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Simple Summary: Sublobar resection is commonly used for treating small-sized non-small-cell
lung cancer (NSCLC) patients. The effectiveness of adjuvant chemotherapy for these patients,
particularly those with pathological lymph node metastasis, remains unclear. A study using data
from the National Cancer Database from 2004 to 2018 reviewed cases of NSCLC patients who had
undergone sublobar resection with lymph node metastasis and met specific criteria, including tumor
size ≤ 20 mm and no comorbidities. The study found that, after adjusting for age, sex, histologic
type, and pathological lymph node status through propensity score matching, patients who received
adjuvant chemotherapy had a notably longer survival than those who did not (median survival
of 64.3 vs. 34.0 months). The results indicate that adjuvant chemotherapy significantly enhances
survival in small-sized-NSCLC patients with lymph node involvement post-sublobar resection.

Abstract: Sublobar resection is a standard surgical procedure for small-sized non-small-cell lung
cancer (NSCLC). However, the clinical role of adjuvant chemotherapy for small-sized NSCLC with
pathological lymph node (LN) metastasis after sublobar resection is unknown. The National Cancer
Database was queried for NSCLC patients between 2004 and 2018. Eligibility included sublobar
resection with pathological LN metastasis, R0 resection, Charlson comorbidity score = 0, clinical stage
T1a-b, and tumor size ≤ 20 mm. The Kaplan–Meier method with a log-rank test and multivariable
Cox proportional hazards analyses were used for assessing survival. The samples were evaluated
before and after propensity score matching (PSM) with respect to age, sex, histologic type, and
pathological LN status. Of 810 patients who met the eligibility criteria, 567 (70.0%) underwent
adjuvant chemotherapy. After PSM, patients with adjuvant chemotherapy had a significantly longer
survival than those without (median survival: 64.3 vs. 34.0 months, hazard ratio for death: 0.61,
p < 0.0001). Multivariate analyses after PSM showed that younger age (p = 0.0206), female (p = 0.0005),
and adjuvant chemotherapy (p < 0.0001) were independent prognostic factors for longer survival.
Adjuvant chemotherapy has a prognostic impact in patients with small-sized NSCLC and pathological
lymph node metastasis who undergo sublobar resection.

Keywords: non-small-cell lung cancer; surgery; adjuvant chemotherapy; sublobar resection; lymph
node metastasis
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1. Introduction

Lung cancer remains the primary cause of death from cancer [1]. Non-small-cell
lung cancer (NSCLC) accounts for most cases of lung cancer. Although lobectomy and
lymphadenectomy have been the standard treatment for NSCLC patients with early-stage
disease [2], more than 50% patients relapse after surgery alone [3]. Previous clinical trials
investigating patients with stage I–III NSCLC post-surgery have shown that cisplatin-
based adjuvant therapy significantly lowers mortality risk, particularly in stages II and III
diseases [4]. The efficacy of cytotoxic therapy is grounded in an intensive cisplatin-based
regimen to eradicate micrometastatic lesions [5].

In Japan, the use of chest computed tomography for lung cancer screening has led to
the increased detection of early-stage lung cancers. Specifically, it has become evident that
NSCLC with a maximum tumor diameter of 2 cm or less, located in the lung periphery, has
an exceptionally favorable prognosis [6–8]. An analysis of 6644 patients who underwent
resection of the aforementioned NSCLC included a subgroup analysis where clinical stage
IA was divided into tumors measuring 2 cm or less and those measuring 2–3 cm. The
5-year survival rates were 77.5% and 69.3%, respectively, with a statistically significant
difference favoring the former group [9]. These results indicate that, clinically, the former
and latter groups are recognized as populations with different prognoses [10–13]. In recent
years, several clinical trials have confirmed the non-inferior efficacy of sublobar resection
compared to lobectomy in small-sized NSCLC. In patients diagnosed with peripheral
NSCLC with tumors up to 2 cm in size and verified absence of nodal involvement in the
hilar and mediastinal regions, sublobar resection demonstrated comparable outcomes to
lobectomy in terms of disease-free survival (DFS) [14]. In addition, a recent clinical trial
in Japan comparing lobectomy and segmentectomy for small-sized (≤20 mm) peripheral
NSCLC revealed that DFS for segmentectomy was not inferior to lobectomy, and overall
survival (OS) was even significantly longer in the segmentectomy group compared to
lobectomy [15]. As the number of patients with early-stage NSCLC suitable for sublobar
resection is expected to increase, necessitating increased focus on the clinical role of adjuvant
chemotherapy for these patients with pathological lymph node (LN) metastasis. Patients
with NSCLC who have undergone lobectomy are indicated for postoperative adjuvant
chemotherapy if LN metastases are found postoperatively. Strictly speaking, however,
there is no evidence for the efficacy of adjuvant chemotherapy after sublobar resection
of small-sized NSCLC. Thus, the aim of the current study was to examine the prognostic
significance of adjuvant chemotherapy in patients with small-sized (≤20 mm) NSCLC and
pathological LN metastasis who underwent sublobar resection. A graphical abstract is
shown in Figure 1.
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2. Materials and Methods
2.1. National Cancer Database (NCDB)

The NCDB represents a collaborative initiative between the Commission on Cancer
(CoC) at the American College of Surgeons and the American Cancer Society. The data uti-
lized in this study, provided by hospitals participating in the CoC’s NCDB, are de-identified,
and thus, the institutions mentioned do not confirm the accuracy or endorse the conclusions
of the data analysis presented by the authors. This dataset is considered hospital-based
rather than population-based. The Penn State College of Medicine Institutional Review
Board granted an exemption for this study. The process for selecting eligible cases is shown
in (Figure 2). The purpose of the current study was to investigate the survival benefit of
adjuvant chemotherapy in patients with small-sized (≤2 cm) NSCLC who underwent “in-
tentional sublobar resection”, even if they were eligible for lobectomy. Thus, the inclusion
criteria included clinical stage IB or less, comorbidity score = 0, and tumor size ≤ 2 cm to
exclude “non-intentional sublobar resection”. Patients diagnosed with pathological N1
or N2 NSCLC and captured in the NCDB database between 2004 and 2018 were selected
(n = 89,438). Of these, patients with pathological M1 disease were excluded (n = 4220).
Patients with R0 resection (n = 74,552), Charlson comorbidity score = 0 (n = 65,819), tumor
size ≤ 20 mm (n = 5878), clinical T1b or less disease (n = 5222), and sublobar resection
(n = 810) were eligible for final analysis. The number of LN dissections was classified into
3 groups (≥10, ≤9, and unknown) according to the CoC’s recommendation [16]. Regarding
the types of chemotherapy used, given that adjuvant atezolizumab and pembrolizumab
were approved by the FDA in 2021 and 2023, respectively, the majority of the types of
adjuvant chemotherapy used in this study would have been platinum-based, and very few
cases of immune checkpoint inhibitors, if any, being used in a clinical trial setting were
included [17,18].

Cancers 2024, 16, x FOR PEER REVIEW 3 of 11 
 

 

2. Materials and Methods 
2.1. National Cancer Database (NCDB) 

The NCDB represents a collaborative initiative between the Commission on Cancer 
(CoC) at the American College of Surgeons and the American Cancer Society. The data 
utilized in this study, provided by hospitals participating in the CoC’s NCDB, are de-
identified, and thus, the institutions mentioned do not confirm the accuracy or endorse 
the conclusions of the data analysis presented by the authors. This dataset is considered 
hospital-based rather than population-based. The Penn State College of Medicine Institu-
tional Review Board granted an exemption for this study. The process for selecting eligible 
cases is shown in (Figure 2). The purpose of the current study was to investigate the sur-
vival benefit of adjuvant chemotherapy in patients with small-sized (≤2 cm) NSCLC who 
underwent “intentional sublobar resection”, even if they were eligible for lobectomy. 
Thus, the inclusion criteria included clinical stage IB or less, comorbidity score = 0, and 
tumor size ≤ 2 cm to exclude “non-intentional sublobar resection”. Patients diagnosed 
with pathological N1 or N2 NSCLC and captured in the NCDB database between 2004 
and 2018 were selected (n = 89,438). Of these, patients with pathological M1 disease were 
excluded (n = 4220). Patients with R0 resection (n = 74,552), Charlson comorbidity score = 
0 (n = 65,819), tumor size ≤ 20 mm (n = 5878), clinical T1b or less disease (n = 5222), and 
sublobar resection (n = 810) were eligible for final analysis. The number of LN dissections 
was classified into 3 groups (≥10, ≤9, and unknown) according to the CoC’s recommenda-
tion [16]. Regarding the types of chemotherapy used, given that adjuvant atezolizumab 
and pembrolizumab were approved by the FDA in 2021 and 2023, respectively, the ma-
jority of the types of adjuvant chemotherapy used in this study would have been plati-
num-based, and very few cases of immune checkpoint inhibitors, if any, being used in a 
clinical trial setting were included [17,18]. 

 
Figure 2. Study flow diagram of case eligibility. NSCLC, non-small-cell lung cancer; NCDB, Na-
tional Cancer Database. 
Figure 2. Study flow diagram of case eligibility. NSCLC, non-small-cell lung cancer; NCDB, National
Cancer Database.



Cancers 2024, 16, 2176 4 of 11

2.2. Statistical Analysis

Patients’ demographics and basic clinical characteristics were compared between the
adjuvant chemotherapy groups using chi-square tests. Overall survival (OS) was defined
as the time (years) from diagnosis to death from any cause. Kaplan–Meier curves according
to the use of adjuvant chemotherapy were compared using the log-rank test. Univariate
and multivariable Cox proportional hazards analyses were performed using JMP® 14.0
(SAS Institute Inc., Cary, NC, USA). Analyses using propensity score matching (PSM) were
conducted with the aim of reducing the bias of the observational study. The propensity
scores included matching of the following variables: age, sex, histology, and pathological N
stage. PSM was performed using the “MatchIt” package version 4.5.5 running on R version
4.3.3 (R Foundation for Statistical Computing, Vienna, Austria), and 1:1 nearest-neighbor
matching was performed with propensity scores estimated through logistic regression.
Finally, 243 matched patients from each group were included in the PSM analyses. All tests
were two-sided and p < 0.05 was considered statistically significant.

3. Results
3.1. Patient Characteristics

The patient characteristics (n = 810) are summarized in Table 1. In total, 567 (70%)
received adjuvant chemotherapy, 651 (80%) underwent wedge resection, 159 (20%) un-
derwent segmentectomy, and 526 (65%) had pathological N2 disease. Patients who re-
ceived adjuvant chemotherapy were significantly associated with younger age (p < 0.0001),
non-academic institution (p = 0.0060), late years of diagnosis (p = 0.0026), right laterality
(p = 0.0241), wedge resection (p = 0.0058), pathologic N2 stage (p < 0.0001), and adjuvant
chest radiation therapy (p < 0.0001). After PSM adjusting age, sex, histology, and patho-
logical N status, these factors were well balanced between two groups with or without
adjuvant chemotherapy.

Table 1. Clinical characteristics of patients with or without adjuvant chemotherapy who had sublobar
resection of small-sized non-small-cell lung cancer ≤ 20 mm and pathological lymph node metastasis.

Factors

Before Propensity Score Matching
(n = 810)

After Propensity Score Matching
(n = 486)

Adjuvant Chemotherapy
p Value

Adjuvant Chemotherapy
p ValuePresent

(n = 567)
Absent

(n = 243)
Present
(n = 243) Absent (n = 243)

Age ≥70 206 (36%) 132 (54%) <0.0001 137 (56%) 132 (54%) 0.6482
<70 361 (64%) 111 (46%) 106 (44%) 111 (46%)

Sex male 230 (41%) 109 (45%) 0.2565 110 (45%) 109 (45%) 0.9274
female 337 (59%) 134 (55%) 133 (55%) 134 (55%)

Race Caucasian 490 (86%) 207 (85%) 0.6421 210 (86%) 207 (85%) 0.6966
others 77 (14%) 36 (15%) 33 (14%) 36 (15%)

Institution academic 213 (38%) 123 (51%) 0.0006 98 (40%) 123 (51%) 0.0228
others 354 (62%) 120 (49%) 145 (60%) 120 (49%)

Year of diagnosis 2004–2009 211 (37%) 118 (49%) 0.0026 102 (42%) 118 (49%) 0.1448
2010–2018 356 (63%) 125 (51%) 141 (58%) 125 (51%)

Tumor size ≥10 mm 467 (82%) 194 (80%) 0.3948 191 (79%) 194 (80%) 0.7373
<10 mm 100 (18%) 49 (20%) 52 (21%) 49 (20%)

Laterality right 287 (51%) 102 (42%) 0.0241 120 (49%) 102 (42%) 0.1012
left 280 (49%) 141 (58%) 123 (51%) 141 (58%)

Surgical procedure wedge 470 (83%) 181 (74%) 0.0058 181 (74%) 181 (74%) 1.000
segmentectomy 97 (17%) 62 (26%) 62 (26%) 62 (26%)

Number of LNs
dissected ≤9 405 (71%) 180 (74%) 0.5686 172 (71%) 180 (74%) 0.5254
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Table 1. Cont.

Factors

Before Propensity Score Matching
(n = 810)

After Propensity Score Matching
(n = 486)

Adjuvant Chemotherapy
p Value

Adjuvant Chemotherapy
p ValuePresent

(n = 567)
Absent

(n = 243)
Present
(n = 243) Absent (n = 243)

≥10 110 (20%) 46 (19%) 56 (23%) 46 (19%)
unknown 52 (9%) 17 (7%) 15 (6%) 17 (7%)

Histology squamous cell
carcinoma 80 (14%) 40 (16%) 0.5350 45 (19%) 40 (16%) 0.8114

adenocarcinoma 445 (79%) 182 (75%) 176 (72%) 182 (75%)
others 42 (7%) 21 (9%) 22 (9%) 21 (9%)

Pathologic N stage N2 401 (71%) 125 (51%) <0.0001 130 (53%) 125 (51%) 0.6497
N1 166 (29%) 118 (49%) 113 (47%) 118 (49%)

Adjuvant chest
radiation yes 269 (47%) 26 (11%) <0.0001 50 (21%) 26 (11%) 0.0027

no 298 (53%) 217 (89%) 193 (79%) 217 (89%)

3.2. Univariate Analyses of OS in NSCLC Patients with Pathological LN Metastasis Who
Underwent Sublobar Resection According to the Use of Adjuvant Chemotherapy

The Kaplan–Meier curves comparing OS according to the use of adjuvant chemother-
apy in patients who underwent sublobar resection with pathological LN metastasis are
shown in Figure 3. Patients with adjuvant chemotherapy had a significantly longer OS than
those without (5-year survival rate: 50.3% vs. 34.2%, median OS: 62.0 vs. 34.0 months, haz-
ard ratio [HR] for death: 0.62, 95% confidence interval [CI]: 0.52–0.74, p < 0.0001; Figure 3a).
After PSM for age, sex, histology, and pathological LN metastasis, patients with adjuvant
chemotherapy had a significantly longer OS than those without (5-year survival rate: 50.6%
vs. 34.2%, median OS: 64.3 vs. 34.0 months, HR for death: 0.61, 95% CI: 0.49–0.75, p < 0.0001;
Figure 3b). The 5-year survival benefit by adjuvant chemotherapy was 16.4%.
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Cancers 2024, 16, 2176 6 of 11

3.3. Univariate and Multivariable Analyses of OS in NSCLC Patients with Pathological LN
Metastasis Who Underwent Sublobar Resection

The results of univariate and multivariable analyses for OS in small-sized NSCLC
patients who underwent sublobar resection are shown in Table 2. Univariate analysis
showed that younger age (p = 0.0026), female sex (p < 0.0001), number of LNs dissected
≥10 (p = 0.0073), pathological N1 disease (p = 0.0342), and adjuvant chemotherapy (HR for
death: 0.62, 95% CI: 0.52–0.74, p < 0.0001) were significantly associated with longer OS. In
multivariable analysis, younger age (p = 0.0101), female sex (p < 0.0001), race other than
Caucasian (p = 0.0294), pathological N1 disease (p = 0.0173), and adjuvant chemotherapy
(HR for death: 0.58, 95% CI: 0.48–0.71, p < 0.0001) were independent factors for predicting
longer OS. After PSM for age, sex, histology, and pathological LN metastasis, multivariate
analysis of OS showed that younger age (p = 0.0206), female sex (p = 0.0005), and adjuvant
chemotherapy (HR for death: 0.58, 95% CI: 0.46–0.72, p < 0.0001) were independent factors
for predicting longer OS (Table 3). The HRs for age, sex, and adjuvant chemotherapy were
0.76 (95% CI: 0.61–0.96), 0.66 (95% CI: 0.53–0.83), and 0.58 (95% CI: 0.46–0.72), respectively.
The HR of adjuvant chemotherapy was the least among the three factors, suggesting that it
was the most important clinical factor.

Table 2. Univariate and multivariable analyses of overall survival in patients with non-small-cell
lung cancer ≤ 20 mm who had sublobar resection and pathological lymph node metastases before
propensity score matching (n = 810).

Factors
Univariate Multivariable

Hazard Ratio (95% CI),
p Value

Hazard Ratio (95% CI),
p Value

Age <70 0.77 (0.65–0.91), 0.0026 0.79 (0.66–0.95), 0.0101
≥70 (Ref)

Sex female 0.66 (0.56–0.79), <0.0001 0.67 (0.56–0.79), <0.0001
male (Ref)

Race others 0.78 (0.60–1.01), 0.0503 0.76 (0.58–0.97), 0.0294
Caucasian (Ref)

Institution academic 0.86 (0.72–1.02), 0.0772 0.86 (0.72–1.02), 0.0834
others (Ref)

Year of diagnosis 2010–2018 0.85 (0.72–1.01), 0.0714 0.89 (0.74–1.06), 0.1901
2004–2009 (Ref)

Tumor size <10 mm 0.84 (0.67–1.05), 0.1276 0.84 (0.67–1.05), 0.1342
≥10 mm (Ref)

Laterality right 0.95 (0.81–1.13), 0.5866 1.01 (0.85–1.21), 0.8701
left (Ref)

Surgical procedure segmentectomy 0.93 (0.71–1.19), 0.5503 0.83 (0.66–1.04), 0.1071
wedge (Ref)

Number of LNs dissected ≥10 0.74 (0.58–0.92), 0.0073 0.80 (0.63–1.02), 0.0718
unknown 0.88 (0.65–1.18), 0.4182 0.87 (0.64–1.19), 0.3893
≤9 (Ref)

Histology adenocarcinoma 0.82 (0.65–1.05), 0.1174 0.85 (0.67–1.08), 0.1844
others 1.25 (0.88–1.76), 0.2139 1.11 (0.78–1.58), 0.5569

squamous cell carcinoma (Ref)
Pathological N stage N1 0.83 (0.69–0.99), 0.0342 0.79 (0.65–0.96), 0.0173

N2 (Ref)
Adjuvant chest radiation yes 1.05 (0.88–1.25), 0.6020 1.22 (0.99–1.50), 0.0554

no (Ref)
Adjuvant chemotherapy yes 0.62 (0.52–0.74), <0.0001 0.58 (0.48–0.71), <0.0001

no (Ref)
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Table 3. Univariate and multivariable analyses of overall survival in patients with non-small-cell
lung cancer ≤ 20 mm who had sublobar resection and pathological lymph node metastases after
propensity score matching (n = 486).

Factors
Univariate Multivariable

Hazard Ratio (95% CI),
p Value

Hazard Ratio (95% CI),
p Value

Age <70 0.79 (0.63–0.98), 0.0303 0.76 (0.61–0.96), 0.0206
≥70 (Ref)

Sex female 0.71 (0.57–0.87), 0.0015 0.66 (0.53–0.83), 0.0005
male (Ref)

Race others 0.84 (0.61–1.14), 0.2800 0.85 (0.62–1.18), 0.3337
Caucasian (Ref)

Institution academic 0.88 (0.71–1.09), 0.2358 0.85 (0.68–1.06), 0.1583
others (Ref)

Year of diagnosis 2010–2018 0.96 (0.77–1.20), 0.7202 0.98 (0.79–1.23), 0.8873
2004–2009 (Ref)

Tumor size <10 mm 0.85 (0.64–1.10), 0.2163 0.89 (0.68–1.17), 0.3983
≥10 mm (Ref)

Laterality right 0.84 (0.67–1.04), 0.1049 0.90 (0.72–1.13), 0.3819
left (Ref)

Surgical procedure segmentectomy 0.93 (0.71–1.19), 0.5503 0.86 (0.66–1.12), 0.2645
wedge (Ref)

Number of LNs dissected ≥10 0.78 (0.58–1.03), 0.0752 0.83 (0.61–1.10), 0.2005
unknown 0.91 (0.58–1.36), 0.6673 0.80 (0.50–1.21), 0.2968
≤9 (Ref)

Histology adenocarcinoma 0.90 (0.71–1.16), 0.4230 0.96 (0.75–1.23), 0.7216
squamous cell

carcinoma/others (Ref)
Pathological N stage N1 0.78 (0.63–0.97), 0.0248 0.84 (0.67–1.05), 0.1341

N2 (Ref)
Adjuvant chest radiation yes 1.30 (0.98–1.70), 0.0726 1.35 (0.99–1.82), 0.0552

no (Ref)
Adjuvant chemotherapy yes 0.61 (0.49–0.75), <0.0001 0.58 (0.46–0.72), <0.0001

no (Ref)

3.4. Subgroup Analyses of OS by Surgical Procedures in NSCLC Patients Who Underwent
Sublobar Resection with Pathological LN Metastasis According to the Use of Adjuvant
Chemotherapy

In the total cohort, 651 (80%) and 159 (20%) underwent wedge resection and seg-
mentectomy, respectively. To find out if wedge resection and segmentectomy have the
same tendencies with respect to the survival benefit of adjuvant chemotherapy, subgroup
analyses according to surgical procedure were performed. In NSCLC patients who had
wedge resection and pathological LN metastasis, adjuvant chemotherapy was significantly
associated with longer OS than those without (median OS: 56.6 vs. 29.2 months, HR for
death: 0.61, 95% CI: 0.50–0.75, p < 0.0001; Figure 4a). Similarly, in NSCLC patients who had
segmentectomy and pathological LN metastasis, adjuvant chemotherapy was significantly
associated with longer OS than in those without (median OS: 78.5 vs. 38.8 months, HR for
death: 0.58, 95% CI: 0.39–0.87, p = 0.0081; Figure 4b).
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4. Discussion

For patients with small NSCLC, lymph node metastasis is rare due to the early stage
of the disease [12]. Therefore, the number of cases in which adjuvant therapy is indicated
after surgery for patients with small NSCLC is small, making it difficult to study the
efficacy of adjuvant therapy. Therefore, using the NCDB, a large database, we collected and
analyzed rare cases from a long list of cases from 2004 to 2018. In this analysis, we selected
patients who were considered to have no lymph node metastasis preoperatively (clinical
N0) and were found to have lymph node metastasis postoperatively (pathological N1/N2).
Until now, adjuvant chemotherapy for lymph node metastasis-positive cases after sublobar
resection has been recommended to NSCLC patients and carried out in the absence of
definitive evidence. Although this was a retrospective study and may be subject to selection
bias, we are now better able to recommend and carry out adjuvant chemotherapy for these
patients with these data.

In patients with NSCLC of 20 mm or smaller, hilar and mediastinal lymph node
metastases occur in 10–15% of cases [12]. Such patients experience stage migration from
stage I to stage II or III and an increased frequency of recurrence. In the current study,
adjuvant chemotherapy was suggested to have a clinically significant survival benefit in
patients with NSCLC ≤ 20 mm with pathologic LN metastases who underwent sublobar
resection. As discussed above, since the application of surgical resection and postoperative
adjuvant chemotherapy is influenced by patient age, comorbidities, and pathological N
stage, only patients with a Charlson comorbidity score = 0 were included in this study to
reduce such biases, and PSM was also performed. After adjusting age, sex, histology, and
pathological N stage via PSM, adjuvant chemotherapy was an independent prognostic
factor of longer OS, with a clinically meaningful low HR (0.58), and the 5-year survival
rate was 16.4% higher with adjuvant chemotherapy than without. Moreover, the subgroup
analysis by surgical procedure suggested a similar trend regarding the survival benefit of
adjuvant chemotherapy regardless of wedge resection or segmentectomy.

There is no existing evidence on the effectiveness of adjuvant chemotherapy after
sublobar resection of small-sized NSCLC with pathological LN metastasis. Recently, two
major clinical trials on sublobar resection for small-sized NSCLC provided different proto-
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cols on when to use adjuvant chemotherapy. The CALGB 140503 study left the decision
to perform adjuvant chemotherapy up to the physician’s choice [14]. In contrast, the
JCOG0802/WJOG4607L trial generally recommended administering adjuvant chemother-
apy for pathological stage II-III disease [15]. In the current real-world data, 567 out of 810
(70%) patients received adjuvant chemotherapy. Considering that our results suggested a
survival benefit of adjuvant chemotherapy and that 30% of patients did not receive it, it
may be important to consider expanding the indication for adjuvant chemotherapy to more
patients with small-sized NSCLC and pathological LN metastasis after sublobar resection.
The results of the current study also suggest the importance of intraoperative LN dissection
to detect potential LN metastasis. Our previous retrospective study regarding the required
extent of thoracic lymphadenectomy in patients with small-sized NSCLC who undergo
sublobar resection reported that performing ≥ 10 LN dissections had a survival benefit [19].

Recently, adjuvant chemotherapy has dramatically developed in the area of targeted
drugs and immune checkpoint inhibitors (ICI) [20–22]. The ADAURA trial on adjuvant
osimertinib, a third-generation epidermal growth factor receptor (EGFR) tyrosine kinase
inhibitor, has demonstrated a survival benefit [23]. Moreover, the ongoing ADAURA2 trial
has been assessing the efficacy of adjuvant osimertinib in early-stage (IA2-IA3) NSCLC [24].
With regard to ICIs, the IMpower010 trial demonstrated significantly im-proved DFS with
adjuvant atezolizumab versus best supportive care in programmed death-ligand 1-positive
populations [17]. Although targeted drugs and ICI have been developed as adjuvant
treatment, they were primarily investigated in the setting of post-adjuvant chemotherapy,
except for the ALINA trial. Until future studies clearly determine the lack of OS benefit, the
use of adjuvant chemotherapy prior to targeted drugs/ICI should be strongly considered
in routine practice. Therefore, for patients with genetic mutations or programmed death-
ligand 1 expression who undergo sublobar resection and have pathological LN metastases,
considering platinum-based chemotherapy as an initial adjuvant treatment is advisable.

The current study had several limitations. First, it was a retrospective analysis subject
to biases related to the surgeon’s decision making and patient characteristics such as
performance status. Future research should aim to verify our results through well-planned
randomized trials. However, the rarity of pathological LN metastasis in patients with
small-sized NSCLC makes it challenging to conduct such prospective studies. Despite
its retrospective nature, the NCDB provided a substantial dataset that facilitated our
study [25,26]. Second, the current study lacked comprehensive data on recurrence or cause
of death, which are crucial for assessing the clinical impact of adjuvant chemotherapy on
cancer-specific outcomes. Third, the NCDB lacked the detailed data (station and number
of metastases) on pathological LN metastasis. The IASLC Lung Cancer Staging Project
proposed the addition of new sub-descriptors to N2 for single-station and multiple-station
involvement based on the results that NSCLC patients with multiple-station N2 had a
significantly shorter OS compared with those with single-station N2 (5-year survival rate:
38% vs. 49%) [27]. The survival benefits of adjuvant chemotherapy may differ depending
on the station and number of pathological LN metastases, which should be investigated in
further studies. Fourth, the NCDB lacks molecular data (i.e., EGFR and ALK). Since the
prognostic impact of driver genes on survival is significant, they should be added to the
survival analysis and require statistical processing [28,29].

5. Conclusions

Our retrospective study investigating patients with small-sized (≤20 mm) NSCLC with
pathological LN metastasis who underwent sublobar resection elucidated that adjuvant
chemotherapy was an independent factor of longer OS. Adjuvant chemotherapy may be
recommended in patients with small-sized NSCLC with pathological LN metastasis even if
the resection is sublobar. Further studies are warranted to validate these findings.



Cancers 2024, 16, 2176 10 of 11

Author Contributions: Conceptualization, S.T. and T.K.; methodology, T.K.; formal analysis, J.Z. and
T.K.; investigation, S.T. and A.H.; data curation, T.K.; writing—original draft preparation, S.T. and
A.H.; writing—review and editing, J.Z. and T.K.; supervision, J.Z. and T.K.; project administration,
S.T. and T.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The Penn State College of Medicine Institutional Review
Board granted an exemption for this study (STUDY00022534; 13 April 2023).

Informed Consent Statement: Written informed consent from the participants’ legal guardian/next
of kin was not required to participate in this study in accordance with the national legislation and the
institutional requirements.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: Takefumi Komiya received advisory fees from G1 Therapeutics and Regenerone,
and institutional research funding from Gilead. All the other authors declare no conflicts of interest
in association with this study.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
[PubMed]

2. Howington, J.A.; Blum, M.G.; Chang, A.C.; Balekian, A.A.; Murthy, S.C. Treatment of stage i and ii non-small cell lung cancer:
Diagnosis and management of lung cancer, 3rd ed: American college of chest physicians evidence-based clinical practice
guidelines. Chest 2013, 143 (Suppl. S5), e278S–e313S. [CrossRef] [PubMed]

3. Goldstraw, P.; Chansky, K.; Crowley, J.; Rami-Porta, R.; Asamura, H.; Eberhardt, W.E.; Nicholson, A.G.; Groome, P.; Mitchell, A.;
Bolejack, V. The IASLC Lung Cancer Staging Project: Proposals for Revision of the TNM Stage Groupings in the Forthcoming
(Eighth) Edition of the TNM Classification for Lung Cancer. J. Thorac. Oncol. 2016, 11, 39–51. [CrossRef] [PubMed]

4. Bradbury, P.; Sivajohanathan, D.; Chan, A.; Kulkarni, S.; Ung, Y.; Ellis, P.M. Postoperative Adjuvant Systemic Therapy in
Completely Resected Non-Small-Cell Lung Cancer: A Systematic Review. Clin. Lung Cancer. 2017, 18, 259–273.e258. [CrossRef]
[PubMed]

5. Pignon, J.P.; Tribodet, H.; Scagliotti, G.V.; Douillard, J.Y.; Shepherd, F.A.; Stephens, R.J.; Dunant, A.; Torri, V.; Rosell, R.; Seymour,
L.; et al. Lung adjuvant cisplatin evaluation: A pooled analysis by the LACE Collaborative Group. J. Clin. Oncol. 2008, 26,
3552–3559. [CrossRef] [PubMed]

6. Field, J.K.; Vulkan, D.; Davies, M.P.A.; Baldwin, D.R.; Brain, K.E.; Devaraj, A.; Eisen, T.; Gosney, J.; Green, B.A.; Holemans, J.A.;
et al. Lung cancer mortality reduction by LDCT screening: UKLS randomised trial results and international meta-analysis. Lancet
Reg. Health Eur. 2021, 10, 100179. [CrossRef] [PubMed]

7. Truba, O.; Dabrowska, M.; Grabczak, E.M.; Bialek-Gosk, K.; Rybka-Fraczek, A.; Klimowicz, K.; Zukowska, M.; Krenke, R.
Diagnostic yield of chest radiograph in management of adults with difficult-to-treat chronic cough-retrospective study. J. Thorac.
Dis. 2023, 15, 928–939. [CrossRef] [PubMed]

8. Koike, T.; Terashima, M.; Takizawa, T.; Haga, M.; Kurita, Y.; Yokoyama, A.; Misawa, H. The influence of lung cancer mass
screening on surgical results. Lung Cancer 1999, 24, 75–80. [CrossRef] [PubMed]

9. Asamura, H.; Goya, T.; Koshiishi, Y.; Sohara, Y.; Tsuchiya, R.; Miyaoka, E. How should the TNM staging system for lung cancer
be revised? A simulation based on the Japanese Lung Cancer Registry populations. J. Thorac. Cardiovasc. Surg. 2006, 132, 316–319.
[CrossRef] [PubMed]

10. Suzuki, K.; Yokose, T.; Yoshida, J.; Nishimura, M.; Takahashi, K.; Nagai, K.; Nishiwaki, Y. Prognostic significance of the size of
central fibrosis in peripheral adenocarcinoma of the lung. Ann. Thorac. Surg. 2000, 69, 893–897. [CrossRef] [PubMed]

11. Yamato, Y.; Tsuchida, M.; Watanabe, T.; Aoki, T.; Koizumi, N.; Umezu, H.; Hayashi, J. Early results of a prospective study of
limited resection for bronchioloalveolar adenocarcinoma of the lung. Ann. Thorac. Surg. 2001, 71, 971–974. [CrossRef] [PubMed]

12. Okada, M.; Koike, T.; Higashiyama, M.; Yamato, Y.; Kodama, K.; Tsubota, N. Radical sublobar resection for small-sized non-small
cell lung cancer: A multicenter study. J. Thorac. Cardiovasc. Surg. 2006, 132, 769–775. [CrossRef] [PubMed]

13. Tsubota, N.; Ayabe, K.; Doi, O.; Mori, T.; Namikawa, S.; Taki, T.; Watanabe, Y. Ongoing prospective study of segmentectomy for
small lung tumors. Study Group of Extended Segmentectomy for Small Lung Tumor. Ann. Thorac. Surg. 1998, 66, 1787–1790.
[CrossRef] [PubMed]

14. Altorki, N.; Wang, X.; Kozono, D.; Watt, C.; Landrenau, R.; Wigle, D.; Port, J.; Jones, D.R.; Conti, M.; Ashrafi, A.S.; et al. Lobar or
Sublobar Resection for Peripheral Stage IA Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2023, 388, 489–498. [CrossRef] [PubMed]

https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1378/chest.12-2359
https://www.ncbi.nlm.nih.gov/pubmed/23649443
https://doi.org/10.1016/j.jtho.2015.09.009
https://www.ncbi.nlm.nih.gov/pubmed/26762738
https://doi.org/10.1016/j.cllc.2016.07.002
https://www.ncbi.nlm.nih.gov/pubmed/28162945
https://doi.org/10.1200/JCO.2007.13.9030
https://www.ncbi.nlm.nih.gov/pubmed/18506026
https://doi.org/10.1016/j.lanepe.2021.100179
https://www.ncbi.nlm.nih.gov/pubmed/34806061
https://doi.org/10.21037/jtd-22-111
https://www.ncbi.nlm.nih.gov/pubmed/36910068
https://doi.org/10.1016/S0169-5002(99)00031-8
https://www.ncbi.nlm.nih.gov/pubmed/10444057
https://doi.org/10.1016/j.jtcvs.2006.03.048
https://www.ncbi.nlm.nih.gov/pubmed/16872956
https://doi.org/10.1016/S0003-4975(99)01331-4
https://www.ncbi.nlm.nih.gov/pubmed/10750779
https://doi.org/10.1016/S0003-4975(00)02507-8
https://www.ncbi.nlm.nih.gov/pubmed/11269483
https://doi.org/10.1016/j.jtcvs.2006.02.063
https://www.ncbi.nlm.nih.gov/pubmed/17000286
https://doi.org/10.1016/S0003-4975(98)00819-4
https://www.ncbi.nlm.nih.gov/pubmed/9875790
https://doi.org/10.1056/NEJMoa2212083
https://www.ncbi.nlm.nih.gov/pubmed/36780674


Cancers 2024, 16, 2176 11 of 11

15. Saji, H.; Okada, M.; Tsuboi, M.; Nakajima, R.; Suzuki, K.; Aokage, K.; Aoki, T.; Okami, J.; Yoshino, I.; Ito, H.; et al. Segmentectomy
versus lobectomy in small-sized peripheral non-small-cell lung cancer (JCOG0802/WJOG4607L): A multicentre, open-label,
phase 3, randomised, controlled, non-inferiority trial. Lancet 2022, 399, 1607–1617. [CrossRef] [PubMed]

16. American College of Surgeons. CoC Quality of Care Measures 2020 Surveys. Available online: https://www.Facs.Org/quality-
programs/cancer/ncdb/qualitymeasurescocweb (accessed on 1 January 2020).
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