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carcinoid tumours.

Abstract

OBJECTIVES: It is widely accepted that surgical resection of localized pulmonary typical carcinoid (TC) tumours remains the primary cura-
tive modality. However, the optimal extent of resection remains controversial. This study aimed to investigate the survival rates of patients
with stage T1-2NOMO TC tumours who underwent sublobar resection or lobectomy.

METHODS: We queried the Surveillance, Epidemiology, and End Results database for patients who underwent surgery after being diag-
nosed with stage T1-2NOMO TCs from 2004 to 2016. Propensity score matching (PSM) analysis was used to equalize the baseline charac-

teristics between the sublobar resection group and the lobectomy group. Kaplan-Meier analysis and the Cox proportional hazard model
were performed for survival analysis.
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RESULTS: Of the 2469 patients included, 658 (26.65%) underwent sublobar resection and 1811 (73.35%) underwent lobectomy. All 2469
patients were analysed with PSM and, following PSM, 812 patients were included in the final analysis and divided into 2 groups of 406
patients. In the matched cohort, Kaplan-Meier analysis demonstrated no significant difference in survival curves between the sublobar re-
section and lobectomy groups in patients with stage T1-2NOMO TC tumours [5-year overall survival (OS)=90.78% vs 93.30%; hazard ratio
1.18, 95% confidence interval: 0.77-1.80; P=0.505]. Subgroup analysis by tumour size showed that the sublobar resection group was
identical to the lobectomy group in OS for tumours <3.0 cm. In addition, no difference in OS between surgical groups was observed in any
subgroups. In the multivariable Cox analysis, age <65 years, female sex, married status and adequate lymph node assessment (>5) were
associated with improved OS, whereas the extent of resection was not.

CONCLUSIONS: Sublobar resection seems to be associated with similar survival to lobectomy for stage T1-2NOMO TC tumours if lymph
node assessment is performed adequately. This analysis suggests that sublobar resection should be considered an appropriate alternative

for stage T1-2NOMO TC tumours. However, further validations are needed in large, multicentre prospective studies.
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ABBREVIATIONS

ACs Atypical carcinoids

cl Confidence interval

HR Hazard ratio

LNs Lymph nodes

NSCLC Non-small-cell lung cancer

(O Overall survival

PCs Pulmonary carcinoids

PSM Propensity score matching

SEER Surveillance, Epidemiology, and End Results

TCs Typical carcinoids
INTRODUCTION

Pulmonary carcinoids (PCs), histopathologically categorized as
typical carcinoids (TCs) and atypical carcinoids (ACs), are rare
and indolent neuroendocrine tumours that account for about 1-
2% of pulmonary neoplasms [1-3]. TC, which accounts for >80%
of PC, often occurs in a central location and is generally associ-
ated with lower risks of lymph node metastasis and distant me-
tastasis and a better prognosis than AC [1, 4-6].

TC has poor sensitivity to radiotherapy and chemotherapy, is
mainly treated by surgery and is associated with 90-97% 5-year
overall survival (OS) with surgical resection [5, 7-9]. Currently,
National Comprehensive Cancer Network and European
Neuroendocrine Tumour Society guidelines recommend surgical
resection as the primary and the most effective therapy for oper-
able localized TC patients who can tolerate surgery with good
performance status and adequate pulmonary reserve, as it has
been regarded as a curative treatment [10]. Surgery aims to re-
move the lesion completely and maximally preserve normal lung
tissue. Lobectomy and sublobar resection (segmental resection
and wedge resection) are the major surgical approaches for re-
sectable lung tumours. Traditionally, lobectomy is accepted as
the standard surgical procedure for early-stage non-small-cell
lung cancer (NSCLC), while sublobar resection is regarded as an
alternative for patients with limited pulmonary function [11, 12].
However, due to relatively low rates of disease recurrence, me-
tastasis and death, as well as the rarity of these tumours and the
lack of prospective studies, no global consensus exists on the op-
timal extent of surgery for TC. This study aimed to compare sub-
lobar resection from lobectomy in patients with stage T1-2NOMO
TC tumours and has been configured according to the STROBE
checklist [13].

PATIENTS AND METHODS
Data sources

The data used for the present study were extracted from the
Surveillance, Epidemiology, and End Results (SEER) database. The
dataset collects registry information, including patient survival,
disease stage and treatment from different geographic regions
for ~35% of the US population [14]. We have been given access
to the database with the reference number 10281-Nov2019 by
SEER*Stat 8.3.8. Because individual patient data were de-
identified in the SEER database, approval from an ethics commit-
tee or institutional review board was not required.

Study population

Patients aged >18years who were diagnosed between 2004 and
2016 with pathologically confirmed stage T1-2NOMO pulmonary
TC tumours (histologic codes 8240) were enrolled. Those who
underwent lobectomy and sublobar resection (including segmen-
tal resection and wedge resection) were included, while those
with lymph node metastasis, distant metastases, an unknown
number of examined lymph nodes (LNs), or missing tumour size
and stage information were excluded. ACs (including patients
with preoperative diagnoses of TCs, which were changed to ACs
by postoperative pathological examination) were excluded.
Patients with a diagnosis at autopsy or death were excluded, as
were patients with a history of other primary cancers. TCs that
originated from the main bronchus were excluded because these
cases probably received bronchial resection.

The following patient characteristics were retrospectively
reviewed: clinical and pathological characteristics, therapy infor-
mation and survival data, including age at diagnosis, laterality,
marital status, sex, race, histologic grade, primary tumour site,
the number of LNs examined, tumour size, radiotherapy, adju-
vant chemotherapy, survival months and vital status. The TNM
staging was based on the criteria described in the 8th edition of
the American Joint Committee on Cancer (AJCC) Staging Manual.

Outcome

The primary end point was OS; OS was defined as the time from
surgery to death from any cause, and patients alive were cen-
sored at the time of the last recording. The follow-up duration
was calculated from 2004 to 2016.
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Table 1: Baseline characteristics before and after propensity score matching, n (%)
—
Characteristics Before propensity score matching After propensity score matching E
Total Sub-L Lob P-Value Sub-L Lob P-Value "o‘
(N=658) (N=1811) (N =406) (N = 406) T
Mean age + SD, years 57.81+14.12 61.95+11.99 56.31+14.53 <0.001 59.95+12.39 60.66 + 14.05 0.201
Sex 0.300 1.000
Female 1772 (71.77) 462 (70.21) 1310 (72.34) 292 (71.92) 292 (71.92)
Male 697 (28.23) 196 (29.79) 501 (27.66) 114 (28.08) 114 (28.08)
Race 0.310 0.940
White 2202 (89.19) 578 (87.84) 1624 (89.67) 356 (87.68) 353 (86.95)
Black 164 (6.64) 52 (7.90) 112 (6.18) 30(7.39) 31 (7.64)
Others 103 (4.17) 28 (4.26) 75 (4.14) 20 (4.93) 22(5.42)
Marital status 0.035 0.991
Married 1525 (61.77) 391 (59.42) 1134 (62.62) 248 (61.08) 251 (61.82)
Single 334 (13.53) 78 (11.85) 256 (14.14) 51 (12.56) 49 (12.07)
Separated 492 (19.93) 151 (22.95) 341 (18.83) 90(22.17) 88(21.67)
Unknown 118 (4.78) 38(5.78) 80 (4.42) 17 (4.19) 18 (4.43)
Laterality 0.949 0.831
Left 988 (40.02) 264 (40.12) 724 (39.98) 169 (41.63) 166 (40.89)
Right 1481 (59.98) 394 (59.88) 1087 (60.02) 237 (58.37) 240 (59.11)
Primary tumour site 0.128 0.896
Upper lobe, lung 858 (34.75) 210(31.91) 648 (35.78) 140 (34.48) 136 (33.50)
Middle lobe, lung 490 (19.85) 127 (19.30) 363 (20.04) 77 (18.97) 82 (20.20)
Lower lobe, lung 101 0(40.91) 282 (42.86) 728 (40.20) 175 (43.10) 169 (41.63)
Overlapping lesion of lung 25(1.01) 9(1.37) 16 (0.88) 2(0.49) (0 74)
Lung, NOS 86 (3.48) 30 (4.56) 56 (3.09) 12 (2.96) 6 (3.94)
Grade 0917 0.961
| 865 (35.03) 235 (35.71) 630 (34.79) 135 (33.25) '141 (34.73)
I 165 (6.68) 44 (6.69) 121 (6.68) 25 (6.16) 25 (6.16)
AV 36 (1.46) 8(1.22) 28 (1.55) 5(1.23) 4(0.99)
Unknown 1403 (56.82) 371 (56.38) 1032 (56.99) 241 (59.36) 236 (58.13)
Mean number of LNs involved + SD 6.46 £6.89 2.30+4.80 7.98+6.90 <0.001 3.57+5.73 3.84+398 0.434
Tumour size <0.001 0.544
0-3.0cm 2163 (87.61) 637 (96.81) 1526 (84.26) 385 (94.83) 381(93.84)
3.1-5.0cm 306 (12.39) 21(3.19) 285 (15.74) 21(5.17) 25 (6.16)
Radiotherapy 0.626 0.704
No 2450 (99.23) 652 (99.09) 1798 (99.28) 402 (99.01) 403 (99.26)
Yes 19(0.77) 6(0.91) 13(0.72) 4(0.99) 3(0.74)
Adjuvant chemotherapy 0.714 0.806
No 2435 (98.62) 648 (98.48) 1787 (98.67) 398(98.03) 397 (97.78)
Yes 34 (1.38) 10 (1.52) 24(1.33) 8(1.97) 9(2.22)

LNs: lymph nodes; Lob: lobectomy; NOS: not otherwise specified; SD: standard deviation; Sub-L: sublobar resection.

comparisons. Analyses were performed using SPSS version 26,
GraphPad Prism 8.0.2 and R version 3.5.0.

Statistical analysis

Patients were classified into 2 groups based on the surgical ap-
proach: a lobectomy group and a sublobar resection group.
Propensity score matching (PSM) was employed using 1:1 nearest
neighbour matching with a calliper of 0.03 to equalize baseline
characteristics between cohorts. A logistic regression model that
included age, laterality, marital status, sex, race, histologic grade,
primary tumour site, the number of LNs examined, tumour size,
radiotherapy and adjuvant chemotherapy was used for the PSM.
Comparisons between continuous variables were performed us-

RESULTS
Baseline characteristics
A total of 2469 eligible patients were included, of whom 1811

(73.35%) underwent lobectomy and 658 (26.65%) underwent
sublobar resection. The patient demographics and clinical char-

ing paired t-tests or the non-parametric Wilcoxon signed-rank
test. Frequencies (percentages) were calculated for categorical
variables and McNemar's tests were adopted to compare be-
tween cohorts. The Kaplan-Meier method was used to plot the
survival curve with a log-rank test to evaluate survival difference.
Variables with P<0.20 in the univariable analysis were entered
into in the multivariable analysis. Cox proportional hazards mod-
els were used to identify factors associated with OS. P-values
<0.05 were considered statistically significant. Due to the explor-
atory nature of the study, no adjustment was made for multiple

acteristics are summarized in Table 1. The mean age of the whole
cohort was 57.81 + 14.12 years. The mean number of LNs exam-
ined was 6.46 (£6.89), and at least 50.99% of patients had an ex-
amined lymph node number >5. The majority of patients were
white (89.19%), female (71.77%) and married (61.77%). The me-
dian follow-up time was 73 months. The 3-, 5- and 10-year OS
was 96.57%, 93.57% and 85.52%, respectively.

Distributions in age (P <0.001), tumour size (P<0.001) and the
number of LNs examined (P <0.001) were significantly different
in the lobectomy group and the sublobar resection group
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Figure 1: Kaplan-Meier survival curve of stage T1-2NOMO typical carcinoids. (A) Sublobar resection versus lobectomy in typical carcinoids before propensity score
matching. (B) Sublobar resection versus lobectomy in typical carcinoids after propensity score matching. Lob: lobectomy; Sub-L: sublobar resection.
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Figure 2: Kaplan-Meier survival curve of sublobar resection versus lobectomy
in stage T1-2NOMO typical carcinoids stratified by tumour size after propensity
score matching. (A) Sublobar resection versus lobectomy in the <1-cm group.
(B) Sublobar resection versus lobectomy in the 1cm < T<2cm group. (C)
Sublobar resection versus lobectomy in the 2cm < T <3 cm group. Sub-L: sub-
lobar resection, Lob: lobectomy.

(Table 1). Compared to patients in the sublobar resection group,
patients who underwent lobectomy were more likely to be youn-
ger and to have larger tumours and had a higher proportion of
LNs dissected. Therefore, we performed PSM among all 2469
patients. After PSM, 812 patients were included in the final analy-
sis and divided into 2 groups of 406 patients. In the final analyti-
cal model, all factors, including age, tumour size and the number
of LNs examined, were well-balanced between groups.

Survival analysis

The Kaplan-Meier curve showed that sublobar resection had a
worse OS before PSM [5-year OS=90.60% vs 94.61%; 10-year
0S=78.84% vs 87.77%; hazard ratio (HR) = 1.83, 95% confidence
interval (CI): 1.39-2.42; P<0.001; Fig. 1A], but no survival differ-
ence was noted after PSM (5-year OS=90.78% vs 93.30%; 10-
year OS=79.18% vs 82.95%; HR=1.18, 95% ClI: 0.77-1.80;

P=0.505; Fig. 1B). In the sublobar resection group, 127 patients
underwent segmental resection and 531 received wedge resec-
tion. There was no significant difference between segmental re-
section and wedge resection in terms of OS (5-year OS =95.42%
vs 89.40%; 10-year OS=85.19% vs 77.11%; HR=0.72, 95% CI:
0.40-1.31; P=0.286; Fig. 2).

Subgroup analysis

In the subgroup analysis by tumour size, there was no significant
difference between lobectomy and sublobar resection in the
T<1cm group (HR=0.76; 95% Cl, 0.32-1.81; P=0.537; Fig. 3A),
the Tecm < T<2cm group (HR=1.14; 95% CI, 0.65-2.00;
P=0.653; Fig. 3B) or the 2cm < T<3cm group (HR=1.58; 95%
Cl, 0.51-4.84; P=0.426; Fig. 3C). Because the number in the
T>3cm group was small, statistical analysis was not applied. To
further compare survival with different variable factors, an addi-
tional exploratory subgroup analysis was performed. The Cox
proportional hazard model was used to depict the forest plot.
The results showed that there was no significant difference in sur-
vival between the lobectomy group and the sublobar resection
group across all the analysed subgroups, including age, sex, race,
marital status, laterality and the number of LNs examined (Fig. 4).

Univariable and multivariable analyses

The univariable analysis of relevant variables affecting OS can be
seen in Table 2. In the multivariable analysis, after adjusting for
sex, age, primary tumour site, marital status, the number of LNs
examined and adjuvant chemotherapy, there was no significant
difference between sublobar resection and lobectomy in terms
of OS (HR, 1.17; 95% Cl, 0.83-1.44; P=0.369) (Table 2).

DISCUSSION

Recently, with increased routine medical examinations and tech-
nical improvements in diagnostic imaging, the detection rate of
TCs has gradually increased [1, 2, 14]. Surgery is currently the
mainstay of potentially curative treatment for TCs. Unfortunately,
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Figure 3: Kaplan-Meier survival curve of wedge resection vs segmental resection in typical carcinoids. Segment: segmental resection; Wedge: wedge resection.

there is no clear consensus on the appropriate surgical approach
for early-stage TCs. Some prior studies have demonstrated that
sublobar resection is comparable to lobectomy for PC tumours
[5, 15-19]. Yendamuri et al. [18]. showed that extent of resection
was not associated with OS for TC tumours and concluded that
sublobar resection in patients with TC tumours was a reasonable
alternative to lobectomy as long as complete resection with neg-
ative margins and adequate mediastinal staging was performed.
Furgan et al. [5]. reported that the 5-year survival rate following
sublobar resection was comparable to that following lobectomy
for either localized (P=0.209) or regional (P=0.364) TC tumours.
In addition, Fox et al. [17]. showed that sublobar resection is asso-
ciated with non-inferior disease-specific survival and OS in
patients with TC tumours compared with lobectomy. However,
most previous studies include not only both typical and atypical
histological subtypes but also the whole range of stages from lo-
calized, regional to the distant stage.

In this population-based cohort, we evaluated the effect of sur-
gical type on survival rates of stage T1-2NOMO TC patients.
Before matching, significant differences in clinical characteristics
were seen between patients who received lobectomy or sublobar
resection, which may affect the prognosis. Specifically, patients
who underwent sublobar resection were more likely to be older
and to have smaller tumours and had a lower proportion of LNs

dissected. All baseline characteristics were well-balanced with
PSM. After reducing potential confounding biases, we found that
there was no significant difference in survival between patients
with stage T1-2NOMO TC tumours who received lobectomy and
those who received sublobar resection. To our knowledge, this
study is the first to compare the long-term oncological outcomes
of sublobar resection and lobectomy for TC patients staged as
T1-2NOMO according to the 8th edition TNM staging system.

When analysed using the tumour size subgroup analysis, lo-
bectomy conferred a similar OS compared with sublobar resec-
tion among each of the tumour size subgroups. This result was in
line with previous studies. Brown et al. [16]. demonstrated that
sublobar resection could achieve identical OS in 1495 resected
patients with clinical stage T1aNOMO TC tumours <2cm in size
compared with lobectomy. Similarly, an analysis from the SEER
programme [15] found that extent of resection was not associ-
ated with OS in early-stage TCs <2cm in size, while there was
poor survival for tumours with a diameter of 2cm < T<3cm
among patients who underwent sublobar resection. However, af-
ter further adjusting lymph node assessment using PSM, there
was no significant survival difference between the 2 surgical
approaches among all the subgroups stratified by tumour size.

As with early-stage NSCLC, lobectomy with thorough mediasti-
nal lymph node dissection is currently recommended as the
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Lob Sub-L HR(95%CT) P
Age
<65 266 231 —— 1.40(0.71-2.77) 0.332
>65 140 175 —@— 1.05(0.61-1.81) 0.855
Sex
Female 292 292 —— 1.17(0.71-1.92) 0.537
Male 114 114 —— 1.18(0.53-2.64) 0.680
Race
White 356 353 —®— 1.25(0.80-1.97) 0.324
Black 30 31 ® 0.46(0.09-2.33) 0.351
Others 20 22 —— 0.69(0.28—1.66) 0.404
Marital status
Married 248 251 —— 1.09(0.60-1.97) 0.775
Single 51 49 . | 2.41(0.72-8.04) 0.152
Separated 90 88 —— 0.82(0.40—1.69) 0.589
Laterality
Left 169 166 — 1.59(0.82-3.08) 0.168
Right 237 240 — 0.94(0.54-1.63) 0.815
No. of nodes involved
0-1 199 116 —e— 1.50(0.78-2.88) 0.228
2-4 102 166 —— 1.03(0.48-2.20) 0.936
=5 105 124 L 0.62(0.19-2.00) 0.422
Tumor size
0~1.0cm 75 93 — 0.76(0.32-1.81) 0.537
1.1-2.0cm 230 224 —— 1.14(0.65-2.00) 0.653
2.1-3.0cm 80 64 ° 1 1.58(0.51-4.84) 0.426

O.IIZ 0.‘25 o.Tso 1:0 2?0 4?0 8?0

Figure 4: Subgroup analysis for overall survival in the matched population.

standard treatment for localized PCs. Sublobar resection, includ-
ing anatomical segmentectomy and non-anatomical wedge re-
section, is recognized as a compromising procedure for high-risk
patients [2, 11]. However, TCs usually have indolent growth and
are generally associated with poorer invasion and a better prog-
nosis compared with ACs. Lymph node-negative TC patients ex-
perienced relatively low risks of relapse and favourable outcomes
[20]. And current National Comprehensive Cancer Network
guidelines recommend observation after surgical therapy for
patients with stage | to IlIA TC tumours [2]. All the above-
mentioned factors indicate that the contribution of the extent of
surgery to prognosis was slight for early-stage TC tumours due to
indolent biological properties. Cusumano et al. [21]. suggested
that anatomical sublobar resection was advisable for small pe-
ripheral TCs. And our data demonstrate that sublobar resection
was not inferior to lobectomy in patients with stage T1-2NOMO
TC tumours. Therefore, we support sublobar resection as a pref-
erential surgical option for TC patients without lymph node or
distant metastasis if lymph node assessment is performed ade-
quately. Although some surgeons believe that TC tumours still
have the tendency to distantly metastasize and more aggressive
resection should be implemented due to the unpredictable

development of the disease, the most important outcome is OS,
and we did not observe survival differences in OS between
patients undergoing lobectomy and those undergoing sublobar
resection. More studies of perioperative outcome and disease re-
currence rate comparing the potential difference between sublo-
bar resection and lobectomy are required to provide further
evidence.

In this study, we found that segmental resection and wedge re-
section had a similar prognosis, which was similar to the results
of previous studies [15, 22]. Xu et al. [15]. reported that segmental
resection conferred a similar OS to wedge resection in PCs. The
study by Yan et al. [22]. showed that wedge resection was a com-
parable treatment to segmental resection for TC patients at the
localized stage. However, patients who underwent wedge resec-
tion were more likely to be older and associated with a lower
proportion of LNs dissected, which might affect the prognosis
(seen in Supplementary Material, Table S1). Due to the lack of
randomized controlled trials of TCs, the difference between the
prognostic outcomes of segmentectomy and wedge resection
needs further investigation in prospective studies.

In the multivariable analysis, the results of this study demon-
strated that age, gender, marital status and lymph node
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Table 2: Univariable and multivariable analyses for overall survival in the whole cohort

H. Yang and T. Mei / Interactive CardioVascular and Thoracic Surgery

(§}
Characteristics Univariable Multivariable g
HR (95% Cl) P-Value HR (95% Cl) P-Value "o‘
Age (years) E
<65 Reference Reference
>66 3.58 (2.72-4.71) <0.001 3.40 (2.55-4.44) <0.001
Sex
Female Reference Reference
Male 0.78 (0.57-1.06) 0.116 1.49 (1.08-4.44) 0.014
Race
White Reference
Black 0.98 (0.56-1.73) 0.958
Others 0.83(0.39-1.77) 0.635
Marital status
Married Reference Reference
Single 1.19(0.79-1.81) 0.406 1.52 (1.00-5.44) 0.051
Separated 2.16 (1.59-2.94) <0.001 1.53(1.12-5.44) 0.008
Unknown 1.13(0.55-2.31) 0.745 1.00 (0.49-0.44) 0.994
Laterality
Left Reference
Right 0.96 (0.73-1.27) 0.770
Primary tumour site
Upper lobe, lung Reference
Middle lobe, lung 1.02 (0.70-1.48) 0.924
Lower lobe, lung 0.94 (0.69-1.29) 0.711
Overlapping lesion of lung 1.42 (0.52-3.89) 0.497
Lung, NOS 1.20 (0.60-2.40) 0.605
Grade
| Reference
Il 0.70 (0.35-1.41) 0.320
/v 0.92 (0.23-3.78) 0.913
Unknown 1.03 (0.76-1.40) 0.834
Number of nodes involved
0-1 Reference Reference
2-4 0.66 (0.46-0.93) 0.017 0.70 (0.49-7.44) 0.043
>5 0.48 (0.35-0.65) <0.001 0.50 (0.37-5.44) <0.001
Tumour size
0-3.0cm Reference
3.1-5.0cm 0.88 (0.58-1.35) 0.555
Radiotherapy
No Reference
Yes 1.19(0.30-4.79) 0.808
Adjuvant chemotherapy
No Reference Reference
Yes 2.70(1.11-6.56) 0.028 2.01 (0.82-0.44) 0.127
Surgery
Lobectomy Reference Reference
Sublobar resection 1.83 (1.39-2.42) <0.001 1.17 (0.83-1.44) 0.369

Cl: confidence interval; HR: hazard ratio; NOS: not otherwise specified.

assessment remained the independent prognostic factors as-
sociated with OS, whereas the extent of resection was not. Age
<65 years, female sex, married status and adequate lymph
node assessment (>5) were associated with improved OS. Our
results were highly consistent with previous results [15].
Previous research found that patients who were older at onset
had more comorbidities, poorer performance status, lower
tolerance of treatment and a worse prognosis [23, 24]. Some
studies have reported a worse prognosis in females than males
[25, 26]. Differences in constitutional, physiological and social
factors may explain this survival discrepancy. Specific mecha-
nisms may require further research. Previous studies [27, 28]
showed that all unmarried individuals (single, divorced and
widowed) developed more anxiety symptoms and had a worse
prognosis than the married group, indicating that unmarried

status may be relevant to complex social physiology levels.
Further studies are necessary to elucidate the specific mecha-
nism. Lymph node dissection is the focus of surgery, and the
appropriate extent of lymph node dissection to obtain better
survival has been the focus of clinical research. Our study
demonstrated that detecting 5 or more lymph nodes yielded
good long-term survival benefits for stage T1-2NOMO TC
patients. A large population-based study [29] proposed that
the detection of >16 lymph nodes can improve the accuracy
of node staging and the long-term survival of resected NSCLC.
A study based on the National Cancer Database [30] found
that patients may benefit from retrieval of >7 lymph nodes
during lobectomy for limited-stage small-cell lung cancer, but
the optimal number of lymph nodes that should be removed
for TC tumours remains unclear.
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Limitations

The study had some limitations. First, potential selection bias is inev-
itable in retrospective studies. Unmeasured confounders or missing
data might introduce bias into the results. Despite the use of PSM,
there are still unadjusted confounding variables. Smoking history,
performance status, comorbidities, complications, pulmonary func-
tion testing results, details on patient selection, clinical follow-up,
heterogeneity in surgical management, surgical margin status and
tumour location (central versus peripheral) are not available in the
SEER database, which may result in bias in these research results.
Second, detailed therapeutic options regarding radiotherapy, che-
motherapy regimens, targeted therapy records and endocrine ther-
apy are not available. Third, it is difficult to assess lymph node status
when patients underwent wedge resection. A small proportion of
N1 patients receive wedge resection, which would undoubtedly add
to the number of surgical candidates, perhaps resulting in bias in the
research results. Fourth, because the number in the T> 3 cm group
was low, statistical analysis was not applied for separate subgroup
analysis. The prognostic difference between the sublobar resection
group and the lobectomy group is difficult to discern in this tumour
size subgroup. Fifth, in clinical practice central type TCs were not in-
dicative for wedge resection, and TCs originating from lobar bron-
chus were not managed with segmentectomy; this bias on selecting
operation mode persists despite the use of PSM. Sixth, the number
of LNs examined was identified as an independent prognostic factor.
Before matching, the number of LNs examined for the sublobar re-
section group was only 2.30, whereas for the lobectomy group it
was 7.98. After matching, the number of LNs examined for the sub-
lobar resection group was 3.57, and for the lobectomy group, it was
3.84, which inadvertently selected the most aggressive nodal dissec-
tion cases from the sublobar resection group and the least nodal
dissections from the lobectomy group. This may affect interpretation
of the results. Finally, the number of events (death) was very small in
both the lobectomy group and the sublobar resection group, and
the results of multivariable analyses are unstable, which may result
in bias in this research results. Therefore, the interpretation of these
results is limited.

CONCLUSION

In conclusion, according to the results of our SEER database
analysis and the PSM analysis, sublobar resection is not inferior
to lobectomy for stage T1-2NOMO TC tumours. Considering sub-
lobar resection better preserves lung function and decreases
postoperative complications, sublobar resection may be a rea-
sonable treatment option for patients with TC tumours <5cm in
size without lymph node or distant metastasis if lymph node as-
sessment is performed adequately. Further randomized con-
trolled studies should be performed to confirm these findings.
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