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nodules in non-small cell lung cancer
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Background: We want to establish a lobe-specific mediastinal lymphadenectomy protocol for solitary
pulmonary nodules (SPNs) in non-small cell lung cancer NSCLC).

Methods: We retrospectively analyzed 401 patients with pathological diagnoses of NSCLC who underwent
lobectomy, bilobectomy, or pneumonectomy with systematic lymphadenectomy from March 2004 to June
2011 in our hospital. All of the patients enrolled had a SPN preoperatively. Information about the primary
tumor location, lymph node metastasis, and other baseline data were collected. Stepwise logistic regression
was used to identify the key factors indicating non-regional mediastinal lymph node metastases (NRM).
Results: Of the primary tumors, 117, 39, 74, 104, and 67 were in the right upper lung (RUL), right middle
lung (RML), right lower lung (RLL), left upper lung (LUL), and left lower lung (LLL), respectively.
Stepwise regression showed that #2,4, #10,11, and #10,11 as well as #7 was the key lymph node station for
RUL, LUL, and lower lobes: #2,4 [odds ratio (OR)=28.000, 95% confidence interval (CI): 2.917-268.790,
P=0.004] for RUL, #10,11 (OR=31.667, 95% CI: 2.502-400.833, P=0.008) for LUL, #10,11 (OR=19.540,
95% CI: 4.217-90.541, P<0.001) and #7 (OR=7.395, 95% CI: 1.586-34.484, P=0.011) for lower lobes,
respectively. Patients with tumors >2 cm rarely had NRM without primary regional mediastinal involvement.
Conclusions: With rigid consideration, a lobe-specific lymphadenectomy is feasible in practice. This

protocol can be used when the lobe-specific key nodes are negative in intraoperative frozen sections,

especially for NSCLC diagnosed as SPN <2 c¢m preoperatively.
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Introduction

Surgery is still an essential treatment for non-small cell lung
cancer (NSCLC), especially for patients staged clinically
as I, II, and operable IIIA, which can be treated with
radical resection. A radical operation is a combination of
pulmonary resection with dissection of the intrapulmonary
and mediastinal lymph nodes, using systematic lymph
node dissection (SND), systematic lymph node sampling
(LS), or selective lymph node dissection (SD). Currently,

most guidelines recommend SND (1). For example, in
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the prospective American College of Surgeons Oncology
Group (ACOSOG) Z0030 trial, SND identified 3.8%
more patients with N2 disease than did LS (2). Since a pN2
patient would benefit from postoperative therapy, the main
theoretical advantage of SND is more precise staging, so
that patients do not miss adjuvant therapy. The validity of
SD remains controversial.

A solitary pulmonary nodule (SPN) is defined as a single,
spherical, well-circumscribed, radiographic opacity <3 cm
in diameter surrounded by aerated lung without atelectasis,
hilar enlargement, or pleural effusion (3). A patient with an
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Table 1 Patient characteristics

Characteristics n (%)
Sex
Male 216 (53.9)
Female 185 (46.1)
Age (years) 21-88 (median 60.7)
Histology
Adenocarcinoma 337 (84.0)
Squamous cell carcinoma 40 (10.0)
Large cell carcinoma 20 (5.0)
Adenosquamous carcinoma 1(0.2)
Atypical adenoid hyperplasia (AAH) 3(0.7)
Clinical tumor size (cm)
0-1 12 (3.0)
1-2 129 (32.2)
2-3 260 (64.8)
Tumor location
Right upper lung (RUL) 117 (29.2)
Right middle lung (RML) 39 (9.7)
Right lower lung (RLL) 74 (18.5)
Left upper lung (LUL) 104 (25.9)
Left lower lung (LLL) 67 (16.7)
Post-operative staging
| 299 (74.6)
la 194 (48.4)
Ib 105 (26.2)
Il 32 (8.0)
lla 27 (6.7)
lb* 5(1.2)
llla 70 (17.5)

*, incidentally found separate tumor nodule in the same lobe
during surgery (T3NO).

SPN that is highly suspicious of NSCLC is more likely to
be considered to have early stage disease. Many early-stage
patients are detected at screening. It is not clear whether
these patients can achieve the same overall survival as those
without SND.

Here, we define non-regional mediastinal metastasis
(NRM) as either upper lobe cancer with inferior mediastinal
lymph node involvement or lower lobe tumors with
superior mediastinal metastasis. We also hypothesized that
in a subset of patients without NRM a lobe-specific SD will
have the same curative effect as SND. This retrospective
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study investigated the sentinel station that affects metastasis
distribution, especially that indicating NRM, to establish
a lobe-specific lymphadenectomy protocol for SPNs in
NSCLC.

Materials and methods

The study was approved by the institutional review board
of Guangdong General Hospital, Guangzhou, China.
Informed consent was obtained from each patient.

Criteria

The study enrolled 401 patients who had pathological
diagnoses of NSCLC and underwent radical resection with
a systematic lymphadenectomy between March 2004 and
June 2011 in our hospital. All of the patients were diagnosed
with an SPN by computer tomography scan preoperatively,
those who with a enlarged lymph node more than 1.5 cm
in lobar or interlobar were considered as hilar enlargement
and excluded. Information about the primary tumor
location, lymph node metastasis, and pathological diagnosis
was collected (Table 1). The Mountain-Dresler lymph node
map was used in this study (4).

Surgery procedure

The average number of nodes that harvested was 20.96+9.066
and all patients underwent the radical operations introduced
by Naruke: a pulmonary resection (lobectomy, bilobectomy,
or pneumonectomy) was performed after a thoracotomy
or video-assisted thoracoscopic surgery (VATS) (5). An
intraoperative pathological diagnosis was mandatory if there
was no preoperative pathological diagnosis. For right-side
tumors, the superior [including the highest mediastinal
(#1), upper paratracheal (#2), prevascular and retrotracheal
(#3), and lower paratracheal (#4)] and inferior [including
the subcarinal (#7), para-esophageal (#8), and pulmonary
ligament (#9)] mediastinal nodes were removed; for left-side
tumors, the aortic nodes [A-P window (#5) and para-aortic
(#6)], #4, and inferior mediastinal nodes were dissected. The
intrapulmonary lymph nodes were also dissected, including
the hilar (#10), interlobar (#11), lobar (#12), segmental (#13),
and subsegmental (#14) nodes.

Definition of regional node

For upper-lobe lung cancer, the superior mediastinal or
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Table 2 Univariate analysis for NRM in each lobe

Yang et al. Lobe-specific lymphadenectomy for solitary pulmonary nodules

Variables (P)

Location Smoking cN Pathological ~ Tumor

Pleural

Tumor

history status types differentiation invasion  size FIOIT 1 A8 k24 #SHe AT B9
RUL 0.868 0.037 0.108 0.280 0.943 0.747 0.106 0.037 1.000 * 0.004 - - - - -
(n=117)
LUL 1.000 0.823 1.000 0.914 0.743 1.000 0.907 0.008 - - - 0.233 1.000 - - -
(n=104)
Lower 0.492 0.135 0.039 0.817 0.800 0.515 0.154 <0.001 - - - - - <0.001 * 0.189
lobes
(n=141)

*, unable to perform univariate binary logistic regression. NRM, non-regional mediastinal metastasis; CEA, carcinoembryonic antigen; RUL,

right upper lung; LUL, left upper lung.

Table 3 Multivariate analysis for NRM in each lobe
Multivariate binary

Variables Odds ratio logistic regression
95% CI P value
RUL
cN status - - 0.191
#10,11 - - 0.647
#2,4 28.000 2.917-268.790 0.004
LUL
#10,11 31.667 2.502-400.833 0.008
Lower lobes
CEA - - 0.235
#10,11 19.540 4.217-90.541 <0.001
#7 7.395 1.586-34.484 0.011

NRM, non-regional mediastinal metastasis; Cl, confidence
interval; RUL, right upper lung; LUL, left upper lung; CEA,
carcinoembryonic antigen.

aortic nodes are defined as regional nodes and inferior
mediastinal as non-regional nodes. Likewise, inferior
mediastinal nodes are regarded as regional nodes as for

lower-lobe tumors.

Statistical analysis

The chi-square or Fisher’s exact test when needed was
used to compare frequencies. Stepwise logistic regression
was used to identify the key factors that indicated NRM. A
two-sided P values <0.05 were considered significant. All

statistical analyses were performed using the SPSS ver. 13.0
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(SPSS, Chicago, IL, USA).

Results
Overview of lymph node metastases

No significant difference was found as regard to N1 [right
upper lung (RUL) 7/117, 6.0%; right middle lung (RML)
0/39; right lower lung (RLL) 5/74, 6.8%; left upper lung
(LUL) 8/104, 7.7%; left lower lung (LLL) 7/67, 10.4%,
P=0.301] or N2 (RUL 19/117, 16.2%; RML 8/39, 20.5%;
RLL 13/74, 17.6%; LUL 15/104, 14.4%; LLL 15/67,
22.4%; P=0.709) metastases.

Selection of lobe-specific factors that indicate NRM

As shown in Tables 2,3, multivariate analysis was performed
after a univariate analytic process to indentified factors
that might affected the occurrences of NRM. Results
indicate that #2,4, #10,11, and #10,11 as well as #7 was
the key lymph node station for RUL, LUL, and lower
lobes: #2,4 [odds ratio (OR)=28.000, 95% confidence
interval (CI): 2.917-268.790, P=0.004] for RUL, #10,11
(OR=31.667, 95% CI: 2.502-400.833, P=0.008) for LUL,
#10,11 (OR=19.540, 95% CI: 4.217-90.541, P<0.001) and
#7 (OR=7.395, 95% CI: 1.586-34.484, P=0.011) for lower
lobes, respectively.

NRM without primary regional mediastinal involvement

Six patients (1.5%) had NRM without primary regional
mediastinal involvement: RUL 1/117, 0.9%; RLL 2/74,
2.7%; LUL 2/104, 1.9%; LLL 1/67, 1.5%; P=0.814.
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Table 4 Minimal skip N2 metastasis

541

Tumor (n, %), P=0.732*

Station RUL (8/117, 6.8) RML (1/39, 2.6) RLL (3/74,4.1) LUL (3/104, 2.9) LLL (3/67,4.5)
#2,4 7 0 0 0 0
45 0 0 0 3 0
#7 1 1 3 0 2

*, by Fisher’s exact test. RUL, right upper lung; RML, right middle lung; RLL, right lower lung; LUL, left upper lung; LLL, left lower lung.

Table 5 Protocols for lobe-specific mediastinal lymphadenectomy
for SPNs of NSCLC

Tumor locations
RUL LUL RLL LLL RML
Superior mediastinum”® © © o° o° ©
Inferior mediastinum  O* O° © @) (@)
©, complete regional lymphadenectomy is warranted; O, lymph

Dissection field

nodes dissection could be omitted considerably; ®, when
#2,4 shows negative in intraoperative frozen section; ® when
#10,11 shows negative in intraoperative frozen section;
°, when #10,11 and #7 show negative in intraoperative
frozen section; A, #1-4 in RUL, #4-7 in LUL. SPNs, solitary
pulmonary nodules; NSCLC, non-small cell lung cancer;
RUL, right upper lung; LUL, left upper lung; RLL, right lower

lung; LLL, left lower lung; RML, right middle lung.

In detail, five of them were larger than 2 cm and the
pathological grade distribution is as follows: two patients
with grade 1, three patients with grade 2 and one patient
with grade 3.

Single involved skip N2 cases

A skip N2 refers to a patient who was pN1 (=) N2 (+). In
our series, 23 patients (5.7%) had skip N2; the prevalence
was as follows: RUL 8/117, 6.8%; RML 3/39, 7.7%; RLL
5/74, 6.8%; LUL 4/104, 3.8%:; LLL 3/67, 4.5%; P=0.792.
With a single skip N2, called a minimal skip N2, only one
station has metastasis; 4.5% of the patients (18/401) had
this unique characteristic (Table 4).

Stage migrations under SD procedure

Totally, two cases (2/401, 0.5%; one in RUL and one in
LUL) would have stage migrations if a SD procedure
performed (protocol in Table 5). Besides, both of these
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tumors were larger than 2 cm preoperatively.

Discussion

Theoretically, SND refers to a systematic en bloc
mediastinal lymph node dissection (6). Our previous
clinical trial demonstrated the superiority of SND
vs. LS (7). However, the definition of LS varies and the
details of nodes sampled were inconsistent (8). The Z0030
trial used the most thorough definition of LS. In addition,
this trial provided level I evidence that there is no
significant difference in mortality and morbidity between
SND and LS, which differs from the retrospective cohort
study by Okada er a/. (6,9). The 5-year survival rates also
did not differ between the two groups in the Z0030 trial,
indicating that a LS procedure in T1 or T2, NO or non-
hilar N1 NSCLC equals a SND (2). In other words, there
is an alternative to SND in a specific patient group. Yet the
LS introduced in the Z0030 requires precise intraoperative
staging and this “extensive LS” cannot be generalized to
patients staged radiographically or those with higher-stage
tumors.

In addition, elderly patients, who make up a large
proportion of newly diagnosed cases, are more vulnerable
to an invasive operation than the young. Aoki ez 4/. reported
that the 5-year survival according to the type of lymph
node dissection was not significantly different for stage I
NSCLC in octogenarians (10). Chida ez a/. reported that
a pulmonary resection with an SND was associated with
higher mortality and postoperative cardiac complications
in octogenarians with lung cancer (11). Okasaka et al.
noted that not performing a radical lymphadenectomy is an
acceptable surgical treatment for elderly patients based on
a retrospective study (12). However, the prospective Z0030
trial did not include data on this group. In general, SPNs
account for 8-51% of incidental or screening-detected
pulmonary lesions and much of this is malignant (6-28% for
5-10 mm and 64-82% for 20-30 mm) (13). Furthermore,
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the majority of cases are at an early stage (299/401, 74.6%
in our series). Hence, a less-invasive radical operation is
still warranted for the increasing numbers of these clinically
early-stage senior citizens.

Recently, lobe-specific lymphadenectomy or a complete
mediastinal lymph node dissection in a reduced area
was introduced (14). Ishiguro ez 4/. found that patients
undergoing SD had a significantly shorter operating
time, less blood loss, and shorter hospital stay than those
undergoing SND, suggesting that SD is less invasive (15).
In Japan, SD is frequently performed for patients with a
poor physical status and earlier diseases (15).

In theory, a lobe-specific mode and the extent of nodal
spread are fundamental to lobe-specific SD (16,17). In
patients with early-stage NSCLC, the cancer cells are
most likely to metastasis to level 3 or 4 lymph nodes in
RUL tumors, 3 or 7 in RML tumor, 7 in RLL tumors, 5
or 6 in LUL tumors, and 7 in LLL tumors (18). Okada
et al. reported that among patients with skip N2 metastases
with an upper-lobe lesion, none had positive subcarinal
nodes (17). Only one of 13 (7.7%) patients with lower-lobe
lesions showed nodal spread to the superior mediastinum.
Aokage et al. suggested that dissection for subcarinal nodes
is dispensable in ¢cNO upper-lobe squamous cancer (19).
Likewise, Asamura et /. found that the most common site
of metastasis for pN2 tumors located in the right upper lobe
was the superior mediastinal station, whereas metastases to
the subcarinal station were seen in only 12-13% of cases (16).
Indeed, they proposed that subcarinal lymphadenectomy is
not always necessary for tumors located there.

Many researchers have reported their experiences
with SD. Watanabe er 4l. proposed an SD based on a
segment-specific pattern; however, a lobe-specific SD is
preferred (20). The report by Ichinose omitting subcarinal
lymphadenectomy was for clinically stage I patients with a
tumor in the right upper lobe or left upper segment, and a
superior mediastinum or aortic region lymphadenectomy
was omitted for lower lesions (14). The overall and 5-year
locoregional recurrence-free survival rates were 78.5% and
76.6%, respectively, illustrating that SD obtains acceptable
locoregional control. Okada er a/l. suggested that a lower
mediastinal lymphadenectomy was dispensable if the hilar
and superior mediastinal nodes were tumor-free in upper-
lobe tumors (17). For lower tumors, an upper mediastinal
lymphadenectomy was dispensable when the hilar and
inferior mediastinal nodes were tumor-free. Ishiguro
et al. performed a propensity score stratified cohort study
comparing SD (a strategy resembling that in Okada ez 4l.)
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vs. SND, and revealed that SD did not adversely affect the
overall survival in each quartile of propensity score (9,15).
Because a randomized control trial would be difficult
to conduct, this article did offer the most convincing
evidence.

Among the tumors with a single involved N2 station,
the most common site of lymph node metastases was level
4R for RUL tumors, levels 5/6 for LUL tumors, and level
7 for middle and lower-lobe tumor, whereas Ilic found
that the distribution of skip N2 metastases was roughly
equal among the different mediastinal lymph node stations
regardless of primary tumor location (21,22). In our study,
lobe-specific patterns might still exist in these cases (Table 4).
Because an isolated N2 in skip N2 patients has a better
prognosis, it is critical that these patients receive sequential
adjuvant therapy instead of being down-staged under an SD
procedure (23).

In this study, we found that key sentinel lymph nodes
indicating NRM status for RUL, LUL and lower lobes.
Based on previous studies, we propose a lobe-specific SD
protocol that is slightly different from those of Okada et /.
and Ishiguro et al. (Table 5) (9,15).

Note that it is dangerous to perform an SD without
selecting candidates rationally. First, SND did not increase
mortality or morbidity in the vast majority of patients
with NSCLC; in addition, patients with occult metastases
(OMs) in lymph nodes might obtain a survival benefit from
SND and OMs were found even in early peripheral lung
cancer (24). Further study of OMs to non-regional nodes
in patients without NRM microscopically is warranted,
to determine whether OMs have a lobe-specific drainage
tendency.

In conclusion, a lobe-specific lymphadenectomy is
feasible in practice for patients with NSCLC, especially
for SPNs <2 cm. We recommend that each key station
be subject to routine intraoperative frozen section. The
protocol (Tuable 5) should be generalized only to those
cases identified as SPN initially. If precise staging and a
comprehensive evaluation are unavailable, then a standard
SND remains mandatory for all resectable cases, as our
previous work suggested (25).
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