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Abstract
Objective The aim of this study was to investigate the high-risk clinical factors for large-number lymph
node metastases (LNLNM) inthyroid papillary carcinoma (PTC).

Methods The clinicopathological data from the 731 PTC patients who underwent thyroid operation
between September 2021to October 2022 in the surgical oncology of Affiliated Hangzhou First People’s
Hospital, Westlake University School of Medicine were collected. Univariate and multivariate logistic
analyses were conducted to identify risk factors for LNLNM in PTC. A predictive model for assessing
LNLNM in PTC was established and validated by using receiver operating characteristic curves (ROC), the
Hosmer-Lemeshow (HL)test, calibration curves, and decision curve analysis (DCA).

Results Age, tumor diameter, platelets and neutrophil-to-lymphocyte ratio (NLR) were identified as
independent risk factors for LNLNM in PTC patients. A predictive model was developed to evaluate the
risk of LNLNMwith an area under the curve (AUC) of 0.827 (P<0.001, 95%CI: 0.784-0.870) and the
specificity and sensitivity were both 75.8%. The AUC of the validation group was 0.824(P<0.001, 95%CI:
0.757-0.890) with a specificity of 79.5% and a sensitivity of 76.0%. Furthermore, themodel demonstrated
good calibration through the HL test and favorable diagnostic value by calibration curve and DCA.

Conclusion Age, tumor diameter, platelets and NLRare high-risk factors for LNLNM in PTC, and the
predictive model established in combination with the above factors couldeffectively predict the
occurrence of LNLNM in PTC. This study provides support for surgeons to accurately predict the
possibility of LNLNM and develop personalized treatment plans before surgery.

Introduction
Papillary thyroid carcinoma (PTC) is the one of the most common endocrine tumors with its occurrence
experiencing a significant surge over the past decades, leading to widespread public concern[1, 2].
Although the majority PTCs are relatively indolent with a high 10-year survival rate, there still 20–90% of
PTC patients will develop lymph node metastasis (LNM), significantly increasing the risk of recurrence
and adversely affecting the prognosis[3]. Patients with more LNM have poorer outcomes than patients
with fewer LNM, indicating that the number of LNM was significantly associated with prognosis of
cancer and the recurrence risk[4–7]. The latest American Thyroid Association (ATA) guidelines have
determined that if more than five LNM will reach the intermediate risk or above, the recurrence risk will
vary from 4% in fewer than five LNM to 19% in more than five LNM in PTC patients[8]. Therefore, the
number of LNM, specifically the number of LNM is more than five which defined as large-number lymph
node metastases (LNLNM), will significantly reduce the prognosis of patients[9]. Regrettably, existing
conventional methods, such as preoperative cervical ultrasound and computed tomography, could not
accurately detected the LNLNM in PTC patients[10]. Consequently, there is an imperative to find a suitable
approach for predicting the presence of LNLNM in PTC patients before surgery to enhance clinical
decision-making and optimize treatment efficacy.
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An increasing findings support that the blood immune indicators are recognized as important factors in
the development and prognosis of malignant tumors, including PTC[11–13]. Some inflammatory
indicators, including neutrophils (N), lymphocytes (L), monocytes (M), platelets (Plt), lymphocyte-to-
monocyte ratio (LMR), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR) and
systemic immune-inflammatory index (SII) are considered effective predictors in many malignant
tumors[14–17]. Notably, a study has established a noteworthy association between heightened Plt levels
and cancer metastasis, as well as an unfavorable prognosis[18]. Additionally, an elevated NLR has been
found to be correlated with a higher recurrence rate and is considered as a negative prognostic factor for
cancer survival[19]. Consequently, blood inflammatory immune indicators are emerging as potentially
influential biomarkers for determining cancer prognosis and LNM due to their availability and cheapness.
However, the association between blood immune indicators and the prognosis in PTC, particularly in
relation to LNLNM, remains uncertain.

The objective of this study is to investigate the potential risk factors associated with LNLNM in PTC
patients with a particular emphasis on blood immune indicators, as well as to establish and verify the
predictive model. The findings of our study not only offer valuable insights for surgeons, enabling them
to accurately predict the possibility of LNLNM before surgery, but also assist surgeons in devising
personalized treatment strategies, ultimately leading to improved patient prognosis and quality of life.

Materials and methods

Patient selection
In this study, the relevant data of patients with radical thyroidectomy in Hangzhou First People's Hospital
of Westlake University School of Medicine (Hangzhou, China) from September 2021 to October 2022
were collected for retrospective analysis. The inclusion criteria were as follows: (1) initial radical
thyroidectomy was performed for PTC, (2) standard surgical procedures included excision of at least one
glandular lobe and ipsilateral lymph node dissection, (3) postoperative pathological diagnosis confirmed
the presence of PTC, (4) peripheral blood routine examination was conducted within 3 days prior to
surgery, (5) no concurrent malignancies were detected. The exclusion criteria were as follows: (1)
presence of evident infection or inflammatory disease prior to surgery, (2) history of chemotherapy or
exposure to radioactive substances before surgery, (3) incomplete preoperative and postoperative clinical
data, (4) history of chronic diseases such as diabetes, hepatitis, tuberculosis or kidney disease. The
flowchart of the patient selection process is shown in Fig. 1.

Data collection
Fasting peripheral blood was collected in the morning 3 days before radical thyroidectomy. The blood
samples were processed by using the Mindary BC-6800 automatic blood cell analyzer (Shenzhen Mairui
Biomedical Electronics Co., Ltd., Shenzhen, China) to obtain the absolute values of N, M, Plt, and L. The
NLR, PLR, LMR and SII were calculated based on the ratios of the aforementioned inflammatory
indicators. The pathological data included tumor diameter, multifocality, and the number of LNM. In
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cases of multifocal tumors, analysis was performed on the largest tumor. LNLNM referred to the presence
of more than five metastatic lymph nodes. Additionally, general patient information such as gender and
age was collected.

Statistical Analysis
Since our data were non-parametric distributed, the median (M) and inter quartile range (IQR) was used
for the continuous variables, while categorical variables were presented as frequency and percentage. We
perform the Wilcoxon tests for continuous variables and Pearson’s Chi-square test or Fisher’s exact test
for categorical variables. Variables with a significance level of P < 0.05 in the univariate analysis were
selected for inclusion in the multivariate analysis. Binary logistic regression analysis was employed to
establish the risk prediction model and construct the nomogram. Receiver operating characteristic curve
(ROC) and area under curve (AUC) were used to evaluate the discrimination of the above model. A higher
AUC value indicates better model performance. Sensitivity and specificity of the models were calculated
at the maximum Youden index. Furthermore, the Hosmer-Lemeshow (HL) test is employed for the
purpose of forecasting the calibration of the model. When the P > 0.05 in HL test indicates that the
prediction model has a good fit. Additionally, a calibration diagram was constructed to assess the
performance of the predictive model. Finally, the decision curve analysis (DCA) was used to verify the
clinical net benefit rate of the predicted model. All statistical analysis and figures were were conducted
utilizing R studio (version 4.3.2).

Result

General information
This study included 731 PTC patients based on inclusion and exclusion criteria, including 200 males
(27.35%) and 531 females (72.64%). A total of 176 patients (24.07%) with LNLNM while 555 patients
(75.92%) without LNLNM. A random distribution of 7:3 was used to divide the PTC patients into a model
group and a validation group. The model group consisted of 531 patients while the validation group
consisted of 218 patients. Specifically, 124 patients (24.17%) with LNLNM and 389 patients (75.82%)
without LNLNM in the model group, while 52 patients (23.85%) with LNLNM and 166 patients (76.14%)
without LNLNM in the validation group. The general characteristics of the patients are shown in Table 1.
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Table 1
General information of thyroid papillary carcinoma (PTC) patients in model and validation groups

    Model group Validation group  

    Without
LNLNM

With LNLNM Without LNLNM With LNLNM

  (N = 389) (N = 124) (N = 166) (N = 52)

Gender Female 289 (74.2%) 77 (62.1%) 126 (75.9%) 39 (75.0%)

Male 100 (25.7%) 47 (37.9%) 40 (24.1%) 13 (25.0%)

Age M
(IQR)

46.000 (35.000-
55.500)

36.000

(30.000–
47.000)

48.000

(36.000–
58.000)

40.000

(30.000–
49.000)

Tumor
Diameter
(mm)

M
(IQR)

8.000

(6.000–12.000)

14.000

(10.000–
22.000)

8.000

(6.000–12.000)

13.000

(9.250–23.500)

Multiplicity Yes 104 (26.7%) 40 (32.3%) 122 (73.5%) 18 (34.6%)

No 285 (73.3%) 84 (67.7%) 44 (26.5%) 34 (67.3%)

Plt M
(IQR)

215.000
(184.000-
255.000)

233.500
(198.000-
274.800)

226.500

(196.800-
259.300)

224.000

(194.300–
264.000)

N M
(IQR)

3.000

(2.400–3.850)

3.300

(2.800–4.100)

3.200

(2.600–3.900)

3.645

(3.645–4.650)

L M
(IQR)

1.800

(1.500–2.200)

1.830

(1.500–2.200)

1.800

(1.500-2.000)

1.900

(1.503–2.155)

M M
(IQR)

0.300

(0.295-0.400)

0.400

(0.300-0.495)

0.300

(0.300–0.400)

0.400

(0.300–0.500)

PLR M
(IQR)

117.500
(92.340–
143.300)

121.300
(102.500-
154.800)

123.500
(99.230–
153.800)

126.700

(100.800-
156.900)

NLR M
(IQR)

1.692

(1.325–2.106)

1.760

(1.381–2.333)

1.769

(1.413–2.351)

1.890

(1.564–2.573)

LMR M
(IQR)

5.667

(4.500-7.292)

5.333

(4.250–6.650)

5.708

(4.333–7.050)

5.000

(4.000-6.500)
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    Model group Validation group  

    Without
LNLNM

With LNLNM Without LNLNM With LNLNM

  (N = 389) (N = 124) (N = 166) (N = 52)

SII M
(IQR)

361.500
(265.600-
485.300)

431.200
(325.900-
589.900)

399.100
(295.200-
537.600)

452.400
(376.700-
616.600)

Screening of predictive model variables
The results of the univariate analysis demonstrated that age, gender, tumor diameter, Plt, N, M, NLR, LMR,
PLR, and SII are significant predictors of LNLNM in PTC patients, with a statistically significant
correlation (P < 0.05). Conversely, there was no statistically significant correlation in multiplicity and L (P 
> 0.05). The corresponding P-values could be found in the Table 2.

Significant factors in the univariate analysis were then included in the multivariate analysis. Multivariate
logistic regression analysis demonstrated that age (P < 0.001 OR: 0.959, 95%CI: 0.939–0.978), tumor
diameter (P < 0.001 OR: 1.149, 95%CI: 1.111–1.193), Plt (P < 0.01 OR: 1.006, 95%CI: 1.002–1.011) and
NLR (P < 0.01 OR: 1.604, 95%CI: 1.166–2.198) were the independent risk factors for LNLNM in PTC
patients. The specific values are shown in Table 2
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Table 2
Results of univariate regression analysis and logistic multivariate regression analysis

  P-value(Univariate
analysis)

P-value(Logistic
analysis)

OR(Logistic
analysis)

95%CI(Logistic
analysis)

Gender 0.014      

Age < 0.001 < 0.001 0.959 0.939–0.978

Tumor
Diameter (mm)

< 0.001 < 0.001 1.149 1.111–1.193

Multiplicity 0.249      

Plt < 0.001 < 0.01 1.006 1.002–1.011

N 0.002      

L 0.361      

M 0.499      

PLR 0.038      

NLR 0.021 < 0.01 1.604 1.166–2.198

LMR 0.045      

SII < 0.001      

Model construction and validation
The logistic multiple regression analysis findings were incorporated into the construction of the prediction
model, which identified age, tumor diameter, NLR, and Plt. Consequently, these independent predictors
were combined to construct a predictive model for LNLNM in PTC patients (Fig. 2). The ROC curve was
generated based on the logistic multiple regression outcomes. The area under the curve (AUC) of the
model was 0.827 (P < 0.001, 95%CI: 0.784–0.870), which indicates excellent discrimination. When the
Youden index was the highest, the specificity and sensitivity were 75.8% (Fig. 3a). The HL test showed
good goodness-of-fit (P = 0.464), indicating that the predictive model had good calibration in predicting
the probability of LNLNM. Besides, the calibration curves showed good agreement between the predicted
and observed probabilities of LNLNM, with a mean absolute error of 0.014 (Fig. 4a). Additionally, the DCA
demonstrated the effectiveness of the nomograms across a wide range of clinical utility (Fig. 5).

A total of 218 validation data were included to verify the generalization of the model. The results showed
that the AUC of the validation group was 0.824 (P < 0.001, 95% CI: 0.757–0.890). The specificity was
79.5% and the sensitivity was 76.9% at the maximum Youden index, which means the model has good
repeatability and wide applicability (Fig. 3b). The HL test showed a great calibration in the validation
group (P = 0.219). In addition, the calibration curve and the DCA of the validation group also indicated
that the model had good diagnostic value (Fig. 4b and 5).



Page 9/19

Discussion
Universally acknowledged, PTC is the most prevalent malignant disease in the endocrine system, with
20–90% of cases experiencing the LNM. The occurrence of LNM not only elevates the risk of recurrence
but also significantly diminishes the patient’s prognosis and overall quality of life[3, 20, 21]. Patients
exhibiting a greater number of LNM tend to experience inferior outcomes compared to those with a less
quantity, especially the recurrence risk in PTC significantly increases 5 times when there are more than
five metastatic lymph nodes[8, 22, 23]. Similarly, another study discovered that recurrence occurred in up
to 37.3% of patients with more than five LNM[24]. Notably, the number of LNM greater than 5 will
significantly reduces the prognosis in PTC patients, arousing the attention of clinicians. Therefore, in this
study, we artificially defined the presence of LNM more than five as LNLNM referring to previous studies,
and explore the risk factors of LNLNM[9]. Analysis found that age, tumor diameter, NLR, and Plt were
independent risk factors for LNLNM in PTC patients. Also, the prediction model provides precise
predictions for LNLNM in PTC patients, thereby offering enhanced guidance for clinical practice.

It has been documented that blood immune indicators is closely linked to cancers, holding significant
research value[25, 26]. Many indicators have demonstrated effective predictive capabilities for the
presence and prognosis of malignancies across various types of cancers[27–29]. NLR, as a more popular
and reliable blood immune indicators compared to others, had been extensively utilized as a long-term
predictor of outcomes across various malignancies[30, 31]. Preoperatively elevated NLR has been
identified as a negative prognostic factor for survival in various types of cancers[19, 32–34]. In addition,
it was discovered that NLR was associated with the clinicopathologic aggressiveness of PTC and could
be used as marker for risk assessment in patients with PTC[29]. Similarly, our investigation found that
higher NLR levels tended to be present in patients with LNLNM, which was indicative of a poor prognosis.
Interestingly, Natalia’s study found that it is the increased neutrophils rather than decreased lymphocytes
that drive the predictive value of NLR.[35]. Neutrophils play a critical role in the metastasis of cancer
cells[36, 37]. This may be because neutrophils have the ability to promote cancer growth by releasing
growth factors and granular proteins, as well as inducing the dissociation of tumor cells through
remodeling of the extracellular matrix, thus preparing the tumor cells for metastasis[34, 38]. Additionally,
the neutrophils will induce the metastasis of tumor cells by secreting tumor necrosis factor and
Cathepsin G[39]. Furthermore, the neutrophils may suppress the immune system, allowing tumor cells to
avoid being killed by immune cells during metastasis[40]. Based on these findings, it is suggested that
high levels of neutrophils and NLR may be associated with the metastasis of PTC, making them potential
markers for predicting LNLNM in PTC patients.

Platelets are a crucial component of the circulatory system that play a significant role in maintaining
hemostasis and various pathological processes, such as inflammation, atherosclerosis, and cancer
metastasis[41, 42]. Clinically, high level of platelets has been associated with an unfavorable prognosis in
a number of malignancies, including ovarian, lung, gastric and breast cancers[18, 43–45]. Our study
reveals that a high level of platelets is associated with LNLNM in PTC, indicating a poor prognosis.
Additionally, previous research has reported that platelets can serve as useful predictors of thyroid cancer
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malignancy and LNM[46]. The mechanistic process by which elevated levels of platelets contribute to the
metastasis to lymph nodes by forming the platelet coating, increasing surface P-selectin expression and
promoting lymphatic and blood vessel formation[47–51].This suggests that an increase in platelets
levels plays a crucial role in facilitating cancer metastasis. Furthermore, platelets may serve as a valuable
predictor for the presence of LNLNM in PTC and assessing the risk stratification of the disease.

Moreover, previous research has predominantly relied on ultrasound characteristics to develop models for
predicting the number of LNM in PTC patients[9]. Notably, ultrasound factors such as nodule size,
multifocal disease and taller-than-wide shape, of LNM have been identified as independent predictors
with superior predictive efficacy. Nevertheless, ultrasound has a low sensitivity in the diagnosis of cervical
LNM[10]. According to various studies, the false-positive and false-negative rate of ultrasound to palpable
LNM both range from 20–30%[52]. Conversely, blood inflammation indicators offer widely applicable and
ease of acquisition, having a significant and potential value[53]. In this study, we used preoperative blood
inflammation indicators for the first time to predict the presence of LNLNM in PTC. The ROC and HL tests
showed the prediction model of LNLNM in PTC patients has good discrimination and calibration. The
calibration curve and DCA, both in model and validation group, indicate that the model had a good
predictive ability. In summary, this prediction model improves the prediction of LNLNM in PTC patients,
aiding surgeons in evaluating patients' conditions and determining personalized treatment plans.

However, our study has several limitations that should be acknowledged. Firstly, it is important to note
that our prediction model is a single-center study, which may limit the generalizability of our findings. In
the follow-up study, we should include more centers for large-sample verification to improve the accuracy
of the prediction model. Secondly, it is worth mentioning that our study is a retrospective study,
introducing the possibility of selection bias in the sample selection process. To address this limitation, we
recommend to combine prospective studies in the future. Finally, the diameter of metastatic lymph nodes
was not included in the analysis due to its difficult to measure their diameter accurately. In subsequent
studies, it is crucial to incorporate both the size and number of lymph nodes to obtain a more
comprehensive evaluation of the prognosis.

Conclusions
In conclusion, age, tumor diameter, NLR and Plt are identified as significant risk factors for LNLNM in PTC
patients, and the utilization of a prediction model incorporating these aforementioned factors can yield
accurate predictions for LNLNM in PTC patients, thereby offering improved guidance for clinical practice.

Abbreviations
LNLNM large-number lymph node metastases

PTC thyroid papillary carcinoma

ROC receiver operating characteristic curves
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HL Hosmer-Lemeshow

DCA decision curve analysis

NLR neutrophil-to-lymphocyte ratio

AUC area under the curve

LNM lymph node metastasis

ATA American Thyroid Association

N neutrophils

L lymphocytes

M monocytes

Plt platelets

LMR lymphocyte-to-monocyte ratio 

PLR platelet-to-lymphocyte ratio

SII systemic immune-inflammatory index

M median

IQR inter quartile range
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Figure 1
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The flowchart of the patient selection process

Figure 2

Clinical factor-based nomogram used for preoperatively predicting the LNLNM
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Figure 3

Receiver operator characteristic curve of model group (a) and validation group(b)

Figure 4

Calibration curve of model group (a) and validation group(b). The X-axis represents the predicted
probability, while the Y-axis represents the actual probability of LNLNM. The diagonal dashed line
represents the ideal prediction model. The solid line represents the performance of the column chart
model, with a higher fit to the diagonal dashed line indicating better predictive capability. LNLNM, large
number lymph node metastases.
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Figure 5

Decision curve analysis of model group and validation group. The net benefit is indicated on the Y-axis.
The black line represents the assumption that all patients have severe morbidity. The gray line represents
the assumption that no patient has severe morbidity. The red line represents the prediction model. The
blue line represents the validation group of the model.


