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Background: Lymphadenectomy is an important part of surgical treatment for non-small cell lung cancer
(NSCLC). However, the prognostic impact of lymph node (LN) dissection for patients with NSCLC <1 and
>1 to 2 cm who underwent sublobar resection is still unclear.

Methods: A group of patients numbering 7,627 with NSCLC 2 cm or less who underwent sublobar
resection were identified from the Surveillance, Epidemiology, and End Results (SEER) database between
January 2010 and November 2015. The overall survival (OS) and lung cancer-specific survival (LCSS)
were evaluated among patients who had undergone dissection of >4 LNs, 1 to 3 LNs or who had no-LN
dissection; log-rank and Cox proportional-hazards regression analyses were used for the evaluation.
Results: Patients with NSCLC <2 ¢cm who underwent >4 LNs dissection had better OS and LCSS
compared with those who underwent dissection of 1 to 3 LNs or who had no-LN dissection after sublobar
resection. Subgroup analysis showed that dissection of >4 LNs had better OS and LCSS than those of 1 to
3 LNs dissection in NSCLC >1 to 2 cm, whereas had similar OS and LCSS in NSCLC <1 cm. Multivariate
Cox analysis showed that dissection of 1 to 3 LNs was not an independent risk factor of OS and LCSS than
dissection of >4 LNs in NSCLC <1 cm after sublobar resection.

Conclusions: The extent of LN dissection is associated with the survival outcomes in patients with
NSCLC <2 cm after sublobar resection. Dissection of >4 LNs should be recommended for NSCLC >1
to 2 cm, whereas surgeons can rely on surgical skills and patient profiles to decide >4 LNs or 1 to 3 LNs

dissection for NSCLC <1 c¢m during sublobar resection.
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Introduction mediastinal lymph node (LN) dissection as the standard
Lung cancer is the leading cause of cancer-related deaths, surgical procedure for NSCLC, which identifies patients

and non-small cell lung cancer (NSCLC) accounts who may benefit from subsequent chemotherapy and target

for nearly 85% of lung cancer (1). The 2020 National therapy (2). However, in patients without nodal metastases,
Comprehensive Cancer Network (NCCN) guidelines prophylactic lymphadenectomy has limited benefit for
recommend lobectomy combined with systematic survival (3). Moreover, mediastinal lymphadenectomy may
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increase the drainage and operative time, and may cause
damage to neurogenic, vascular, and lymphatic structures in
the mediastinum (4).

With the widespread use of high-resolution computed
tomography (HRCT), more and more small-sized (<2 cm)
NSCLC are being detected (5). Sublobar resection as an
alternative choice for small-sized (<2 ¢cm) NSCLC can
achieve a similar prognosis to that of lobectomy, and its
use is increasing (6-10). However, the optimal number of
LN to be dissected for patients with NSCLC 2 cm or less
during sublobar resection has not been standardized (11-13).
Moreover, the 8th tumor, node, and metastases (TINM)
classification system subclassified NSCLC tumors 2 c¢m or
less into T'1a (<1 cm) and T'1b (>1 to 2 cm) disease owing to
the significantly better prognosis for patients with NSCLC
<1 cm (14). Furthermore, patients with NSCLC <1 c¢m have
a lower probability of mediastinal LN metastasis than those
with tumors >1 to 2 cm (15,16). However, it is still not clear
whether patients with NSCLC <1 c¢m could benefit from
less extensive LN dissection.

Hence, this study aimed to investigate the appropriate
extent of LN dissection for patients with NSCLC <1 cm
and >1 to 2 cm after sublobar resection, based on the
Surveillance, Epidemiology, and End Results (SEER) database.

Methods
Study population

All the patients in our study were selected from the
SEER 21 database which covered 21 geographically
different registries and made up of 34.6% of the United
States population (17). Patients who met the following
inclusion criteria were included: (I) pathologically
diagnosed as primary NSCLC between January 2010 and
November 2015, (II) tumor size <2 cm, (III) and wedge
resection or segmentectomy performed with or without
lymphadenectomy. The exclusion criteria were as follows:
(I) insufficient information on the number of resected LNs
and clinicopathological characteristics, (II) with another
malignant primary tumor during follow-up period and (I1I)
received chemotherapy and/or radiotherapy before the

surgery.

Data collection

Demographic variables included age, sex, race and marital
status were obtained. Tumor characteristics were consisted

© Journal of Thoracic Disease. All rights reserved.

of tumor location, histological type, tumor size, and grade.
Treatment information including surgical procedures and
number of dissected LNs were collected from the SEER
database. All the patients were divided into three groups
based on the extent of LNs dissection: no-LLN dissection,
1 to 3 LNs dissection and >4 LNs dissection. Overall
survival (OS) was defined as the time from surgery until
death from any cause. Lung cancer-specific survival (LCSS)
was defined as the time from surgery until death because
of lung cancer. The survival time and the cause of death
whether due to lung cancer were retrieved from the specific
codes provided by SEER database. The last follow-up date
was January 2016.

Statistical analysis

All the data were either shown as mean = standard
deviation or number (percent values). We used Pearson
%’ test to compare categorical variables and one-way
analysis of variance (ANOVA) to compare the continuous
variables between different groups. Log-rank test and Cox
proportional-hazards regression model were applied to
evaluate predictive factors of OS and LCSS. In the current
study, a two-sided P value of less than 0.05 was considered
statistically significant. All analyses were performed using
SPSS 26.0 (IBM Corporation, Armonk, NY, USA).

Results
Patient characteristics

Opverall, 7,627 patients with NSCLC <2 ¢cm who underwent
sublobar resection were included. The median follow-up
time was 33 months. Among them, 3,424 (44.9%) patients
underwent no-LN dissection, 1,957 (25.7%) patients
underwent 1 to 3 regional LNs dissection and 2,246
(29.4%) patients underwent >4 regional LNs dissection.
The detailed baseline information of patients was shown
in Table 1. Patients with >4 LNs dissection and 1 to 3 LNs
dissection were more likely to have lager tumor size
(P<0.001), greater proportion of adenocarcinoma (P<0.001)
and undergoing segmentectomy (P<0.001) compared those
with no-LN dissection. No significant differences were
found on age, sex, race, marital status, and tumor grade
among these groups. We subsequently divided patients
into T1a (<1 c¢m, n=2,041, 26.8%) and T1b (>1 to 2 cm,
n=5,586, 73.2%) subgroups, and the baseline characteristics
were shown in Table S1.
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Table 1 Baseline characteristics of patients who underwent sublobar resection for small-sized (<2 cm) non-small cell lung cancer with no-lymph
node, 1 to 3 lymph nodes and =4 lymph nodes dissection

No. (%) of patients

Variables No-LN dissection 1-3 LNs dissection >4 LNs dissection P
(n=3,424) (n=1,957) (n=2,246)

Age, years
Mean + SD 69.6+9.8 69.6+9.1 68.9+9.4 0.023
<65 1,071 (31.3) 590 (30.1) 694 (30.9) 0.688
>65 2,353 (68.7) 1,367 (69.9) 1,552 (69.1)

Sex 0.356
Male 1,413 (41.3) 790 (40.4) 884 (39.4)
Female 2,011 (58.7) 1,167 (59.6) 1,362 (60.6)

Race 0.660
White 2,951 (86.2) 1,698 (86.8) 1,927 (85.8)
Non-white 473 (13.8) 259 (13.2) 319 (14.2)

Marital status 0.812
Married 1,895 (55.3) 1,066 (54.5) 1,241 (55.3)
Single/other 1,529 (44.7) 891 (45.5) 1,005 (44.7)

Tumor site <0.001
Upper lobe 1,960 (57.2) 1,190 (60.8) 1,302 (58.0)
Middle lobe 202 (5.9) 77 (3.9) 86 (3.8)
Lower lobe 1,262 (36.9) 690 (35.3) 858 (38.2)

Histologic type <0.001
Adenocarcinoma 2,234 (65.2) 1,333 (68.1) 1,621 (72.2)
Squamous cell carcinoma 705 (20.6) 390 (19.9) 411 (18.3)
Other 485 (14.2) 234 (12.0) 214 (9.5)

Tumor size
Mean + SD, mm 13.3+4.5 13.924.3 14.0+4.2 < 0.001
<1cm 1,031 (30.1) 489 (25.0) 521 (23.2) < 0.001
>1to2cm 2,393 (69.9) 1,468 (75.0) 1,725 (76.8)

Grade 0.084
Well differentiated 1,004 (29.3) 520 (26.6) 648 (28.9)
Moderately differentiated 1,519 (44.4) 891 (45.5) 1,039 (46.3)
Poorly differentiated 901 (26.3) 546 (27.9) 559 (24.9)

Surgical procedure <0.001
Wedge resection 3,124 (91.2) 1,591 (81.3) 1,528 (68.0)
Segmentectomy 300 (8.8) 366 (18.7) 718 (32.0)

LNs, lymph nodes; SD, standard deviation.
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Figure 1 Kaplan-Meier analysis of overall survival (OS) and lung cancer-specific survival (LCSS) among these no-LN dissection, 1 to

3 LNs dissection and >4 LNs dissection groups in patients with NSCLC <2 cm after sublobar resection. (A) OS according to the number of
resected LNs; (B) LCSS according to the number of resected LNs. LNs, lymph nodes; NSCLC, non-small cell lung cancer.

Prognostic impact of lymphadenectomy on outcomes for
NSCLC <2 cm after sublobar resection

The extent of LNs dissection was associated with the OS
and LCSS in patients with NSCLC >2 cm after sublobar
resection. The 5-year OS rates were 62.5%, 58.3% and
50.9% for patients with >4 LNs dissection, 1 to 3 LNs
dissection and no-LN dissection, respectively. The 5-year
LCSS rates were 75.8%, 70.2% and 64.5% for patients
with >4 LNs dissection, 1 to 3 LNs dissection and no-LN
dissection, respectively. The log-rank test indicated that
patients with >4 LNs dissection had significantly better
survival compared with those who had 1 to 3 LNs dissection
and no-LN dissection in OS (>4 LNs dissection versus 1
to 3 LNs dissection: P=0.003; >4 LNs dissection versus
no-LN dissection: P<0.001) and LCSS (>4 LN dissection
versus 1 to 3 LNs dissection: P=0.001; >4 LNs dissection
versus no-LN dissection: P<0.001). In addition, the survival
analysis also indicated better prognosis of patients after 1
to 3 LNs dissection compared those with no-LN dissection
(OS, P<0.001; LCSS, P<0.001) (Figure 14,B).

Further multivariate Cox proportional-hazards
regression model demonstrated that patients with 1 to
3 LNs dissection [OS: hazard ratio (HR), 1.169; 95%
confidence interval (CI), 1.025-1.332; P=0.020; LCSS:
HR, 1.268; 95% CI, 1.075-1.495; P=0.005] and no-LN
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dissection (OS: HR, 1.529; 95% CI, 1.363-1.716; P<0.001;
LCSS: HR, 1.669; 95% CI, 1.442-1.931; P<0.001) were
independent predictors of poorer survival than those with
>4 LNs dissection. Moreover, older age (OS: HR, 1.239;
95% CI, 1.120-1.370; P<0.001; LCSS: HR, 1.134; 95% CI,
1.003-1.283; P=0.044), non-married status (OS: HR, 1.179;
95% CI, 1.076-1.291; P<0.001), moderately differentiated
(OS: HR, 1.692; 95% CI, 1.493-1.918; P<0.001; LCSS:
HR, 1.930; 95% CI, 1.635-2.277; P<0.001) and poorly
differentiated (OS: HR, 1.829; 95% CI, 1.660-2.014;
P<0.001; LCSS: HR, 2.243; 95% CI, 1.986-2.533;
P<0.001) were other independent predictors of worse
survival (Table 2).

Prognostic impact of lymphadenectomy on outcomes for
NSCLC <1 cm after sublobar resection

The log-rank test showed that patients with >4 LNs
dissection and 1 to 3 LNs dissection had significantly
better prognosis compared with patients who had no-
LN dissection in OS (=4 LNs dissection versus no-LN
dissection: P<0.001; 1 to 3 LNs dissection versus no-
LN dissection: P<0.001) and LCSS (>4 LNs dissection
versus no-LN dissection: P<0.001; 1 to 3 LNs dissection
versus no-LN dissection: P=0.003). However, patients

with >4 LNs dissection had equivalent OS (P=0.267) and
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Table 2 Univariate and multivariate Cox proportional-hazards regression model for overall survival and lung cancer-specific survival in all patients
Overall survival Lung cancer-specific survival
Variables Univariate Multivariate Univariate Multivariate
HR (95% ClI) P HR (95% CI) P HR (95% ClI) P HR (95% ClI) P
Age, years <0.001 <0.001 0.014 0.044
<65 Reference Reference Reference Reference
>65 1.279 (1.157-1.414) 1.239 (1.120-1.370) 1.165 (1.031-1.316) 1.134 (1.003-1.283)
Sex <0.001 <0.001 <0.001 <0.001
Male Reference Reference Reference Reference
Female 0.606 (0.555-0.662) 0.627 (0.572-0.687) 0.623 (0.558-0.695) 0.677 (0.606-0.756)
Race 0.732 - 0.835 -
White Reference - Reference -
Non-white 0.977 (0.858-1.114) - 0.983 (0.836-1.156) -
Marital status 0.067 <0.001 0.755 -
Married Reference Reference Reference -
Single/other 1.086 (0.994-1.186) 1.179 (1.076-1.291) 1.018 (0.912-1.136) -
Tumor site 0.711 - 0.418 -
Upper lobe Reference - Reference -
Middle lobe 1.090 (0.884-1.343)  0.422 - 1.052 (0.807-1.371)  0.708 -
Lower lobe 0.973 (0.857-1.105)  0.676 - 1.021 (0.871-1.198)  0.794 -
Histological type 0.664 - 0.018 0.001
Adenocarcinoma Reference - Reference Reference
Squamous cell 1.289 (1.161-1.431)  <0.001 - 1.112(0.973-1.270) 0.120 0.827 (0.721-0.948)  0.006
carcinoma
Other 0.774 (0.671-0.894)  <0.001 - 0.670 (0.553-0.812) <0.001 0.761 (0.626-0.925) 0.006
Tumor size, cm 0.022 0.376 0.027 0.325
<1 Reference Reference Reference Reference
>1t02 1.126 (1.017-1.246) 1.047 (0.945-1.160) 1.154 (1.016-1.310) 1.066 (0.938-1.212)
Grade <0.001 <0.001 <0.001 <0.001
Well Reference Reference Reference Reference
Moderately 1.838 (1.623-2.080) <0.001 1.692 (1.493-1.918) <0.001 2.038 (1.733-2.397) <0.001 1.930 (1.635-2.277) <0.001
Poorly 1.891 (1.718-2.082) <0.001  1.829 (1.660-2.014) <0.001 2.221 (1.972-2.502) <0.001 2.243 (1.986-2.533) <0.001
Surgical procedure <0.001 0.013 <0.001 0.035
Wedge resection Reference Reference Reference Reference
Segmentectomy  0.731 (0.643-0.830) 0.847 (0.743-0.966) 0.703 (0.599-0.826) 0.838 (0.710-0.988)
Lymphadenectomy <0.001 <0.001 <0.001 <0.001
>4 LNs dissection Reference Reference Reference Reference
1-3 LNs dissection 1.220 (1.071-1.390) 0.003 1.169 (1.025-1.332) 0.020 1.323(1.123-1.557) 0.001 1.268 (1.075-1.495)  0.005
No-LN dissection  1.594 (1.425-1.784) <0.001 1.529 (1.363-1.716) <0.001 1.718(1.491-1.980) <0.001 1.669 (1.442-1.931) <0.001

Variables with P value <0.1 in univariate models were analyzed in multivariate analysis model. HR, hazard ratio; Cl, confidence interval; LNs, lymph

nodes.
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Figure 2 Kaplan-Meier analysis of overall survival (OS) and lung cancer-specific survival (LCSS) among the no LN dissection, 1 to 3 LNs
dissection and >4 LN dissection groups in patients with NSCLC <1 ¢m or >1 to 2 cm after sublobar resection. (A) OS of NSCLC <1 cm
according to the number of resected LNs; (B) LCSS of NSCLC <1 cm according to the number of resected LNs; (C) OS of NSCLC >1 to
2 cm according to the number of resected LNs; (D) LCSS of NSCLC >1 to 2 cm according to the number of resected LNs. LNs, lymph

nodes; NSCLC, non-small

cell lung cancer.

LCSS (P=0.323) compared with those who had 1 to 3 LNs

dissection (Figure 2A,B).

Subsequently multivariate Cox proportional-hazards

regression model revea
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led that no-LN dissection was an

independent risk factor of worse OS (HR, 1.787; 95% CI,
1.397-2.285; P<0.001) and LCSS (HR, 1.886; 95% CI,
1.383-2.573; P<0.001), whereas 1 to 3 LNs dissection was
not an independent risk factor of worse survival compared
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with >4 LN dissection (OS: HR, 1.180; 95% CI, 0.884—
1.574; P=0.261, LCSS: HR, 1.211; 95% CI, 0.842-1.741;
P=0.303) (Tible 3).

Prognostic impact of lymphadenectomy on outcomes for
NSCLC >1 to 2 cm after sublobar resection

The log-rank test showed that patients with >4 LNs
dissection had significantly better prognosis compared
with those who had 1 to 3 LNs and no-LN dissection in
both OS (>4 LN dissection versus 1 to 3 LNs dissection:
P=0.004; >4 LNs dissection versus no-LN dissection:
P<0.001) and LCSS (=4 LNs dissection versus 1 to 3 LNs
dissection: P=0.001; >4 LNs dissection versus no-LN
dissection: P<0.001). Moreover, patients with 1 to 3 LNs
dissection also achieved better survival than those with no-
LN dissection in both OS (1 to 3 LNs dissection versus no-
LN dissection: P<0.001) and LLCSS (1 to 3 LNs dissection
versus no-LN dissection: P=0.004) (Figure 2C,D).

Multivariate Cox proportional-hazards regression
model indicated that patients with no-LN dissection (OS:
HR, 1.460, 95% CI, 1.281-1.665, P<0.001; LCSS: HR,
1.612, 95% CI, 1.366-1.902, P<0.001) and 1 to 3 LNs
dissection (OS: HR, 1.165, 95% CI, 1.006-1.350, P=0.042;
LCSS: HR, 1.286, 95% CI, 1.069-1.547, P=0.008) were
independent risk factors of worse survival compared those
with >4 LN dissection (Table 4).

Discussion

Lymphadenectomy is an important part of the surgical
treatment for early-stage NSCLC and can indicate which
patients would benefit from subsequent adjuvant therapy.
However, the prognostic impact of LN dissection for
patients with NSCLC <1 ¢cm and >1 to 2 cm who underwent
sublobar resection is still unclear. This study indicated that
lymphadenectomy has an important impact on NSCLC
<2 cm after sublobar resection. For NSCLC >1 to 2 cm,
the removal of at least 4 LNs was recommended. More
importantly, for patients with NSCLC <1 cm, the dissection
of 1 to 3 LNs achieved a similar survival compared those
with dissection of >4 LNs. Our findings have important
practical implications for lymphadenectomy for patients
with NSCLC <2 cm after sublobar resection.
Lymphadenectomy is used for accurate node staging,
the detection of occult node metastases, and the guidance
of postoperative adjuvant chemotherapy or radiotherapy. It
has been demonstrated that incomplete LN retrieval would

© Journal of Thoracic Disease. All rights reserved.
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seriously affect the accurate nodal classification (18,19),
but complete mediastinal LN dissection may increase the
operative time and morbidity and chest tube drainage (4).
Previous study found that there was no association between
the extent of lymphadenectomy and the survival benefit
for patients with early-stage NSCLC, but they mainly
focused on lobectomy (20). By now, the prognostic impact
of lymphadenectomy on survival outcomes for patients who
undergo sublobar resection is rarely reported. Hence, it is
vital to determine the optimal number of LN that should
be resected to achieve a balance between the adequate
evaluation of the nodal status and minimizing surgical
trauma.

Surgical resection is the most effective treatment strategy
for early-stage NSCLC according to the 2020 NCCN
guideline (2). Previous studies have strongly demonstrated
that sublobar resection can achieve equivalent long-term
survival compared with lobectomy for early-stage NSCLC
(21-24). Despite the ongoing controversies about the
adequacy of sublobar resection for treatment (25,26), its use
in early-stage NSCLC is increasing. Clinically, sublobar
resection is generally considered acceptable for peripheral
small-sized (<2 ecm) NSCLC (9,10). Compared with the
standard surgical procedure of lobectomy plus systematic
mediastinal lymphadenectomy (27), the significance of
lymphadenectomy in sublobar resection is still unclear.
The proportion of patients who underwent sublobar
resection without lymphadenectomy is significantly higher
than lobectomy (28,29). Our study also included a high
proportion (44.9%) of patients who did not undergo
lymphadenectomy after sublobar resection. Moreover,
Patients with NSCLC <2 cm who underwent sublobar
resection plus dissection of >4 LNs or 1 to 3 LNs had
better survival outcomes than patients who did not have
LN dissection. These results indicated the importance of
lymphadenectomy in NSCLC patients who underwent
sublobar resection.

Several studies have discussed the association between
lymphadenectomy and survival outcomes in patients who
underwent sublobar resection for early-stage NSCLC
(3,11,13,29). Yendamuri et 2/. demonstrated that the
examination of nine or more LNs was associated with
improved survival in patients with stage JA NSCLC (<2 cm)
after sublobar resection due to the avoidance of inaccurate
staging and guidance of adjuvant therapy postoperatively (12).
Recently, Cao et al. revealed that >4 LNs dissection
achieved superior survival compared with dissection of 1 to
3 LNs and no-LN dissection in OS and LCSS for patients
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Table 3 Univariate and multivariate Cox proportional-hazards regression model for overall survival and lung cancer-specific survival in patients with non-

small-cell lung cancer <1 cm (n=2,041)

Overall survival

Lung cancer-specific survival

Variables Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P
Age, years 0.031 0.013 0.035 0.019
<65 Reference Reference Reference Reference
>65 1.236 (1.020-1.498) 1.277 (1.053-1.549) 1.299 (1.019-1.657) 1.340 (1.049-1.713)
Sex <0.001 <0.001 <0.001 0.001
Male Reference Reference Reference Reference
Female 0.612 (0.513-0.730) 0.655 (0.548-0.783) 0.643 (0.516-0.802) 0.694 (0.555-0.867)
Race 0.173 - 0.140 -
White Reference - Reference -
Non-white 1.185 (0.928-1.513) - 1.253 (0.929-1.691) -
Marital status 0.127 - 0.448 -
Married Reference - Reference -
Single/other 1.147 (0.962-1.367) - 1.089 (0.874-1.358) -
Tumor site 0.545 - 0.687 -
Upper lobe Reference - Reference -
Middle lobe 1.065 (0.722-1.570)  0.752 - 1.071 (0.659-1.739) 0.783 -
Lower lobe 1.025 (0.806-1.303) 0.840 - 1.012 (0.750-1.367) 0.936 -
Histological type 0.941 - 0.012 0.003
Adenocarcinoma Reference - Reference Reference
Squamous cell 1.202 (0.954-1.513) 0.119 - 1.057 (0.790-1.416) 0.707 0.778 (0.577-1.051) 0.102
carcinoma
Other 0.855 (0.658-1.112)  0.243 - 0.538 (0.361-0.801)  0.002  0.600 (0.400-0.900) 0.014
Grade <0.001 <0.001 <0.001 <0.001
Well Reference Reference Reference Reference
Moderately 1.539 (1.233-1.921) <0.001  1.411 (1.127-1.766) 0.003  1.589 (1.195-2.112) <0.001  1.438 (1.072-1.930) 0.015
Poorly 1.989 (1.648-2.399) <0.001 2.004 (1.660-2.419) <0.001 2.226 (1.766-2.807) <0.001 2.377 (1.878-3.008) <0.001
Surgical procedure 0.008 0.168 0.028 0.246
Wedge resection Reference Reference Reference Reference
Segmentectomy  0.669 (0.496-0.900) 0.806 (0.594-1.095) 1.526 (1.047-2.222) 0.796 (0.541-1.171)
Lymphadenectomy <0.001 <0.001 <0.001 <0.001
>4 LNs dissection Reference Reference Reference Reference
1-3 LNs dissection 1.184 (0.889-1.577) 0.248 1.180 (0.884-1.574) 0.261 1.212 (0.844-1.740) 0.297 1.211(0.842-1.741) 0.303
No-LN dissection  1.800 (1.416-2.288) <0.001  1.787 (1.397-2.285) <0.001 1.851 (1.367-2.507) <0.001 1.886 (1.383-2.573) <0.001

Variables with P value <0.1 in univariate models were analyzed in multivariate analysis model. HR, hazard ratio; Cl, confidence interval; LNs, lymph

nodes.
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Table 4 Univariate and multivariate Cox proportional-hazards regression model for overall survival and lung cancer-specific survival in patients with non-

small-cell lung cancer >1 to 2 cm (n=5,586)

Overall survival

Lung cancer-specific survival

Variables Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95% CI) P HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P
Age, years <0.001 0.001 0.135 -
<65 Reference Reference Reference -
>65 1.287 (1.144-1.447) 1.226 (1.089-1.379) 1.113 (0.967-1.281) -
Sex <0.001 <0.001 <0.001 <0.001
Male Reference Reference Reference Reference
Female 0.607 (0.548-0.672) 0.649 (0.586-0.719) 0.619 (0.546-0.702) 0.664 (0.585-0.754)
Race 0.236 - 0.270 -
White Reference - Reference -
Non-white 0.911 (0.780-1.063) - 0.897 (0.740-1.088) -
Marital status 0.226 - 0.915 -
Married Reference - Reference -
Single/other 1.065 (0.962-1.179) - 0.993 (0.875-1.127) -
Tumor site 0.913 - 0.461 -
Upper lobe Reference - Reference -
Middle lobe 1.115 (0.869-1.429)  0.392 - 1.059 (0.771-1.454)  0.722 -
Lower lobe 0.951 (0.818-1.105)  0.509 - 1.020 (0.845-1.232)  0.835 -
Histological type 0.613 - 0.237 0.014
Adenocarcinoma Reference - Reference Reference
Squamous cell 1.303 (1.158-1.466) <0.001 - 1.120 (0.964-1.302) 0.139  0.852 (0.731-0.994) 0.041
carcinoma
Other 0.754 (0.634-0.896)  0.001 - 0.737 (0.592-0.919)  0.007 0.824 (0.660-1.029) 0.088
Grade <0.001 <0.001 <0.001 <0.001
Well Reference Reference Reference Reference
Moderately 1.970 (1.692-2.294) <0.001 1.864 (1.600-2.172) <0.001 2.265 (1.852-2.771) <0.001 2.193 (1.786-2.691) <0.001
Poorly 1.880 (1.678-2.105) <0.001 1.819 (1.624-2.038) <0.001 2.260 (1.962-2.603) <0.001 2.257 (1.954-2.607) <0.001
Surgical procedure <0.001 0.038 <0.001 0.072
Wedge resection Reference Reference Reference Reference
Segmentectomy  0.738 (0.640-0.850) 0.857 (0.741-0.991) 0.705 (0.590-0.842) 0.846 (0.704-1.015)
Lymphadenectomy <0.001 <0.001 <0.001 <0.001
>4 LNs dissection Reference Reference Reference Reference
1-3 LNs dissection 1.239 (1.070-1.433)  0.004 1.165(1.006-1.350) 0.042 1.363(1.135-1.638) 0.001 1.286 (1.069-1.547) 0.008
No-LN dissection  1.552 (1.366-1.763) <0.001  1.460 (1.281-1.665) <0.001 1.698 (1.445-1.995) <0.001 1.612(1.366-1.902) <0.001

Variables with P value <0.1 in univariate models were analyzed in multivariate analysis model. HR, hazard ratio; Cl, confidence interval; LNs, lymph

nodes.
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with NSCLC 2 c¢m or less (11), this was consistent with
our results. However, Liu et 4/. found that >7 resected
LNs was associated with better prognosis for stage IA
NSCLC undergoing sublobar resection (13). The ongoing
randomized controlled trials will address the controversial
issues of appropriate LNs dissection and provide high-
quality evidence in the future (30,31).

The 8th TINM classification subclassified tumors <2 cm
as Tla (<1 em) and T'1b (>1 to 2 cm) disease because of the
different prognoses of the two subgroups (14,32). Patients
with NSCLC <1 cm have lower risks of LN metastasis and
recurrence than patients with tumors >1 to 2 em (15,33).
However, the impact of lymphadenectomy on the prognosis
for T1a and T1b disease remains unclear. Ding er 4/. found
that the survival benefit peaked with the resection of 4 to 9
LNs in NSCLC <1 em and >10 LNs in NSCLC >1 to 2 em
for patients after wedge resection based on the National
Cancer Database (NCDB) cohort (3). However, our study
showed that dissection of >4 LNs or 1 to 3 LNs had similar
survival outcomes in NSCLC <1 cm. As to NSCLC >1
to 2 cm, dissection of >4 LNs achieved a better survival
than dissection of 1 to 3 LNs for patients who underwent
sublobar resection. These results indicate that sufficient
lymphadenectomy remains an important part of surgical
resection and surgeons should attach more importance to
lymphadenectomy in sublobar resection even for small-
sized NSCLC.

The tumor size is an important component of surgical
decision making and prognostic evaluation. Chen ez al.
reported that NSCLC >1 to 2 cm had a higher rate of
nodal metastasis than NSCLC 1 c¢m or less (13.8% versus
3.5%) (15). These results indicated that small-sized NSCLC
patients are a heterogeneous group, some of whom are
potentially candidates for less extensive lymphadenectomy.
In this study, we found that the dissection of >4 LNs does
not improve the survival than dissection of 1 to 3 LNs
in patients with NSCLC <1 cm undergoing sublobar
resection. This finding has significant implications for
surgical decisions in reducing surgical trauma.

We must acknowledge some limitations in this study.
First, because of the nature of this retrospective study,
performance bias and selection bias were inevitable. For
example, the patients included in the presented study
were not designed for lymphadenectomy after sublobar
resection. Future randomized trials are necessary to validate
our findings. Second, the respective number of dissected
N1 and N2 LNs were not recorded in the SEER database,
hence it is impossible to determine the appropriate number

© Journal of Thoracic Disease. All rights reserved.

of LNs dissection specific to different location in sublobar
resection. Third, the presence of ground-glass opacity
(GGO) component on CT scan is associated with better
survival outcomes (34,35) and 8th TINM classification also
recommended the invasive component size, rather than
the whole tumor size, is considered a better measure for T
staging (14). However, the information on consolidation
diameter and presence or absence of GGO component are
not available in SEER database. Fourth, we evaluated the
impact of LNs dissection on prognosis in sublobar resection
but not specific to segmentectomy and wedge resection
subgroups.

Conclusions

The extent of LNs dissection is associated with the survival
in patients with NSCLC <2 cm after sublobar resection.
Dissection of >4 LNs has superior survival compared with
1 to 3 LNs dissection in NSCLC >1 to 2 cm, whereas has
equivalent survival for NSCLC <1 cm. Hence, dissection of
>4 LNs should be recommended for NSCLC >1 to 2 cm,
whereas surgeons could rely on surgical skills and the
patient profile to decide >4 LNs or 1 to 3 LNs dissection
for NSCLC <1 cm after sublobar resection.
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Supplementary

Table S1 Baseline characteristics of patients with non-small-cell lung cancer <1 ecm and >1 to 2 cm who underwent sublobar resection with
different number of lymph nodes dissection

No. (%) of patients by different tumor size and number of lymph nodes dissection

Variables NSCLC <1 cm (n=2,041) NSCLC >1 to 2 cm (n=5,586)

No-LN 1-3 LNs >4 LNs No-LN 1-3 LNs >4 LNs p
(n=1,031) (n=489) (n=521) (n=2,393) (n=1,468) (n=1,725)

Age, years
Mean + SD 68.1+10.0 68.6+8.5 68.6£8.3  0.536 70.2+9.6 70.0+9.2 69.8£9.5  <0.001
<65 371 (36.0) 165 (33.7) 158 (30.3)  0.084 700 (29.3) 425 (29.0) 536 (31.1) 0.337
>65 660 (64.0) 324 (66.3) 363 (69.7) 1,693 (70.7) 1,043 (71.0) 1,189 (68.9)

Sex 0.799 0.118
Male 376 (36.5) 171 (35.0) 192 (36.9) 1,037 (43.3) 619 (42.2) 692 (40.1)

Female 655 (63.5) 318 (65.0) 329 (63.1) 1,356 (56.7) 849 (57.8) 1,033 (59.9)

Race 0.953 0.676
White 884 (85.7) 421 (86.1) 445 (85.4) 2,067 (86.4) 1,277 (87.0) 1,482 (85.9)
Non-white 147 (14.3) 68 (13.9) 76 (14.6) 326 (13.6) 191 (13.0) 243 (14.1)

Marital status 0.966 0.771
Married 565 (54.8) 266 (54.4) 282 (54.1) 1,330 (55.6) 800 (54.5) 959 (55.6)
Single/other 466 (45.2) 223 (45.6) 239 (45.9) 1,063 (44.4) 668 (45.5) 766 (44.4)

Tumor site 0.184 <0.001
Upper lobe 576 (55.9) 273 (55.8) 315 (60.5) 1,384 (57.8) 917 (62.5) 987 (57.2)

Middle lobe 71(6.9) 24 (4.9) 26 (5.0) 131 (5.5) 53 (3.6) 60 (3.5)
Lower lobe 384 (37.2) 192 (39.3) 180 (34.5) 878 (36.7) 498 (33.9) 678 (39.3)

Histologic type 0.029 <0.001
Adenocarcinoma 700 (67.9) 342 (69.9) 390 (74.9) 1,534 (64.1) 991 (67.5) 1,231 (71.4)
Squamous cell carcinoma 161 (15.6) 81 (16.6) 73 (14.0) 544 (22.7) 309 (21.0) 338 (19.6)

Other 170 (16.5) 66 (13.5) 58 (11.1) 315 (13.2) 168 (11.4) 156 (9.0)

Tumor size, mean £ SD, mm  7.9+2.3 8.1+2.1 8.3+2.1 0.019  15.6+3.0 15.8+2.9 15.7+2.9 0.027

Grade 0.630 0.052
Well 400 (38.8) 179 (36.6) 189 (36.3) 604 (25.2) 341 (23.2) 459 (26.6)
Moderately 421 (40.8) 195 (39.9) 216 (41.4) 1,098 (45.9) 696 (47.4) 823 (47.7)

Poorly 210 (20.4) 115 (23.5) 116 (22.3) 691 (28.9) 431 (29.4) 443 (25.7)

Surgical procedure <0.001 <0.001
Wedge resection 964 (93.5) 416 (85.1) 374 (71.8) 2,160 (90.3) 1,175(80.0) 1,154 (66.9)
Segmentectomy 67 (6.5) 73 (14.9) 147 (28.2) 233 (9.7) 293 (20.0) 571 (33.1)

NSCLC, non-small cell lung cancer; LNs, lymph nodes; SD, standard deviation.



