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Background: Surgical resection is the main treatment for early-stage non-small cell lung cancer
(NSCLC), but recurrence remains a concern. Adjuvant chemotherapy has been shown to have survival
benefits for resected stage II and III NSCLC, but debate continues regarding its use in stage I NSCLC.
High-risk features, such as tumor size and stage, are considered in deciding whether to administer adjuvant
chemotherapy.

Methods: The data of 666,689 patients diagnosed with lung cancer from 2004 to 2016 were collected from
the Surveillance, Epidemiology, and End Results database. Ultimately, 26,160 patients diagnosed with stage I
NSCLC were included in the study based on a screening procedure.

Results: After matching, 4,285 patients were identified, of whom 1,440 (33.6%) received chemotherapy.
High-risk clinicopathologic features, including a high histologic grade, visceral pleural invasion (VPI), the
examination of an insufficient number of lymph nodes (LNs), and limited resection, were independent risk
factors for a poor prognosis. Chemotherapy significantly improved lung cancer-specific survival (LCSS) and
overall survival (OS) in stage I patients with VPI [LCSS: hazard ratio (HR): 0.839, 95% confidence interval
(CI): 0.706-0.998, P=0.047; OS: HR: 0.711, 95% CI: 0.612-0.826, P<0.001], regardless of whether or not
the patient had fewer than 11 LNs (LCSS: HR: 0.809, 95% CI: 0.664-0.986, P=0.04; OS: HR: 0.677, 95%
CI: 0.570-0.803, P<0.001). Chemotherapy was only observed to improve OS for stage IB patients with a
high histologic grade when combined with either or both of the following high-risk factors: the presence of
VPI and fewer than 11 LNs examined.

Conclusions: The presence of VPI was the dominant predictor and the examination of an insufficient
number of LNs was the secondary indicator, and a high histologic grade was a potential indicator of the need
to administer chemotherapy in the treatment of stage I NSCLC.
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Introduction

Surgical resection is the main method of treating early
stage non-small cell lung cancer (NSCLC). However,
NSCLC patients, including stage I patients, still experience
recurrence and death after surgery (1,2). Several studies
have reported that adjuvant chemotherapy significantly
improves survival in patients with resected stage 1I and III
NSCLC (3-7). Early randomized controlled trials have
reported that adjuvant chemotherapy prolongs disease-
free survival and overall survival (OS) in patients with
completely resected early stage NSCLC (4,8). An increasing
number of studies have expressed different opinions on
whether adjuvant chemotherapy is necessary for stage I
lung cancer (9-13). Therefore, the debate continues as to
whether adjuvant chemotherapy can prolong survival in
stage | NSCLC patients (9,14-16).

Several high-risk clinicopathologic features are
considered risk factors for survival and indicators of adjuvant

Highlight box

Key findings

e This study identified visceral pleural invasion (VPI) as the
primary predictor, and the examination of an insufficient number
of lymph nodes (LNs) as the secondary predictor. Additionally,
a high histologic grade may be a potential factor to consider
when deciding whether or not to include chemotherapy in the

management of stage I non-small cell lung cancer NSCLC).

‘What is known, and what is new?

* High-risk clinicopathologic features, such as a high histologic
grade, the presence of VPI, the examination of an insufficient
number of LNs, and limited resection, were independent risk
factors for a poor prognosis in stage | NSCLC.

® This study evaluates the association between chemotherapy and
survival in stage I NSCLC patients, stratified by the pathologic
stage and high-risk clinicopathologic features. The benefit of
chemotherapy varied based on specific factors, which challenges
the notion that chemotherapy has a universal benefit for all stage
I NSCLC patients. This study emphasizes the importance of
considering individual patient characteristics and high-risk features
in making informed decisions about the inclusion of chemotherapy
in treatment plans for early stage NSCLC.

What is the implication, and what should change now?

* This study identified VPI as the primary indicator for whether or
not to include chemotherapy, the examination of an insufficient
number of LNs as a secondary indicator, and a high histologic
grade as a potential factor signaling that chemotherapy should be
included in the management of stage I NSCLC.
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chemotherapy in patients with NSCLC, including a larger
tumor size, a high pathological stage, the presence of
visceral pleural invasion (VPI), a high grade histological
subtype, the presence of vascular invasion, limited resection
and the examination of an insufficient number of lymph
nodes (LNs) (11,13,17). The latest version of the National
Comprehensive Cancer Network (NCCN) guidelines
recommends that chemotherapy be considered for stage
IB wand IIA high-risk patients after RO resection (17).
However, the indicative role and reference value status of
these risk factors in decision making for chemotherapy
patients have not yet been determined. Thus, research
needs to be conducted to determine which specific patients
may benefit from additional treatment in early-stage
NSCLC after surgery (18).

In this study, we assessed the association between
chemotherapy and survival in patients with stage I NSCLC
stratified by pathologic stage and high-risk clinicopathologic
features. The value of high-risk clinicopathologic features
in making decisions to administer chemotherapy to treat
stage I NSCLC was investigated. We present this article in
accordance with the STROBE reporting checklist (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-24-
305/rc).

Methods
Data collection

The Surveillance, Epidemiology, and End Results
(SEER) program was used to collect research data using
the SEER*Stat software (version 8.3.6, National Cancer
Institute) (https://seer.cancer.gov/). Collaborative stage (CS)
data collection system coding has been used since 2004,
in which the column “CS site-specific factor 2” represents
pleural invasion. A cohort of 666,689 patients diagnosed
with lung cancer from 2004 to 2016 was exported (site
recode: lung and bronchus, year of diagnosis: 2004-2016).
We filled in the missing information of patients as much
as possible by referring to other relevant information. For
example, we filled in information on N stage by referring to
regional node positivity, CS LNs and CS extension, and we
filled in information on VPI by referring to CS extension
and CS site-specific factor 2. The study was conducted in
accordance with the Declaration of Helsinki (as revised
in 2013). Because this research is the study of a public
database, it does not involve ethical issues.
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> e 80,011 patients with SCLC;
v e 174,612 patients with multiple primary tumors
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Exclude:
e 206,432 patients with distant metastasis; _
e 92,610 patients with lymph node metastasis; -
e 53,595 patients with tumor size >4 cm
Y
N=59,429
Exclude:
e 20,187 patients treated without surgery;
e 2,206 patients with pneumonectomy or patients who
> did not receive operation of resection (including laser
ablation, Cautery, fulguration, etc.);
e 3,796 patients with unknown differentiated grade;
Y e 327 patients with unspecified primary site
N=32,913
Exclude:
e 5 patients with unspecified laterality;
e 2,393 patients with undetermined number of
lymph nodes removed;
* 2,114 patients with II-1V stage diseases in P
7th or 6th TNM stage; D
* 6 patients with unknown radiation recode;
e 1,477 patients with unknown visceral pleural
invasion; 17
e 758 patients treated with radiotherapy .
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(N=26,160)
|
Chemotherapy (yes) group Chemotherapy (no/unknown) group

(N=1,447)

(N=24,713)

1:2 propensity score matching

Y Y
Chemotherapy (yes) group Chemotherapy (no/unknown) group
(N=1,440) (N=2,845)

Figure 1 Flow diagram of the screening procedure. SCLC, small cell lung cancer.

Patient screening

In this study, the inclusion criteria for the study cohort were
as follows: (I) patients presenting with primary lung cancer
only; (I) patients with stage I NSCLC with tumor size <4 cmj
(III) tumors resected surgically by limited resection or
lobectomy; and (IV) patients with complete information.
The exclusion criteria for the study cohort were as follows:
(I) patients with small cell lung cancer (SCLC); (II) patients
with multiple lung cancers; (III) patients with stage II-IV
disease; (IV) patients receiving radiotherapy; (V) tumors

that were not resected by surgery or pneumonectomy; and/
or (VI) patients with incomplete information. The data
selection process is shown in Figure 1. Ultimately, a cohort
of 26,160 patients diagnosed with stage I NSCLC was
included in this study.

Variables studied

We collected the basic demographic information, basic

clinicopathological information, treatment information and
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survival data of the study cohort, including sex, age at time
of diagnosis, race, marital status, primary site, laterality,
surgery type, histologic type, tumor size, histologic grading,
VPI, number of LNs examined, chemotherapy, survival
classification, and survival time. The stage of the tumor
was readjusted according to the eighth edition of the TNM
classification system (International Union Against Cancer
staging system) (1). Dai et al. reported that 8 to 11 nodes
were optimal for LN evaluation at the curative resection of
stage I lung cancer (8, 9, 10, and 11 nodes for T1a, T1b,
Tlc, and T2a tumors, respectively) (13). The patients
were divided into four groups according to the number of
LNs examined. In the subgroup survival analysis of this
study, the optimal boundary for the LN evaluation was 10
nodes for stage IA and 11 nodes for stage IB. The survival
classifications were divided into lung cancer-specific survival
(LCSS) and OS. LCSS was defined as the survival time
from lung cancer diagnosis to death specific to lung cancer-
related death. In this study, institutional review board
approval was not required because the cohort data were
anonymous and publicly available.

Statistical analysis

The screened cohort was divided into the following two
groups according to whether or not chemotherapy was
administered: the chemotherapy (yes) group versus the
chemotherapy (no/unknown) group. The propensity
score matching (PSM) method was used to reduce the
differences among the baseline variables between groups.
The propensity score model included sex, age at time
of diagnosis, race, marital status, primary site, laterality,
surgery type, histologic type, tumor size, histologic grading,
VPI, and the number of LNs examined. Patients were
matched based on propensity scores using a 1:2 nearest
neighbor method. The caliper of the matching algorithm
was set to 0.05. The absolute standardized mean difference
(ASMD) was used to assess the balance of the covariate’s
distributions before and after the matching procedure
between the groups. An ASMD <0.1, which indicated a
balance in the covariate distributions between the two
groups, was acceptable (19). Before and after matching,
comparisons of two continuous variables were evaluated by
the student’s -test, and comparisons of categorical variables
were evaluated by Fisher’s exact test or the chi-squared test.
A matched cohort was used to investigate the association
between chemotherapy and survival outcomes, including
LCSS and OS. Univariate and multivariate survival analyses

© Journal of Thoracic Disease. All rights reserved.
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were evaluated by a Cox proportional hazards regression
model. The survival curves of LCSS and OS were generated
using the Kaplan-Meier method, and non-parametric
group comparisons were performed using the log-rank
test. Statistical analyses were performed with IBM SPSS
Statistics version 25.0 IBM Corp., Armonk, New York,
USA), GraphPad Prism version 7.04, and R version 4.0.2 (R
Development Core Team, Austria, Vienna), including the
“foreign”, “survival” and “Matchlt” packages. A two-sided
P value <0.05 was considered statistically significant.

Results
Patient characteristics

The data of 666,689 patients diagnosed with lung cancer
were collected from the SEER database. Through the
screening procedure shown in Figure 1, 26,160 patients
diagnosed with stage I NSCLC were identified. Ultimately,
4,285 patients diagnosed with stage I NSCLC were
included in this study using PSM. The clinicopathological
characteristics of the patients based on the status of
chemotherapy before and after matching are summarized
in Table 1. In the cohort before matching, 1,447 (5.5%)
patients were treated with chemotherapy. An ASMD >0.1
indicated an imbalance among the variables. After matching,
1,440 (33.6%) patients treated with chemotherapy were
enrolled. An ASMD <0.1 indicated a balance among all
the variables after matching. The distributions of the
propensity scores before and after matching are displayed

by histograms (Figure 2).

Survival analysis for all patients after matching

In the univariate survival analyses, a Cox proportional
hazards regression model was used to investigate the
prognostic risk factors for LCSS and OS. Sex, age, surgery
type, histologic type, tumor size, histologic grading, VPI,
the number of LNs examined, and a high pathologic stage
were identified as significant predictors for LCSS and OS
(Table 2).

Further, a multivariate analysis was performed by the
Cox proportional hazards regression model. The results
showed that sex (male) (HR: 1.280, 95% CI: 1.137-1.441,
P<0.001), age (HR: 1.020, 95% CI: 1.014-1.027, P<0.001),
limited resection (HR: 1.482, 95% CI: 1.252-1.755,
P<0.001), a large tumor size (HR: 1.262, 95% CI: 1.137-
1.400, P<0.001), histologic type (other: HR: 1.327, 95%
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Table 1 Clinicopathologic characteristics of patients with stage I NSCLC based on chemotherapy status before and after matching
Chemotherapy
Characteristic Before matching (N=26,160) After matching (N=4,285)
'\:,?If;:r;?"gv)” Yes (N=1,447) ASMD P value Ng\t;kg:;’;' " Yes(N=1,440) ASMD P value
Sex 0.0305 0.26 0.0056 0.91
Female 14,055 (56.9) 801 (55.4) 1,578 (55.5) 796 (55.3)
Male 10,658 (43.1) 646 (44.6) 1,267 (44.5) 644 (44.7)
Age, years 67.50+10.298 63.49+9.371  0.4280 <0.001 63.79+11.170 63.56+9.318 0.0124 0.49
<65 9,647 (39.0) 811 (56.0) 1,504 (52.9) 804 (55.8)
>65 15,066 (61.0) 636 (44.0) 1,341 (47.1) 636 (44.2)
Race 0.0298 0.22 0.0371 0.18
White 20,817 (84.2) 1,196 (82.7) 2,397 (84.3) 1,190 (82.6)
Black 1,969 (8.0) 131 (9.1) 240 (8.4) 130 (9.0)
Asian or Pacific Islander 1,732 (7.0) 112 (7.7) 182 (6.4) 112 (7.8)
Others 195 (0.8) 8(0.6) 26 (0.9) 8(0.6)
Marital status 0.1150 <0.001 0.0197 0.56
Married 13,720 (55.5) 872 (60.3) 1,673 (58.8) 868 (60.3)
Unmarried 2,722 (11.0) 169 (11.7) 358 (12.6) 167 (11.6)
Others 8,271 (33.5) 406 (28.1) 814 (28.6) 405 (28.1)
Primary site 0.0209 0.003 0.0378 0.28
Main bronchus 63 (0.3) 0 8(0.3) 0
Upper lobe 15,059 (60.9) 896 (61.9) 1,789 (62.9) 890 (61.8)
Middle lobe 1,505 (6.1) 85 (5.9) 165 (5.8) 85 (5.9)
Lower lobe 7,962 (32.2) 449 (31.0) 858 (30.2) 449 (31.2)
Overlapping lesion 124 (0.5) 17 (1.2) 25(0.9) 16 (1.1)
Laterality 0.0192 0.48 0.0050 0.95
Right 14,643 (59.3) 871 (60.2) 1,718 (60.4) 868 (60.3)
Left 10,070 (40.7) 576 (39.8) 1,127 (39.6) 572 (39.7)
Surgery type 0.1583 <0.001 0.0208 0.49
Limited resection 5,398 (21.8) 232 (16.0) 480 (16.9) 231 (16.0)
Lobectomy 19,315 (78.2) 1,215 (84.0) 2,365 (83.1) 1,209 (84.0)
Histologic type 0.0763 <0.001 0.0347  0.004
Adenocarcinoma 15,840 (64.1) 912 (63.0) 1,700 (59.8) 909 (63.1)
Squamous cell carcinoma 5,606 (22.7) 273 (18.9) 663 (23.3) 272 (18.9)
Other 3,267 (13.2) 262 (18.1) 482 (16.9) 259 (18.0)

Table 1 (continued)

© Journal of Thoracic Disease. All rights reserved.
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Chemotherapy
Characteristic Before matching (N=26,160) After matching (N=4,285)
'\::\’l/:;:r;?g)” Yes (N=1,447) ASMD P value N(or\j‘irz'kgj;;’ " Yes(N=1,440) ASMD P value
Tumor size, mm 23.20+43.136 29.22+44.807 0.6386 <0.001 29.07+48.597  29.19+44.933 0.0079 0.94
>0t0 10 2,177 (8.8) 44 (3.0) 57 (2.0) 44 (3.1)
>10 to 20 10,803 (43.7) 361 (24.9) 653 (23.0) 361 (25.1)
>20 to 30 8,147 (33.0) 463 (32.0) 1,131 (39.8) 462 (32.1)
>30 to 40 3,586 (14.5) 579 (40.1) 1,004 (35.3) 573 (39.8)
Histologic grading 0.4906 <0.001 0.0125 0.49
G1 6,044 (24.5) 151 (10.4) 330 (11.6) 151 (10.5)
G2 11,494 (46.5) 596 (41.2) 1,120 (39.4) 595 (41.3)
G3 6,816 (27.6) 648 (44.8) 1,285 (45.2) 644 (44.7)
G4 359 (1.4) 52 (3.6) 110 (3.9) 50 (3.5)
VPI 0.5878 <0.001 0.0014 0.70
Absence 20,302 (82.2) 764 (52.8) 1,527 (53.7) 764 (53.1)
Presence 4,411 (17.8) 683 (47.2) 1,318 (46.3) 676 (46.9)
No. of LNs examined 7.82+7.268 8.06+7.524  0.0322 0.22 8.06+7.056 8.05+£7.498  0.0024 0.96
0 2,710 (11.0) 146 (10.1) 235 (8.3) 145 (10.1)
1-7 11,807 (47.8) 683 (47.2) 1,375 (48.3) 679 (47.2)
8-11 4,626 (18.7) 265 (18.3) 572 (20.1) 265 (18.4)
>11 5,570 (22.5) 353 (24.4) 663 (23.3) 351 (24.4)

Data are presented as n (%) or mean + SD. NSCLC, non-small cell lung cancer; ASMD, absolute standardized mean difference; SD,
standardized difference; VPI, visceral pleural invasion; LN, lymph node; G1, well differentiated: G2, moderately differentiated; G3, poorly

differentiated; G4, undifferentiated.

CI: 1.129-1.559, P=0.001), a high histologic grade (G3:
HR: 1.969, 95% CI: 1.520-2.551, P<0.001), the presence
of VPI (HR: 1.530, 95% CI: 1.280-1.828, P<0.001), the
examination of a small number of LNs (LNs =0: HR:
1.686, 95% CI: 1.320-2.152 P<0.001), and treatment with
chemotherapy (HR: 1.218, 95% CI: 1.079-1.375, P=0.001)
were independent prognostic factors for poor LCSS.
Further, sex (male) (HR: 1.359, 95% CI: 1.234-1.498,
P<0.001), age (HR: 1.032, 95% CI: 1.027-1.037, P<0.001),
limited resection (HR: 1.432, 95% CI: 1.245-1.647,
P<0.001), a large tumor size (HR: 1.190, 95% CI: 1.092-
1.298, P<0.001), histologic type (squamous cell carcinoma:
HR: 1.295, 95% CI: 1.151-1.456, P<0.001), a high
histologic grade (G3: HR: 1.832, 95% CI: 1.486-2.258,
P<0.001), the presence of VPI (HR: 1.217, 95% CI: 1.055-

© Journal of Thoracic Disease. All rights reserved.

1.404, P=0.007), and the examination of a small number of
LNs (LNs =0: HR: 1.492, 95% CI: 1.219-1.826, P<0.001)
were independent prognostic factors for poor OS, however,
chemotherapy was not an independent prognostic factor for
poor OS.

Thus, high-risk clinicopathologic features, including a
high histologic grade, the presence of VPI, the examination
of an insufficient number of LNs, and limited resection,
were independent risk factors for poor prognosis.

Subgroup survival analysis

In this study, all patients with stage I NSCLC after
matching were stratified by pathologic stage and high-risk
clinicopathologic features to assess the association between

7 Thorac Dis 2024;16(3):2125-2141 | https://dx.doi.org/10.21037/jtd-24-305
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Figure 2 Histograms showing the distribution of propensity scores in patients with stage I NSCLC based on chemotherapy status

before and after matching. (A) The distribution before matching in the chemotherapy group; (B) the distribution after matching in the

chemotherapy group; (C) the distribution before matching in the non-chemotherapy group; (D) the distribution after matching in the non-

chemotherapy group. NSCLS, non-small cell lung cancer.

chemotherapy and survival. After matching, the patients
were divided into subgroups based on their pathologic stage
status, histologic grading, VPI status, the number of LNs
examined, and the surgery type. Interestingly, a statistically
significant correlation between administering chemotherapy
and improved LCSS was only observed in patients with
VPI stage IB disease (HR: 0.839, 95% CI: 0.706-0.998,
P=0.047). These patients showed an absolute increase in
LCSS of 2% at 5 years and 5.8% at 10 years (Figure 3 and
Tuble 3). Moreover, patients with either stage IB disease,
a high histologic grade, fewer than eight LNs examined,
or limited resection did not significantly benefit from
chemotherapy in terms of LCSS.

Additionally, a significant correlation between
administering chemotherapy and better OS was found in
patients with any of the following risk factors: stage IB (HR:
0.731, 95% CI: 0.647-0.827, P<0.001), a high histologic
grade (G3: HR: 0.827, 95% CI: 0.717-0.954, P=0.009),
the presence of VPI (HR: 0.711, 95% CI: 0.612-0.826,
P<0.001), and 8 to 11 LNs examined (HR: 0.681, 95% CI:
0.525-0.884, P=0.004). Further, administering chemotherapy
led to an absolute improvement in OS as follows: 7.8% at

© Journal of Thoracic Disease. All rights reserved.

5 years (from 58.8% to 66.6%) and 9.5% at 10 years (from
39.8% to 49.3%) in stage IB patients; 4.6% at 5 years (from
57.0% to 61.6%) and 6.9% at 10 years (from 38.6% to
45.5%) in patients with poorly differentiated grading; 7.7%
at 5 years (from 57.9% to 65.6%), and 11.4% at 10 years
(from 39.7% to 51.1%) in patients with VPI; 6.7% at 5 years
(from 67.1% to 73.8%) and 10.8% at 10 years (from 50.5%
to 61.3%) in patients with 8 to 11 LNs examined. Patients
with limited resection did not benefit from the addition of
chemotherapy in terms of LCSS or OS.

Combined subgroup survival analysis

Pathologic stage combined with one or more high-risk
features was used to investigate the indicative effect of high-
risk factors for chemotherapy. A statistically significant
survival advantage following the addition of chemotherapy
was not observed in stage IA1-IA3 patients. Therefore,
we divided the pathological stage into IA and IB and
then combined those patients with one or more high-risk
features to evaluate the association between administering
chemotherapy and survival.

7 Thorac Dis 2024;16(3):2125-2141 | https://dx.doi.org/10.21037/jtd-24-305
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Table 2 Univariate and multivariate survival analyses for LCSS and OS in patients with stage I NSCLC after matching

Univariate analyses

Multivariate analyses

Characteristic LCSS (e8] LCSS (e8]
HR 95% Cl P value HR 95% Cl P value HR 95% Cl P value HR 95% Cl P value
Sex
Female Ref. Ref. Ref. Ref.
Male 1.371  1.220-1.541 <0.001 1.459  1.326-1.606 <0.001 1.280 1.137-1.441 <0.001 1.359 1.234-1.498 <0.001
Age 1.028 1.022-1.034 <0.001 1.039 1.034-1.044 <0.001 1.020 1.014-1.027 <0.001 1.082 1.027-1.037 <0.001
Race
White Ref. Ref.
Black 0.883 0.710-1.097  0.26 0.839  0.700-1.005  0.06
Asian or Pacific 0.866 0.681-1.102  0.24 0.711  0.573-0.881  0.002
Islander
Other 0.120 0.017-0.854  0.03 0.395 0.164-0.950  0.04
Marital status
Married Ref. Ref.
Unmarried 0.995 0.822-1.204  0.96 0.952 0.811-1.118  0.55
Others 1.165  1.022-1.328 0.02 1.254 1.128-1.394 <0.001
Primary site
Main bronchus’ 0.413  0.058-2.930  0.38
Upper lobe Ref. Ref.
Middle lobe 1.094  0.854-1.401 0.48 0.984 0.797-1.215  0.88
Lower lobe 1.113 0.980-1.265 0.10 1.066 0.960-1.184  0.23
Overlapping 1.195 0.691-2.070  0.52 1.030 0.638-1.663  0.91
lesion
Laterality
Right Ref. Ref.
Left 0.956 0.848-1.078  0.47 0.969 0.879-1.069  0.53
Surgery type
Limited resection 1.796  1.563-2.065 <0.001 1.759  1.567-1.974 <0.001 1.482 1.252-1.755 <0.001 1.432 1.245-1.647 <0.001
Lobectomy Ref. Ref. Ref. Ref.
Histologic type
Adenocarcinoma  Ref. Ref. Ref. Ref.
Squamous cell 1.446  1.255-1.666 <0.001 1.701  1.521-1.903 <0.001 1.158 0.999-1.344  0.05 1.295 1.151-1.456 <0.001
carcinoma
Other 1.440 1.237-1.677 <0.001 1.393  1.225-1.584 <0.001 1.327 1.129-1.559  0.001 1.228 1.071-1.408 0.003
Tumor size 1.206 1.122-1.297 <0.001 1.204 1.135-1.278 <0.001 1.262 1.137-1.400 <0.001 1.190 1.092-1.298 <0.001
Histologic grading
G1 Ref. Ref. Ref. Ref.
G2 1.917  1.482-2.481 <0.001 1.837  1.493-2.261 <0.001 1.655 1.276-2.146 <0.001 1.533 1.243-1.890 <0.001
G3 2.507 1.947-3.229 <0.001 2.439 1.990-2.989 <0.001 1.969 1.520-2.551 <0.001 1.832 1.486-2.258 <0.001
G4 2.108 1.441-3.084 <0.001 2221  1.664-2.999 <0.001 1.491 1.002-2.219 0.049 1.564 1.140-2.145 0.006

Table 2 (continued)
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Table 2 (continued)

2133

Univariate analyses

Multivariate analyses

Characteristic LCSS 0s LCSS 0Os
HR 95% ClI P value HR 95% CI P value HR 95% CI P value HR 95% ClI P value

VPI

Absence Ref. Ref. Ref. Ref.

Presence 1.356  1.206-1.524 <0.001 1.213  1.102-1.335 <0.001 1.530 1.280-1.828 <0.001 1.217 1.055-1.404 0.007
No. of LNs examined

0 2.243 1.814-2.775 <0.001 2.047 1.718-2.439 <0.001 1.686 1.320-2.152 <0.001 1.492 1.219-1.826 <0.001

1-7 1.298 1.099-1.533  0.002 1.240 1.085-1.418 0.002 1.266 1.071-1.497  0.006 1.208 1.056-1.383  0.006

8-11 Ref. Ref. Ref. Ref.

>11 1.013 0.831-1.236  0.90 0.983 0.838-1.154  0.84 0.978 0.801-1.193  0.82 0.947 0.807-1.112  0.51
Pathologic TNM stage

I1A1 Ref. Ref. Ref. Ref.

A2 1.237 0.789-1.939  0.35 1.128 0.806-1.579  0.48 1229 0.783-1.929 0.37 1.132 0.807-1.586  0.47

IA3 1.668 1.083-2.569  0.02 1.363 0.986-1.885  0.06 1.330 0.851-2.080 0.21 1.136 0.810-1.594  0.46

B 1.861 1.229-2.818 0.003 1558 1.145-2.120 0.005 0.945 0.585-1.529  0.82 0.989 0.685-1.427 0.95
Chemotherapy

No/unknown Ref. Ref. Ref. Ref.

Yes 1172 1.039-1.321 0.01 0.935 0.846-1.035  0.19 1.218 1.079-1.375 0.001 0.974 0.879-1.079  0.61

T, there was no lung cancer-related death in this group with tumors located in the main trachea. NSCLC, non-small cell lung cancer; LCSS, lung cancer-
specific survival; OS, overall survival; HR, hazard ratio; Cl, confidence interval; VPI, visceral pleural invasion; LN, lymph node; G1, well differentiated; G2,

moderately differentiated; G3, poorly differentiated; G4, undifferentiated.

Pathologic stage combined with one high-risk feature

Stage IA patients with one or even more high-risk
features (i.e., histologic grade, an insufficient number
of LNs examined, or limited resection) did not benefit
from the addition of chemotherapy in terms of LCSS
or OS. Chemotherapy significantly improved LCSS or
OS in patients with VPI and stage IB disease. Further, a
significant correlation was observed between the addition
of chemotherapy and better OS in patients with stage 1B
and a high histologic grading (IB + G3/G4: HR: 0.724,
95% CI: 0.612-0.857, P<0.001) or fewer than 11 LNs
examined (IB + LNs <11: HR: 0.737, 95% CI: 0.641-0.847,
P<0.001). The absolute improvement in OS with the
addition of chemotherapy was as follows: 8.0% at 5 years
and 12.9% at 10 years in patients with stage IB and a high
histologic grade; and 7.9% at 5 years and 9.5% at 10 years
in patients with stage IB and fewer than 11 LNs examined.
However, an improvement in LCSS from the addition of
chemotherapy was observed (5-year LCSS increased 0.7%
vs. 1.5%, while 10-year LCSS increased 2.6% vs. 2%), and

© Journal of Thoracic Disease. All rights reserved.

the HR was <1 (0.904 vs. 0.902).

Pathologic stage combined with two high-risk features

Similarly, stage IA patients with any two high-risk features
did not benefit from the addition of chemotherapy in terms
of LCSS or OS. There was a significant association between
the addition of chemotherapy and better LCSS and OS
in patients with stage IB combined with the presence of
VPI and fewer than 11 LNs examined (LCSS: HR: 0.809,
95% CI: 0.664-0.986, P=0.04; OS: HR: 0.677, 95% CI:
0.570-0.803, P<0.001, Figure 4) with an absolute increase
in LCSS of 3.5% at 5 years (from 64.9% to 68.4%), and
6.4% at 10 years (from 54.4% to 60.8%), and an absolute
increase in OS of 9.6% at 5 years (from 54.5% to 64.1%)
and 12.4% at 10 years (from 37.3% to 49.7%). Additionally,
chemotherapy contributed to statistically significant
better OS in stage IB patients with a high histologic grade
combined with the presence of VPI (HR: 0.780, 95% CI:
0.636-0.957, P=0.02), with an absolute increase in OS of
4.6% at 5 years (from 53.3% to 57.9%), and 10.8% at 10
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LCSS 0s

Selected study cohort Log-rank test Log-rank test
elected study cohor 2 HR O es%cl Forest plot 22 WR O 9s%Cl Forest plot
P valu P value

Subgroup
Pathologic stage
1A1

0.01 2.802 1.184-6.630 —_— 0.64  1.156 0.625-2.140 —_—
1A2 <0.001 2.369 1.629-3.446 —_— <0.001 1.689 1.255-2.272 —_——
IA3 <0.001 1.884 1.418-2.504 —_—— <0.001 1.609 1.265-2.045 —_——
1A <0.001 2.014 1.622-2.502 —— <0.001 1.546 1.294-1.848 —_——

0.19 0.908 0.785-1.049 - <0.001 0.731 0.647-0.827 -+

Histologic grading
<0.001 2.715 1.669-4.417 —_— 0.002  1.827 1.242-2.687 —
G2 0.04 1.222 1.008-1.482 0.92  1.009 0.858-1.186 .
G3 0.54 1.054 0.891-1.248 - 0.009 0.827 0.717-0.954 -+
G4 0.23 0.651 0.321-1.319  —4—i— 0.10  0.629 0.360-1.098 —_——
VPI
Absence <0.001 1.632 1.377-1.934 —— 0.01 1.192  1.039-1.367 —
Presence 0.047 0.839 0.706-0.998 - <0.001 0.711  0.612-0.826 -
No.of LNs examined
0 0.52 1.109 0.809-1.519 —— 0.80 1.035 0.793-1.352 —
1-7 0.004 1.275 1.078-1.508 —— 0.76  1.022 0.888-1.177 -~
8-11 0.74 0.949 0.698-1.289 — 0.004 0.681 0.525-0.884 —-—
>11 0.53 1.094 0.828-1.445 —— 0.14  0.837 0.662-1.059 —
Surgery type
Limited resection 0.03 1.316 1.025-1.688 —— 045 1.084 0.878-1.339 —e—
0.06 1.139  0.993-1.306 - 0.07  0.900 0.802-1.009 -~
Combined subgroups
Pathologic stage combined one high-risk feature
1A + GS/G4 0.04 1.374 1.017-1.855 —— 0.74  1.042 0.817-1.329 ——
IA +LNs < <0.001 2.103 1.645-2.689 —_— <0.001 1.655 1.352-2.025 ——
1A + lelted resection <0.001 1.973 1.316-2.959 —_— 0.02  1.497 1.068-2.099 ——
IB + G3/G: 0.31 0.904 0.743-1.099 B <0.001 0.724 0.612-0.857 .
1B + VPI (+) 0.047 0.839 0.706-0.998 - <0.001 0.711  0.612-0.826 -
IB + LNs <11 0.22 0.902 0.765-1.064 B <0.001 0.737 0.641-0.847 -+
IB + Limited resection 0.85 1.031 0.745-1.428 —_ 0.41 0.890 0.675-1.173 —
Pathologic stage combined two high-risk features
IA + G3/G4 + LNs <10 0.04 1.432 1.021-2.006 —— 024  1.175 0.895-1.542 ——
IA + G3/G4 + Limited resection 0.046 1.757 1.002-3.083 ——— 0.21 1.336 0.843-2.118 [ D
IA + LNs <10 + Limited resection 0.001 2.016 1.323-3.072 —_— 0.008 1.599 1.125-2.273 —_—
1B + G3/G4 + VPI (+) 0.50 0.923 0.732-1.165 - 0.02 0.780 0.636-0.957 -
IB + G3/G4 + LNs <11 0.32 0.894 0.715-1.118 - 0.002  0.739 0.610-0.896 -
IB + G3/G4 + Limited resection 0.92 1.023 0.671-1.560 —_—— 0.94 0.986 0.690-1.409 —_——
IB + VPI (+) + LNs <11 0.04 0.809 0.664-0.986 - <0.001 0.677 0.570-0.803 -
IB + VPI (+) + Limited resection 0.42 0.860 0.595-1.245 —— 017 0797 0.576-1.102 —
IB + LNs <11 + Limited resection 0.94 1.014 0.727-1.415 —_ 0.30 0.860 0.647-1.143 —
Pathologic stage combined three high-risk features
IA + G3/G4 + LNs <10 + Limited resection ~ 0.07 1.698 0.951-3.033 —_— 017  1.395 0.863-2.253 —-—
1B + G3/G4 + VPI (+) + LNs <11 032 0873 0.666-1.144  —o 0.01 0745 0.587-0.944 -
IB + G3/G4 + VPI (+) + Limited resection 0.87 0.960 0.597-1.546 —— 0.88  0.967 0.640-1.463 —_—
IB + G3/G4 + LNs <11 + Limited resection  0.86 1.041 0.674-1.610 —_—— 0.84  1.001 0.692-1.450 —_——
IB + VPI (+) + LNs <11 + Limited resection 0.33 0.827 0.566-1.210 — 010 0.757 0.542-1.058 !
T T T T T T 1 I B
0 1 2 3 4 5 6 7 0 1 2 3

Figure 3 Association between survival and chemotherapy in stage I NSCLC patients. LCSS, lung cancer-specific survival; OS, overall
survival; HR, hazard ratio; CI, confidence interval; VPI, visceral pleural invasion; LN, lymph node; G1, well differentiated: G2, moderately
differentiated; G3, poorly differentiated; G4, undifferentiated; NSCLS, non-small cell lung cancer.

Table 3 Cumulative proportion surviving at 5 and 10 years of LCSS and OS

LCSS (%) OS (%)
5-year 10-year 5-year 10-year
Selected study cohort Chemotherapy Chemotherapy Chemotherapy Chemotherapy
No/ Diff. No/ Diff. No/ Diff.  Noy  Diff
unknown ves unknown ves unknown ves unknown ves
Pathologic TNM stage
1A 81.6 66.9 -14.7 74.5 52.5 -22 72.6 615 -11.1 571 40.4 -16.7
1A1 91.3 731 182 85.4 64.4 21 76.6 68.5 -8.1 64.1 57.3 6.8
1A2 83.9 69.4 -145 78.8 55.0 -23.8 73.9 643 -9.6 61.9 40.6 -21.3
A3 78.6 63.4 -15.2 70.1 46.4 -23.7 711 576 -135 52.7 352 -17.5
1B 70.4 71.8 1.4 58.7 60.0 1.3 58.8 66.6 7.8 39.8 493 95
Histologic grading
G1 90.3 777 126 86.7 62.6 -24.1 83.2 745 -87 76.5 51.8 -24.7
G2 75.9 716 43 65.5 569 -8.6 66.5 66.0 -0.5 48.1 454 2.7
G3 69.4 66.6 -2.8 59.1 56.7 -2.4 57.0 61.6 4.6 38.6 455 6.9
G4 7.7 83.6 11.9 57.5 66.5 9 59.3 72.7 134 37.9 54.8 16.9
VPI
Absence 79.9 704 95 721 55.1 -17 68.7 64.6 -4.1 51.5 432 -83
Presence 68.2 70.2 2 55.6 61.4 5.8 57.9 65.6 7.7 39.7 511 114

Table 3 (continued)
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Table 3 (continued)
LCSS (%) OS (%)
5-year LCSS 10-year LCSS 5-year OS 10-year OS
Selected study cohort Chemotherapy Chemotherapy Chemotherapy Chemotherapy
No/ Diff. No/ Diff. No/ Diff.  Noy  Diff
unknown ves unknown ves unknown ves unknown ves
No. of LNs examined
0 58.9 56.9 -2 42.7 372 55 46.9 50.7 3.8 271 220 -5.1
1-7 73.2 67.2 -6 64.8 55.1 9.7 63.0 62.0 -1 45.8 429 -29
8-11 78.6 773  -13 69.0 686 -0.4 67.1 73.8 6.7 50.5 61.3 10.8
>11 79.6 770 26 67.8 639 -39 69.1 70.9 1.8 50.0 55.7 5.7
Surgery type
Limited resection 64.0 55.7 -83 50.1 374 127 50.2 493 -09 29.7 255 -4.2
Lobectomy 76.5 73.1 -3.4 67.2 615 5.7 66.4 68.1 1.7 49.2 50.7 1.5
Pathologic TNM stage combined with one high-risk feature
IA + G3/G4 75.3 67.9 -7.4 65.7 55.7 -10 63.4 62.5 -0.9 43.2 40.8 -2.4
IA + LNs <10 80.9 65.0 -15.9 73.0 486 -244 71.7 59.6 -12.1 55.9 35.6 -20.3
IA + limited resection 74.9 56.4 -185 62.9 406 -22.3 63.4 50.0 -13.4 40.5 27.3 -13.2
IB + G3/G4 66.8 67.5 0.7 55.4 58.0 2.6 54.2 62.2 8 35.9 48.8 129
IB + VPI (+) 68.2 70.2 2 55.6 61.4 5.8 57.9 65.6 7.7 39.7 511 114
IB + LNs <11 67.7 69.2 1.5 571 59.1 2 56.1 64.0 7.9 37.5 47.0 9.5
IB + limited resection 56.8 55.1 -1.7 39.5 344 51 41.8 48.8 7 21.9 240 241
Pathologic TNM stage combined with two high-risk features
IA + G3/G4 + LNs <10 73.3 64.4 -89 63.5 51.3 -12.2 62.4 59.0 -34 1.7 352 -6.5
IA + G3/G4 + Limited resection 71.3 525 -18.8 58.3 39.0 -19.3 57.7 451 -12.6 29.8 222 -76
IA + LNs <10 + limited resection 74.8 55.9 -18.9 61.8 38.3 -235 64.3 49.0 -15.3 40.9 243 -16.6
IB + G3/G4 + VPI (+) 64.7 63.0 -1.7 53.0 57.3 4.3 53.3 57.9 4.6 37.6 48.4 108
IB + G3/G4 + LNs <11 64.1 65.8 1.7 51.9 56.5 4.6 51.7 60.1 8.4 324 459 135
IB + G3/G4 + limited resection 53.2 485 4.7 37.1 31.1 -6 39.5 425 3 21.1 176 -3.5
IB + VPI (+) + LNs <11 64.9 68.4 3.5 54.4 60.8 6.4 54.5 64.1 9.6 37.3 49.7 124
IB + VPI (+) + limited resection 52.5 57.9 5.4 34.1 35.8 1.7 40.5 51.6 111 21.7 25.7 4
IB + LNs <11 + limited resection 54.7 53.6 -1.1 35.0 314 -36 40.1 47.6 7.5 18.2 223 441
Pathologic stage combined with three high-risk features
IA + G3/G4 + LNs <10 + limited resection 70.8 524 -18.4 56.1 376 -185 60.0 447 -153 29.9 19.8 -10.1
IB + G3/G4 + VPI (+) + LNs <11 62.0 63.3 1.3 50.3 57.6 7.3 51.1 58.1 7 34.3 474 1341
IB + G3/G4 + VPI (+) + limited resection 50.6 47.9 2.7 31.7 32.6 0.9 39.3 4.7 2.4 19.7 18.7 -1
IB + G3/G4 + LNs <11 + limited resection 51.5 46.3 -5.2 32.6 248 -7.8 38.0 411 3.1 17.4 139 -35
IB + VPI (+) + LNs <11 + limited resection 49.8 56.8 7 28.7 32.3 3.6 38.0 51.0 13 17.3 226 53

LCSS, lung cancer-specific survival; OS, overall survival; Diff., difference; VPI, visceral pleural invasion; LN, lymph node; G1, well differentiated; G2,

moderately differentiated; G3, poorly differentiated; G4, undifferentiated.

© Journal of Thoracic Disease. All rights reserved.

7 Thorac Dis 2024;16(3):2125-2141 | https://dx.doi.org/10.21037/jtd-24-305



2136

>

0.4

0.2
— Chemotherapy (no/unknown)

P=0.047 — Chemotherapy (yes)

Lung cancer-specific survival
|
|

0.0

T T T T T T T T T
0O 20 40 60 80 100 120 140 160
Time, months

@]

0.4

0.2
— Chemotherapy (no/unknown)

— Chemotherapy (yes)

Lung cancer-specific survival

P=0.04

0.0

0O 20 40 60 80 100 120 140 160

Time, months

m

0.4

0.2 4
— Chemotherapy (no/unknown)

P=0.32 — Chemotherapy (yes)

Lung cancer-specific survival
|
|
1
1

0.0 A

T T T T T T T T T
0O 20 40 60 80 100 120 140 160
Time, months

Luan et al. High-risk features for chemotherapy in stage | NSCLC

B

©
=
<
=1
7]
T
9]
> e
3 .
0.2 A
— Chemotherapy (no/unknown)
P<0.001 — Chemotherapy (yes)
0.0 H
T T T T T T T T T
0 20 40 60 80 100 120 140 160
Time, months
D

©
2
2
>
7]
T
o)
= !
O p —
0.2 A
— Chemotherapy (no/unknown)
P<0.001 — Chemotherapy (yes)
0.0 A
T T T T T T T T T
0 20 40 60 80 100 120 140 160
Time, months
F
©
2
>
]
7]
T
9]
>
1o} T
0.2 A
— Chemotherapy (no/unknown)
P=0.01 — Chemotherapy (yes)
0.0 A
T T T T T T T T T
0O 20 40 60 80 100 120 140 160

Time, months

Figure 4 Kaplan-Meier curves for LCSS and OS in patients with stage I NSCLC based on chemotherapy status after matching. (A,C,E)
LCSS, (B,D,F) OS. (A,B) IB + VPI (+). (C,D) IB + VPI (+) + LNs <11. (E,F) IB + G3/G4 + VPI (+) + LNs <11. LCSS, lung cancer-specific
survival; OS, overall survival; NSCLC, non-small cell lung cancer, VPI, visceral pleural invasion; LN, lymph node; G3, poorly differentiated;

G4, undifferentiated.

years (from 37.6% to 48.4%). Similarly, chemotherapy also
statistically contributed to better OS in stage IB patients
with a high histologic grade and fewer than 11 LNs
examined (HR: 0.739, 95% CI: 0.610-0.896, P=0.002) with
an absolute increase in OS of 8.4% at 5 years (from 51.7%
to 60.1%) and 13.5% at 10 years (from 32.4% to 45.9%).

Pathologic stage combined with three high-risk features
There was a statistically significant relationship between the

© Journal of Thoracic Disease. All rights reserved.

addition of chemotherapy and better OS in patients who
met the following conditions at the same time, including
stage 1B, a high histological grade, the presence of VPI, and
fewer than 11 LNs examined (HR: 0.745, 95% CI: 0.587-
0.944, P=0.01) with an absolute increase in OS of 7.0% at
5 years (from 51.1% to 58.1%) and 13.1% at 10 years (from
34.3% to 47.4%). The patients in this group did not benefit
significantly from the addition of chemotherapy in terms
of LCSS, but statistically non-significant improvement in
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LCSS with the addition of chemotherapy was observed.

Discussion

In our study, the association between chemotherapy
and survival was assessed in stage I patients stratified by
pathologic stage and several high-risk clinicopathologic
features, including the presence of VPI, a high histological
grade, the examination of an insufficient number of LN,
and limited resection. The purpose of this study was to
evaluate the value of high-risk clinicopathologic features in
decisions to administer chemotherapy for stage I NSCLC.

Adjuvant chemotherapy is an important traditional
method to improve survival in NSCLC patients, even
stage I NSCLC patients, after resection (3-7). However,
the debate continues as to whether adjuvant chemotherapy
can prolong survival in stage I NSCLC patients (9,14-16).
The latest NCCN guidelines recommend chemotherapy
for stage IB or IIA patients with high-risk factors, including
poorly differentiated tumors, vascular invasion, wedge
resection, a tumor size >4 cm, visceral pleural involvement
and unknown LN status after RO resection (17); however,
the indicative role and reference value of these risk
factors in chemotherapy decision making have not yet
been determined. Among these high-risk factors, a
poorly differentiated grade, also named high histological
grading, indicates a poor prognosis. Notably, solid and
micropapillary adenocarcinomas are considered high grade
in the 2015 World Health Organization classification of
lung tumors (20).

Studies have increasingly reported that patients with
solid or micropapillary patterns have a poorer prognosis
even if their patterns are not predominant (21-24). Wedge
resection is one type of limited resection or sublobar
resection that may affect the survival of patients due to an
insufficient resection range caused by tumor spread through
air spaces (STAS) (25-27). VPI is widely recognized as a
risk factor for the prognosis of lung cancer patients and is
included in the TNM classification (1). The presence of
VPI is a significant predictive factor in pathologic stage 1
NSCLC after resection (28-30).

Unknown LN status is a risk factor for prognosis;
however, the examination of an insufficient number of
LNs also indicates a poor prognosis (13,29,31-33). A
recent study showed that eight to 11 nodes were optimal
for LN evaluation following curative resection in stage
I lung cancer patients (13). In this study, the high-risk
clinicopathologic features included a high histologic grade,
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the presence of VPI, the examination of an insufficient
number of LNs, and limited resection. To investigate the
value of high-risk clinicopathologic features in decisions to
administer chemotherapy for stage I NSCLC, we assessed
the association between chemotherapy and survival in
patients with stage I NSCLC stratified by pathologic stage
and high-risk clinicopathologic features.

In the present study, all the variables were balanced
using the PSM method between the two groups based
on the status of chemotherapy. An ASMD less than 0.1
and no significant correlation between risk factors and
chemotherapy indicated successful matching. The univariate
and multivariate Cox regression survival analyses showed
that several clinicopathologic features, including limited
resection, a larger tumor size, a high histologic grade, the
presence of VPI, and the examination of an insufficient
number of LNs, were significant independent risk factors for
LCSS and OS in stage I NSCLC, which is consistent with
the findings of most previous studies (10,11,13,16,28-30,34).
It is worth noting that chemotherapy was a risk factor for
poor survival in all the patients after matching in both the
univariate and multivariate survival analyses. This suggests
that patients need to be stratified according to high-risk
factors to assess the relationship between chemotherapy and
survival.

TNM stage classification comprehensively considers
tumor size and some risk factors and is an important
reference for predicting the survival and guiding the
treatment plan of lung cancer patients (1). Therefore, we
stratified all patients after matching according to the high-
risk factors and pathologic TNM stage. After rigorous
matching and a subgroup survival analysis, chemotherapy
only showed a significant survival improvement in both
LCSS and OS in patients with the presence of VPI, with an
absolute increase in survival of almost 4.9% at 5 years 2% of
S-year LCSS versus 7.7% of 5-year OS) and 8.6% at 10 years
(5.8% of 10-year LCSS versus 11.4% of 10-year OS). Since
VPI is an ascending factor of T stage, tumors less than
3 c¢m in diameter with VPI are classified as T2a stage (1).
Similarly, patients with VPI had tumor sizes ranging from 0
to 4 cm in this study. This means that if the VPI is positive,
chemotherapy should be considered for patients with node-
negative NSCLC less than 4 c¢m, regardless of tumor size.
Additionally, stage IB patients did not benefit significantly in
terms of LCSS from the addition of chemotherapy, but there
was still improvement in LCSS at 5 years and 10 years (1.4%
versus 1.3%). Thus, chemotherapy may not contribute
to survival in all patients with stage IB NSCLC (i.e.,
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chemotherapy may only need to be considered for VPI-
positive stage IB patients).

In this study, the optimal boundary of the LN evaluation
was 10 nodes for stage IA and 11 nodes for stage IB (13). A
significant association was observed between the addition of
chemotherapy and better LCSS and OS in stage IB patients
with VPI and fewer than 11 LNs examined, with an absolute
increase in survival of almost 6.6% at 5 years (3.5% of 5-year
LCSS versus 9.6% of 5-year OS) and 9.4% at 10 years
(6.4% of 10-year LCSS versus 12.4% of 10-year OS). After
combining the high-risk factors for the examination of an
insufficient number of LNs, the benefit of chemotherapy
further improved the survival of stage IB patients with the
presence of VPI. Stage IB patients with fewer than 11 LNs
examined did not significantly benefit from the addition of
chemotherapy in terms of LCSS; however, there was still an
improvement in LCSS at 5 years and 10 years (1.5% versus
2.0%). One meta-analysis reported that the examination of
an insufficient number of LNs was associated with inferior
survival rates in patients with early stage NSCLC (31).
Similarly, research has shown that chemotherapy is
beneficial for stage IB patients who had suboptimal nodal
staging (13,35). Thus, the examination of an insufficient
number of LNs may be an indicator for administering
chemotherapy in stage IB NSCLC. It is recommended
to perform adequate LNs dissection. And the adjuvant
chemotherapy may be required for the patients with an
insufficient number of LNs removed.

In terms of OS, the addition of chemotherapy was only
observed to have a benefit in stage IB patients with a high
histologic grade when combined with either or both of the
following high-risk factors: the presence of VPI and/or
fewer than 11 LNs examined. However, chemotherapy did
not significantly contribute to better LCSS in patients with
a higher histologic grade, even if other high-risk factors
were combined; however, some increase in survival was
observed. This study included all types of NSCLC, such
as adenocarcinoma, squamous cell carcinoma, and all other
types except SCLC. In addition, studies have frequently
reported that adjuvant chemotherapy contributes to survival
benefits in stage I patients with high-grade histological
subtypes (10,12,16,36,37). Further accurate stratification of
patients with a high histologic grade is needed to investigate
the benefits of chemotherapy. Thus, a high histologic grade
is a potential indicator for administering chemotherapy in
stage | NSCLC.

In the present study, stage I patients with limited
resection did not significantly benefit from the addition of
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chemotherapy in terms of LCSS or OS, regardless of the
combination with any high-risk factors. However, recent
studies showed that adjuvant chemotherapy was associated
with a survival benefit in patients with tumors larger than
3 to 4 cm who underwent sublobar surgery (11,38). A
larger wedge volume and smaller tumor volume are related
to better survival in wedge resection (39). Meanwhile,
high-quality limited resection, such as segmentectomy, is
suitable for clinical stage IA lung adenocarcinoma, with a
survival equivalent to that of standard lobectomy (40,41).
Segmentectomy is significantly better than lobectomy in
terms of OS and pulmonary function (42,43). Therefore,
the quality of the limited resection may affect the survival
of patients and determine whether adjuvant chemotherapy
should be considered.

For stage IA NSCLC, patients receiving adjuvant
chemotherapy had worse survival in isolation and when
stratified by high-risk features. However, chemotherapy
did not contribute to survival benefits in stage IA patients,
regardless of the combination of any of the high-risk
factors. Thus, patients with stage IA NSCLC need to be
further stratified according to other risk factors, such as
lymphovascular invasion (44-46) or tumor STAS (47,48).

This study had several limitations. First, it was
a retrospective study based on data from the SEER
database. Several risk factors were not available, such as
lymphovascular invasion, histologic subtype, and tumor
STAS, which still need further exploration. Second, patients
in the control cohort did not receive chemotherapy and
had an unknown chemotherapy status. This may not
have affected our conclusions, but prospective studies
with large samples at multiple centers are still needed to
further confirm our findings. Third, there are no specific
data on chemotherapy in the SEER database, such as the
chemotherapy treatment plan, drug composition, treatment
cycle, toxicity, and side effects. Thus, we could not assess
the differences between different chemotherapy regimens,
and careful randomized controlled trials need to be
conducted in this area. Finally, the quality of chemotherapy
data in the SEER database was unknown. Previous
investigations comparing SEER data with Medicare claims
data found that the sensitivity of SEER data to identify
individuals who received chemotherapy was only 68% (49).
Although we have conducted an in-depth analysis based on
the available data set, it is undeniable that the limitation of
the database may affect the robustness of the results of this
study. Therefore, we expect that more real-world studies or
prospective clinical trials can improve the above data and
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conduct a more comprehensive analysis to further verify the
results of this article.

Conclusions

In conclusion, we found that the presence of VPI was the
dominant indicator, the examination of an insufficient
number of LNs was the secondary indicator, and a high
histologic grade was a potential indicator for the need
to administer chemotherapy in the treatment of stage I
NSCLC. More multi-center prospective clinical trials and
real-world studies with large samples are needed to further
verify the results in this study.
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