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Abstract: This study aimed to identify risk factors for cervical lymph node metastasis (LNM) in papillary thyroid car-
cinoma (PTC) and develop a clinical prediction model. Retrospectively, data were collected from 348 PTC patients
treated at the Second Affiliated Hospital of Nanchang University between January 2019 and December 2022, with
241 patients included in the final analyses. Patients with lateral cervical LNM were categorized into a metastasis
group, and those without were in a non-metastasis group. The patients were divided into a training set (n=169)
and a validation set (n=72) in a 7:3 ratio. Logistic and least absolute shrinkage and selection operator (LASSO)
regression models were used to identify key factors associated with lateral cervical LNM and prognosis, enabling
the construction of a predictive model. The model’s validity was assessed via the Hosmer-Lemeshow Test, calibra-
tion curves, ROC curves, and decision curve analysis. The metastasis group exhibited higher proportions of males,
multiple lesions, bilateral involvement, tumor diameter >1 cm, and elevated levels of PLR, LMR, and NLR (P<0.05).
Logistic regression analysis revealed that gender, multiple lesions, affected side, and tumor diameter were associ-
ated with lateral cervical LNM (P<0.05). The predictive Nomogram model, which included factors like affected side,
tumor diameter, capsular invasion, central LNM, PLR, and NLR, demonstrated strong predictive accuracy and clini-
cal utility. Thus, this study provides a practical clinical tool through an accurate Nomogram model to assess lateral

cervical LNM risk in PTC patients using logistic and LASSO regression analyses.
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Introduction

Thyroid carcinoma (TC) is a prevalent malignan-
cy, with papillary thyroid carcinoma (PTC)
being the most prevalent type, accounting for
85 to 90 percent of all thyroid malignancies [1].
Predominantly affecting middle-aged and
older women, PTC is relatively rare in men [2].
Cervical lymph nodes are the most common
metastatic sites of PTC, and in some patients,
cancer cells can spread to distant organs, such
as the lungs and bones [3]. Cervical lymph
node metastasis (LNM) can be classified as
either central or lateral cervical metastasis [4].
Surgery is the primary treatment for PTC, and
assessing LNM preoperatively is crucial in
determining the scope and mode of operation.
Preoperative identification of LNM allows clini-
cians to tailor the surgical approach and plan

lymph node dissection more precisely, ensuring
comprehensive treatment while minimizing
unnecessary procedures [5]. Therefore, accu-
rate evaluation of cervical LNM before surgery
is essential for optimal surgical planning.

LNM of PTC may occur in the central or lateral
cervical regions. Most guidelines recommend
lateral neck lymph node dissection for patients
with positive clinical and radiographic findings;
however, for those with clinically node-negative
(cNO) PTC, this prophylactic surgery does not
significantly improve survival or reduce recur-
rence rates, but may increase postoperative
complications and affect patients’ quality of life
[6]. Therefore, it is controversial whether to per-
form lateral neck lymph node dissection for
cNO patients. LNM of TC usually occurs in
sequential, starting with the central region of
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the affected side, then the ipsilateral cervical
region, and possibly spreading to the contralat-
eral cervical region or upper mediastinal lymph
nodes [7]. However, there are also special
cases called jumping metastasis, in which can-
cer cells metastasize directly from the thyroid
to the cervical lymph nodes on the affected
side, without passing through the central region
[8]. The size and location of tumors, especially
those in the upper pole, are considered risk fac-
tors for jumping metastasis, but no definitive
conclusions can be drawn due to the limited
number of cases [9].

Nomograms, using concise and intuitive charts
to present the results of regression analysis in
the form of lines and scales, are commonly
used and highly regarded in medical research
[10]. Based on multivariate regression analysis,
Nomograms comprehensively take into account
a variety of predictors and assigns correspond-
ing values to different states of each factor to
indicate their influence on the result variable
(i.e. regression coefficient), which is visually
represented by the length of the line segment
[11]. Using a specific mathematical function,
the length of these line segments can be com-
bined to calculate the probability of a specific
outcome. Nomograms also offer several advan-
tages over other analytical methods: it can han-
dle multiple types of variables simultaneously,
without the need to distinguish between con-
tinuous and categorical variables, and can con-
sider multiple potential risk factors at the same
time.

A preoperative LNM prediction model is crucial
for optimizing surgical planning, allowing for tai-
lored lymph node dissection plans when neces-
sary. It reduces unnecessary intraoperative
pathology tests, minimizing surgery duration
and resource wastage. Additionally, accurately
identifying LNM risk can prevent overtreatment
of low-risk patients and reduce postoperative
complications. Furthermore, a prediction model
can aid in early identification of high-risk cases,
facilitating more aggressive intervention where
appropriate. Finally, this model is economically
advantageous, reducing reliance on costly diag-
nostic procedures and leading to a more effi-
cient and cost-effective patient care strategy.

Therefore, the aim of this study is to clarify the
risk factors for LNM in TC patients by construct-
ing a multifactorial-based prediction model to
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assess the risk factors for LNM in the preopera-
tive period and to optimize surgical decision-
making. We employed multiple statistical meth-
ods to screen out the most relevant features to
LNM, integrated clinical and laboratory data,
and developed a visualized prediction model.
This model is expected to assist physicians to
better plan the scope of surgery, reduce unnec-
essary surgical risks and healthcare costs, and
improve overall patient outcomes and quality of
life.

Methods and materials
Ethical statement

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

Sample collection

Data from 348 patients with PTC who were
treated in The Second Affiliated Hospital
of Nanchang University between January 2019
and December 2022 were retrospectively coll-
ected.

Eligibility and exclusion criteria

Inclusion criteria: The patients (1) underwent
cervical ultrasonography and thyroid function
test before surgery [12, 13], (2) were confirmed
as PTC by histopathological examination after
surgery, (3) underwent radical surgery for TC,
and (4) had complete clinical and follow-up
data.

Exclusion criteria: Patients were excluded if
they had (1) a history of head and neck tumors,
(2) recurrent TC, (3) other types of thyroid malig-
nancies, (4) distant organ metastases, or (5)
defective clinical and follow-up data (Figure 1).

Sample screening

A total of 318 cases were included according to
the inclusion criteria, and 241 eligible samples
were finally included after further screening
with the exclusion criteria. Next, they were ran-
domized into a training set (n=169) and a vali-
dation set (n=72) according to a ratio of 7:3, in
which the training set was used for feature
screening and prediction of lateral cervical
LNM in TC, while the validation group was used
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Case Collection

Inclusion criteria

1) The patients underwent cervical ultrasonography and
thyroid function test before surgery; (n=557)

(2) were confirmed as PTC by histopathological examination
after surgery; (n=451)

(3) underwent radical surgery for TC; (n=397)

4) with complete clinical and follow-up data. (n=348)

Exclusion criteria

1)Patients excluded were those who had a history of head
and neck tumors or other head and neck tumors; (n=325)
(2) recurrent TC; (n=293)
(3) other types of thyroid malignancies; (n=264)
(4) distant organ metastases, or defective clinical and

LASSO regression analysis

LASSO regression is an algo-
rithm for variable screening. It
controls the complexity of the
model by adjusting the com-
plexity adjustment factor A.
As A increases, the penalty
for the parameters increases.
When A reaches a certain
value, the unimportant vari-
ables will be compressed to O
and removed from the model,
so as to find the variables that
have the most significant influ-
ence on the outcome events.
This method can not only
solve multicollinearity prob-
lems, but also avoid data over-
fitting. To screen out potential

follow-up data (n=241)

Metastasis group (n=74)

Non-metastasis group (n=167)

training set (n=169)

Figure 1. Flow chart of case screening.

for model validation. According to postopera-
tive pathological features, patients with lateral
cervical LNM were divided into a metastasis
group and those without were included in a
non-metastasis group.

Clinical data collection

We collected clinical and laboratory data from
the two groups of patients. Clinical data includ-
ed age, gender, multiple lesions, affected side,
tumor diameter, capsular invasion, calcifica-
tion, combined Hashimoto’s thyroiditis, and
central LNM. The laboratory indicators detect-
ed were free triiodothyronine (FT3), free thyrox-
ine (FT4), thyroid stimulating hormone (TSH),
platelet-to-lymphocyte ratio (PLR), lymphocyte-
to-monocyte ratio (LMR), and neutrophil-to-lym-
phocyte ratio (NLR). All the laboratory indica-
tors were obtained at the initial examination.
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validation set (n=72)

predictors with non-zero coef-
ficients, R Studio software
was used to incorporate sta-
tistically ~significant factors
(P<0.05) identified by univari-
ate analysis into the LASSO
regression model. Analyses
were performed using the
“glmnet” package of R 4.3.2.

Evaluation and validation of
the prediction model

Calibration evaluation: The

consistency between the pre-
dicted values of the model and the actual
observed values was evaluated by using the
Hosmer-Lemeshow (H-L) test and calibration
plot, with the calibration plot being the visual-
ization of the H-L goodness-of-fit test.

Differentiation evaluation: The receiver operat-
ing characteristic (ROC) was used to evaluate
the model’s differentiation ability by calculating
the area under the curve (AUC). An AUC value
between 0.5 and 0.6 indicates poor differentia-
tion, while an AUC value above 0.75 suggests
good differentiation performance.

Clinical practicability evaluation: The decision
curve analysis (DCA) was used to evaluate the
clinical value of the model by comparing the
benefits under different decision thresholds. A
decision curve at the top right of a particular
reference line indicates favorable clinical utility
of the model.
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Table 1. Comparison of baseline data of patients

Metastasis group

Non-metastasis group

Factors (n=74) (n=167) X2 P

Age (years old)
245 44 90 0.644 0.422
<45 30 77

Gender
Male 15 70 10.524 0.001
Female 59 97

Multiple lesions
With 17 94 22.907 <0.001
Without 57 73

Affected side
Unilateral 39 145 33.066 <0.001
Bilateral 35 22

Tumor diameter (cm)
>1 45 52 18.774 <0.001
<1 29 115

Calcification
With 17 47 0.703 0.402
Without 57 120

Combined Hashimoto’s thyroiditis
With 45 117 1.991 0.158
Without 29 50

TSH (uUl/ml)
<4.2 21 117 0.06 0.806
>4.2 53 50

Note: TSH, thyroid stimulating hormone.

Statistical analysis

SPSS 26.0 was used for data processing and
analyses. The comparison of counting data
adopted the x2 test. Logistic and LASSO regres-
sion models were used to determine the char-
acteristic factors for lateral cervical LNM in TC.
The LASSO regression was conducted using
the “glmnet” package in R (4.3.2) for drawing
and analysis. Common characteristic factors
were screened by Venn diagram. ROC curves
were drawn to analyze the implications of the
risk score and the value of the characteristic
factors in predicting lateral cervical LNM in TC
patients. The calibration degree and clinical
practicability of the model were evaluated by
DCA, calibration curves, and H-L test. The
Nomogram was plotted using the rms package
of R software. The differences between the
AUC of the validation set and the training set
model were compared using Delong test. All
analyses relied upon a P<0.05 statistical sig-
nificance criterion.
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Results
Comparison of baseline data

Comparing the clinical data between the metas-
tasis and non-metastasis groups, it was found
that the proportions of males and those with
multiple lesions, bilateral lesions, and tumor
diameter 21 cm were significantly higher in the
metastasis group than in the non-metastasis
group, with statistical differences (P<0.05,
Table 1). Subsequently, we divided the clinical
data of patients into a validation set and a
training set according to a 7:3 ratio. The inter-
group comparison revealed no statistical differ-
ence in clinical data between the two sets
(P>0.05, Table 2).

Comparison of laboratory indicators
Comparing the laboratory indicators of the two

groups, it was found that the two groups were
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Table 2. Comparison of baseline data between training and validation groups

Factors Training group (n=169)
Age (years old)

>45 100

<45 69
Gender

Male 59

Female 110
Multiple lesions

With 76

Without 93
Affected side

Unilateral 131

Bilateral 38
Tumor diameter (cm)

>1 71

<1 98
Calcification

With 47

Without 122
Combined Hashimoto’s thyroiditis

With 113

Without 56
TSH (uUl/ml)

<4.2 120

>4.2 49
Central lymph node metastasis

With 118

Without 51

Validation group (n=72) X2 P
34 2.920 0.084
38
26 0.032 0.858
46
35 0.269 0.604
37
53 0.426 0.514
19
26 0.731 0.393
46
17 0.457 0.499
55
49 0.033 0.857
23
50 0.059 0.808
22
45 1.237 0.266
27

Note: TSH, thyroid stimulating hormone.

not statistically significant in FT3, FT4, and
TSH, (P>0.05), but the PLR, LMR and NLR were
higher in the metastasis group than in the non-
metastasis group (P<0.001, Table 3). In addi-
tion, the differences in laboratory indicators
between the validation and training datasets
were also compared, and no statistically signifi-
cant differences were identified (P>0.05, Table
4).

Determination of the optimal cut-offs for labo-
ratory indicators

ROC curves were plotted to determine binary
cut-offs for laboratory indicators with statistical
significance. Through analysis, we found that
the optimal cut-offs for PLR, LMR, and NLR
were 161.13, 4.15, and 9.49, respectively, and
the AUCs were 0.663, 0.592, and 0.830,
respectively (Figure 2).
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Logistic regression screening for characteristic
factors affecting lateral cervical LNM in TC

Logistic regression was carried out to screen
the characteristic factors affecting lateral cervi-
cal LNM in TC. All these factors were assigned
(Table 5). Univariate analysis showed that gen-
der, multiple lesions, affected side, tumor diam-
eter, PLR, and NLR were correlated with lateral
cervical LNM (Table 6, P<0.05). Subsequently,
through multivariate logistic regression analy-
sis, we identified a strong correlation of multi-
ple lesions, affected side, tumor diameter, PLR,
LMR, and NLR with lateral cervical LNM in TC
(Table 7, P<0.05).

LASSO regression screening for characteristic
factors

LASSO regression was used to screen the char-
acteristic factors affecting lateral cervical LNM
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Table 3. Comparison of laboratory indicators between the

metastasis and non-metastasis groups

out, namely, gender, multiple le-
sions, affected side, tumor diame-

ter, combined Hashimoto’s thyroid-

Indicat Metastasis =~ Non-metastasis t p o .
ndicators group (n=74)  group (n=167) itis, PLR, and NLR (Figure 3A, 3B).
FT3 (pmol/L) 4.43+1.66 4.13+1.87 1.225 0.222 S . . h ;
FT4 (pmol/L)  15.8943.29  16.25+3.08 -0.797 0.427 >creening of common character
istic factors and construction of a
TSH (mU/L) 2.47+0.72 2.45+0.81 0.216 0.829
Nomogram model
PLR 144.26+59.93 113.98+39.03 3.988 <0.001
LMR 4.77+1.17 4.40+1.28 2.214 0.028 Using the Venn diagram for screen-
NLR 10.31+2.58 7.15+1.99 10.346 <0.001 ing, it was found that multiple

Note: FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating
hormone; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte

ratio; NLR, neutrophil-to-lymphocyte ratio.

Table 4. Comparison of laboratory indicators between the

validation and training groups

lesions, affected side, PLR, and NLR
were predictive factors of lateral
cervical LNM in TC (Figure 4A).
Model calculation formula: -1.549 +
Multiple lesions Without * -1.118 +
Affected side Bilateral * -2.498 +
PLR<161.13 *2.030 + NLR<9.49

Training group Validation group

Indicators t p * 3.202. We then built a Nomogram

(n=169) (n=72) prediction model based on these
FT3 (pmol/L) 4.24+1.88 4.19+1.65 -0.199 0.842 four factors. In the Nomogram, the
FT4 (pmol/L) 16.22+3.12 15.96+3.21 -0.592 0.555 affected side had the strongest
TSH (mU/L) 2.48+0.79 2.38+0.75 -0.957 0.340 influence on lateral cervical LNM in
PLR 119.79+47.94 131.14+48.82 1.673 0.097 TC, while gender, multiple lesions,
LMR 4.53+1.28 4.47+1.21 -0.371 0.711 and tumor diameter, had strong
NLR 7.90+2.70 8.62+2.41  1.955 0.052 impacts. Among them, males, mul-

Note: FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating
hormone; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte

ratio; NLR, neutrophil-to-lymphocyte ratio.
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Figure 2. Receiver operating characteristic curves of
laboratory indicators with statistical significance.

in TC. When A=0.013424(.1se), 7 characteristic
factors for lateral cervical LNM were screened
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tiple lesions, bilateral lesions, and
tumor diameter =1 cm were the risk
factors for lateral cervical LNM in TC
(Figure 4B).

Evaluation of the performance of the predic-
tion model in the training dataset

DCA, calibration curves, ROC curves and H-L
test were used to evaluate the differentiation,
calibration, and clinical practicability of the
model. The DCA showed that in the training
group, the net benefit of the risk prediction
model was relatively high, with the red line cor-
responding to the threshold probability located
at the upper right of the None line and the All
line, indicating good clinical practicality of the
model (Figure 5A). The calibration curve
obtained by 1000 bootstrap iterations re-
vealed that the red line coincided with the
black diagonal dotted line, indicating the sta-
ble performance of the model (Figure 5B).
According to ROC curve analysis, the AUC of the
risk score in predicting lateral cervical LNM in
patients with TC was 0.907, which indicates
that this model has high accuracy in predicting
lateral cervical LNM in TC (Figure 5C). Finally,
through the H-L test analysis, it was found that
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Table 5. Assignment

Understanding the metastatic propen-

Factors Assignment

sity is very important to determine the

Age (years old) >45=1,<45=0

Gender Male = 1, female = 0
With = 1, without = 0

Multiple lesions

Affected side Unilateral = 1, bilateral = 0
Tumor diameter (cm) >1=1,<1=0
Calcification With = 1, without =0

Combined Hashimoto’s thyroiditis  With = 1, without = 0

treatment strategy and can help accu-
rately assess prognosis. Predicting lat-
eral cervical LNM is of great signifi-
cance to patients, as patients with
occult cervical LNM are at higher risk
of disease recurrence and distant
metastasis [16]. Therefore, preopera-
tive evaluation of lateral cervical LNM
is crucial in the surgical planning and

TSH (uUl/ml) >42=0,<42=1 :
PLR <16113=0,>16113 = 1 management of patients.

LMR <415=0,24.15=1 In this study, logistic regression was
NLR <9.49=0,29.49=1 used to screen the characteristics of

Note: TSH, thyroid stimulating hormone; PLR, platelet-to-lymphocyte ratio;
LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio.

the chi-square value of the model in the train-
ing set was 2.993 (P=0.934).

Effectiveness evaluation of the predictive mod-
el in the validation dataset

Based on the coefficients of the Nomogram
characteristic factors, we calculated the risk
score of each patient in the validation group.
Subsequently, the discrimination, calibration,
and clinical utility of the model were also
assessed using DCA, calibration and ROC
curves, as well as the H-L test. According to
DCA, the model had a high net benefit in the
validation set, indicating its favorable clinical
practicability (Figure 6A). Furthermore, as
shown by the calibration curve obtained by
1000 bootstrap iterations, the red line over-
lapped with the black diagonal dotted line, indi-
cating stable model performance (Figure 6B).
Moreover, as indicated by ROC curve analysis,
the AUC of the risk score in predicting lateral
cervical LNM in patients with TC was 0.868,
indicating good accuracy of the model in pre-
dicting lateral cervical LNM in TC (Figure 6C). In
addition, no statistical difference in the AUC
was found by the Delong test (D=0.778,
P=0.438). Finally, the H-L test analysis found
that the chi-square value of the model in the
training set was 4.347 (P=0.824).

Discussion
TC, especially PTC, is the most common endo-

crine tumor worldwide [14]. Notably, it is prone
to LNM, especially in the neck region [15].
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lateral neck LNM in TC patients. Six
factors (multiple lesions, affected
side, tumor diameter, PLR, LMR, and
NLR) were found to be predictors of
cervical side LNM in TC patients, following the
selection from seven risk factors. Kim et al. [17]
performed a retrospective analysis and found
that male was an independent predictor of
LNM. Furthermore, Ito et al. [18] recommended
prophylactic lymph node dissection in male
patients with PTC. In addition, a meta-analysis
by So et al. [19], which included 16 studies,
also noted a higher incidence of LNM in male
PTC patients. The present study found that
males were also an independent risk factor for
developing lateral neck LNM in patients with
TC, which is consistent with previous studies.
These studies suggest that male patients may
be at high risk for TC LNM. However, Zhao et al.
[20] analyzed data from 215 patients with
PTMC and concluded that there was no signifi-
cant correlation between gender and LNM. We
speculate that the reason for this discrepancy
may be gender differences due to biological
mechanisms, differences in study design and
methodology, and other influencing factors
such as tumor diameter and multiple lesions.
Despite these differences, the majority of evi-
dence supports a higher risk of lateral neck
LNM in male TC patients, which has important
implications for understanding disease mecha-
nisms and developing treatment strategies.

Multiple lesions PTC is relatively common in
patients, but its incidence varies widely across
studies [21]. Multiple PTC is more likely to occur
with central and lateral cervical LNM [22, 23].
These studies, as well as ours, emphasize the
importance of considering the number of can-
cer foci when planning treatment, especially
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Table 6. Univariate analysis

Thyroid carcinoma

Factors 5 Standard p OR 95% confidence interval
error Lower bound  Upper bound
Age 0.227 0.286 0.423 1.225 0.720 2.186
Gender -1.043 0.329 0.002 0.352 0.185 0.671
Multiple lesions -1.463 0.317 0.000 0.232 0.124 0.431
Affected side -1.777 0.326 0.000 0.169 0.089 0.321
Tumor diameter 1.233 0.291 0.000 3.432 1.940 6.069
Calcification -2.727 0.326 0.403 0.761 0.402 1.441
Combined Hashimoto’s thyroiditis -0.411 0.292 0.159 0.663 0.374 1.175
TSH -0.076 0.308 0.806 0.927 0.507 1.697
PLR 1.612 0.332 0.000 5.012 2.617 9.601
LMR 0.859 0.308 0.005 2.360 1.290 4.318
NLR 2.735 0.343 0.000 15.416 7.873 30.187

Note: TSH, thyroid stimulating hormone; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-

to-lymphocyte ratio.

Table 7. Multivariate analysis

95% confidence interval

Factors B Standard error P OR
Lower bound Upper bound

Gender -0.867 0.472 0.066 0.420 0.161 1.038
Multiple lesions -1.443 0.438 0.001 0.236 0.096 0.543
Affected side -2.299 0.516 0.000 0.100 0.035 0.265
Tumor diameter 1.445 0.429 0.001 4,242 1.873 10.172
PLR 1.522 0.476 0.001 4,581 1.828 11.983
LMR 0.929 0.442 0.036 2.531 1.084 6.200
NLR 2.562 0.439 0.000 12.956 5.661 32.013

Note: PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio.

when assessing the risk of cervical LNM in
patients with PTC. Bilateral lobar involvement is
relatively common, accounting for approximate-
ly 20% of patients [24]. Compared with unilat-
eral multifocal PTC, bilateral PTC is character-
ized by a larger tumor size, which makes it more
likely to develop extrathyroidal invasion and
cervical LNM [25]. A study [26] identified a sig-
nificant correlation between bilateral PTC and
cervical LNM, which is consistent with our find-
ings. Thus, PTC with bilateral involvement is at
higher risk of developing cervical LNM, which
emphasizes the need to pay special attention
to the characteristics of bilateral cancers when
evaluating and treating PTC. Tumor diameter
has also been shown to be an important predic-
tor of lateral cervical LNM. Thresholds for tumor
size have varied among studies, generally rang-
ing from 0.5 to 3.0 cm. The risk of lateral cervi-
cal metastasis was found to be significantly
increased and the percentage of positive cervi-
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cal nodes was significantly higher when the
tumor diameter exceeds 1 cm, especially with a
diameter >4 cm [3, 19]. These findings are con-
sistent with ours, where multivariate analysis
showed that tumor diameter >1 c¢cm was an
independent risk factor for cervical LNM, which
highlights the importance of considering tumor
diameter when assessing the risk of cervical
LNM in patients with PTC.

Elevated PLR implies increased platelet activi-
ty, which enhances angiogenesis and promotes
tumor growth; low LMR suggests impaired
immunosurveillance due to decreased lympho-
cyte counts, while elevated monocyte levels
indicate increased pro-tumorigenic activity
[27]. Elevated NLR reflects an imbalance
between neutrophils and lymphocytes lead-
ing to a pro-tumorigenic environment through
increased cytokine secretion and impaired
immune response [28]. Together, these ratios
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Figure 3. LASSO regression screening for characteristic factors for lateral cervical lymph node metastasis in thyroid
carcinoma. A. The number of features selected for different regularization strengths (A values). B. The coefficient

paths of the final 7 selected characteristic factors.

reflect the state of systemic inflammation and
immune surveillance, providing valuable prog-
nostic information for predicting cervical LNM
in PTC. For example, Song et al. [29] found an
interaction between NLR and PLR, and sug-
gested that NLR and PLR could be used as
independent predictors of central LNM. In addi-
tion, Huang et al. [30] reported that higher NLR
and PLR values were indicative of higher risk of
recurrence in PTC patients.

Nomogram models are widely used to predict
risk and prognosis of diseases [31]. The model
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can display the weights of various factors by
the lengths of the line segments, and the risk of
an outcome event can be obtained by simple
summation and calculation without complex
function transformations [32, 33], which is of
great simplicity thus facilitates its application in
clinical practice. In this study, we screened four
predictors, namely multiple lesions, affected
side, PLR, and NLR, by taking the intersection
of LASSO and logistic regression. Subsequently,
we demonstrated the model’'s superiority in
terms of discrimination, calibration, and clinical
utility. In particular, in the ROC curve analysis,
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Figure 4. Common factor screening and Nomogram model establishment. A. Wayne diagram screening for common
characteristic factors between logistic and LASSO regression; B. Construction of a Nomogram model.
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Figure 5. Evaluation of the performance of the predictive model in the training group. A. DCA of the risk of lateral
cervical lymph node metastasis (LNM) in patients with thyroid carcinoma (TC); B. Calibration curve of the risk of
lateral cervical LNM in patients with TC; C. ROC curve analysis of the risk of lateral cervical LNM in patients with TC.
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Figure 6. Effectiveness evaluation of the predictive model in the validation group. A. DCA of the risk of lateral cervi-
cal lymph node metastasis (LNM) in patients with thyroid carcinoma (TC); B. Calibration curve of the risk of lateral
cervical LNM in patients with TC; C. ROC curve analysis of the risk of lateral cervical LNM in patients with TC.

the AUC values demonstrated a high accuracy which was subsequently confirmed in both the
of the model in predicting TC lateral neck LNM, training and validation sets. In addition, it was
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determined by Delong’s test that there was no
difference in the AUC between the validation
set and the training set, further illustrating the
predictive value of the model.

Despite the study’s progress in predicting the
risk of TC lateral neck LNM, several limitations
remain. First, the retrospective design may
lead to selection bias and information bias.
Second, the small sample size limits the broad
applicability of the conclusions. Third, the study
was based on a single center, which diminishes
the generalizability of the results. Last, the lim-
ited timeframe of the data collection does not
allow for the full capture of long-term trends. To
improve the accuracy, reliability, and applicabil-
ity, further studies should consider a prospec-
tive design and expanded sample size from
multiple centers, with extended time frame for
data collection. These improvements would
enable the comprehensive evaluation of long-
term trends and outcomes.

Conclusion

Through comprehensive application of logistic
regression and LASSO regression models, this
study effectively identified key characteristic
factors affecting lateral cervical LNM in TC
patients, including gender, multiple lesions,
affected side, and tumor diameter. These find-
ings are not only consistent with previous re-
search results, but also have great application
value in clinical practice, especially in develop-
ing treatment strategies and surgical planning
for TC. In addition, the Nomogram model we
constructed demonstrates high accuracy and
reliability, providing clinicians with an intuitive
and simple tool to assess the risk of lateral cer-
vical LNM in TC patients.
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