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Background: The aim of the present study was to compare the prognostic outcomes of patients with stage
IA right middle lobe non-small cell lung cancers (RML NSCLCs) that underwent either lobectomy (LR) or
sub-lobar resection (SLR) after 1:1 propensity score matching (PSM).

Methods: Patients with stage IA RML NSCLC were identified from the Surveillance, Epidemiology and
End Results (SEER) database from 2005 to 2015. Cox regression analysis was carried out to compare lung
cancer specific survival (LCSS) following LR or SLR before and after PSM. Subgroup analysis of LCSS
stratified by tumor size (<1, 1-2, and 2-3 cm) was also performed.

Results: A total of 1,104 patients met the inclusion criteria. One hundred ninety-eight (17.9%) patients
underwent SLR, and 906 (82.1%) underwent LR. There were significant differences between patients of
LR and SLR groups with regard to the tumor size and the number of examined lymph nodes. After PSM,
147 matched pairs (n=294) were selected. Multivariable cox regression analysis revealed no difference in the
LCSS of patients that underwent either LR or SLR before [hazard ratio (HR): 0.881, 95% CI: 0.547-1.422,
P=0.605] and after PSM (HR: 0.778, 95% CI: 0.409-1.480, P=0.444). Subgroup analysis revealed no
significant difference in LCSS between patients of LR and SLR groups with regard to the tumor size (all
P>0.05).

Conclusions: Similar to lymphadenectomy, the prognostic outcomes in patients with stage JA RML
NSCLC were comparable between LR and SLR.
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Introduction

The only randomized trial, which was conducted by the
Lung Cancer Study Group in 1995, investigated the
impact of the surgical procedure [i.e., lobectomy (LR) or
sub-lobar resection (SLR)] on the prognosis of patients

with TINOMO (tumor size, <3 cm) non-small cell lung
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cancers (NSCLC). This study showed an increase in local
recurrence (7% versus 17%) with a limited resection
and a lower survival; thus, LR has remained as the best
therapeutic approach for NSCLC, including stage 1
tumors (1). However, recent studies have reported similar
long-term prognostic outcomes for patients with early-stage
NSCLC that underwent SLR (2-4).
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The right middle lobe (RML) is the smallest lobe in the
lung. Lung cancer occurring in the RML is less common
compared with that occurring in the other lobes, and it
accounts for approximately 5% of all primary lung cancers
(5-7). Despite a growing adoption of SLR as an alternative
to LR in patients with early stage NSCLC (2-4), there are
few studies on patients with early stage RML lung cancer.
In 2018, Lv and colleagues (7) published a SEER database-
based study that compared the prognosis of patients with
stage JA RML NSCLC (tumor size, <2 cm), followed by
either SLR or LR. They concluded that LR was associated
with an improved prognosis compared with that of SLR,
and that SLR was only suitable for patients with a <I cm
tumor size. However, there was a significant imbalance
between the groups in this study, which resulted in selection
bias and inaccurate conclusions. To minimize selection bias,
we performed propensity score-based matching (PSM) to
generate two homogenous groups for comparison. The
aim of the present study was to compare the prognostic
outcomes of patients with stage IJA RML NSCLC that
underwent either SLR or LR after PSM.

Methods

This retrospective study, which was approved by the
Ethics Committee of the Peking University First Hospital,
retrieved data from the SEER database using SEER*STAT
8.3.5 software. Patients with RML lung cancer were
identified using the International Classification of Diseases
for Oncology (ICD-O) topography code of C34.2, and those
registered between 2005 and 2015 were selected. Patients
who met the following criteria were included: (I) an age
>18 years; (II) a diagnosis of stage IA NSCLC, according to
the guidelines of the American Joint Committee on Cancer
(AJCC, 6™ Edition) (8); (III) a history of treatment with
LR or SLR; and (IV) a history of only one primary tumor.
Patients with incomplete data and/or those that were lost to
follow-up were excluded.

Collected variables

The extracted data consisted of clinicopathological and
treatment characteristics, as well as follow-up information,
including age, sex, race, year of diagnosis, histological
subtype, tumor grade, tumor size, surgical procedure,
marital status, the total number of dissected lymph nodes
(TLN), survival status, and lung cancer specific survival
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(LCSS). The sex, race, year of diagnosis, histological
subtype, tumor grade, and marital status were directly
retrieved from the database. The tumor size was determined
according to the “derived AJCC-6 T (2004+)” in the SEER
database. The surgical procedures were defined according
to the “RX summ-surg prim site (1998+)” and the “site-
specific coding scheme” of lung resections. The codes for
LR in the SEER database were 30 and 33, whereas those
for SLR were 20, 21, 22, and 24. The TLN was determined
according to the “regional lymph node examined (1988+)”.
The prognostic outcomes referred to LCSS, which only
reflected deaths caused by lung cancer.

Statistical analyses

All statistical calculations and PSM were carried out
using SPSS 25.0 software (SPSS, Chicago, IL, USA). All
variables were categorical, except for age, tumor size, and
TLN. For further analysis, these continuous variables
were converted into categorical data. The cut-off age was
67 years. The tumor size was stratified into three tiers
as follows: <1, 1-2, and 2-3 cm, according to the AJCC
Tumor Node Metastasis ('NM) Staging Classification of
lung cancer (6™ Edition) (8). The TLN was stratified into
four tiers as follows: 0, 1-3, >4, and not determined, which
was consistent previous studies (7,9). The chi-square test
was used to evaluate the association between the surgical
procedures and other clinicopathological factors. Survival
curves were generated using the Kaplan—-Meier method
and evaluated by the log-rank test. To estimate the impact
of LR or SLR on the prognosis, univariate and multivariate
cox regression analysis was carried out, and the results
were presented as hazards ratios (HR) and 95% confidence
intervals (95% CI). There were fewer patients treated
by SLR compared with those treated by LR (198 versus
906). Moreover, there were imbalances in the baseline
characteristics, such as tumor size and TLN; therefore,
PSM was used for more objective comparisons (10). The
PSM was described and adjusted for different variables,
including age, sex, race, year of diagnosis, tumor grade,
tumor size, TLN, marital status, and the use of adjuvant
therapy.

For PSM, patients receiving LR or SLR were matched
1:1 with a caliper set at 0.02. The matching algorithm was
nearest neighbor matching, and the estimation algorithm
was logistic regression. All statistical tests were two-sided,
and a P value <0.05 was considered statistically significant.
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Searching SEER database
for case of right middle lobe
non-small cell lung cancer

Search criteria:

1) Year of diagnosis: 2005-2015
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Figure 1 Flow-chart demonstrating the approach used to identify patients with stage IA right middle lobe non-small cell lung cancer

registered in the SEER database from 2005 to 2015.

Results

Baseline characteristics of the entire RML NSCLC
population

A total of 16,052 patients were identified from the SEER
database. Among them, 14,948 patients did not meet the
inclusion criteria and were excluded. Figure I illustrates
the approach used for identifying the stage IA (T1NOMO)
RML NSCLC cases registered in the SEER database. As
a result, 1,104 patients were selected and included. Table 1
summarizes the characteristics of the entire population.
There were 435 male patients (39.4%) with a median age
of 67 years (range, 22-92 years). One hundred ninety-
eight (17.9%) patients underwent SLR, and 906 (82.1%)
underwent LR. Using the Kaplan-Meier method, we
estimated the 5- and 10-year LCSS rates for the entire
population as 85.6% and 77.4%, respectively.
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Univariate and multivariate analyses of the prognostic
factors for LCSS before PSM

Before PSM, univariate analysis showed that the prognostic
outcome was worse for patients who underwent SLR
compared with those that underwent LR (P=0.046) (Figure 2).
The prognostic factors affecting LCSS were age (P<0.001),
sex (P<0.001), tumor grade (P<0.001), tumor size (P=0.016),
TLN (P<0.001), and use of adjuvant therapy (i.e., radiation)
(P<0.001). Other variables, such as the year of diagnosis
(P=0.119), race (P=0.908), histological subtype (P=0.199),
use of adjuvant therapy (i.e., chemotherapy) (P=0.241),
and marital status (P=0.746) had no impact on LCSS.
Multivariate analysis showed that the surgical procedure was
not an independent risk factor for LCSS (HR: 0.881, 95%
CIL 0.547-1.422, P=0.605). Age (P=0.002), sex (P=0.002),
tumor grade (P<0.001), TLN (P=0.003), and use of adjuvant
therapy (i.e., radiation) (P=0.001) were independent
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Table 1 Characteristics of patients with RML NSCLC from the

SEER database (n=1,104)
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Table 1 (continued)

Characteristic

No. of patients (%)

Characteristic No. of patients (%)

Year of diagnosis
2005-2010
2011-2015

Age, years
<67
>67

Sex
Male
Female

Race
Caucasian
Other

Tumor grade
Well/moderate
Poor/undifferentiated
Unknown

Histology
AD
SCC
Other

Tumor size, cm
<1
1-2
2-3

Number of examined LNs

Unknown

Adjuvant chemotherapy
No
Yes

Adjuvant radiotherapy
No

544 (49.3)
560 (50.7)

516 (46.7)
588 (53.3)

435 (39.4)
669 (60.6)

894 (81.0)
210 (19.0)

762 (69.0)
248 (22.5)
94 (8.5)

762 (69.0)
199 (18.0)
143 (13.0)

139 (12.6)
630 (57.1)
335 (30.3)

147 (13.3)

301 (27.3)

585 (53.0)
71 (6.4)

1,080 (97.8)
24 (2.2)

1,085 (98.3)

Yes 19(1.7)
Marital status

Married 492 (44.6)

No 612 (55.4)
Surgical procedure

SLR 198 (17.9)

LR 906 (82.1)

Table 1 (continued)
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AD, adenocarcinoma; LR, lobectomy; LNs, lymph nodes;
NSCLC, non-small cell lung cancer; RML, right middle lobe;
SCC, squamous cell lung cancer; SLR, sub-lobar resection.

1.0
g ) +
g
g 06 LR vs. SLR: P=0.046
£
3
§ 0.4
Procedure
0.2 _MLR
—1 SLR
{~ LR-censored
—+ SLR-censored
0.0
0 30 60 90 120 150
LCSS (months)
Cum (%)
LR 100 93.8 86.1 81.4 79.2
SLR 100 89.6 83.4 73.0 701

Figure 2 Impact of the surgical procedure on LCSS in patients
with stage IA RML NSCLC before propensity score matching.
The survival differences were analyzed using the log-rank test.
LCSS, lung cancer specific survival; RML, right middle lobe;
NSCLC, non-small cell lung cancer.

prognostic factors for LCSS. Detailed information is
presented in Table 2.

Before PSM, we further evaluated the impact of LR and
SLR on the prognosis stratified by tumor size. Kaplan-
Meier survival analysis and log-rank comparison revealed
no statistical difference between patients with a <1.0 cm
tumor size (P=0.971) (Figure 34). In patients with a 1-2 cm
tumor size, however, the LCSS was improved in patients
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Table 2 Univariate and multivariate regression analyses for LCSS before PSM

Univariate Multivariate
Characteristic
HR 95% ClI P HR 95% ClI P

Year of diagnosis

2005-2010 1

2011-2015 0.699 0.445-1.096 0.119
Age, years

<67 1 1

>67 1.932 1.341-2.784 <0.001 1.810 1.252-2.616 0.002
Sex

Male 1 1

Female 0.517 0.365-0.731 <0.001 0.569 0.400-0.811 0.002
Race

Caucasian 1

Other 0.974 0.620-1.529 0.908
Tumor grade

Well/moderate 1 <0.001 1 <0.001

Poor/undifferentiated 2.273 1.579-3.272 <0.001 2.219 1.534-3.210 <0.001

Unknown 0.879 0.423-1.827 0.730 0.930 0.442-1.954 0.847
Histology

AD 1 0.199

SCC 1.428 0.929-2.195 0.104

Other 1.328 0.805-2.188 0.267
Tumor size, cm

<1 1 0.016 1 0.143

1-2 1.989 0.958-4.132 0.065 1.731 0.830-3.613 0.144

2-3 2.772 1.312-5.855 0.008 2.106 0.985-4.501 0.055
No. of examined LNs

0 1 <0.001 1 0.003

1-3 0.382 0.231-0.632 <0.001 0.405 0.233-0.705 0.001

>4 0.431 0.277-0.670 <0.001 0.422 0.253-0.703 0.001

Unknown 0.677 0.354-1.294 0.238 0.692 0.346-1.384 0.298
Adjuvant chemotherapy

Yes 1 1

No 0.585 0.239-1.432 0.241 0.695 0.262-1.846 0.465
Adjuvant radiotherapy

Yes 1 1

Table 2 (continued)
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Table 2 (continued)
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Univariate Multivariate
Characteristic
HR 95% Cl P HR 95% ClI P

No 0.233 0.109-0.500 <0.001 0.276 0.126-0.602 0.001
Marital status

Married 1

No 0.944 0.667-1.337 0.746
Surgical procedure

SLR 1 1

LR 0.661 0.439-0.996 0.048 0.881 0.547-1.422 0.605

AD, adenocarcinoma; Cl, confidence interval; HR, hazard ratio; LCSS, lung cancer specific survival; LR, lobectomy; LNs, lymph nodes;
NSCLC, non-small cell lung cancer; PSM, propensity score matching; SCC, squamous cell lung cancer; SLR, sub-lobar resection.
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Figure 3 Impact of the surgical procedure on LCSS in patients with stage IA RML NSCLC stratified by tumor size before propensity score

matching. LCSS, lung cancer specific survival; RML, right middle lobe; NSCLC, non-small cell lung cancer.
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that underwent LR (P=0.003) compared with those that
underwent SLR (Figure 3B). The LCSS was also similar in
patients with a 2-3 cm tumor size (P=0.822) (Figure 3C).

Patient characteristics: LR versus SLR before and after
PSM

The patient clinicopathologic characteristics, as well as the
differences between patients that underwent LR or SLR
before and after PSM, are presented in 7able 3. Before
matching, patients that underwent LR had a larger tumor
size (P<0.001) and more lymph nodes (LNs) dissected
(P<0.001) compared to patients that underwent SLR. After
1:1 PSM, 147 matched pairs (n=294) were selected with
balanced covariates.

Impact of LR versus SLR on LCSS after PSM

After PSM, cox regression analysis of LCSS showed that
the survival rate of patients that underwent LR or SLR
was similar by univariate analysis (HR: 0.720, 95% CI:
0.389-1.335, P=0.297) and multivariate analysis (HR: 0.778,
95% CI: 0.409-1.480, P=0.444) (Table 4 and Figure 4).
Subgroup analysis stratified by tumor size was also carried
out after PSM. Kaplan—-Meier survival analysis and log-
rank comparison revealed that LCSS was similar between
patients that underwent LR and those that underwent SLR,
and there was no difference in LLCSS for all tumor sizes (<1,

1-2, and 2-3 cm, all P>0.05) (Figure 5A4,B,C).

Discussion

The impact of the surgical procedure on the prognostic

2529

outcome in patients with RML NSCLC remains unclear.
Presently, LR is the most common surgical procedure
used to treat RML tumors. SLR is rarely performed for
RML tumors because (I) the RML is the smallest lobe,
and SLR has little effect in preserving lung function (11),
and (II) RML tumors associate with abundant lymphatic
drainage, which in turn might result in recurrence and a
worse prognosis (6,12). With the popularity of computed
tomography screening, more cases of stage I lung cancer
are diagnosed earlier. Taken together with the fact that the
survival rate of patients with stage I NSCLC was similar
between the two surgical procedures (2-4), we applied this
concept to middle lobe tumors and hypothesized that the
prognostic outcome of patients with stage IA RML NSCLC
should be similar between LR and SLR.

In this study, we found no difference in the prognostic
outcome of patients that underwent either LR or SLR, both
by multivariate regression analysis and PSM. In addition,
the prognostic outcome was similar between patients who
underwent LR or SLR in subgroup analysis stratified by
tumor size (<1, 1-2, and 2-3, all P>0.05).

Our results are not consistent with those of another
study. Lv and colleagues (7) carried out a population-
based study of 861 patients with stage JA RML NSCLC
(tumor size, <2 cm) and reported the prognostic outcome
was worse for patients who underwent SLR compared
with those that underwent LR for >1-2 c¢cm tumors. This
discrepancy in results between the two studies may be
explained by a difference in the study population. Lv and
colleagues excluded patients receiving adjuvant therapy,
whereas we included these patients. Previous studies have
reported that adjuvant therapy can impact the prognosis
of patients with stage IA NSCLC after surgery (13,14).

Table 3 Characteristics of patients with RML following LR or SLR before and after PSM

Before 1:1 PSM (%)

After 1: 1 PSM (%)

Characteristic

SLR (n=198) LR (n=906) P SLR (n=147) LR (n=147) P
Year of diagnosis 0.702 0.557
2005-2010 100 (50.5) 444 (49.0) 79 (53.7) 84 (57.1)
2011-2015 98 (49.5) 462 (51.0) 68 (46.3) 63 (42.9)
Age, years 0.475 0.482
<67 88 (44.4) 428 (47.2) 69 (46.9) 63 (42.9)
=67 110 (55.6) 478 (52.8) 78 (53.1) 84 (57.1)

Table 3 (continued)

© Journal of Thoracic Disease. All rights reserved.
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Table 3 (continued)

Before 1:1 PSM (%) After 1: 1 PSM (%)

Characteristic

SLR (n=198) LR (n=906) P SLR (n=147) LR (n=147) P

Sex 0.424 0.408
Male 83 (41.9) 352 (38.9) 58 (39.5) 65 (44.2)

Female 115 (58.1) 554 (61.1) 89 (60.5) 82 (55.8)

Race 0.505 0.253
Caucasian 157 (79.3) 737 (81.3) 120 (81.6) 112 (76.2)

Other 41 (20.7) 169 (18.7) 27 (18.4) 35 (23.8)

Tumor grade 0.137 0.386
Well/moderate 140 (70.7) 622 (68.7) 101 (68.7) 109 (74.1)
Poor/undifferentiated 36 (18.2) 212 (23.4) 27 (18.4) 26 (17.7)

Unknown 22 (11.1) 72 (7.9) 19 (12.9) 12 8.2)

Histology 0.768 0.227
AD 135 (68.2) 627 (69.2) 103 (70.1) 108 (73.5)

SCC 39 (19.7) 160 (17.7) 28 (19.0) 18 (12.2)
Other 24 (12.1) 119 (13.1) 16 (10.9) 21 (14.3)

Tumor size, cm <0.001 0.819
<1 43 (21.7) 96 (10.6) 24 (16.3) 28 (19.0)

1-2 119 (60.1) 511 (56.4) 90 (61.2) 86 (58.5)
2-3 36 (18.2) 299 (33.0) 33 (22.4) 33 (22.4)

TLN <0.001 0.095
0 96 (48.5) 51 (5.6) 47 (32.0) 39 (26.5)

1-3 44 (22.2) 257 (28.4) 42 (28.6) 50 (34.0)
>0 49 (24.7) 536 (59.2) 49 (33.3) 56 (38.1)
Unknown 9 (4.5) 62 (6.8) 9(6.1) 2(1.4)

Chemotherapy 0.600 1.000
No 195 (98.5) 885 (97.7) 144 (98.0) 145 (98.6)

Yes 3(1.5) 21 (2.3) 3(2.0) 2(1.4)

Radiotherapy 1.000 1.000
No 195 (98.5) 890 (98.2) 144 (98.0) 144 (98.0)

Yes 3(1.5) 16 (1.8) 3(2.0) 3(2.0)

Marital status 0.089 0.640
Married 99 (50.0) 393 (43.4) 71 (48.3) 67 (45.6)

No 99 (50.0) 513 (56.6) 76 (561.7) 80 (54.4)

AD, adenocarcinoma; LR, lobectomy; LNs, lymph nodes; NSCLC, non-small cell lung cancer; PSM, propensity score matching; RML, right
middle lobe; SCC, squamous cell lung cancer; SLR, sub-lobar resection; TLN, the number of examined lymph nodes.

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2019;11(6):2523-2534 | http://dx.doi.org/10.21037/jtd.2019.05.48



Journal of Thoracic Disease, Vol 11, No 6 June 2019

Table 4 Univariate and multivariate regression analyses for LCSS after 1:1 PSM
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Univariate Multivariate
Characteristic
HR 95% CI P HR 95% ClI P

Year of diagnosis

2005-2010 1

2011-2015 0.378 0.130-1.092 0.072
Age, years

<67 1

>67 1.695 0.888-3.234 0.109
Sex

Male 1 1

Female 0.448 0.241-0.831 0.011 0.363 0.188-0.703 0.003
Race

Caucasian 1

Other 0.735 0.326-1.658 0.458
Tumor grade

Well/moderate 1 0.079

Poor/undifferentiated 2.166 1.087-4.315 0.028

Unknown 0.940 0.284-3.108 0.919
Histology

AD 1 0.618

SCC 1.375 0.628-3.008 0.426

Other 0.793 0.278-2.256 0.663
Tumor size, cm

<1 1 0.102

1-2 3.840 0.913-16.151 0.065

2-3 5.096 1.139-22.798 0.033
No. of examined LNs

0 1 0.035 1 0.028

1-3 0.388 0.175-0.859 0.020 0.372 0.164-0.841 0.017

>, 0.406 0.189-0.873 0.021 0.381 0.172-0.841 0.017

Unknown 0.974 0.288-3.296 0.967 1.056 0.305-3.653 0.932
Adjuvant chemotherapy

Yes 1 1

No 0.147 0.035-0.621 0.009 0.412 0.090-1.884 0.253

Table 4 (continued)

© Journal of Thoracic Disease. All rights reserved.
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Table 4 (continued)
Univariate Multivariate
Characteristic
HR 95% Cl P HR 95% ClI P

Adjuvant radiotherapy

Yes 1 1

No 0.198 0.047-0.831 0.027 0.144 0.032-0.635 0.010
Marital status

Married 1

No 0.918 0.495-1.702 0.787
Surgical procedure

SLR 1 1

LR 0.720 0.389-1.335 0.297 0.778 0.409-1.480 0.444

AD, adenocarcinoma; Cl, confidence interval; HR, hazard ratio; LCSS, lung cancer specific survival; LR, lobectomy; LNs, lymph nodes;
NSCLC, non-small cell lung cancer; PSM, propensity score matching; SCC, squamous cell lung cancer; SLR, sub-lobar resection.
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Figure 4 Impact of the surgical procedure on LCSS in patients
with stage IA RML NSCLC after propensity score matching.
LCSS, lung cancer specific survival; RML, right middle lobe;
NSCLC, non-small cell lung cancer.

Furthermore, there were imbalances in the baseline
characteristics between patients who underwent SLR or LR
in the study by Lv and colleagues. For example, the patients
that underwent SLR had significantly less LNs dissected
(P<0.001) than those who underwent LR. The number of
dissected LN is an indicator of the prognostic outcome
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after surgery. Xu and colleagues (15) studied 110 patients
with stage IA NSCLC and reported that the extent of LN
dissection was an independent risk factor for disease-free
survival (DFS) (P=0.001), whereas Stiles and colleagues (16)
studied 196 patients with similar disease characteristics
who underwent wedge resection and reported an improved
DEFS for patients whose LNs were pathologically examined
compared to those whose LNs were not examined
(5-year survival rate, 92% versus 74%; P=0.025). Our study
yielded similar results. Multivariate cox regression analyses
revealed that the number of LNs was an independent risk
factor both before PSM (P=0.003) and after PSM (P=0.028).
Therefore, insufficient LN dissection during SLR may
have contributed to the inaccurate conclusion drawn by Lv
and colleagues. In our study, the variables affecting LCSS
were balanced after PSM. We found that the prognostic
outcome was similar between patients that underwent SLR
or LR and comparable LN dissections. In addition, we
evaluated the impact of the surgical procedures on survival
stratified by tumor size after PSM. The results of our study
showed no difference in the LCSS between patients that
underwent SLR or LR for <1, 1-2, and 2-3 cm tumors (all
P>0.05).

There were several limitations in this study. Firstly,
the SEER database is retrospective; thus selection bias
was inevitable. Secondly, other variables, such as visceral
pleural invasion and lymphovascular invasion, which may
have affected the prognosis, were not provided by the
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Figure 5 Impact of the surgical procedure on LCSS in patients with stage IA RML NSCLC stratified by tumor size after propensity score
matching. LCSS, lung cancer specific survival; RML, right middle lobe; NSCLC, non-small cell lung cancer.

SEER database. To the best of our knowledge, there is
no randomized study comparing prognostic outcomes of
patients that underwent LR and SLR in the treatment of
stage IA RML NSCLC, PSM can adjust for biases from
baseline characteristics, thus generating more homogenous
groups for comparison and more convincing results (9).

Conclusions

Similar to lymphadenectomy, the prognostic outcomes
in patients with stage JA RML NSCLC were comparable
between LR and SLR.
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