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Abstract

Purpose This study aims to investigate the risk factors for lymph node metastasis (LNM) in synchronous multiple
primary lung cancer (sSMPLC) using clinical and CT features, and to offer guidance for preoperative LNM prediction
and lymph node (LN) resection strategy.

Materials and methods A retrospective analysis was conducted on the clinical data and CT features of patients
diagnosed with sMPLC at the Third Affiliated Hospital of Kunming Medical University from January 1, 2018 to Decem-
ber 31, 2022. Patients were classified into two groups: the LNM group and the non-LNM (n-LNM) group. The study uti-
lized univariate analysis to examine the disparities in clinical data and CT features between the two groups. Addition-
ally, multivariate analysis was employed to discover the independent risk variables for LNM. The diagnostic efficacy

of various parameters was evaluated using the receiver operating characteristic (ROC) curve.

Results Among the 688 patients included in this study, 59 exhibited LNM. Univariate analysis revealed significant
differences between the LNM and n-LNM groups in terms of gender, smoking history, CYFRA21-1 level, CEA level, NSE
level, lesion type, total lesion diameter, main lesion diameter, spiculation sign, lobulation sign, cavity sign, and pleu-
ral traction sign. Logistic regression identified CEA level (OR = 1.042, 95%Cl: 1.009-1.075), lesion type (OR = 9.683,
95%Cl: 3.485-26.902), and main lesion diameter (OR = 1.677, 95%Cl: 1.347-2.089) as independent predictors of LNM.
The regression equation for the joint prediction was as follows: logit(p)= -7.569+0.041*CEA level +2.270* lesion type
+0.517* main lesion diameterROC curve analysis showed that the AUC for CEA level was 0.765 (95% Cl, 0.694-0.836),
for lesion type was 0.794 (95% Cl, 0.751-0.838), for main lesion diameter was 0.830 (95% Cl, 0.784-0.875), and for the
combine predict model was 0.895 (95% Cl, 0.863-0.928).

Conclusion The combination of clinical and imaging features can better predict the status of LNM of sSMPLC,
and the prediction efficiency is significantly higher than that of each factor alone, and can provide a basis for lymph
node management decision.
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Introduction

Based on the 2022 figures provided by the National Can-
cer Center, lung cancer continues to be the primary cause
of illness and death associated to cancer in China [1]. The
extensive utilization of low-dose spiral CT has resulted
in the heightened identification of small, numerous
lung nodules [2]. Studies suggest that multiple nodules
often signify Multiple primary lung cancer(MPLC), with
sMPLC being a significant subset [3].

Surgical treatment is the primary approach for MPLC.
However, the selection of the surgical method remains con-
troversial due to the multiple lesions [4]. Sublobectomy is
favored over lobectomy by many scholars for treating MPLC,
which frequently presents as ground-glass nodules [5-7].

The multiple lesions make surgeons pay more attention
to the lesions themselves during surgery, but the manage-
ment of lymph nodes was neglected. This may lead to the
omission of some lymph nodes with occult metastases.
Many studies have shown that lymph node metastasis is
an independent risk factor for MPLC prognosis [8—10].
Therefore, it is necessary to evaluate lymph node metas-
tasis in MPLC.

Imaging techniques are increasingly used in clinical
diagnosis [11-13]. Previous research has demonstrated
that both clinical and imaging features can predict LNM
in NSCLC [14—16]. Terumoto Koike et al. [14] indicated
that tumor size are predictive of LNM. Keiju et al. [17]
demonstrated that tumor diameter is a significant predic-
tor of lymph node metastasis (LNM), a finding consist-
ent with the results reported by other researchers [18,
19]. Moon et al. [20] identified carcinoembryonic antigen
(CEA) levels as a risk factor for LNM, a conclusion ech-
oed by Zhou et al. [21]. Additionally, Ye et al. [15] empha-
sized the pivotal role of nodule type in predicting LNM,
a perspective further validated by Chen et al. [22]. Zhang
et al. [23] noted that solid nodules exhibit a higher pro-
pensity for LNM. Furthermore, Li et al. [24] highlighted
the predictive value of CT imaging signs for assessing
LNM. Zhou et al. [21] also underscored the vascular con-
vergence sign as a crucial indicator of LNM. Zhang et al.
[23] further identified cavitary signs and pleural traction
signs as important factors in predicting LNM. Fan et al.
[25] demonstrated that combining CT imaging features
with serological markers significantly enhances the pre-
dictive accuracy for LNM, achieving an area under the
curve (AUC) value of 0.916.

However, most of the above studies were based on
single lung cancer cases. Due to the unique biologi-
cal characteristics of MPLC, it has not been reported
whether the relevant predictors of lymph node metasta-
sis are similar. Moreover, previous studies mostly focused
on the correlation between a single feature and lymph
node metastasis. In MPLC, whether the combination of
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clinical and imaging features can improve the diagnostic
efficiency needs to be further verified. Due to the limita-
tions of clinical data on heterochronous multiple primary
lung cancer, synchronous multiple primary lung cancer
provides us with a relatively large sample study. Based on
this, we plan to conduct a large sample study to systemat-
ically explore the correlation between clinical and imag-
ing features and lymph node metastasis of sMPLC, and
determine independent predictors, so as to provide refer-
ence for lymph node resection of synchronous multiple
primary lung adenocarcinoma.

Materials and methods

Participants

A retrospective analysis was conducted on the clinical
and imaging data of patients with sSMPLC, as defined
by the 2013 ACCP criteria, who had surgical resections
performed at the Third Affiliated Hospital of Kunming
Medical University either simultaneously or in stages
from January 1, 2018, to December 31, 2022. Kunming
Medical University’s Third Affiliated Hospital (Yunnan
Cancer Hospital) Ethics Committee gave their stamp of
approval to this research. The ethics review number is
KYLX2024-006. diagnostic criteria: The sMPLC diagnos-
tic criteria of ACCP in 2013 were adopted in this study
[26]: (1)anatomically independent locations for each
lesion; (2) different histopathological types; (3) for lesions
with identical histopathology, requirements were: (a)
location in different lung segments, lobes, or sides, origi-
nating from distinct in situ cancers; (b) no involvement
of a common LN drainage area; (c) absence of distant
metastasis; (d) an interval of less than two years between
tumor developments. Inclusion criteria were: (1) avail-
ability of CT images within two weeks prior to surgery,
showing more than two independent lesions; (2) postop-
erative diagnosis of sMPLC within a two-year interval;
(3) absence of distant metastasis; (4) age of 18 years or
older. Exclusion criteria included: (1) no LN treatment
during surgery; (2) history of other malignancies; (3) pre-
operative treatments like chemotherapy, radiotherapy, or
radiofrequency ablation; (4) artifacts affecting CT image
assessment; (5) incomplete clinical data.

CT acquisition

The imaging data of patients undergoing preoperative
chest CT examination in our hospital were collected.
During chest CT scan, the patient was placed in a supine
position with arms raised and breath held after deep inha-
lation. Set the tube voltage to 120 kV, current to 100 mA,
pitch to 1.0, layer thickness to 1 mm, spiral scanning from
lung tip to lung base. The scanning parameters are 70 kV,
50mAs, 512x512 matrix. Lung window: Window width
1200HU ~ 1500HU, window position -600HU ~ -700HU.
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CT image interpretation

CT signs were analyzed, recorded, and diagnosed by
two experienced senior thoracic diagnostic radiologists
who were blind to the pathological findings and the
patients’ clinical data. They used both axial CT images
and MPR images for assessment. Following independ-
ent evaluations, any discrepancies were resolved by
consensus. The CT features are described as follows:
(1) Lesion location: The location relationship of each
lesion was recorded, including the same lobe, different
lung lobes on the same side, and bilateral; (2) Lesion
diameter: refer to the 2017 Fleischner Society lung
nodule CT measurement method [27]. (3) Lesion type
(I) Pure ground glass opacity(PGGO): tumor without
a solid component that obscures the underlying lung
parenchyma other than blood vessels on thin-slice CT
(II) Mixed ground glass opacity(MGGO): tumor with a
solid component obscuring the underlying lung paren-
chyma other than blood vessels on thin-slice CT scan
viewed on CT lung window settings(III) Pure solid
lesion(PSL). (4) spiculation: Presence of a spinous pro-
cess or thin, short fibrous band extending from the
lesion edge to the lung parenchyma, without significant
contact with the pleura [28]. (5) Lobulation: Lesion sur-
face exhibiting multiple uneven arcs, suggestive of nod-
ule fusion [29]. (6) vacuole sign: One or more round or
oval translucent shadows under 5 mm within the lesion,
with well-defined edges [30]. (7)cavity sign: Necrotic
and liquefied central tissue of the lesion, forming a gas-
filled space post-discharge through the bronchus [31].
(8) Air-bronchogram sign: Visible air shadows within
the lesion, with distorted and dilated bronchial flow
[32]. (9) vascular convergence sign: Blood vessels adja-
cent to the lesion are pulled towards and converge due
to lesion growth [33]. (10) Pleura traction sign: Appears
as a strip or triangular image connecting the nodule
and the pleura [34]. We define the lesion type as fol-
lows: If all lesions were GGO, it was defined as PGGO
group. Part solid lesions appeared and were classified as
MGGO group, while pure solid lesions appeared were
classified as PSL group.

Pathological diagnosis

According to the 5th edition of the WHO Thoracic
Tumor Classification from 2021 [35, 36], this histological
subtypes were assessed using a semi-quantitative method
with 5% increments, noting the proportion of each sub-
type within the lesion. The subtype representing the
largest proportion was recorded as the dominant patho-
logical subtype. When high-grade components such as
micropapillae and solid types exceeded 5%, these were
recorded as the predominant subtype.
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Statistical methods

When comparing the LNM and non-LNM groups, con-
tinuous variables that followed a normal distribution
were tested using two independent sample t-tests. For
data that did not follow a normal distribution, the Mann—
Whitney U test was employed. We used the Pearson chi-
square test to examine the categorical variables. Variables
that demonstrated significant differences (P<0.05) in
the univariate analysis were subjected to binary logistic
regression. By using a backward elimination process, a
logistic regression model was built. To conduct all sta-
tistical analyses, SPSS (version 27.0) was utilized. The
maximum Youden’s index was used to establish the cut-
off value. MedCalc software (version 20.217) was used to
create ROC curves. We used area under the curve (AUC)
to find out how well each risk factor worked on its own
and when combined. Statistical significance was deter-
mined when P<0.05.

Results

Clinical characteristics

The study included 688 patients(Fig. 1), comprising
454 females (65.99%) and 234 males (34.01%). Of these,
495 patients (71.95%) were under 60 years old, and 193
patients (28.05%) were 60 years or older. There were 542
non-smokers (75.78%) and 146 smokers (21.22%). LNM
was observed in 59 patients (8.6%). Table 1 presents
detailed clinical data.

Correlations of LNM with clinical features

Two groups were formed: LNM and n-LNM, according to
the patients. Univariate analysis showed that gender(p<0.01),
smoking history(p<0.01), CEA level(p<0.01), CYFRA21-1
level(p<0.01) and NSE level(p=0.047) were correlated with
LNM of SMPLC. An independent risk factor for LNM in
SMPLC was revealed by multivariate analysis as CEA level
(OR, 1.032; 95% CI, 1.002—1.063, p=0.039) (Table 2, 4).

Correlation of LNM with CT features

Univariate analysis showed that main lesion diameter
(p<0.01), sum of the diameters of each lesion (p<0.01),
lesion type (p<0.01), spiculation (p<0.01), lobulation
(p<0.01), cavity sign (p<0.01), and pleural traction sign
(p<0.01) were associated with LNM in SMPLC. Multi-
variate analysis found that lesion type (OR, 8.603; 95%
CI, 3.014-24.557, p<0.01) and main lesion diameter
(OR, 1.613; 95% CI, 1.052-2.474, p=0.028) were inde-
pendent risk factors for LNM in SMPLC (Table 3, 4). The
regression equation for the joint prediction was as fol-
lows: logit(p) =-7.569+0.041*CEA level +2.270* lesion
type+0.517* main lesion diameter.
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Total of 1521 patients with simultaneous or staged resection of 22
nodules from January 1, 2018 to December 31, 2022

76 patients with only one malignant lesion
or the pathological type was not clear
82 patients with pathological
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correspondence of nodules was unclear

115 patients of T3/T4 lesions and distant
metastasis

143 patients with time interval of staging

1105 patients with simultaneous multiple
primary lung cancer

operation was more than 2 years

24 patients with pathological combination
of adenocarcinoma - other

4

P24 patients with other malignant tumors
5 patients with Ablative treatment
220 patients with incomplete clinical data

832 patients with simultaneous multiple
primary lung adenocarcinoma

o | 144 patiens with no lymph node

4

> .
resection

and sampling

688 patients with Lymph node dissection

Fig. 1 Patient screening flowchart

ROC curve analysis

The ROC curve, constructed from independent risk fac-
tors, indicated that CEA level, lesion type, and main
lesion diameter could predict LNM status in SMPLC,
with AUC values of 0.765 (95% CI, 0.694—0.836), 0.794
(95% CI, 0.751-0.838), and 0.830 (95% CI, 0.784—0.875),
respectively. Combining these three factors, the AUC
value reached 0.895 (95% CI, 0.863-0.928), demonstrat-
ing enhanced diagnostic capability (Fig. 2, Table 5, 6). The
Youden index was used to find that the best cutoff val-
ues for CEA level were 4.41 pg/L and for primary lesion
diameter were 1.50 cm (Table 5).

Discussion

Lung cancer is one of the most serious malignant tumors
in the world, and adenocarcinoma is its most important
type [37]. With the implementation of early diagnosis
and early treatment of lung cancer, more and more early
lung adenocarcinomas manifested as lung nodules have
been found, and the proportion of multiple primary lung
adenocarcinomas is increasing year by year, and simulta-
neous multiple primary lung cancer is an important part
of it [2, 38, 39].

Previous research [40, 41] has emphasized that surgi-
cal treatment is crucial for sMPLC, and LN management
is particularly critical. The intraoperative assessment of
LNM is often limited. thus, using preoperative data to
predict LNM offers distinct advantages. Earlier studies

[15, 42—44] have demonstrated that clinical and radio-
graphic features can assess LNM in lung cancer. However,
most studies have investigated the relationship between a
single feature and LNM on the basis of small sample and
typically addressed single lung cancer cases. The correla-
tion between these features and LNM in sMPLC remains
uncertain, and whether a combination of clinical and
imaging features can enhance diagnostic efficiency is still
under investigation. Therefore, we conducted a large-
sample study to systematically explore the relationship
between clinical and imaging features and lymph node
metastasis in SMPLC, and find independent predictors to
evaluate the status of lymph node metastasis, providing
evidence for the decision of lymph node management in
patients with simultaneous multiple primary lung cancer.

Unlike traditional lung cancer, which tends to affect
older, smoking males, SsMPLC in our study was more
prevalent among younger, non-smoking females, likely
due to the frequent presentation of ground-glass nodules,
which exhibit distinct epidemiological traits. Chen et al.
[45] identified age as an independent predictor of LNM
in lung cancer, a finding further confirmed by Xue et al.
[46]. Our findings are contrary, which may be due to dif-
ferences in the included samples. Xue et al. [46] noted
that gender was not linked to LNM in sMPLC, aligning
with our observations.

CEA level is an important factor in evaluating LNM in
lung cancer. Ye et al. demonstrated [15] in a study involv-
ing 651 patients that CEA level was an independent
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Table 1 Baseline data of the patient

Variables Number Percentage (%)
Gender

Female 454 65.99

Male 234 34.01
Age

<60 495 71.95

=60 193 28.05
Smoking history

No 542 78.78

Yes 146 21.22
Family history of cancer

No 587 8532

Yes 101 14.68
Xuanwei area

No 313 4549

Yes 375 54.51
Mode of operation

Wedge resection 108 15.7

Segmentectomy 50 7.27

Lobectomy 186 27.03

Lobectomy +Wedge resection 205 29.8

Lobectomy + segmentectomy 38 5.52

Segmentectomy +Wedge resec- 90 13.08
tion

Lobectomy +segmentec- 1 1.6
tomy +Wedge resection
Lymph node status

NO 629 9142

N1 17 247

N2 18 2.62

NT+N2 24 349
Primary lesion pathology

Adenocarcinoma In Situ 7 1.02

Minimally Invasive Adenocarci- 114 16.57
noma

Lepidic Predominant 157 22.82

Acinar predominant 173 25.15

Papillary Predominant 105 15.26

Solid Predominant 31 4.51

Micropapillary Predominnat 79 11.48

Mucinous adenocarcinoma 22 32

predictor of LNM, a finding further confirmed by Zheng
et al. [42]. The higher the CEA level, the greater the likeli-
hood of LNM. Our results are similar. CEA levels have
been shown for the first time to be an independent pre-
dictor of lymph node metastasis in SsMPLC, and the best
diagnostic efficacy was achieved when CEA levels were
greater than 4.41. This may be related to more CEA
secretion levels at the time of lymph node metastasis.
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Table 2 Relationship between clinical features and lymph node
metastasis in SMPLC

Variables n-LNM LNM P
Age(%) 0.867
<60 452 (71.86) 43 (72.88)
>60 177 (28.14) 16 (27.12)
Gender(%) 0.000%*
Female 431 (68.52) 23 (38.98)
Male 198 (31.48) 36 (61.02)
Xuanwei area(%) 0437
No 289 (45.95) 24 (40.68)
Yes 340 (54.05) 35(59.32)
Family history of can- 0.523
cer(%)
No 535 (85.06) 52 (88.14)
Yes 94 (14.94) 7(11.86)
Smoking history(%) 0.000%*
No 506 (80.45) 36 (61.02)
Yes 123 (19.55) 23(38.98)
CEA level (ng/ml) 2.31(1.50,3.50) 5.34(2.50,13.30) 0.000%*
CYFRA21-1 level (ng/  2.30(1.80,3.10) 3.20 (2.40,4.10) 0.000**

ml)
NSE level(ug/l)
SCC level(ug/l)

12.60 (11.00,14.60)
0.70 (0.60,1.00)

13.40 (11.70,15.20)
0.70 (0.60,1.00)

0.047*
0.551

" p<0.05, ** p<0.01

Tumor diameter is closely related to tumor aggressive-
ness [47]. The larger the tumor, the more aggressive it is,
increasing the likelihood of metastasis. Koike et al. [14]
analyzed 894 patients with stage Ia non-small cell lung
cancer (NSCLC) and identified a nodule diameter >2 cm
as a predictive factor for mediastinal LNM. Zhang et al.
[48] and Fuwa [49] also reported that tumor diameter
is an independent risk factor for LNM, with Fuwa not-
ing a 44% metastasis rate in tumors larger than 4.1 cm. In
sMPLC, our study uniquely shows that main lesion diam-
eter, particularly when greater than 1.5 cm, indepen-
dently predicts LNM, with an AUC value of 0.83. Many
studies have identified nodule density as a significant
predictor of LNM [15, 50]. Koike et al. found [50] that a
consolidation tumor ratio (CTR) >89% was the best pre-
dictor of LNM, a result supported by Shao et al. [18] and
confirmed in our study. We have also categorized lesion
types for the first time and explored their link with LNM
in sSMPLC. Increased solid components may enhance
tumor aggressiveness, potentially driving LNM.

The CT morphological features of lesions, to some
extent, reflect nodule aggressiveness. However, assess-
ing LNM status has limitations. Jia et al. [51] showed that
spiculation and lobulation signs were not independent
risk factors for mediastinal LNM. Other studies indicated
that pleural traction, vascular convergence, and cavity
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Table 3 Relationship between CT features and lymph node
metastasis in SMPLC

Variables n-LNM LNM P

Main lesion 140(1.00,200)  3.00(1.90,4.00)  0.000**
diameter(cm)

Sum 2.50(1.80,3.50) 4.40(3.305.90)  0.000**
of the diam-

eter of each

lesion(cm)

Relative tumor 0.565
location(%)

Identical lobe 212 (33.70) 16 (27.12)

Different 292 (46.42) 31(52.54)

lung lobes

on the same

side

bilateral 125(19.78) 12 (20.34)

Lesion type(%) 0.000%*
GGO 134 (21.30) 0(0.00)

MGGO 270 (42.93) 4 (6.78)

PSL 225 (35.77) 55(93.22)

spiculation(%) 0.000%**
No 470 (74.72) 26 (44.07)

Yes 159 (25.28) 33(55.93)

lobulation(%) 0.000%*
No 463 (73.61) 24 (40.68)

Yes 166 (26.39) 35(59.32)

vacuole sign(%) 0.751
No 457 (72.66) 44 (74.58)

Yes 172 (27.34) 15(25.42)

cavity sign(%) 0.000**
No 612 (97.30) 51(86.44)

Yes 17 (2.70) 8(13.56)

vascular conver-

gence sign(%)

No 608 (96.66) 56 (94.92) 0.743
Yes 21(3.34) 3(5.08)

Air Broncho- 0.971
gram Sign(%)

No 613 (97.46) 51 (86.44)

Yes 16 (2.54) 8(13.56)

Pleura traction 0.001**
sign(%)

No 259 (41.18) 11(18.64)

Yes 370 (58.82) 48 (81.36)

"p<0.05,* p<0.01

signs correlate with LNM but are not independent pre-
dictors [51-53]. Similar findings in our study could be
attributed to the predominance of early lesions with less
pronounced morphological features.

Compared with previous research, our study for the
first time systematically analyzed the correlation between
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Table 4 Multivariate analysis of lymph node metastasis

Variables Oddsratio  Confidence interval P
Gender 1434 0.594—3.462 0423
Smoking history 1.115 0.461-2.692 0.809
CEA level 1.032 1.002-1.063 0.039
CYFRA21-1 level 0.985 0.885-1.095 0.776
NSE level 0.994 0.914-1.081 0.883
Lesion type 8.603 3.014-24.557 0.000**
Sum of the diameter ~ 1.008 0.728-1.395 0.964
of each lesion

Main lesion diameter ~ 1.613 1.052-2.474 0.028
spiculation 1.562 0.798 -3.056 0.193
lobulation 1.087 0.554-2.133 0.807
cavity sign 1.768 0.576-5433 0.319
Pleura traction sign 0.821 0.357-1.891 0.644

clinical and CT features of sMPLC and LNM using a
large sample size. Compared to traditional single-feature-
based approaches, our study utilized a multi-factorial
analysis, incorporating both clinical and CT features,
to predict lymph node metastasis in patients with syn-
chronous multiple primary lung cancer (sMPLC). This
approach significantly improved diagnostic accuracy.
Notably, we were the first to incorporate main lesion
diameter and lesion type into a combined predictive
model, while also categorizing the lesion types in multi-
ple primary lung cancer. Our combined model achieved
an AUC of 0.895, markedly outperforming the predictive
power of individual factors.

The findings of this study have significant implications
for the clinical management of sMPLC. Surgeons can
use preoperative prediction models to assess the risk of
lymph node metastasis in patients with multiple primary
lung adenocarcinomas. If the model indicates high risk,
they will prioritize lymph node treatment during surgery.
If the risk is low, they may opt to skip lymph node resec-
tion, enabling a more minimally invasive procedure and
faster patient recovery.

With the advancement of science and technology, an
increasing number of emerging technologies have been
applied to clinical diagnosis [54—57]. However, due to
regional disparities in development, the widespread
implementation of these technologies remains limited.
As a result, traditional diagnostic methods continue to
demonstrate their unique advantages [58, 59]. Our find-
ings indicate that the combined use of clinical and imag-
ing features can achieve favorable results in predicting
lymph node metastasis in multiple primary lung adeno-
carcinoma. This approach offers greater applicability in
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Fig. 2 Summary of ROC Curves

resource-limited settings, making it more conducive to
widespread adoption.

In this study, patient data was handled with strict
confidentiality, following the guidelines of the Kunming
Medical University’s Third Affiliated Hospital (Yunnan
Cancer Hospital)’s ethics committee. All records were
anonymized before analysis to protect patient identi-
ties. As the study was retrospective, explicit consent
for this research was waived, though general consent
for the use of medical records in research was obtained
at admission. The use of data adhered to the Declara-
tion of Helsinki’s ethical standards, with access limited
to authorized personnel for research purposes only.
The predictive models were solely for research and
not applied in clinical practice. Ongoing ethical over-
sight ensures responsible use of patient data in future
studies.

Despite these promising results, several limitations
merit discussion: (1) This study is a single-center retro-
spective study, lacking sufficient prospective evidence

support, There was selective bias in the inclusion of cases.
(2) There are subjective errors in the measurement of the
image morphological characteristics of nodules, which
may cause certain deviations in the results. (3) Despite
using clinical and imaging features to predict lymph node
metastasis in multiple primary lung adenocarcinoma for
the first time, the relatively low incidence of lymph node
metastasis limits the number of cases available for effec-
tive validation. We plan to further validate our model in
future studies with larger cohorts.

Table 5 Summary of ROC curve AUC values

Variables AUC Confidence interval  Cutoff value
CEA level 0.765 0.694 -0.836 441

Main lesion diameter ~ 0.83 0.784—0.875 1.5

Lesion type 0.794  0.751-0.838

Prediction model 0895 0.863-0.928
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Table 6 Pairwise comparison of ROC curves

Variables AUC difference value Confidence interval P

CEA level-Lesion type -0.03 -0.108~0.048 0457
CEA level-Main lesion diameter -0.065 -0.152~-0.005 0.08
CEA level-Prediction model -0.13 -0.225~-0.118 0.000**
Lesion type-Main lesion diameter -0.035 -0.058 ~-0.056 0.189
Lesion type-Prediction model -0.101 -0.120~-0.067 0.000%*
Main lesion diameter-Prediction model -0.066 -0.132~-0.053 0.000**

*p<0.05,** p<001

Conclusion

The combination of clinical and imaging features can bet-
ter predict the status of LNM of sMPLC, and the predic-
tion efficiency is significantly higher than that of each
factor alone, and can provide a basis for lymph node
management decision. To enhance the clinical utility of
this model, future research could focus on adapting it for
other lung cancer subtypes including squamous cell car-
cinoma and small-cell lung cancer, to determine whether
similar predictive efficiencies can be achieved across
different histological types. Furthermore, incorporat-
ing advanced biomarkers including molecular or genetic
markers could further improve the model’s accuracy, ena-
bling more personalized and precision-guided treatment
strategies for patients.
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