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Background: Surgery combined with chemotherapy (CT) is the best treatment for tumor patients at stage
I to IITA. But there are only few studies specifically evaluated the survival benefits of removing different
number of regional lymph nodes (RLNs) for patients with stage ITA non-small cell lung cancer (NSCLC).
The objective of this study is to discuss the effect of removing different number of RLNs on survival
outcomes in operable patients at stage IIA NSCLC.

Methods: Through the use of the Surveillance, Epidemiology, and End Results (SEER) registry, satisfactory
patients at stage IIA NSCLC, who had complete clinical information from 2004 to 2015, were identified.
Lung cancer-specific survival (LCSS) and overall survival (OS) were compared by the Kaplan-Meier analysis
and Cox regression analyses to determine the impact of the confounding factors on the survival outcomes.
LCSS and OS as the primary endpoints were compared among patients with different number of RLNs
removed.

Results: A total of 3,362 patients at stage IIA NSCLC met our criteria, including 173 (5.1%), 486 (14.5%),
2,703 (80.4%) patients without RLNs removed, with 1 to 3 RLNs removed and with greater than or equal
to 4 RLNs removed, respectively. Kaplan-Meier survival analyses and Univariate Cox regression analyses
revealed that there was a statistically significant difference on survival curve (log rank P<0.001) among
the stage IIA NSCLC patients with different number of RLNs removed. Furthermore, multivariable
Cox regression analyses on LCSS showed that the hazard ratio (HR) and 95% confidence interval (95%
CI) of the 1 to 3 RLNs removed group and greater than or equal to 4 RLNs removed group were 0.622
(0.484-0.800, P<0.001) and 0.545 (0.437-0.680, P<0.001), respectively, compared to without any RLNs
removed group.

Conclusions: This study illustrated that removing different number of RLNSs can affect survival outcomes
of operable patients at stage IIA NSCLC. Whether more radical lymphadenectomy is beneficial to patients
at stage IIA NSCLC still needs to be researched.
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Introduction

Lung cancer (LC) is one of the top 10 malignant tumors
with the highest incidence around the world and it ranked
first in the global cancer incidence (11.6%) and mortality
(18.4%) in 2018 (1). In the same year, the American Cancer
Center reported that approximately 234,030 patients
were diagnosed with LC, of which more than 80% were
non-small cell lung cancer (NSCLC) patients (2,3). The
NSCLC patients have only 15% of 5-year survival rate (4).
However, approximately one-third of NSCLC patients who
were diagnosed at early stages may have opportunities to be
cured by removal of the tumors via surgery (5).

Since staging of LC at the time of initial diagnosis is the
most important predictor of survival rate, accurate diagnosis
and clinical staging of the LC are the basis for formulating
therapy and they form a vital part in the management
of these patients (6,7). In 2017, the eighth edition of the
tumor, node and metastasis (TINM) classification was
published, which provides a higher level of differentiation
based on global database, extensive internal validation,
sophisticated analysis and multiple evaluations that confirm
generalizability (6,8-11). Compared with the 7th edition
staging, a significant change in the 8th edition staging is to
define stage IIA LC as T2b (tumor size is greater than 4 cm
and smaller than or equal to 5 cm) NOMO, and tumor size
smaller than or equal to 3 cm with N1IMO (stage IIA in the
7th edition) has been amended to stage IIB. This change
provides a more accurate and personalized treatment
opportunity for stage IIA NSCLC patients.

According to National Comprehensive Cancer Network
Guidelines (Version 1.2020, 2019) in the US, surgery is
recommended for suitable patients at stage I to IITA and
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this may be the only way to cure NSCLC. Nevertheless, the
effect of various surgical methods on survival outcomes of
patients is still controversial (12-15). RLN is an important
part of radical surgery for patients with limited-stage LC.
Martini et 4l. (16) and Naruke er a/. (17) have successively
confirmed that removing RLNs in patients with lymph node
metastasis can significantly improve the prognosis, which
has provided a theoretical basis for the necessity of RLNs
removed (18). In addition, extended lymphadenectomy
was recommended, and the number of lymph nodes to be
removed was 12-22 in the Japanese study (19). However,
there are only few studies specifically evaluated the survival
benefits of removing different number of RLNs for patients
with ITA NSCLC. This study aims at exploring the effect of
removing different number of RLNs on survival outcomes
in operable patients with IIA NSCLC. We present the
following article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-1314/rc).

Methods
Data source

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This
retrospective study was conducted to assess the survival
outcomes in stage IIA NSCLC surgical patients with
different RLNs removed. Data of this study was from
the SEER database, which is maintained by the National
Cancer Institute in the United States (US). The SEER
database includes a population-based cancer registry,
established in 1973, which accounts for approximately
10% of the US population (20). According to the SEER
RESEARCH DATA RECORD DESCRIPTION CASES
DIAGNOSED IN 1973-2011%, scope of Regional Lymph
Node Surgery describes the procedure of removal, biopsy,
or aspiration of regional lymph nodes performed during the
initial work-up or first course of therapy at all facilities.

Study population

TNM classification was performed according to the criteria
of the 8th edition staging of the TNM classification. The
cohort was limited to surgical patients at stage IIA NSCLC
diagnosed between 2004 and 2015. At the same time,
histological type was limited to adenocarcinoma, squamous
cell carcinoma, adenosquamous cell carcinoma and large

7 Thorac Dis 2023;15(2):552-567 | https://dx.doi.org/10.21037/jtd-22-1314


https://jtd.amegroups.com/article/view/10.21037/jtd-22-1314/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-1314/rc

554 Li et al. Removing different number of RLNs affects survival outcomes

SEER NO, MO LC patients
Year of diagnosis, 2004-2015

(N=160,544)

Y

Excluded
e Other histologic types other than squamous cell carcinoma,
adenocarcinoma, large cell carcinoma, adenosquamous carcinoma
(n=39,625)

NO, MO NSCLC patients
Year of diagnosis, 2004-2015
(N=120,919):

Sqguamous cell carcinoma (n=43,202)
Adenocarcinoma (n=72,816)
Large cell carcinoma (n=2,231)
Adenosquamous carcinoma (n=2,670)

Y

Y

Excluded
* No surgery or unknown (n=47,402)
e Tumor destruction; no pathologic specimen or unknown (n=623)

NO, MO NSCLC patients
received surgery

Y

(N=72,894)
| Excluded
v ” e Tumor size (smaller than or equal to 4 cm, bigger than 5 cm ) (n=67,714)
Stage IIA NSCLC patients
received surgery
(N=5,180)
Excluded

Scope of regional lymph node:
e Unknown or not applicable (n=7)
e Sentinel lymph node biopsy (n=33)
¢ Number of regional lymph nodes removed unknown (n=220)
¢ Biopsy or aspiration of regional lymph node, NOS (n=31)
e CSS: N/A not first tumor (n=1,287), dead (missing/unknown) (n=21)
e Grade: unknown (n=219)

v v v

1to 3 RLNs Greater than or equal
No RLNs removed
(n=173) removed to 4 RLNs removed
- (n=486) (n=2,703)

Figure 1 Study flow diagram. SEER, Surveillance, Epidemiology and End Results; LC, lung cancer; NSCLC, non-small cell lung cancer;

NOS, not otherwise specified; CSS, cancer-specific survival; N/A, not applicable; RLN, regional lymph node.

cell carcinoma. Patients with incomplete information or
who did not meet the requirements of surgery, pathologic
specimen, cancer-specific survival (CSS) (Figure I) were
excluded. The number of RLNs removed was divided into
three categories: none RLN removed group, tumor size,
RLNs removed 1 to 3 RLNs removed group and greater
than or equal to 4 RLNs removed.

Covariates

Baseline clinical characteristics including age, survival
time, size of tumor, gender, race, region, year of diagnosis,
primary site, grade, laterality, pathology of tumor, stage,
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radiation, chemotherapy and number of RLNs removed
were collected.

Statistical analyses

The Kaplan-Meier analyses and the log-rank test were used
to compare LCSS or OS in different groups. Univariate
and multivariate Cox regression analyses were performed
for the risk factors analysis for survival outcomes: CSS and
OS. Predictors (P<0.05) identified in Kaplan-Meier analyses
or univariable analyses were entered into a multivariable
analysis. Statistical significance was set at a two-tailed P
value <0.05. Data were analyzed using IBM SPSS version
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21.0 ABM Corp., Armonk, NY, USA).

Results
Study cobort characteristics

Figure 1 shows a flow diagram of the study for the selection
of the appropriate patients from the SEER database.
Initially, 160,544 LC patients without lymph nodes and
distant metastases were identified. Next, the focus of this
study was narrowed down to only four main pathological
subtypes: adenocarcinoma, squamous cell carcinoma,
adenosquamous cell carcinoma and large cell carcinoma,
identifying 120,919 NSCLC patients. Finally, the inclusion
criteria were further limited. A total of 3,362 surgical
patients at stage IIA NSCLC were included, after excluding
the following patients: (I) 47,402 patients without surgery
or unknown; (II) 623 patients with tumor destruction but no
pathologic specimen or unknown; (III) 67,714 patients with
tumor size smaller than or equal to 4 cm or with tumor size
greater than 5 cm; (IV) 7 patients with RLNs removed not
applicable or unknown; (V) 33 patients with only sentinel
lymph node biopsy; (VI) 220 patients with number of RLNs
removed unknown; (VII) 31 patients with only biopsy or
aspiration of regional lymph node, not otherwise specified;
(VIII) 1,287 patients with N/A not first tumor of CSS;
(IX) 21 patients with dead (missing/unknown) of CSS; (X)
219 patients with unknown of grade. Patients were divided
into three categories as per the number of RLNs removed:
no RLNs removed group accounted for 173 patients, 1 to
3 RLNSs removed group accounted for 486 patients and
greater than or equal to 4 RLNs removed group accounted
for 2,703 patients.

555

A total of 3,362 surgical patients were identified at
stage IIA NSCLC, of whom 173 (5.1%), 486 (14.5%) and
2,703 (80.4%) underwent no RLNs removed, 1 to 3 RLNs
removed and greater than or equal to 4 RLNs removed,
respectively, as a primary treatment from 2004 to 2015.
Table 1 shows the based characteristics of all included
patients. There were statistically significant differences
on LCSS with regard to age (P<0.001), sex (P<0.001),
differentiation grade (P<0.001), histologic type (P=0.002),
and radiotherapy (RT) (P<0.001) among the three groups
by using Kaplan-Meier analyses.

Univariate analysis showed that there were statistically
significant differences on LCSS with regard of age
(P<0.001), sex (P<0.001), differentiation grade (P<0.001),
histologic type (P=0.002), size (P=0.002), diagnosis
(P=0.001), number of RLNs removed (P<0.001), RT
(P<0.001) and radiation surgery (P<0.001) with the
prognosis of stage IIA NSCLC patients. The outcomes of
statistically significant differences on OS were the same
as that of LCSS except chemotherapy, whose P value was
<0.001 (Table 2).

A cox model on LCSS was established by using
multivariable analysis of Cox regression. The result showed
that there were statistically significant differences (P<0.001)
on the overall score of the model coefficients in all the
included patients and demonstrated that the prognoses of
surgical patients at stage IIA NSCLC were related to the
factors such as age, sex, differentiation grade, tumor size,
number of RLNs removed and RT. Also, the Cox model
on OS showed that there were statistically significant
differences (P<0.001) on overall score of the model
coefficients in all the included patients and demonstrated
that the prognoses of surgical patients at stage IIA NSCLC

Table 1 Baseline characteristics of stage IIA NSCLC patients who received surgery as a basis treatment in the Surveillance, Epidemiology and

End Results program, 2004-2015

NSCLC, N (%)

Characteristics P
No RLNs removed 1 to 3 RLNs removed Greater than or equal to 4 RLNs removed Total
Age (years) <0.001
Younger than 45 3(1.7) 4(0.8) 35(1.3) 42 (1.2)
45 to 54 16 (9.2) 28 (5.8) 228 (8.4) 272 (8.1)
55 to 64 26 (15.1) 105 (21.6) 662 (24.5) 793 (23.6)
65to 74 61 (35.3) 192 (39.5) 1,012 (37.4) 1,265 (37.6)
Older than or equal to 75 67 (38.7) 157 (32.3) 766 (28.4) 990 (29.5)

Table 1 (continued)
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Table 1 (continued)

NSCLC, N (%)

Characteristics P
No RLNs removed 1 to 3 RLNs removed Greater than or equal to 4 RLNs removed Total

Sex <0.001
Female 69 (39.9) 210 (43.2) 1,184 (43.8) 1,463 (43.5)

Male 104 (60.1) 276 (56.8) 1,519 (56.2) 1,899 (56.5)

Race 0.263
White 143 (82.7) 414 (85.2) 2,285 (84.5) 2,842 (84.5)

Black 18 (10.4) 39 (8.0) 238 (8.8) 295 (8.8)
Others 12 (6.9) 33 (6.8) 180 (6.7) 225 (6.7)

Tumor location 0.252

Upper lobe 98 (56.6) 299 (61.5) 1,598 (59.1) 1,995 (59.3)
Middle lobe 7 (4.1) 22 (4.6) 89 (3.3) 118 (3.5)
Lower lobe 55 (31.8) 160 (32.9) 901 (33.3) 1,116 (33.2)
Not otherwise specified 5(2.9) 2(0.4) 23 (0.9) 30 (0.9)
Overlapping lesion 3(1.7) 2(0.4) 59 (2.2) 64 (1.9)

Main bronchus 5(2.9) 1(0.2) 33(1.2) 39(1.2)

Differentiation grade <0.001
Well differentiated 20 (11.6) 44 (9.1) 259 (9.6) 323 (9.6)
Moderately differentiated 68 (39.3) 211 (43.4) 1,148 (42.5) 1,427 (42.4)

Poorly differentiated 77 (44.5) 215 (44.2) 1,225 (45.3) 1,517 (45.2)
Undifferentiated 8 (4.6) 16 (3.3) 71 (2.6) 95 (2.8)

Laterality 0.849
Right-origin of primary 100 (57.8) 296 (60.9) 1,525 (56.4) 1,921 (57.1)
Left-origin of primary 73 (42.2) 190 (39.1) 1,175 (43.5) 1,438 (42.8)

One side, unspecified 0 (0.0 0 (0.0 2(0.1) 2 (0.1)
Paired site 0(0.0) 0(0.0) 1(0.0) 1(0.0)

Histologic type 0.002
Adenocarcinoma 88 (50.9) 248 (51.0) 1,324 (49.0) 1,660 (49.4)
Squamous cell carcinoma 69 (39.9) 208 (42.8) 1,199 (44.4) 1,476 (43.9)
Adenosquamous 4 (2.3) 15 (3.1) 103 (3.8) 122 (3.6)

Large cell carcinoma 12 (6.9) 15 (3.1) 77 (2.8) 104 (3.1)

Radiotherapy <0.001
Yes 36 (20.8) 67 (13.8) 251 (9.3) 354 (10.5)

No 137 (79.2) 419 (86.2) 2,452 (90.7) 3,008 (89.5)

Chemotherapy 0.231
Yes 43 (24.9) 132 (27.2) 768 (28.4) 943 (28.0)

No 130 (75.1) 354 (72.8) 1,935 (71.6) 2,419 (72.0)

NSCLC, non-small cell lung cancer; RLNs, regional lymph nodes.
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Table 2 Univariable and multivariable analyses of LCSS in surgical patients with stage IIA NSCLC

Univariable analysis Multivariable analysis®
Variables
HR 95% Cl P HR 95% CI P

Age (years) <0.001 <0.001

Younger than 45 Reference Reference

45 to 54 1.544 0.801 to 2.979 0.195 1.592 0.824 to 3.077 0.209

55 to 64 1.736 0.923 to 3.265 0.087 1.763 0.934 to 3.327 0.121

65to 74 2121 1.133 to 3.969 0.019 2.281 1.215t0 4.283 0.021

Older than or equal to 75 2.518 1.344 t0 4.719 0.004 2.728 1.451 10 5.131 0.005
Sex <0.001

Female Reference Reference

Male 1.25 1.113 to 1.404 <0.001 1.202 1.068 to 1.353 0.001
Differentiation grade <0.001 <0.001

Well differentiated Reference Reference

Moderately differentiated 1.696 1.328 t0 2.166 <0.001 1.64 1.278 t0 2.105 <0.001

Poorly differentiated 1.912 1.501 to0 2.436 <0.001 1.77 1.378 t0 2.274 <0.001

Undifferentiated 2.151 1.468 to 3.150 <0.001 1.815 1.140 to 2.889 0.012
Histologic type 0.002 0.145

Adenocarcinoma Reference Reference

Squamous cell carcinoma 1.104 0.979 to 1.244 0.106 0.958 0.845t0 1.186 0.501

Adenosquamous 1.52 1.158 to 1.997 0.003 1.317 0.998 to 1.738 0.051

Large cell carcinoma 1.435 1.080 to 1.907 0.013 1.085 0.752 to 1.566 0.662
Size 0.002 0.017

41 Reference Reference

42 1.08 0.749 to 1.557 0.682 1.024 0.721 to 1.505 0.901

43 1.045 0.700 to 1.560 0.829 0.99 0.662 to 1.481 0.972

44 1.069 0.680 to 1.682 0.772 1.029 0.653 to 1.622 0.882

45 1.171 0.842 to 1.629 0.349 1.138 0.816 to 1.587 0.487

46 0.914 0.562 to 1.485 0.716 0.914 0.561 to 1.489 0.621

47 1.223 0.810 to 1.846 0.339 1.168 0.773 to 1.766 0.468

48 1.123 0.747 to 1.687 0.578 1.046 0.695 to 1.575 0.788

49 1.741 1.060 to 2.859 0.029 1.597 0.969 to 2.632 0.065

50 1.481 1.066 to 2.057 0.019 1.378 0.990 to 1.919 0.063
Diagnosis 0.001 0.055

2004 to 2006 Reference Reference

2007 to 2009 0.907 0.785 to 1.047 0.181 0.959 0.830 to 1.108 0.572

2011 to 2013 0.85 0.726 to 0.997 0.045 0.9 0.767 to 1.057 0.2

2013 to 2015 0.668 0.544 to 0.820 <0.001 0.752 0.612 to 0.928 0.008

Table 2 (continued)
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Table 2 (continued)

Univariable analysis Multivariable analysis®
Variables
HR 95% Cl P HR 95% CI P

Number of RLNs removed <0.001 <0.001

None Reference Reference

1to3 0.602 0.469 to 0.771 <0.001 0.622 0.484 to 0.800 <0.001

Greater than or equal to 4 0.484 0.390 to 0.600 <0.001 0.545 0.437 to 0.680 <0.001
Radiotherapy <0.001

Yes Reference Reference

No 0.562 0.479 to 0.659 <0.001 0.579 0.491 to 0.683 <0.001
Radiation surgery <0.001

Both prior and after Reference

Radiation prior to surgery 190.533 0.000 to 2.084E+20 0.804

Radiation after surgery 283.097 0.000 to 3.094E+20 0.79

No radiation surgery 143.063 0.000 to 1.563E+20 0.815
Chemotherapy 0.23

Yes Reference

No 1.08 0.952 to 1.226 0.233
Race 0.25

White Reference

Black 0.839 0.678 to 1.038 0.107

Other 0.962 0.762 to 1.214 0.744
Site 0.268

Upper lobe Reference

Middle lobe 0.79 0.563 to 1.110 0.174

Lower lobe 1.057 0.933 to 1.196 0.383

NOS 1.092 0.602 to 1.982 0.772

Overlapping lesion 1.238 0.859 to 1.785 0.252

Main bronchus 1.433 0.918 t0 2.235 0.113
Laterality 0.873

Right-origin of primary Reference

Left-origin of primary 1.028 0.916 to 1.154 0.636

Only one side unspecified 2.078 0.292 to 14.779 0.465

Paired site 0.007 0.000 to 1.634E+55 0.941

¢, multivariate analysis for age, sex, differentiation grade, histologic type, size, diagnosis, number of RLNs removed, and radiotherapy.
LCSS, lung specific survival time; NSCLC, non-small cell lung cancer; HR, hazard ratio; Cl, confidence interval; RLNs, regional lymph
nodes.
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were related to the factors such as age, sex, differentiation
grade, tumor size, number of RLNs removed, RT and CT.

Table 2 also shows the HR and 95% CI on LCSS in
the three groups: no RLNs removed group, 1 to 3 RLNs
removed group and greater than or equal to 4 RLNs
removed group. The result demonstrated that removing
different number of RLNSs can affect significantly the
survival outcomes (LCSS) of surgical patients at stage IIA
NSCLC. The result in 7Tzble 3 demonstrates the same
conclusion of removing different number of RLNs and it
affected significantly the survival outcomes (OS) of surgical
patients at stage IIA NSCLC. Figure 2 are the Forest Plot
of 95% CI in multivariable Cox regression on LCSS and
OS, respectively.

Comparison of survival curve: role of RT and CT on
survival outcomes

Survival curves were compared to investigate the effect
between RT and CT on survival outcomes in surgical
patients at stage IIA NSCLC (Figure 3). Figure 34,3B
shows the effect of RT on LCSS and OS, respectively.
2,419 patients (surgery alone 2,295, surgery + RT 124) were
included after excluding 943 patients who received CT
in this investigation. The survival curve of surgery alone
group was superior to that of surgery + RT group (log rank
P<0.001). In Figure 3C,3D, survival curves are compared to
study the effect of CT. In this investigation, 3,008 patients
(surgery alone 2,295, surgery + CT' 713) were included after
excluding 354 patients who received RT. The survival curve
of surgery + CT group was superior to that of surgery alone
group (log rank P=0.0066 on LCSS, P<0.001 on OS). The
result shows that CT may contribute to survival outcomes,
while RT may harm survival outcomes on surgical patients

at stage ITA NSCLC.

Comparison of survival curves among three groups: no
RLNs removed, 1 to 3 RLNs removed and greater than or
equal to 4 RLNs removed

The survival curve was compared among three groups: no
RLNs removed group, 1 to 3 RLNs removed group and
greater than or equal to 4 RLNs removed group, by using
Kaplan-Meier analysis. Figure 4 shows that the survival
curve on LCSS, OS of the greater than or equal to 4 RLNs
removed group was better than that of the others, and the
survival curve on LCSS, OS of 1 to 3 RLNs removed group
was better than that of no RLNs removed group (log rank

© Journal of Thoracic Disease. All rights reserved.
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P<0.001) in the whole study cohort.

Comparison of OS, LCSS and survival time in the three
groups: no RLNs removed, 1 to 3 RLNs removed and
greater than or equal to 4 RLNs removed

Tuble 4 shows the survival time of no RLNs removed group,
1 to 3 RLNs removed group and greater than or equal to
4 RLNs removed group. OS and LCSS were 47.4% and
64.8% in all the included patients, respectively. The OS and
LCSS of no RLNs removed group were 32.9% and 47.4%,
respectively. The OS and LCSS of 1 to 3 RLNs removed
group were 38.5% and 59.3%, respectively. The OS and
LCSS of greater than or equal to 4 RLNs removed group
were 49.9% and 67.0%, respectively. The results show
that the OS and LCSS of greater than or equal to 4 RLNs
removed group are better than that of the other groups, and
the OS and LCSS of 1 to 3 RLNs removed group are better
than that of no RLNs removed group in surgical patients at
stage ITA NSCLC.

Table 4 also shows the median survival time (MDST) and
the mean survival time (MST) of the three groups. In all
the included patients, the MDST and the MST were 42.0
and 50.8 months, respectively. The MDST and the MST of
the no RLNs removed group were 24.0 and 38.7 months,
respectively. The MDST and the MST of the 1 to 3 RLNs
removed group were 44.0 and 51.2 months, respectively.
The MDST and the MST of the greater than or equal
to 4 RLNs removed group were 42.0 and 51.5 months,
respectively. All in all, the MDST and the MST of greater
than or equal to 4 RLNs removed group are better than
that of the other groups, and the MDST and the MST of 1
to 3 RLNs removed group are better than that of no RLNs
removed group in surgical patients at stage IIA NSCLC.

Discussion

Surgical treatment with lymph node dissection (LND) is
the most commonly applied treatment of NSCLC. But
there is no specific requirement for the number of LND
in the guidelines. At present, the significance of LND in
radical surgery of LC mainly includes two aspects: one is to
ensure complete tumor resection; another is to ensure the
accuracy of lymph node staging (21,22).

Some literatures also reported that the number of
LND may impact the accuracy of staging and prognosis.
For example, David et 4l. reported that the OS of patients
removed more than 10 lymph nodes was significantly better
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Table 3 Univariable and multivariable analyses of OS in surgical patients with stage IIA NSCLC

Univariable analysis Multivariable analysis®
Variables
HR 95% Cl P HR 95% Cl P

Age (years) <0.001 <0.001

Younger than 45 Reference Reference

45to0 54 1.46 0.836 to 2.549 0.184 1.338 0.765 to 2.342 0.209

55 to 64 1.741 1.020 to0 2.970 0.042 1.533 0.896 to 2.624 0.121

65 to 74 2.408 1.418 to 4.088 0.001 2.186 1.283t0 3.724 0.021

Older than or equal to 75 3.1 1.825 to 5.267 <0.001 2.762 1.617 to 4.716 0.005
Sex <0.001

Female Reference Reference

Male 1.376 1.250 to 1.514 <0.001 1.344 1.219 to 1.482 0.001
Differentiation grade <0.001 <0.001

Well differentiated Reference Reference

Moderately differentiated 1.67 1.371 t0 2.034 <0.001 1.598 1.306 to 1.956 <0.001

Poorly differentiated 1.852 1.523 to 2.252 <0.001 1.749 1.427 t0 2.143 <0.001

Undifferentiated 1.959 1.430 to 2.682 <0.001 1.812 1.233 to0 2.663 0.002
Histologic type <0.001 0.453

Adenocarcinoma Reference Reference

Squamous cell carcinoma 1.199 1.088 to 1.322 <0.001 1.013 0.915t0 1.122 0.803

Adenosquamous 1.417 1.121 t0 1.790 0.003 1.216 0.959 to 1.543 0.106

Large cell carcinoma 1.317 1.033to 1.678 0.026 1.017 0.743 to 1.392 0.917
Size <0.001 0.004

41 Reference Reference

42 0.951 0.709 to 1.274 0.734 0.89 0.663 to 1.194 0.901

43 0.981 0.714 t0 1.374 0.904 0.922 0.670 to 1.269 0.972

44 1.031 0.721 to 1.476 0.867 0.966 0.674 to 1.384 0.882

45 1.078 0.831 to 1.400 0.57 1.032 0.793 to 1.342 0.487

46 0.752 0.503 to 1.125 0.165 0.734 0.490 to 1.100 0.621

47 1.255 0.909 to 1.733 0.168 1.176 0.851 to 1.626 0.468

48 1.064 0.771 to 1.469 0.706 0.985 0.712 to 1.362 0.788

49 1.469 0.971 t0 2.220 0.068 1.287 0.849 to 1.952 0.065

50 1.312 1.012 to 1.702 0,040 1.199 0.923 to 1.559 0.063
Diagnosis 0.002 0.068

2004 to 2006 Reference Reference

2007 to 2009 0.992 0.883to 1.115 0.892 1.034 0.919to0 1.163 0.575

2011 to 2013 0.881 0.770 to 1.007 0.063 0.939 0.820 to 1.076 0.366

2013 to 2015 0.738 0.620 to 0.878 0.001 0.827 0.693 to 0.986 0.035

Table 3 (continued)
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Table 3 (continued)

Univariable analysis Multivariable analysis®
Variables
HR 95% Cl P HR 95% Cl P

Number of RLNs removed <0.001 <0.001

None Reference Reference

1t03 0.705 0.569 to 0.874 0.001 0.732 0.589 to 0.909 0.005

Greater than or equal to 4 0.571 0.472 to 0.690 <0.001 0.643 0.530 to 0.781 <0.001
Radiotherapy <0.001

Yes Reference Reference

No 0.635 0.554 t0 0.728 <0.001 0.565 0.487 to 0.655 <0.001
Radiation surgery <0.001

Both prior and after Reference

Radiation prior to surgery 156.959 0.000 to 1.225E+18 0.787

Radiation after surgery 263.266 0.000 to 2.053E+18 0.765

No radiation surgery 148.222 0.000 to 1.155E+18 0.789
Chemotherapy <0.001

Yes Reference

No 1.297 1.164 to 1.445 <0.001 1.292 1.146 to 1.455 <0.001
Race 0.001

White Reference

Black 0.773 0.646 to 0.924 0.005

Other 0.762 0.617 to 0.940 0.011
Site 0.401

Upper lobe Reference

Middle lobe 0.795 0.603 to 1.047 0.102

Lower lobe 1.06 0.959t0 1.173 0.254

NOS 0.93 0.558 to 1.548 0.78

Overlapping lesion 1.017 0.736 to 1.406 0.918

Main bronchus 1.117 0.745t0 1.675 0.591
Laterality 0.197

Right-origin of primary Reference

Left-origin of primary 1.03 0.938 to 1.132 0.536

Only one side unspecified 1.517 0.213 t0 10.781 0.677

Paired site 21.018 2.942 to 150.170 0.002

¢, multivariate analysis for age, sex, differentiation grade, histologic type, size, diagnosis, number of RLNs removed, radiotherapy and
chemotherapy. OS, overall survival; NSCLC, non-small cell lung cancer; HR, hazard ratio; Cl, confidence interval; RLNs, regional lymph
nodes; NOS, not otherwise specified.
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Male =
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Figure 3 Comparison of survival curve: role of RT or CT on survival outcome. (A) Comparison of survival curves (P<0.001) between

surgery alone and surgery + RT on LCSS; (B) comparison of survival curves (P<0.001) between surgery alone and surgery + RT on OS; (C)

comparison of survival curves (P=0.0066) between surgery alone and surgery + CT on LCSS; (D) comparison of survival curves (P<0.001)

between surgery alone and surgery + CT on OS. NSCLC, non-small cell lung cancer; HR, hazard ratio; CI, confidence interval; RT,

radiotherapy; CT, chemotherapy; LCSS, lung cancer-specific survival; OS, overall survival.

than that of patients removed smaller than 10 nodes (23).
Another study reported that the OS of patients removed
greater than 6 lymph nodes was significantly better than
that of patients removed lymph nodes smaller than or
equal to 6 (24). Liang et al. found that removing more than
16 lymph nodes may influence the survival outcomes of
patients at stage I-IIT LC (25). However, there are currently
few researches on whether removing different number of
RLNs affects the survival outcomes of surgical patients at
stage IIA NSCLC (according the 8th edition staging). The
study demonstrated the association between an increased
number of dissected RLNs following resection for NSCLC
and better long-term survival rates of operable patients at
stage IIA NSCLC, and with higher number of removed
RLNSs, a more positive effect may be obtained as shown by
comparing survival curve, HR, OS, LCSS, MDST, MST
and survival time of three group: no RLNs removed group,
1 to 3 RLNs removed group and greater than or equal to 4
RLNs removed group. Furthermore, the survival outcomes
of greater than or equal to 4 RLNs removed group is also
superior to that of 1 to 3 RLNs removed group on the
following aspects: survival curve, HR, OS, LCSS. All of our

© Journal of Thoracic Disease. All rights reserved.

analysis outcomes illustrate that removing different number
of RLNs can affect survival outcomes of operable patients
at stage IIA NSCLC to different extent, and patients with
higher number of RLNs removed may obtain better survival
outcomes.

We found that 75.25% of operable patients at stage ITA
NSCLC had greater than or equal to 4 RLNs removed,
whereas 5.88% had no lymph nodes removed and 18.85%
had 1 to 3 RLNs removed from 2004 to 2006. In recent
15 years, there had been a small increase percentage of
greater than or equal to 4 RLNs removed, which reached
85.55% in between 2013 to 2015. The above data suggested
that both doctors and patients are aware of the benefits of
having more RLNs removed for patient prognosis at stage
ITA NSCLC (Figure S1).

From the study, the survival outcomes of surgery +
CT group were better than that of surgery alone group.
Therefore, we compared the survival curves of the three
groups in the patients underwent surgery + CT. The result
showed that the survival curve of the RLNs removed
greater than or equal to 4 group was better than none
RLN removed group (log rank P=0.0041), but there was

7 Thorac Dis 2023;15(2):552-567 | https://dx.doi.org/10.21037/jtd-22-1314


https://cdn.amegroups.cn/static/public/JTD-22-1314-Supplementary.pdf

564 Li et al. Removing different number of RLNs affects survival outcomes

A D
NSCLC NSCLC
.g 1.0 —— None 1.0 £ Nons
2 1 to 3 RLNs removed = 1 to 3 RLNs removed
Qo 2
3 :
8_ —".\-‘.\ 2]
@ 0.5+ =
§ o
o HR: 0.6399; 95% Cl: 0.4827 to 0.8483; P<0.001 HR: 0.7375; 95% Cl: 0.5827-0.9336; P<0.001
5 0.0 T T T 1 0.0t T T T 1
- 0 50 100 150 200 0 50 100 150 200
Survival time, months Survival time, months
B E
NSCLC NSCLC

— None
—+ Greater than or equal to
4 RLNs removed

~* None
Greater than or equal to
4 RLNs removed

N
o

Overall survival
o
(¢}

Lung cancer-specific survival

0.5
o w
HR: 0.5036; 95% Cl: 0.3737 to 0.6786; P<0.001 HR: 0.5892; 95% Cl: 0.4615-0.7522; P<0.001
OC ) I T T 1 OC 1 1 1 1 1
0 50 100 150 200 0 50 100 150 200
Survival time, months Survival time, months
C F
NSCLC NSCLC
% 1.0 —+ 1 to 3 RLNs removed —— 1to 3 RLNs removed
@ ' _. Greater than or equal to 5 —. Greater than or equal to
o 4 RLNs removed 2 4 RLNs removed
5 <
% o5 i
2 0. T
3 \“"‘h_._.. o
S o
@
[¢]
= HR: 0.7937; 95% Cl: 0.6720 to 0.9374; P=0.0133 HR: 0.8042; 95% Cl: 0.7027-0.9204; P=0.0039
3 0.0 T T T 1 0.0 T T T 1
0 50 100 150 200 0 50 100 150 200
Survival time, months Survival time, months

Figure 4 Comparison of survival curves among three groups: no RLNs removed, 1 to 3 RLNs removed and greater than or equal to 4
RLNSs removed. (A) Comparison of survival curves (P<0.001) on LCSS between the none RLN removed group and 1 to 3 RLNs removed; (B)
comparison of survival curves (P<0.001) on LCSS between the none RLN removed group and greater than or equal to 4 RLNs removed; (C)
comparison of survival curves (P=0.0133) on LCSS between the 1 to 3 RLNs removed group and greater than or equal to 4 RLNs removed;
(D) comparison of survival curves (P<0.001) on OS between the none RLN removed group and 1 to 3 RLNs removed; (E) comparison of
survival curves (P<0.001) on OS between the none RLN removed group and greater than or equal to 4 RLNs removed; (F) comparison of
survival curves (P=0.0039) on OS between the 1 to 3 RLNs removed group and greater than or equal to 4 RLNs removed. NSCLC, non-
small cell lung cancer; HR, hazard ratio; CI, confidence interval; RLN, regional lymph node; LCSS, lung cancer-specific survival; OS,

overall survival.

no statistical difference of other survival curves (log rank to have little effect on the survival rate. However, the effect
P>0.05) in patients underwent surgery + CT (Figure S2). It of removing different numbers of RLNs on the prognosis
is a known fact that surgery combined with chemotherapy of patients at stage IIA NSCLC in result 3.3 is still valid.
is the best treatment for tumors, but as per the grouping We think the difference in results may be due to bias caused
from the study, different number of RLNs removed seems by discontinuity or unknown on specific number of RLNs
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Table 4 Overall survival, lung cancer-specific survival, median survival time and mean survival time in stage IIA NSCLC patients with different

number of RLNs removed

Survival (%)

Median survival time Mean survival time

Variables Number

Overall survival  Lung cancer-specific survival (months) (months)
Overall patients 3,362 47.4 64.8 42.0 50.8
Number of RLNs removed
None 173 32.9 47.4 24.0 38.7
1to3 486 38.5 59.3 44.0 51.2
Greater than or equalto 4 2,703 49.9 67.0 42.0 51.5

NSCLC, non-small cell lung cancer; RLNs, regional lymph nodes.

removed or location of RLNs, which requires further study.

Currently, there is still lack of a unified definition for
LND in LC surgery. The European Society of Thoracic
Surgeons (ESTS) has defined the method of LND, which is
currently the most recognized version. LND is commonly
divided into systematic lymph node dissection (SYLND)
or selective LND. At present, SYLND is the gold standard
for LND. According to ESTS recommendations, SYLND
should remove hilar and interlobular lymph nodes, and
at least 3 regions of mediastinal lymph nodes including
subcarinal should be removed at the same time. En bloc
removal of lymph nodes should be performed to the greatest
extent (26). Selective LND refers to the selective dissection
of RLNs in the mediastinum according to the location of the
tumor (27). This scheme may reduce the complete tumor
resection rate and affect the accuracy of staging. Therefore,
it has not been widely used, and its feasibility needs further
verification (28,29). For better surgical quality control,
currently, lymph node atlas of the 8th edition TNM staging
provides a standard for the scope of LND. In this study, our
findings are consistent with the recommendations of ESTS
and may provide a theoretical basis for the necessity of
RLNs removed. The results of this study question why the
excision of lymph nodes that are not infiltrated by tumor
cells is beneficial to the patient prognosis and whether
these lymph nodes are really unaffected by the tumor.
There are five main reasons to explain this phenomenon:
(I) besides the form of tumor cells, tumors may metastasize
in the form of free nucleic acid which cannot be detected
by common laboratory tests (30); (II) studies have shown
that the local tissue microenvironment may have changed
before the appearance of tumors, which is conducive to
tumorigenesis (31); (III) a greater number of dissected
LNs is interpreted as associated with a lower risk of

© Journal of Thoracic Disease. All rights reserved.

undiscovered positive lymph nodes which increases the
staging accuracy (25); (IV) more extensive LN dissection
may reflect better technical skill of the treatment team
perhaps; (V) negative LNs may reflect the host’s immune
response to tumor cells’ survival perhaps (32).

There are still some risks in the LND that are required to
be addressed. For example, LND may damage the mediastinal
nerve, blood vessel and lymphatic vessel, prolong the time of
operation, increase postoperative drainage volume as well as
increasing the incidence of chylothorax and injuring laryngeal
recurrent nerve (33). Therefore, avoiding damage to important
tissues in LND may be beneficial in reducing postoperative
complications (34).

RT and CT are discussed here. It can be seen from
the results that RT may yield a negative effect on survival
outcomes in surgical patients with IIA NSCLC. After
excluding patients who received RT, patients underwent
surgery + CT had better survival outcomes than patients
underwent surgery alone in patients with IIA NSCLC. The
results are consistent with the National Comprehensive
Cancer Network guidelines (Version 1.2020, 2019) that
recommend CT, but not RT, for patients at stage IIA
NSCLC. Therefore, this study may provide a theoretical
basis for adjuvant therapy in patients with IIA NSCLC.

Admittedly, there are some limitations in the study,
mainly owing to its retrospective design. Firstly, patients
selected from the SEER database were roughly divided into
only three groups based on the number of RLNs removed,
not grouping patients according the specific number of
RLNSs removed. Secondly, the SEER database does not
provide specific region and number of RLNs removed
which cannot be included in the propensity score matching.
These information should be included in future studies.
However, with the inclusion of 10 variables and nearly 3,400
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patients in our cohort, the present study can represent
generalized and credible results by well-balanced analysis of
different number of RLNSs on survival outcomes. Therefore,
our conclusion is a more accurate basis for the surgical
approach in the absence of large-scale data from prospective
trials, providing useful information for the management of
patients at stage ITA NSCLC.

Conclusions

This study illustrates that removing different number of
RLNSs can affect survival outcomes of operable patients at
stage IIA NSCLC. Whether more radical lymphadenectomy
is beneficial to patients at stage IIA NSCLC would still
need to be further researched.
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Supplementary

Operable Patients With Stage IIANSCLC
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Figure S1 Percentage of IIA NSCLC patients who received surgery with different lymph nodes removed over time (2004-2015). NSCLC,

non-small cell lung cancer.
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Figure S2 Comparison of survival curves among three groups: patients underwent CT + no RLNs removed, CT + 1 to 3 RLNs removed and CT + greater than or equal to 4 RLNs removed. (A) Comparison of survival curves (P=1.667) on LCSS
between the patients underwent CT + none RLN removed group and CT + 1 to 3 RLNs removed; (B) comparison of survival curves (P=0.0629) on LCSS between the patients underwent CT + none RLN removed group and CT + greater than or
equal to 4 RLNs removed; (C) comparison of survival curves (P=0.3742) on LCSS between the patients underwent CT + 1 to 3 RLNs removed group and CT + greater than or equal to 4 RLNs removed; (D) comparison of survival curves (P=0.0682)
on OS between the patients underwent CT + none RLN removed group and CT + 1 to 3 RLNs removed; (E) comparison of survival curves (P=0.0041) on OS between the patients underwent CT + none RLN removed group and CT + greater than or
equal to 4 RLNs removed; (F) comparison of survival curves (P=0.2627) on OS between the patients underwent CT + 1 to 3 RLNs removed group and CT + greater than or equal to 4 RLNs removed. NSCLC, non-small cell lung cancer; CT, adjuvant
chemotherapy; RLN, regional lymph node.
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