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Abstract: This study aimed to explore the risk factors for mediastinal lymph node metastases (MLNM) in patients
with early-stage non-small-cell lung cancer (NSCLC) and to establish a predictive model. A retrospective analysis
was conducted on the clinical data from NSCLC patients treated at the Second Affiliated Hospital of Guangzhou
Medical University and the First Affiliated Dongguan Hospital of Guangdong Medical University between March
2021 and March 2023. Baseline clinical data, laboratory parameters, and pathological features were collected
and analyzed. Univariate and multivariate logistic regression identified several independent risk factors for MLNM,
including Cyfra21-1, D-dimer (D-D), tumor size, percentage of tumor solid, and lesion location. These risk factors
were incorporated into a Nomogram model to visually assess the likelihood of MLNM. The model demonstrated
excellent diagnostic accuracy with an area under the curve (AUC) of 0.904, a specificity of 73.85%, and a sensitiv-
ity of 93.68%. Cyfra21-1 and D-D were particularly significant predictors of MLNM. This Nomogram model provides
an effective and practical tool for assessing MLNM risk in early-stage NSCLC, aiding clinical decision-making and
optimizing treatment strategies.

Keywords: Non-small-cell lung cancer, mediastinal lymph node metastasis, risk factors, prediction model,
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Introduction

Malignant tumors pose a significant public
health challenge globally, accounting for 25% of
all annual deaths. In China, lung cancer (LC)
has the highest incidence and mortality rates
among malignancies [1]. According to the data
in 2022 [2], the annual incidence and mortality
of LC were 2.48 million and 1.81 million,
respectively. A major contributing factor is that
most LC cases are diagnosed at advanced
stages, missing the optimal window for treat-

ment and resulting in suboptimal results even
after clinical intervention [3]. Early-stage (ES)
LC often lacks obvious symptoms and is mostly
detected during routine physical examinations.
Therefore, early diagnosis and treatment are
crucial for improving patient prognosis. Re-
search has shown that the computerized
tomography (CT) features of ES-LC, such as
spiculation, lobulation, bronchial indentation,
and vascular convergence signs, are of great
significance for diagnosis [4]. With growing
health awareness, routine physical examina-
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tions are becoming a vital tool to detect diseas-
es, enabling more ES-LC to be detected, diag-
nosed, and treated early.

Surgery remains a cornerstone for LC treat-
ment, with various surgical modalities available
[5]. Lymph node metastasis (LNM) is a key
prognostic factor and plays a crucial role in
guiding postoperative treatment strategies and
surgical method selection [6]. The presence of
mediastinal LNM (MLNM) is a critical determi-
nant of postoperative prognosis in LC [7]. For
patients with stage |-l non-small-cell LC
(NSCLC) and tumor diameter <3.0 cm, the
5-year survival rate is approximately 25-73% if
LNM is absent or limited to intrapulmonary
nodes, but drops significantly to 2-24% in cases
of MLNM [8].

Due to the low probability of LNM in ES-NSCLC,
there is controversy over the optimal method
for mediastinal lymph node dissection. Some
scholars suggest systematic lymph node dis-
section to ensure precise postoperative TNM
staging and to minimize residual tumor cells
[9]. However, others believe that excessive
lymph node dissection can significantly affect
patients’ postoperative quality of life and
increase the risk of complications, such as chy-
lothorax and hoarseness [10]. As a result, no
consensus has been reached on the ideal
lymph node dissection approach for ES-NSCLC.
Studies have reported that ES-NSCLC with a
tumor diameter (T) <2.0 cm still has a 15%-20%
probability of developing LNM [8]. The overall
5-year survival rates for patients with N1 or N2
LNM are approximately 67% and 37%, respec-
tively [11]. This highlights the importance of
preoperative evaluation of MLNM, which can
guide the selection of appropriate intraopera-
tive lymph node dissection methods.

While numerous studies have explored factors
associated with lung cancer prognosis, such as
tumor size, histological subtype, and biomark-
ers, limited research has comprehensively inte-
grated multiple laboratory parameters and
pathological features to predict MLNM in early-
stage NSCLC. The innovation of this study lies
in combining key biomarkers such as Cyfra21-1
and D-dimer (D-D) with tumor characteristics
into a Nomogram model, which provides a visu-
al and clinically applicable tool for predicting
MLNM risk. This model offers a more personal-
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ized and accurate approach to preoperative
evaluation, potentially guiding lymph node dis-
section decisions and improving patient out-
comes in early-stage NSCLC.

Methods and materials
General data

This study retrospectively included 225 NSCLC
patients who received treatment at the Se-
cond Affiliated Hospital of Guangzhou Medical
University and the First Affiliated Dongguan
Hospital of Guangdong Medical University
between March 2021 and March 2023. Among
these patients, 95 were diagnosed with MLNM,
and the other 130 did not.

Ethical statement

This study was approved by the Second
Affiliated Hospital of Guangzhou Medical
University Medical Ethics Committee.

Eligibility and exclusion criteria

Inclusion criteria: Age >18 years; single nodular
lesion in the lungs; tumor diameter <3.0 cm
with surgical indications; confirmed NSCLC by
postoperative paraffin pathological sections;
tumor classified as T1 based on the 8" edition
of TNM staging criteria [12]; complete case
data.

Exclusion criteria: Coexistence of other malig-
nancies; inadequate lymph node dissection,
defined as the removal of fewer than 3 medias-
tinal lymph nodes or fewer than 10 total lymph
nodes; history of preoperative neoadjuvant
chemoradiotherapy or molecular targeted ther-
apy; previous history of malignancies.

Definition of MLNM

MLNM was determined based on preoperative
imaging (e.g., CT and positron emission tomog-
raphy [PET]-CT) or intraoperative pathology
(lymph node biopsy or dissection). Specific cri-
teria: preoperative CT or PET-CT showing abnor-
mal enlargement or increased metabolic activ-
ity of mediastinal lymph nodes, suggesting pos-
sible metastasis; intraoperative or postopera-
tive pathological examination confirming the
presence of cancer cells in the mediastinal
lymph nodes [13].
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Data collection

Baseline, laboratory, and pathological data
were collected from patients’ electronic medi-
cal records. The baseline information included
age, sex, body mass index (BMI), smoking his-
tory (pack-years), lesion location, and history of
comorbidities, including hypertension, diabe-
tes, cardiovascular disease, and cerebrovascu-
lar disease. Laboratory parameters analyzed
included hemoglobin (HB), hematocrit (HCT),
platelet count (PLT), red cell distribution width
(RDW), lymphocyte count (Lym), neutrophil
count (Neu), neutrophil-to-lymphocyte ratio
(NLR), systemic immune-inflammation index
(SIl), neuron-specific enolase (NSE), carcinoem-
bryonic antigen (CEA), cytokeratin fragment
21-1 (Cyfra21-1), D-dimer (D-D), albumin (ALB),
alkaline phosphatase (ALP), and fibrinogen
(FIB). Pathological data included tumor size,
presence of multiple nodules, percentage of
tumor solid, and lesion location. Note: The labo-
ratory parameters were the data of the last test
before surgery.

Outcome measures

1. Differences in patient baseline information,
laboratory parameters, and pathological data
were analyzed. 2. The diagnostic efficacy of
laboratory parameters for MLNM was analyz-
ed by receiver operating characteristic (ROC)
curves. 3. Independent risk factors for MLNM
were identified by Logistic regression analysis.
4. A Nomogram was developed to visually rep-
resent MLNM risk, and the diagnostic efficiency
of the model was evaluated.

Statistical methods

SPSS 26.0 was used for data analysis.
GraphPad Prism 9.5.1 software was used for
figure rendering. All measurement data were
subjected to normality and homogeneity of vari-
ance tests. Data following a normal distribution
were represented by mean + standard devia-
tion, and the between-group comparisons
employed independent sample t-tests and one-
way ANOVA as appropriate; Data with non-nor-
mal distribution were represented by the medi-
an (lower and upper quartiles), with inter-group
comparisons conducted using non-parametric
tests for two or multiple independent samples.
Count data were expressed by the number of
cases, and chi-square tests were performed to
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identify inter-group differences. The indepen-
dent factors associated with MLNM were iden-
tified using binary logistic regression. The cut-
off values were determined by the optimal
Youden index, the sensitivity and specificity cor-
responding to each cut-off value were calculat-
ed separately, and the diagnostic efficacy was
assessed by the area under the curve (AUC).
Nomogram plots and calibration curves were
plotted using the “rms” package of R (4.3.2) to
evaluate the agreement between predicted
and observed probabilities. Statistical signifi-
cance was defined as P<0.05.

Results
Comparison of baseline information

No statistical differences were observed be-
tween the metastasis and non-metastasis
groups regarding age, sex, BMI, pack-year,
lesion location, or history of hypertension, dia-
betes, cardiovascular disease, or cerebrovas-
cular disease (all P>0.05, Table 1).

Comparison of laboratory parameters

The inter-group comparison of laboratory pa-
rameters revealed no marked differences in
preoperative Hb (P=0.086), HCT (P=0.581), PLT
(P=0.068), RDW (P=0.671), Lym (P=0.141),
Neu (P=0.524), NLR (P=0.945), Sl (P=0.599),
NSE (P=0.093), CEA (P=0.862), ALB (P=0.579),
ALP (P=0.609), and FIB (P=0.546). However,
Cyfra21-1 (P<0.001) and D-D (P<0.001) were
significantly higher in the metastasis group
compared to those in the non-metastasis group
(Table 2).

Comparison of pathological data

The proportion of patients with multiple nod-
ules was not significantly differed between the
two groups (P=0.644) (Table 3). However, the
metastasis group had a greater number of
patients with a tumor size 22 cm (P=0.001), a
higher percentage of tumor solid (P<0.001),
and central lesions (P<0.001) than the non-
metastasis group.

Efficacy of laboratory parameters in diagnos-
ing MLNM

ROC analysis was used to assess the diagnos-
tic performance of laboratory parameters for
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Table 1. Comparison of baseline information between the two groups

Metastasis group Non-metastasis group

Variables (n=95) (n=130) X2 P

Age
>60 39 48 0.395 0.530
<60 56 82

Sex
Male 46 68 0.332 0.565
Female 49 62

Body mass index
>25 kg/m? 30 35 0.579 0.447
<25 kg/m? 65 95

Pack-year
>400 62 95 1.589 0.207
<400 33 35

Lesion location
Left lung 44 55 0.358 0.550
Right lung 51 75

History of hypertension
With 81 118 1.628 0.202
Without 14 12

History of diabetes
With 7 14 0.750 0.386
Without 88 116

History of cardiovascular disease
With 4 9 0.742 0.389
Without 91 121

History of cerebrovascular disease
With 3 10 2.073 0.150
Without 92 120

MLNM. Cyfra21-1 and D-D demonstrated supe-
rior diagnostic efficacy with an area under the
curve (AUC) >0.7, indicating moderate diagnos-
tic value. Other laboratory indicators showed
limited diagnostic efficacy, with AUC values
near 0.5 (Figure 1; Table 4). These results
underscore the potential of Cyfra21-1 and D-D
as predictive biomarkers for mediastinal lymph
node metastasis in early-stage NSCLC patients.

Analysis of risk factors for MLNM

We used logistic regression analysis to analyze
the risk factors of MLNM, assigning values to
all the data first (Table 5). Univariate analysis
revealed that PLT (P=0.026, OR=1.850), RDW
(P=0.010, OR=2.202), NLR (P=0.031, OR=
3.706), NSE (P=0.017, OR=1.929), Cyfra21-1
(P<0.001, OR=8.261), D-D (P<0.001, OR=
7.786), tumor size (P=0.001, OR=2.447), per-
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centage of tumor solid (P<0.001, OR=3.324),
and lesion location (P=0.001, OR=4.056) were
risk factors for MLNM in patients (Figure 2).
Subsequently, multivariate logistic regression
analysis showed that Cyfra21-1 (P<0.001,
OR=11.783), D-D (P<0.001, OR=10.072), tumor
size (P=0.017, OR=2.602), percentage of tumor
solid (P<0.001, OR=3.770), and lesion location
(P=0.003, OR=5.366) were independent risk
factors for MLNM (Figure 3).

Nomogram model development

To facilitate clinical application, a Nomogram
visualization model was developed using the
five independent risk factors identified by logis-
tic regression. In this model, Cyfra21-1 was
strongly correlated with MLNM; D-D, percent-
age of tumor solid, and lesion location were
moderately related to MLNM; while tumor size

Am J Cancer Res 2024;14(12):5952-5964



Risk factors and prediction of MLNM in early-stage NSCLC

Table 2. Comparison of laboratory parameters between the two groups

Variables Metastasis group (n=95) Non-metastasis group (n=130) t/Z P

Hb (g/L) 136.53+19.64 141.05+19.07 -1.726 0.086
HCT (L/L) 0.48 [0.18, 0.76] 0.44[0.19, 0.73] 0.553 0.581
PLT (10°%/L) 230.28+29.71 222.91+29.96 1.833 0.068
RDW (%) 12.66+0.48 12.62+0.71 0.426 0.671
Lym (10°%/L) 1.86+0.50 1.96+0.47 -1.478 0.141
Neu (10°/L) 3.16+1.12 3.26+1.14 -0.639 0.524
NLR 1.70 [1.26, 2.16] 1.68[1.32,2.11] 0.070 0.945
Sl 377.85 [267.68, 501.95] 367.20 [286.53, 477.04] 0.527 0.599
NSE (ng/mL) 12.36+1.98 11.93+1.84 1.686 0.093
CEA (ng/mL) 2.49[1.83, 3.47] 2.69 [1.54, 3.66] -0.175 0.862
Cyfra21-1 (ng/mL) 3.40+0.88 2.36+£1.06 8.061 <0.001
D-D (mg/L) 0.44+0.19 0.29+0.10 6.835 <0.001
ALB (g/L) 39.11+4.93 38.76+4.05 0.556 0.579
ALP (U/L) 69.75+12.09 70.61+12.71 -0.513 0.609
FIB (g/L) 2.75+0.39 2.78+0.46 -0.604 0.546

Note: Hb, hemoglobin; HCT, hematocrit; PLT, platelet count; RDW, red cell distribution width; Lym, lymphocyte count; Neu,
neutrophil count; NLR, neutrophil-to-lymphocyte ratio; SlI, systemic immune-inflammation index; NSE, neuron-specific enolase;
CEA, carcinoembryonic antigen; Cyfra21-1, cytokeratin fragment 21-1; D-D, D-dimer; ALB, albumin; ALP, alkaline phosphatase;

FIB, fibrinogen.

Table 3. Comparison of pathological data between the two groups

Metastasis group Non-metastasis group

Variables (n=95) (n=130) X2 P
Tumor size
>2 cm 61 55 10.543 0.001
<2cm 34 75
Multiple nodules
With 38 56 0.214 0.644
Without 57 74
Percentage of tumor solid
Ground-glass opacity 5 26 31.294 <0.001
Ground-glass opacity-dominant 5 32
Solid-dominant 85 72
Lesion location
Central type 24 10 13.211 <0.001
Peripheral type 71 120

was weakly linked to MLNM (Figure 4A). To
determine the diagnostic performance of the
model, ROC curves were used to further ana-
lyze the model. The results showed that the
AUC of the model in diagnosing MLNM was
0.904, with a specificity of 73.85% and a sensi-
tivity of 93.68% (Figure 4B). The calibration
curve demonstrated that the model was well-
calibrated, with a goodness-of-fit test showing
a chi-square value of 9.5075 and a p-value of
0.3013, indicating no significant deviation from
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ideal calibration (Figure 4C). Subsequently,
Delong’s test revealed that the diagnostic per-
formance of the Nomogram model was signifi-
cantly superior to that of any individual risk fac-
tor (P<0.001, Table 6).

Discussion
This study identified key risk factors associated

with mediastinal lymph node metastasis
(MLNM) in early-stage NSCLC patients and con-
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Figure 1. ROC curves of laboratory parameters in diagnosing mediastinal lymph node metastases in patients. A. Preoperative Hb: Reflects hemoglobin levels in
patients before surgery. B. HCT: Represents the hematocrit level, indicating the proportion of red blood cells in blood. C. PLT: Platelet count, an indicator of blood
clotting capacity. D. RDW: Red cell distribution width, reflecting the variation in red blood cell size. E. Lym: Lymphocyte count, associated with immune response.
F. Neu: Neutrophil count, a marker of inflammation and infection. G. NLR: Neutrophil-to-lymphocyte ratio, often used as an inflammation marker. H. Sll: Systemic
immune-inflammation index, a combined indicator of immune and inflammatory status. I. NSE: Neuron-specific enolase, commonly related to neural and neuro-
endocrine cells. J. CEA: Carcinoembryonic antigen, a tumor marker often elevated in malignancies. K. Cyfra21-1: A cytokeratin fragment, used as a tumor marker
in certain cancers. L. D-D: D-dimer, a marker of blood clot formation and breakdown. M. ALB: Albumin level, indicating nutritional and liver function status. N. ALP:
Alkaline phosphatase, associated with liver and bone health. O. FIB: Fibrinogen, a key factor in blood clotting. Note: Hb, Hemoglobin; HCT, Hematocrit; PLT, Platelet
count; RDW, Red cell distribution width; Lym, Lymphocyte count; Neu, Neutrophil count; NLR, Neutrophil-to-lymphocyte ratio; Sll, Systemic immune-inflammation
index; NSE, Neuron-specific enolase; CEA, Carcinoembryonic antigen; Cyfra21-1, Cytokeratin fragment 21-1; D-D, D-dimer; ALB, Albumin; ALP, Alkaline phosphatase;
FIB, Fibrinogen.
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Table 4. ROC parameters of laboratory parameters in diagnosing mediastinal lymph node metastases

in patients

Marker AUC 95% ClI Specificity Sensitivity Cut_off
Preoperative Hb (g/L) 0.556 0.480-0.633 83.08% 26.32% 122.5
HCT (L/L) 0.522 0.445-0.598 49.23% 57.89% 0.415
PLT (10°%/L) 0.573 0.497-0.649 65.38% 49.47% 232.5
RDW (%) 0.525 0.450-0.601 38.46% 77.89% 12.33
Lym (10°%/L) 0.549 0.473-0.626 55.38% 57.89% 1.895
Neu (10°/L) 0.526 0.449-0.603 50.00% 60.00% 3.375
NLR 0.503 0.425-0.580 96.92% 10.53% 3.22
Sl 0.521 0.443-0.599 73.85% 34.74% 460.448
NSE (ng/mL) 0.565 0.489-0.642 65.38% 50.53% 12.365
CEA (ng/mL) 0.507 0.431-0.583 39.23% 70.53% 3.205
Cyfra21-1 (ng/mL) 0.769 0.708-0.830 60.77% 84.21% 2.57
D-D (mg/L) 0.739 0.668-0.810 83.85% 60.00% 0.385
ALB (g/L) 0.489 0.411-0.568 86.15% 21.05% 34.55
ALP (U/L) 0.519 0.442-0.596 70.77% 35.79% 64.145
FIB (g/L) 0.479 0.403-0.554 11.54% 92.63% 2.145

Note: AUC, area under the curve; Hb, hemoglobin; HCT, hematocrit; PLT, platelet count; RDW, red cell distribution width; Lym,
lymphocyte count; Neu, neutrophil count; NLR, neutrophil-to-lymphocyte ratio; SlI, systemic immune-inflammation index; NSE,
neuron-specific enolase; CEA, carcinoembryonic antigen; Cyfra21-1, cytokeratin fragment 21-1; D-D, D-dimer; ALB, albumin;

ALP, alkaline phosphatase; FIB, fibrinogen.

structed a predictive Nomogram model. By
analyzing clinical and laboratory data, it was
found that Cyfra21-1, D-D, tumor size, percent-
age of tumor solid, and lesion location are sig-
nificant predictors of MLNM. The constructed
Nomogram exhibited excellent diagnostic accu-
racy, offering valuable insights into risk stra-
tification and clinical decision-making for
ES-NSCLC patients.

Cyfra21-1, a fragment of cytokeratin 19, is typi-
cally upregulated in epithelium-derived tumors
and reflects tumor aggressiveness, including
enhanced proliferation and invasiveness. Our
findings demonstrate that elevated Cyfra21-1
is strongly associated with MLNM in early-stage
NSCLC patients, which aligns with previous
research. Mei et al. [14] reported a strong cor-
relation between preoperative Cyfra21-1 and
lymph node metastasis in esophageal cancer,
suggesting its potential as an independent pre-
dictor. Similarly, Park et al. [15] identified
Cyfra21-1 as a predictive marker for lymph
node metastasis in thyroid cancer, further sup-
porting its relevance across different tumor
types. High Cyfra21-1 levels may contribute to
tumor progression by promoting cell cycle pro-
gression and inhibiting apoptosis, thereby
enhancing metastatic potential. These mecha-
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nisms are consistent with its established role in
aggressive tumor biology, emphasizing its clini-
cal value as a biomarker for MLNM risk assess-
ment in NSCLC.

Our study reinforces the significant association
between D-D levels and MLNM in early-stage
NSCLC. D-D, a degradation product of fibrin, is
a key marker of coagulation and fibrinolysis,
processes that are often heightened in the con-
text of tumor-related angiogenesis and cellular
invasion. In the setting of NSCLC, increased
D-D levels likely indicate a more aggressive
tumor phenotype with a higher potential for
metastasis through both hematogenous and
lymphatic routes. Tumor cells secrete procoag-
ulant factors and cytokines, activating the
coagulation cascade and leading to micro-
thrombosis formation, which facilitates metas-
tasis. This mechanism aligns with our findings,
suggesting that D-D levels can be used as an
indirect marker of tumor invasiveness and met-
astatic potential. For instance, Song et al. [16]
reported significantly higher plasma D-D levels
in NSCLC patients compared to those with
benign pulmonary nodules, emphasizing its
role in malignancy-driven lymph node metasta-
sis. Similarly, Chen et al. [17] identified preop-
erative D-D as a predictor of lymph node metas-
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Table 5. Assignment table

Variables Assignment content

Age >60=1,<60=0

Sex Male = 1, female =0

BMI >25 kg/m? =1, <25 kg/m? = 0
Pack-year >400=1,<400=0

Lesion location

History of hypertension
History of diabetes
History of cardiovascular disease
History of cerebrovascular disease
Tumor size

Multiple nodules
Percentage of tumor solid
Lesion location
Preoperative Hb (g/L)
HCT (L/L)

PLT (10°/L)

RDW (%)

Lym (10°/L)

Neu (10°%/L)

NLR

Sli

NSE (ng/mL)

CEA (ng/mL)

Cyfra21-1 (ng/mL)

D-D (mg/L)

ALB (g/L)

ALP (U/L)

FIB (g/L)

Left lung = 1, right lung = 0
With = 0O, without = 1

With = O, without = 1

With = 0O, without = 1

With = O, without = 1
>2cm=1,<2cm=0
Yes=1,n0=0

Ground-glass opacity = 1, ground-glass opacity-dominant = 2, and solid-dominant = 3

Central type = 1, peripheral type = 0

<1225=0,>1225=1
<0.415=0,>0.415=1
<2325=0,>2325=1
<12.33=0,>1233=1
<1.895=0,>1.895=1
<3.375=0,>3.375=1
<3.22=0,>3.22=1
<460.448 = 0, >460.448 = 1
<12.365=0,>12.365 =1
<3.205=0,>3.205=1
<257=0,>257=1
<0.385=0,>0.385=1
<34.55=0,>34.55=1
<64.145=0, >64.145=1
<2.145=0,>2.145=1

Note: BMI, body mass index; Hb, hemoglobin; HCT, hematocrit; PLT, platelet count; RDW, red cell distribution width; Lym, lymphocyte count; Neu,
neutrophil count; NLR, neutrophil-to-lymphocyte ratio; SlI, systemic immune-inflammation index; NSE, neuron-specific enolase; CEA, carcinoem-

bryonic antigen; Cyfra21-1, cytokeratin fragment 21-1; D-D, D-dimer; ALB, albumin; ALP, alkaline phosphatase; FIB, fibrinogen.

tasis in intrahepatic cholangiocarcinoma, fur-
ther validating D-D’s broader relevance across
tumor types. Thus, D-D serves as a valuable
biomarker for predicting MLNM in NSCLC
patients, reinforcing its potential as part of a
diagnostic panel for assessing metastasis risk.

Tumor size is an independent risk factor for
MLNM in early-stage NSCLC, with larger tumors
having a higher likelihood of metastasis due to
their greater malignant potential and aggres-
siveness. Larger tumors contain more tumor
cells, increasing the likelihood of invasion into
the lymphatic system. Jin et al. [18] have shown
that NSCLC patients with tumors ranging from
1-2 cm in diameter are at an increased risk of
LNM in both the lung lobes and mediastinum.
Larger tumors not only contain more tumor
cells but also foster a microenvironment condu-
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cive to metastasis, with more active angiogen-
esis and lymph-angiogenesis facilitating tumor
cell spread [19]. Additionally, larger tumors
secrete higher levels of pro-invasive enzymes
that degrade the extracellular matrix, enabling
tissue infiltration and metastasis. Including
tumor size in the predictive model enhances
its ability to assess MLNM risk, providing a
more comprehensive evaluation for early-stage
NSCLC.

Tumors with a higher solid content are typi-
cally more malignant, exhibiting active growth,
strong invasiveness, and a higher cell density,
all of which make them more prone to LNM.
Cho et al. [20] demonstrated that solid compo-
nents larger than 1.5 cm were significantly
associated with LNM, underscoring the rele-
vance of solid tumor components in predicting
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Characteristics HR (95% Cl) P value
Preoperative Hb 0.570(0.297~1.089) ; : 0.089
HCT 1.333(0.784~2.280) yo 0.290

PLT 1.850(1.079~3.188) :- — 0.026

RDW 2.202(1.222~4.072) =o— 0.010

Lym 0.586(0.342~0.997) ! 0.050

Neu 0.667(0.389~1.136) w 0.138

NLR 3.706(1.197~13.863) :l— —_— 0.031

Sl 1.503(0.844~2.678) o= 0.165

NSE 1.929(1.126~3.326) Ir — 0.017

CEA 0.647(0.365~1.132) : 0.131
Cyfra21-1 8.261(4.395~16.366) 1 —_—— <0.001

D-D 7.786(4.243~14.766) : —_— <0.001

ALB 0.603(0.297~1.215) ] 0.157

ALP 0.741(0.421~1.305) ¢ :i 0.298

FIB 1.640(0.661~4.453) HO— 0.302

Age 1.190(0.691~2.047) ': - 0.530

Gender 0.856(0.503~1.453) L :4 0.565

BMI 1.253(0.699~2.240) W= 0.447

Smoking index 0.692(0.390~1.229) L :4 0.208
Location of lesions 1.176(0.690~2.006) w4 0.550
History of hypertension 0.588(0.255~1.339) L :- 0.206
History of diabetes 0.659(0.241~1.655) e 0.389
History of cardiovascular disease 0.591(0.156~1.876) ' :—d 0.394
History of cerebrovascular disease 0.391(0.086~1.321) ! :« 0.163
Tumour size 2.447(1.426~4.250) jHo— 0.001
Multiple nodules 0.881(0.513~1.506) l:-i 0.644
Percentage of tumour solid 3.324(2.051~5.842) 1 —=0— <0.001
Location of the lesion 4.056(1.882~9.347) : —— 0.001

T T T T
0 5 10 15

Figure 2. Univariate logistic regression analysis of risk factors for mediastinal lymph node metastasis. Note: BMI,
body mass index; Hb, hemoglobin; HCT, hematocrit; PLT, platelet count; RDW, red cell distribution width; Lym, lym-
phocyte count; Neu, neutrophil count; NLR, neutrophil-to-lymphocyte ratio; Sll, systemic immune-inflammation in-
dex; NSE, neuron-specific enolase; CEA, carcinoembryonic antigen; Cyfra21-1, cytokeratin fragment 21-1; D-D, D-
dimer; ALB, albumin; ALP, alkaline phosphatase; FIB, fibrinogen.

Characteristics HR (95% Cl) P value
PLT 1.721(0.780~3.86) il - 0.181

RDW 1.330(0.575~3.099) I: -1 0.504

Lym 0.750(0.339~1.654) :il 0.475

NLR 1.374(0.250~8.412) l-: —_— 0.719

NSE 1.635(0.750~3.601) I: — 0.216
Cyfra21-1 11.783(5.076~30.253) ' 1 <0.001

D-D 10.072(4.409~25.238) : —_— — <0.001
Tumour size 2.602(1.205~5.821) :\- — 0.017
Percentage of tumour solid 3.770(2.038~7.515) : Ho— <0.001
Location of the lesion 5.366(1.859~17.163) :I— | 0.003

6I 10 20

Figure 3. Multivariate logistic regression analysis of independent risk factors for mediastinal lymph node metasta-
sis. Note: PLT, platelet count; RDW, red cell distribution width; Lym, lymphocyte count; NLR, neutrophil-to-lymphocyte
ratio; NSE, neuron-specific enolase; Cyfra21-1, cytokeratin fragment 21-1; D-D, D-dimer.

metastasis. Similarly, Nakahashi [21] demon- NSCLC. Liu et al. [22] identified increased con-
strated that the solid-part tumor volume dou- solidation and mass as risk factors for LNM in
bling time is a predictor of LNM in stage IA early-stage lung adenocarcinoma. These asso-
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Figure 4. Nomogram model construction. A. A Nomogram model constructed based on the five risk factors. B. Effec-
tiveness of the Nomogram model in diagnosing mediastinal lymph node metastases by ROC curves. C. Good model
calibration indicated by Calibration curve. Note: ROC, receiver operating characteristic.

Table 6. Comparison of AUCs between the risk model and individual indicators by the Delong test

Marker 1 Marker 2 YA P AUC difference 95% ClI

Cyfra21-1 Risk -6.912 <0.001 -0.179 -0.230--0.128
D-D Risk -6.561 <0.001 -0.185 -0.240--0.130
Tumor size Risk -8.682 <0.001 -0.294 -0.361--0.228
Percentage of tumor solid Risk -8.253 <0.001 -0.235 -0.291--0.179
Lesion location Risk -11.197 <0.001 -0.316 -0.371--0.261

Note: AUC, area under the curve; Cyfra21-1, cytokeratin fragment 21-1; D-D, D-dimer.

ciations likely arise from the fact that solid
tumors tend to have stronger intercellular adhe-
sion and invasiveness, facilitating tumor cell
infiltration and metastasis. Tumors with a high
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solid component may also possess enhanced
anti-apoptotic capabilities and a higher prolif-
eration rate, further driving their metastatic
potential.
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Tumor location also significantly affects lym-
phatic drainage and the likelihood of lymphatic
spread [23]. Central tumors have a higher risk
of metastasis due to their proximity to major
lymphatic drainage channels. When located
centrally in the lung, tumors have easier access
to mediastinal lymph nodes, increasing the like-
lihood of metastasis [24]. Variations in tumor
location can influence the tumor microenviron-
ment and lymphatic drainage pathways, further
affecting metastatic risk. These results not only
enhance our understanding of the mechanisms
underlying MLNM in NSCLC but also provide a
reliable predictive tool for clinical practice, con-
tributing to the early identification of high-risk
patients and aiding in the optimization of treat-
ment strategies to improve patient prognosis.

At the end of the study, we built a Nomogram
model to improve the intuitiveness and accura-
cy of MLNM prediction. This model integrates
multiple independent risk factors to provide
individualized risk assessment, enabling clini-
cians to more accurately evaluate the LNM risk
in patients and optimize treatment strategies.
Our analysis showed that the Nomogram model
performed well in the diagnosis of MLNM, with
an AUC of 0.904, a specificity of 73.85%, and a
sensitivity of 93.68%, demonstrating high pre-
dictive ability and clinical application value.
Previously, Pak et al. [25] developed a decision
tree model for predicting MLNM in NSCLC,
achieving a sensitivity of 50% and a specificity
of 99.28%. Similarly, Zhong et al. [26] utilized
radiomics features to construct a model with
an AUC of 0.972, sensitivity and specificity of
94.8% and 92%, respectively. These findings
indicate that our Nomogram model achieves a
balanced sensitivity and specificity, highlighting
its potential for clinical application.

However, this study has several limitations.
First, the small sample size and data sourced
from a single medical center may limit the gen-
eralizability of the results, necessitating valida-
tion through multi-center, large-scale studies.
Second, the retrospective design has selection
bias, and prospective research are needed to
provide stronger evidence. Third, the analysis
was restricted to a limited set of biomarkers,
potentially overlooking other important predic-
tors. Future research should include a broader
range of biomarkers to improve the model’'s
accuracy. Lastly, the lack of long-term follow-up
data prevents the evaluation of the model’s
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effectiveness in predicting long-term progno-
sis. Hence, long-term follow-up data should be
collected in future research to verify the mod-
el’s effectiveness.

Conclusion

Conclusively, Cyfra21-1 and D-D are reliable
biomarkers in predicting MLNM in ES-NSCLC
patients. The constructed Nomogram model
demonstrates high diagnostic efficiency and
serves as a valuable tool for clinical evaluation
and decision-making.
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