of the lower lobe and assoc
jjMetastasized node located in upper lobe.
¶ Metastasized node located in middle lobe.
# One patient without N1 metastasis limited to the tumor-bearing lobe.
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patterns were identified in 15 patients whose N1 diseases
were observed in the NTBLs. In our study, regional mediastinal
lymph node or distant metastases were common recurrences. It
was a lower probability event and different from the multi-N1
metastases subgroup in the same lobe, which was likely more
aggressive in tumors invading across the fissure. However, it will
be necessary to investigate in further studies with more cases and
long-term follow-up to confirm the consideration.
Tumor size was an important factor in the classification of T

staging in the 8th edition of the TNM classification,[3] and the
relationship between T and N staging was not clearly correlated,
as shown by Warren and Faber.[25] We observed that the ratio
of N1 and N2 staging increased significantly with tumor sizes of
3.0cm or more in diameter, especially among tumors that
invaded into the adjacent lobe beyond the fissure. In fact, even
limited to the patients with a tumor 2.0cm or less, N1 to N2 cases
occurred frequently.[26] It is probably that the tumor needs to be
larger to have a greater chance of invading through the fissure.
Based on the relationship between tumor location and the
adjacent areas of the lung lobes and segments, the upward-
invasion group was prone to more lymph nodes metastasizing to
the adjacent lobe and apico-posterior segments, which lesions in
the lower lobe, similarly, and it also appeared lymphmetastasis in
posterior segment of upper lobe in the lesions located in right lung
dorsal segment of lower lobe regardless of fissures completeness
and patterns of tumor extending beyond fissure. Consistent with
the literature,[27] a similar phenomenon was observed in the right
lobe. Some studies suggested that the T1-2 group in NSCLC
showed no significant difference in prognosis regardless of fissure
completeness.[28] Saeteng et al[29] and Maniwa et al[30] reported
that tumor location was not a precise predictor of the pattern of
nodal metastasis. However, Xiong et al[27] reported that lymph
node metastasis varied according to tumor location and T-stage,
which were independent factors influencing N2 station lymph
node metastasis. Therefore, the systematic lymphatic resection,
including lymph node dissection of NTBL and NTBS, was more
Metastases no. (%)

Location No. TBL NTBL

Left lung 174 34 (28.8%) 8 (6.7%)
Upper lobe 95
S1+2 48 13 (11.1%) 1 (0.8%)

∗

S3 24 3 (2.5%) 0
S4 15 5 (4.2%) 2 (1.7%)

∗,x

S5 8 2 (1.7%) 0

Lower lobe 79
S6 45 8 (6.8%) 3 (2.5%)

∗

S7+8 23 2 (1.7%) 2 (1.7%)#

S9 11 1 (0.8%) 0

iated with subcarinal N2 involvement.
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Table 6

Follow-up and therapy in patients with lymph node metastases in NTBL.

Patient no. Sex Age (y) Location Stage Histology Surgery Adjuvant therapy Recurrence and survival (time)

1 M 66 RUL pT2N2M0 SCC L Chemotherapy No recurrence (41 mo)
Continued follow-up

2 W 71 RUL pT4N2M0 SCC BL Chemotherapy Multiple metastasis of mediastinal lymph nodes,
lung, pleura and bone (29 mo)

Death (37 mo)
3 M 72 RLL pT3N1M0 SCC L + S Chemotherapy

IMRT
Mediastinal lymph node metastasis (10 mo)
Brain metastasis (12 mo)
Death (20 mo)

4 M 38 LUL pT2N2M0 SCC L Chemotherapy
IMRT

Upper mediastinal lymph node metastasis (32 mo)
Continued follow-up

5 W 62 RML pT1N2M0 AC L Chemotherapy
Targeted therapy
IMRT

Metastasis to lung (24 mo)
Pleural recurrence (30 mo)
Continued follow-up

6 M 50 LLL pT2N1M0 SCC L + W Chemotherapy
IMRT

Metastasis to lung, liver, and brain (5 mo)
Death (12 mo)

7 M 69 LUL pT2N2M0 ASC L Chemotherapy
IMRT

No recurrence (32 mo)
Continued follow-up

8 W 67 LLL pT2N2M0 AC L + W Chemotherapy
IMRT

Upper mediastinal lymph node metastasis (18 mo)
Death (33 mo)

9 M 67 RLL pT2N1M0 AC + SC L Chemotherapy No recurrence (12 mo)
Lost to follow-up

10 W 55 RML pT2N2M0 SCC L + S Chemotherapy
Targeted therapy

No recurrence (38 mo)
Continued follow-up

11 W 67 LLL pT3N1M0 SCC L + W Chemotherapy
IMRT

Subcarinal N2 metastasis (12 mo)
Continued follow-up

12 M 66 LLL pT3N2M0 AC L Chemotherapy
Targeted therapy
IMRT

Mediastinal lymph node metastasis (14 mo)
Multiple metastasis to bone, adrenal

gland, and liver (18 mo)
Death (28 mo)

13 W 59 LLL pT2N1M0 AC L Chemotherapy Pleural recurrence (50 mo)
Continued follow-up

14 W 62 LUL pT3N2M0 LCC L Chemotherapy
Targeted therapy

Multiple metastasis to lung and supra-clavicular
lymph nodes (5 mo)

Death (10 mo)
15 M 58 RLL pT4N1M0 AC L Chemotherapy Multiple metastasis to lung, bone, and brain (12 mo)

Lost to follow-up

AC= adenocarcinoma, ASC= adenosquamous carcinoma, BL=bilobectomy, IMRT= intensity modulated radiation therapy, L + S= lobectomy + segmentectomy, L + W= lobectomy + wedge resection, L=
lobectomy, LCC= large cell carcinoma, LLL= left lower lobe, LUL= left upper lobe, M=man, RLL= right lower lobe, RML= right middle lobe, RUL= right upper lobe, SC= sarcomatoid carcinoma, SCC=
squamous cell carcinoma, W=woman.
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significant and could accurately determine pathological staging,
guidance for prognosis, and target adjuvant treatments.
Lymph node metastases can appear in the NTB segments,

lobes, and even skip metastasis, with regard to lymph drainage on
the abnormal anatomy of pulmonary segments. Zuo et al[31]

found that pulmonary segmental anatomy was relatively
independent, owing to continuous interval segments, with no
alveolar hole sections. We hypothesized that tumors invading
adjacent parenchyma across the interval would be hindered and
that the interval might shut down the spread pathway of spread
for tumor cells along the alveolar hole. Incomplete fissures
indicating partial fusion between lung lobes might also alter the
spread of the tumor within the lung. It is even probable that
tumor cells can spread through air spaces (STAS).[32] This
indicates that fissure status could influence lymphatic spread and
that abnormal lymphatic drainage could possibly occur through
multiple pulmonary metastases. However, it was difficult to
determine fissure completeness from the hypovascular zones.
Many methods reported in the literature cannot be accurately
evaluated,[7] especially because tumors with extension of the
primary tumor across incomplete lung fissures could spread to
8

adjacent lobes through the parenchyma. Currently, there are few
similar diagnostic criteria for incomplete interlobar fissures.[6,10]

There were 60 (18.1%) complete fissures and 272 (81.9%)
incomplete fissures in our study. The frequency of complete
fissures was lower than previously reported.[33] A possible reason
for this difference might lie in the selection of tumors that were
only located in the vicinity of part of the fissure, without
considering the fissure type.
This study had some limitations. First, it was difficult to avoid

selection bias. This study was carried out in a single-center, with a
small number of patients, and included some deficiencies. Lymph
node dissection of the adjacent lobes and segments could have
been affected by tumor degree, spread pattern, anatomical
structure of the lobe, fissure status, and the surgical approach. For
example, with middle lobe lesions of undeveloped horizontal
fissures, because of the excessive dissection of the deep lung
parenchymal tissue it was difficult to accurately perform lymph
node dissection around the bronchus in the anterior segment of
the upper lobe. This was especially true with wedge resections of
the lung, which were limited by poor pulmonary function, the
integrity and thoroughness of the lymph node dissection, or



Table 7

Univariate and multivariate analyses of lymph node metastases in NTBL.

Univariate Multivariate

Characteristics Node-negative (%) Node-positive (%) P HR (95%CI) P

Age, y .395 0.624 (0.209–1.868) .399
�60 141 (96.6) 5 (3.4))
>60 191 (95.1) 10 (4.9)

Sex .430 0.660 (0.233–1.866) .433
Men 201 (96.2) 8 (3.8)
Women 116 (94.3) 7 (5.7)

Tumor size, cm .012 0.087 (0.004–2.004) .992
�3 123 (99.2) 1 (0.8)
>3 194 (93.3) 14 (6.7)

CEA, ng/mL .701 1.510 (0.320–7.130) .603
�3.4 164 (95.9) 7 (4.1)
>3.4 153 (95.0) 8 (5.0)

Histology .089 0.586 (0.311–1.102) .097
Adenocarcinoma 193 (97.5) 5 (2.5)
Squamous cell carcinoma 78 (91.8) 7 (8.2)
Other 46 (93.9) 3 (6.1)

Fissure Completeness .000 2.200 (0.404–11.969) .362
Complete 50 (83.3) 10 (16.7)
Incomplete 267 (98.2) 5 (1.8)

Vascular invasion .081 2.608 (0.856–7.949) .092
Positive 51 (91.1) 5 (8.9)
Negative 266 (96.4) 10 (3.6)

Lymphatic permeation .810 0.881 (0.312–2.486) .810
Positive 158 (95.8) 7 (4.2)
Negative 143 (94.7) 8 (5.3)

Direction of invasion .220 2.064 (0.690–6.175) .195
Upward-invasion 160 (94.1) 10 (5.9)
Downward-invasion 172 (97.2) 5 (2.8)

Adjacent lobe Invasion .003 0.001 (0.000–0.003) .955
Yes 31 (83.8) 6 (16.2)
No 286 (96.9) 9 (3.1)

Pleural involvement .025 29.387 (2.907–297.071) .004
Yes 139 (92.7) 11 (7.3)
No 178 (97.8) 4 (2.2)

Upward-invasion: main location limited to the lower or middle lobe and the invasion lobe refers to the upper lobe; Downward-invasion: main location limited to the upper or middle lobe and the invasion lobe refers
to the lower lobe.
CEA= carcinoembryonic antigen, HR=hazard ratio, NTBL=nontumor-bearing lobe.
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representative nodes that were one sided. Second, the study
selected only tumors located in the vicinity of the fissures. Our
hypothesis was that the lymphatic drainage in different areas of
the lobemight be different. In 5.67%(43 cases) of the patients who
were excluded from the study, whose diseases away from the area
of thefissureswere not in this study. Third, the operative procedure
and surgical type might be altered according to tumor size, lesion
location, fissure structure, patient pulmonary function, and the
preference and technical ability of the surgeons. Furthermore, it
seemed more likely that anatomical resections could obtain more
accurate assessments of N1 involvement than wedge resections of
the adjacent invaded lobes, with lymph node sampling as a limited
procedure to be performed with curative intent.
Our study, conducted at a single cancer institution, demon-

strated that a higher frequency of N2 metastases on adjacent
lobes existed in tumors with invasion across complete fissures.
With regard to the status of interlobar fissures, no difference in
N1 involvement existed in the tumors with and without invasion
of the incomplete fissure. Removing lymph nodes in the NTBL
did not seem to improve the accuracy of detecting N1
involvement. However, lymphatic metastasis of NTBL was a
lower probability event that was likely to be more aggressive
in tumors crossing complete fissures. Therefore, extensive
9

lymphatic resection within the hilum and NTBL for tumors
with pleural involvement is justifiable and necessary unless there
are other technical reasons that hinder such extensive lymphatic
resection of the NTBL. Further prospective studies with large
samples in multicenter environments could help to address the
limitations of this study in the future.
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