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Abstract
Objective Lobe-specific nodal dissection (LND) is increasingly used for non-small cell lung cancer (NSCLC) in Japan; 
however, its treatment validity remains unclarified. Since 2013, LND has been used as a standard procedure for clinical 
stage-I (c-stage-I) NSCLC at our institution. We aimed to evaluate its validity using intraoperative frozen section analysis 
(FSA) for c-stage-I NSCLC.
Methods The participants comprised patients with NSCLC who underwent LND between 2013 and 2016 (n = 307) or 
systematic nodal dissection (SND) between 2002 and 2013 (n = 367) for c-stage-I disease. FSA was routinely performed in 
LND to examine at least three stations. Outcomes were compared between the LND and SND groups. Patients in whom LND 
was converted to SND due to metastasis on FSA of the sampled lymph node were still categorized into the LND group, i.e., 
intention-to-treat analysis. The prognostic impact was compared using propensity score matching.
Results The rate of conversion from LND to SND was 10.4%. Of the patients converted to SND, 12.5% had metastases 
outside the LND area. False-negative N2 results were detected in only 0.7% of the LND group patients after FSA. After 
matching, each group had 220 patients. There were no significant between-group differences in the lymph-node recurrence 
rate (7% vs. 6%), 5-year recurrence-free survival (80.1% vs. 79.0%), and overall survival (90.4% vs. 90.3%).
Conclusions LND with intraoperative FSA is a valid modality that could serve as a standard surgical procedure for c-stage-I 
NSCLC. Intraoperative FSA may lower the residual lymph-node metastasis risk in LND.
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Introduction

Complete resection with lobectomy and systematic nodal 
dissection (SND) is the current standard surgical treatment 
for non-small cell lung cancer (NSCLC). However, Japanese 
retrospective studies [1–3] have proposed lobe-specific nodal 
dissection (LND) for early-stage NSCLC to address the 

limitations of SND. LND is a procedure with selective omis-
sion of mediastinal lymph-node dissection depending on the 
primary tumor location. LND for clinical stage-I (c-stage-I) 
NSCLC was originally proposed in 2006 [4] without a sig-
nificant difference in the postoperative prognosis between 
LND and SND but significantly lower morbidity with LND. 
Subsequent studies found no significant difference in overall 
survival (OS) between SND and LND [5–8] and that LND 
was less invasive [5, 6, 8]. A recent study reported that LND 
led to better OS in stage I and II NSCLC patients than SND 
[9]. Therefore, LND has become the standard procedure for 
NSCLC treatment in Japan [10].

These studies had several limitations. First, there was 
no established strategy or eligibility criteria, as patients 
who were initially planned for LND but converted to SND 
when lymph-node metastasis (LNM) was detected during 
surgery were inconsistently excluded or included in the 
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SND group. Therefore, it is possible that the SND group 
included a greater number of advanced-stage patients, and 
these studies reported favorable outcomes for LND. In addi-
tion, although intraoperative frozen section analysis (FSA) 
was initially performed routinely [4], subsequent studies per-
formed intraoperative FSA only when LNMs were suspected 
to be positive macroscopically [5, 6], and most studies did 
not mention FSA. In our institution, LND was initially per-
formed depending on patient-related risk factors, and the 
rate of mediastinal node recurrence was significantly higher 
in patients undergoing LND than in those undergoing SND 
[6]. Therefore, when LND became a standard procedure for 
c-stage-I NSCLC in 2013, we decided to include routine 
intraoperative FSA. When the sampled lymph node showed 
metastasis, patients who initially planned for LND were con-
verted to SND to minimize the risk of residual pathological 
N2 (pN2) disease outside the LND area. However, the effects 
of intraoperative FSA on preventing intraoperative oversight 
of N2 and local recurrence, prognosis improvement, patient 
conversion rate from LND to SND, and residual rate of pN2 
outside the LND remain unclear.

Second, most studies did not include preoperative radio-
logical evaluation using thin-section computed tomography 
(TSCT) to determine the rate of ground-glass opacities 
(GGO) or positron emission tomography (PET) to quantify 
the maximum standardized uptake value  (SUVmax) of the 
primary tumor, both key indicators of tumor invasiveness.

Thus, this study aimed to assess and compare the valid-
ity of LND with intraoperative FSA and SND for c-stage-I 
NSCLC patients undergoing curative lobectomy with radio-
logical evaluation using both PET and CT. The prognostic 
impact and surgical outcomes were compared between the 
two modalities using the propensity score (PS) matching 
method. Moreover, the patients who underwent conversion 
from LND to SND were categorized into the LND group 
in the intention-to-treat (ITT) analysis to avoid biasing the 
results against SND.

Methods

Study design and patient enrollment

This retrospective study evaluated 2669 consecutive patients 
who were diagnosed with NSCLC (TNM classification, 7th 
edition) and underwent pulmonary resection (September 
2002–December 2016) in our institution. Among them, 
1,192 patients underwent complete resection with lobec-
tomy and lymph-node dissection for c-stage-I (i.e., tumor 
diameter ≤ 5 cm and clinical N0). Patients who received 
induction therapy, those with residual tumor at the resec-
tion margin, those with pleural dissemination including 

malignant effusion, and those who underwent pneumonec-
tomy or bilobectomy were excluded.

Before January 2013, SND was performed as a stand-
ard procedure for c-stage-I NSCLC, and LND was only 
performed in patients with one or more risk factors such 
as advanced age or the presence of diabetes, respiratory 
dysfunction, or cardio-cerebrovascular disease requiring 
treatment and were judged at the surgical conference of our 
institution to be at risk for SND or those with a wide GGO 
area [6]. However, since February 2013, LND has become 
a standard procedure for c-stage-I NSCLC. To perform 
LND while minimizing the risk of pN2 disease outside the 
LND area, patients with primary tumors of the middle lobe, 
left lingular, and bilateral superior segment of the lower 
lobe were excluded because of the high frequency of both 
superior mediastinal and subcarinal node metastases [1–3, 
11–13]. We also excluded LND patients with risk factors, as 
they are generally ineligible for lymph-node dissection [6].

Finally, 307 patients who underwent LND with routine 
intraoperative FSA between February 2013 and December 
2016 (LND group) and 367 patients who underwent SND 
between September 2002 and January 2013 (SND group) 
were enrolled. The SND group was set as the historical con-
trol. The eligible primary tumors of the SND group were 
comparable with those of the LND group (Supplemental 
Fig. 1).

All enrolled patients underwent preoperative staging with 
TSCT (1–2-mm section thickness). The primary tumor was 
evaluated as part-solid (i.e., consolidation/tumor ratio < 1.0 
on TSCT) or solid tumor according to differences in post-
operative prognosis [14]. Additional staging procedures 
included bronchoscopy, PET, and head magnetic resonance 
imaging. LNM was defined as an enlarged lymph node 
sized ≥ 1 cm in the short axis on CT and/or hypermetabo-
lism on PET.

Follow-up, definition of recurrence, and evaluation of 
recurrence were performed as described previously [15]. 
Morbidity was defined as a ≥ grade II postoperative compli-
cation according to the Clavien–Dindo classification [16].

This study was approved by the Institutional Review 
Board of the Shizuoka Cancer Center (approval number: 
J2019-181). The need for written informed consent was 
waived owing to the retrospective nature of the study.

Surgical procedure

Lobectomy was performed with hilar and mediastinal 
lymph-node dissection based on the International Asso-
ciation for the Study of Lung Cancer node map [17]. SND 
was performed as previously described [9]. For right-sided 
tumors, mediastinal fat tissues, including stations 2R, 4R, 
7, 8, and 9, were resected. For left-sided tumors, mediasti-
nal fat tissues, including stations 4L, 5, 6, 7, 8, and 9, were 
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resected. For the upper lobe, stations 8 and 9 were not rou-
tinely dissected according to the general clinical procedure 
in Japan [2, 3, 12].

LND was performed based on lobe-specific LNM 
patterns and a previously described procedure [9]. For 
upper lobe tumors, superior mediastinal and/or aortic 
nodes (stations 2R and 4R for right-sided tumors and 
stations 4L, 5, and 6 for left-sided tumors) were dis-
sected, whereas inferior mediastinal nodes (stations 7, 
8, and 9) were not. When the tumor was located in the 
lower lobe, inferior mediastinal nodes (stations 7, 8, and 
9) were dissected, and the superior mediastinal and/or 
aortic nodes were preserved.

Since February 2013, LND was routinely performed 
for intraoperative FSA. We examined at least three sta-
tions, including one station of lobe-specific mediastinal 
nodes (station 4R for right upper lobe tumors, station 5 
for left upper lobe tumors, and station 7 for lower lobe 
tumors) and two stations for N1 nodes (stations 11 and 
12). Representative lymph nodes, which were the largest 
nodes in each station or those suspected of being posi-
tive macroscopically, were examined. When the sampled 
lymph nodes showed metastasis, patients were immedi-
ately converted to SND.

Statistical analyses

Associations between variables were analyzed using Fish-
er’s exact test or the Mann–Whitney U test. The patients 
who were initially planned for LND but converted to SND 
when LNM was detected were included in the LND group 
for the ITT analysis (LND (ITT) group). The LND group, 
which excluded patients who were converted to SND, was 
also investigated for the on-treatment analysis (LND (on-
treatment) group).

OS was measured from the date of surgery to the date 
of death due to any cause. Recurrence-free survival (RFS) 
was measured from the date of surgery to the date of first 
occurrence of the event (local and/or distant recurrence or 
death). The OS and RFS rates were estimated using the 
Kaplan–Meier method and compared using the log-rank 
test. Independent risk and prognostic factors were identi-
fied using multivariable analysis with a Cox proportional 
hazards model.

PS matching analysis was used to adjust for potential 
confounders. PS was calculated using logistic regression 
based on age, sex, smoking history, location of the primary 
tumor, maximum tumor size, carcinoembryonic antigen, 
HRCT findings of the primary tumor,  SUVmax of the primary 
tumor (cutoff, 2.5) [18–21], and histology. PS matching was 
performed in a 1:1 ratio using the nearest-neighbor method 
(caliper = 0.20).

All statistical analyses were performed using EZR (ver-
sion 1.40; Saitama Medical Center, Jichi Medical University, 
Saitama, Japan) [22], a modified version of R commander 
with a user interface designed to add statistical functions 
frequently used in biostatistics (The R Foundation for Sta-
tistical Computing, Vienna, Austria). Differences were con-
sidered significant at p < 0.05.

Results

Characteristics of the study cohort

The characteristics of the total cohort are shown in Table 1. 
Of the 674 patients studied, 62 (9.2%) had pN2 disease, and 
the proportion was higher in the SND than in the LND group 
but without significant differences (11% vs. 7%; p = 0.061). 
The rate of pN2 outside the LND area was 1.4% (5/367) 
in the SND group (1.3% in upper lobe tumors and 1.4% 
in lower lobe tumors) and 1.3% (4/307) in the LND group 
(0.9% in upper lobe tumors and 2.2% in lower lobe tumors). 
The characteristics of the patients with pN2 outside lobe-
specific nodal dissection area are shown in Supplemental 
Table 1.

The nodal status in the clinical (cN), intraoperative (sN), 
and pathological (pN) stages of the LND group is shown 
in Fig. 1. Overall, 32 patients (10.4%) had sN1–2 disease, 
and all of them were converted to SND. Among them, four 
patients (12.5% in the SND-converted group) had pN2 out-
side the LND area, where additional dissection was per-
formed. False-negative N2 results (cN0, sN0, and pN2) were 
detected in 0.7% (2/275) patients.

The median follow-up time for the censored patients was 
87 months (range, 12–190) and 58 months (range, 6–87) 
in the SND and LND groups, respectively. The RFS and 
OS curves are shown in Fig. 2a, b. The 5-year RFS and OS 
rates were 77.3% and 88.0% in the SND group and 79.0% 
and 90.2% in the LND (ITT) group, respectively, with no 
significant between-group differences (p = 0.81 and 0.60, 
respectively). Conversely, the 5-year RFS rate of the LND 
(on-treatment) group was 84.5%, significantly better than 
that of the SND group (p = 0.043). Among the 403 patients 
with solid tumors on HRCT, there were no significant dif-
ferences between SND and LND (ITT) groups in the 5-year 
RFS (73.6% vs. 72.0%) and OS (86.2% vs. 87.8%).

Multivariable analyses of RFS and OS in the total cohort 
are shown in Supplemental Table 2. Solid-predominant 
tumors and high  SUVmax were identified as independent 
prognostic factors for RFS. LND was not a poor prognostic 
factor for either RFS (hazard ratio [HR] = 0.86, 95% confi-
dence interval [CI] 0.60–1.23) or OS (HR = 1.03, 95% CI 
0.63–1.68).
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PS‑matched cohort

Patient characteristics after PS matching are shown in 
Table 1. In total, more than 88% of patients in each group 
had solid-predominant tumors, and more than 60% of 

patients had solid tumors. All patients underwent PET, 
and the median  SUVmax was 5.1 in the SND group and 
4.7 in the LND group. The density plot before and after 
propensity matching in each group is described in Sup-
plemental Fig. 2.

Table 1  Patient characteristics in the total and matched cohorts (N = 674)

Only significant p-values are bolded
LND, lobe-specific nodal dissection; SND, systematic nodal dissection; CEA, carcinoembryonic antigen; GGO, ground-glass opacity; PET, pos-
itron emission tomography;  SUVmax, maximum standardized uptake value; ASMD, absolute values of standardized mean differences
a Adenocarcinoma vs. squamous cell carcinoma + others
b N0 + N1 vs N2

Variables Total cohort Matched cohort

SND (n = 367)
n (%)

LND (n = 307)
n (%)

p ASMD SND (n = 220)
n (%)

LND (n = 220)
n (%)

p ASMD

Age
 Years, median (range) 65 (20–82) 68(41–84) 66 (20–82) 67 (41–82)
  < 70 251 (68) 170 (55)  < 0.001 0.262 146 (66) 142 (65) 0.76 0.037
  ≥ 70 116 (32) 137 (45) 74 (34) 78 (35)

Sex
 Male 192 (52) 175 (57) 0.13 0.095 122 (55) 117 (53) 0.70 0.046
 Female 175 (48) 132 (43) 98 (45) 103 (47)

Smoking status
 Never 156 (43) 122 (40) 0.48 0.057 91 (41) 93 (42) 0.92 0.019
 Ever 211 (57) 185 (60) 129 (59) 127 (58)

CEA
 ≤ 5.0 ng/mL 271 (74) 235 (77) 0.42 0.064 164 (75) 163 (74) 1.0 0.011
 > 5.0 ng/mL 96 (26) 72 (23) 56 (25) 57 (26)

Tumor location
 Upper lobe 296 (81) 217 (71) 0.003 0.219 178 (81) 174 (79) 0.72 0.040
 Lower lobe 71 (19) 90 (29) 42 (19) 46 (21)

HRCT findings
 Part-solid 112 (31) 119 (39) 0.25 0.055 85 (39) 88 (40) 0.85 0.028
 Solid 215 (59) 188 (61) 135 (61) 132 (60)

Tumor size
 ≤ 3.0 cm 235 (64) 200 (65) 0.81 0.023 149 (68) 154 (70) 0.68 0.048
 > 3.0 cm 132 (36) 107 (35) 71 (32) 66 (30)

SUVmax of primary tumor on PET
  ≤ 2.5 61 (17) 93 (30) 0.037 0.174 61 (28) 68 (31) 0.53 0.068
  > 2.5 195 (53) 198 (65) 159 (72) 152 (69)
 Unknown 111 (30) 16 (5) - - -

Histological type
 Adenocarcinoma 306 (83) 263 (86) 0.46a 0.065 196 (89) 190 (86) 0.47a 0.078
 Squamous cell carcinoma 28 (8) 33 (11) 10 (5) 23 (10)
 Others 33 (9) 11 (3) 14 (6) 7 (4)

Nodal status (pN)
 N0 299 (81) 261 (85) 0.061b 184 (84) 188 (85) 1.0b

 N1 27 (7) 25 (8) 20 (9) 16 (7)
 N2 41 (11) 21 (7) 16 (7) 16 (7)

Adjuvant chemotherapy
 Yes 118 (32) 96 (31) 0.87 79 (36) 72 (33) 0.55
 No 249 (68) 211 (69) 141 (64) 148 (67)
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The RFS and OS curves are shown in Fig. 2c, d. The 
5-year RFS and OS rates were 79.0% and 90.3% in the SND 
group and 80.1% and 90.4% in the LND group, respectively, 
with no significant between-group differences (p = 0.84 and 
0.81, respectively).

Postoperative outcomes

The postoperative outcomes are shown in Supplemental 
Table 3. Before matching, the SND group had significantly 
higher morbidity than the LND group (SND 23% vs. LND 
16%; p = 0.025); however, after matching, this difference 
became insignificant (SND 22% vs. LND 16%; p = 0.11). 
No patient died within 30 days postoperatively. The median 
operative time and blood loss were significantly increased in 

cN0 
n=307

sN0 
n=275

sN1-2 
n=32

pN0 
n=261

pN1  
n=12
pN2  
n=2

pN1 
n=13
pN2 
n=19

conversion to SND 

10.4 % in total

pN2 outside 
LND area

n=4

False-N2 negative

0.7 %

Fig. 1  Nodal status in the clinical, surgical, and pathological stages in 
the lobe-specific nodal dissection (LND) group with routine intraop-
erative frozen section analyses from at least three stations
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the SND group (all p < 0.0001) before and after PS match-
ing. There were no significant differences in recurrence and 
lymph-node recurrence (SND 6% vs. LND 7%).

Discussion

Although LND can achieve a similar postoperative prog-
nosis to SND [5–8], its validity as a treatment strategy for 
stage-I NSCLC remains unclarified. This study revealed that 
LND with intraoperative FSA is a valid modality for c-stage-
I NSCLC and can be a standard surgical procedure for this 
malignancy. Intraoperative FSA allowed the conversion to 
SND when LNM was detected and minimized the risk of 
residual LNM.

To our knowledge, this was the largest study to compare 
LND and SND and address the two main limitations of pre-
vious studies regarding handling the conversion from LND 
to SND and preoperative radiological evaluation. Here, the 
patients who underwent conversion from planned LND to 
SND were included in the LND group and evaluated as the 
ITT group to avoid biased results against SND. Previous 
studies excluded patients who were converted from planned 
LND to SND or categorized these patients in the SND 
group, thus biasing the results in favor of LND. We demon-
strated that the LND (on-treatment) group, which excluded 
patients who converted to SND, had a significantly better 
prognosis than the SND group.

We investigated the preoperative radiological evaluation 
with the consolidation/tumor ratio on TSCT and  SUVmax, 
important indicators of tumor invasiveness, on PET [23, 24]. 
Our results confirmed that these two factors were independ-
ent prognostic factors for RFS. After matching, all patients 
underwent PET, and the median  SUVmax was around 5.0. 
Moreover, 88% of the patients in both groups had solid-
predominant tumors on TSCT. These patients are likely to 
have occult pN2 [21, 24], and suitable patient selection for 
comparison between LND and SND was possible.

This study was also the first to investigate the value of 
routine intraoperative FSA on LND. Intraoperative FSA was 
performed to detect LNM that was unsuspected on preop-
erative evaluation and to prevent residual LNM by convert-
ing from LND to SND. Although intraoperative FSA was 
routinely performed in a previous study on LND [4], the 
conversion rate from LND to SND and residual rate of pN2 
outside LND have never been reported.

The false-negative N2 rate was only 0.7% (2/275 patients) 
after routine FSA, which was lower than our previous find-
ing of 4.9% (11/223 patients) when FSA was performed only 
for lymph nodes suspected to be positive macroscopically for 
metastases (pre-2013). Although intraoperative FSA did not 
eliminate false-negative results, it significantly decreased the 
rate of nodal upstaging after surgery and more accurately 

diagnosed unsuspected LNM during surgery than analyses 
of only macroscopically suspected lymph nodes. Here, intra-
operative FSA findings supported the conversion to SND in 
10.4% of patients in the LND group, and 12.5% of patients 
converted to SND had metastases in the additional resected 
mediastinal nodes. Residual LNM leads to local recurrence, 
which leads to poor prognosis because a radical cure is dif-
ficult, even if recurrence only occurs in the lymph node and 
local treatment is performed [15, 25].

We previously reported that recurrence of mediastinal 
node metastasis is significantly greater in patients undergo-
ing LND without routine intraoperative FSA than in those 
undergoing SND [6]. However, here, we found no significant 
difference in lymph-node recurrence between the SND and 
LND groups. This finding supports the efficacy of FSA in 
LND for preventing local recurrence.

Previous studies enrolled different populations, including 
patients with risk for pN2 outside the LND area. For exam-
ple, these studies enrolled both stage-I patients and those 
at stages II–III; most studies also excluded patients with 
middle-lobe tumors at risk of metastasis outside the LND 
area but included, for example, the superior segment of both 
lower lobes and the lingular segment [4–9]. Recent studies 
reported a rate of pN2 disease outside the LND area in SND 
of approximately 3% in the total cohort. The rates were also 
higher in lower lobe tumors than in upper lobe tumors (e.g., 
5.8% vs 1.3% in c-stage-I adenocarcinoma [26] and 5.5% 
vs 1.6% in c-stage-I–II adenocarcinoma [9]). Here, the rate 
of pN2 outside the LND area was 1.4% in the SND group 
and 1.3% in the LND group, and those in both the upper 
and lower lobe tumors were approximately 1%, with mini-
mal difference. The low frequency of pN2 outside the LND 
area could be attributed to the inclusion of patients who had 
c-stage-I disease only and the exclusion of patients whose 
primary tumors were located in the bilateral superior seg-
ment of the lower lobe, in contrast to other studies [2, 3, 11].

To be established as a standard surgical procedure, LND 
should be less invasive than SND. Here, we demonstrated 
that LND was less invasive based on decreased operative 
time and blood loss. A low operative time indicates a less 
invasive surgery and is the most important factor in reducing 
the medical cost of surgery for lung cancer [27].

This study had some limitations. First, it was performed 
at a single institution, and the number of patients was lim-
ited, especially after PS matching. Moreover, the compared 
two groups differed in the time period of surgery. The clini-
cal circumstances and post-recurrence treatment differed 
across the different periods. A prospective randomized con-
trolled study is underway in Japan (JCOG1413), which may 
provide additional insight [28]. Second, intraoperative FSA 
and pathological evaluation were not standardized, and these 
methods were associated with the risk of false-negative find-
ings. Previous studies have shown that most patients with 



983General Thoracic and Cardiovascular Surgery (2022) 70:977–984 

1 3

pN2 disease outside the LND area also have lobe-specific 
mediastinal LNM [3], and there was no skip metastasis 
(without pN1) to pN2 disease outside the LND area, at least 
in c-stage-IA patients [29]. Moreover, no patients in the 
SND group had pN2 disease only outside the LND area. 
Although our findings support that intraoperative FSA may 
be an appropriate procedure, its usefulness in LND should 
be investigated by prospective or PS-matched studies using 
nationwide data.

Overall, based on our eligibility criteria, LND is a valid 
treatment strategy for c-stage-I NSCLC, with acceptable 
prognostic outcomes and less invasiveness than SND. Thus, 
LND could become a standard surgical procedure. Further-
more, routine intraoperative FSA of the lymph nodes can 
decrease the risk of residual LNM from LND. Therefore, 
intraoperative FSA should be performed in LND.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11748- 022- 01827-1.
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