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Background: The rising incidence of cervical cancer among individuals with diabetes is a matter of significant concern, 
presenting profound implications for the health status and quality of life worldwide. In patients diagnosed with early-stage 
cervical cancer, the extent of lymph node involvement has emerged as a critical prognostic factor influencing recurrence risk and 
survival outcomes. Therefore, the precise prediction of pelvic lymph node metastasis is essential for an accurate assessment of 
prognosis. The preoperative identification of lymph node metastasis constitutes a pivotal element in the formulation of 
personalized treatment strategies. It has been demonstrated that inflammatory markers such as neutrophils, lymphocytes, and 
fibrinogen significantly contribute to cancer progression and prognostic evaluations. In this regard, we propose the fibrinogen-to- 
neutrophil ratio (FNR) as an innovative and promising biomarker for evaluating pelvic lymph node metastasis in cervical cancer 
patients with type 2 diabetes.
Methods: The study was conducted on 141 patients diagnosed with cervical cancer and concomitant type 2 diabetes, who were treated 
at the First Affiliated Hospital of Xiamen University. The patients were randomly divided into a training set (n=98) and a validation set 
(n=43), with a ratio of 7:3. Univariate and multivariate logistic regression analyses were performed to identify independent risk 
factors, and a prognostic model was established based on these findings. The model’s effectiveness was evaluated.
Results: A nomogram that integrates multiple factors, including FNR, triglycerides, maximum diameter, and total protein, demon
strates superior potential in predicting pelvic lymph node metastasis in patients with type 2 diabetes and cervical cancer, compared to 
the use of a single biomarker.
Conclusion: As a comprehensive biomarker, FNR shows significant potential in offering a more thorough and reliable approach for 
identifying cervical cancer patients with diabetes who are at an elevated risk of lymph node metastasis.
Keywords: cervical cancer, diabetes mellitus, pelvic lymph node metastasis, fibrinogen-to-neutrophil ratio, inflammatory biomarkers, 
preoperative prediction

Introduction
Cervical Cancer (CC) remains a formidable threat to women’s health, accounting for approximately 300,000 deaths each 
year.1 It is the third leading cause of cancer-related mortality globally, highlighting its substantial impact on women’s 
health worldwide.1,2 The global incidence and mortality rates of diabetes mellitus (DM) continue to rise, establishing it as 
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a critical challenge to global health.3 According to projections from the World Health Organization (WHO), the number 
of individuals affected by diabetes is expected to reach 440 million by 2030.4 This escalating prevalence is driven by a 
combination of factors, including poor dietary habits, sedentary lifestyles, obesity, genetic predisposition, and an aging 
population. Diabetes presents a significant threat to individual health and is a major precursor to a range of severe 
complications, including cardiovascular diseases, stroke, vision impairment, renal failure, and neuropathy. Of particular 
concern is the impact of chronic hyperglycemia on immune function, which increases vulnerability to infections and 
exacerbates the risk of additional comorbidities.3–5 A systematic review encompassing 13 studies with a total of 11,091 
participants revealed that cervical cancer patients with diabetes experience significantly poorer overall survival and 
disease-free survival rates in comparison to the non-diabetic counterparts.6 Subsequent research has found that the 
interplay between diabetes and human papillomavirus (HPV) may heighten the risk of persistent infection, potentially 
resulting in a cascade of complications. Elevated blood glucose levels, alongside the chronic inflammation linked to 
diabetes, foster an environment that is conducive to the replication and persistence of the virus.7 Consequently, this 
mechanism may facilitate the development of HPV-related lesions, which have the potential to advance to precancerous 
stages or even cancer. Furthermore, the proportion of individuals with diabetes among those diagnosed with cervical 
cancer has steadily risen, highlighting a growing challenge for patient care worldwide.8 Gaining a more profound 
understanding of this intricate relationship holds significant importance for the prevention and intervention of associated 
diseases. Therefore, it is crucial to focus on this vulnerable patient population. By optimizing the management of both 
diabetes and cervical cancer, patient outcomes can be significantly improved, disease burden alleviated, and the risk of 
further complications minimized.

Lymph nodes are a crucial and integral component of the immune system, serving as dynamic hubs for immune 
surveillance and response. They are densely populated with a variety of immune cells, including lymphocytes, macro
phages, and dendritic cells, which collaborate seamlessly to mount effective defenses against infections and foreign 
antigens. In the process of antigen recognition and capture, lymph nodes proficiently present these antigens to immune 
cells, thereby triggering a cascade of finely tuned immune reactions. As a key node for immune surveillance, response, 
and regulation, lymph nodes play a pivotal role in the immune system, carrying out essential physiological functions.9 

The involvement of lymph nodes plays a significant role in the recurrence and survival prognosis of patients with early- 
stage cervical cancer. Radical pelvic lymphadenectomy is the standard surgical approach for treating these patients and is 
considered the gold standard. By removing the lymph nodes, the spread of cancer cells through the lymphatic system can 
be effectively reduced, lowering the risk of recurrence and improving survival rates. The surgery also allows for accurate 
assessment of lymph node status, providing critical information for subsequent treatments, thereby optimizing the 
therapeutic outcome.10 Therefore, radical pelvic lymphadenectomy is one of the key treatment strategies for early- 
stage cervical cancer patients. Preoperative prediction of the likelihood of pelvic lymph node metastasis is crucial, as it 
helps in developing personalized treatment plans, further improving treatment efficacy and survival rates. By identifying 
patients at higher risk for metastasis to the para-aortic lymph nodes before surgery, unnecessary procedures can be 
avoided, and treatment plans can be specifically adjusted.

Researches have consistently demonstrated a significant interplay between lymph node metastasis and the inflamma
tory response in tumors.11,12 Inflammation triggers the release of inflammatory cytokines and various bioactive media
tors, which not only stimulate tumor cell proliferation but also accelerate the onset and progression of lymph node 
metastasis.13 Chronic inflammation further impairs immune system function, leading to alterations in both the activity 
and quantity of immune cells.14 These changes reduce the immune system’s ability to effectively surveil and eliminate 
tumor cells. Numerous studies have established a close association between a range of inflammation-related biomarkers 
—such as neutrophils, lymphocytes, C-reactive protein, fibrinogen,15,16 and ratios like the neutrophil-to-lymphocyte ratio 
(NLR)17 and platelet-to-lymphocyte ratio (PLR)18—and the initiation, progression, and prognosis of cancer. Fibrinogen, 
a key glycoprotein involved in coagulation during inflammation, has garnered particular attention. Recent findings have 
underscored a strong correlation between elevated fibrinogen levels and the development, as well as the poor prognosis, 
of various malignancies.19,20 Based on this, our study proposes a novel predictive biomarker, the fibrinogen-to-neutrophil 
ratio (FNR), and evaluates its potential value in predicting pelvic lymph node metastasis in cervical cancer patients with 
concomitant type 2 diabetes. Currently, our study has not been indexed. Therefore, in clinical practice, monitoring and 
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evaluating inflammatory markers is of crucial importance for the early prevention of cancer, the prediction of lymph node 
metastasis, the selection of treatment plans, and the assessment of patient prognosis. In the future, further exploration of 
the relationship between inflammation and cancer will not only help us gain a more comprehensive understanding of the 
mechanisms underlying cancer development, but also provide a solid theoretical foundation and practical guidelines for 
the formulation of personalized treatment plans and the implementation of early prevention strategies.

Methods
Patients
We included a cohort of 141 patients diagnosed with cervical cancer and concomitant type 2 diabetes, all of whom 
received treatment at the First Affiliated Hospital of Xiamen University between 2018 and 2022. Each patient underwent 
standard radical cervical cancer surgery, along with the corresponding lymphadenectomy. The following criteria were 
applied for exclusion from the study:

1. Patients with incomplete or missing clinical data.
2. Patients diagnosed with pathological types of cervical cancer other than the commonly occurring squamous cell 

carcinoma or adenocarcinoma, particularly those with rare histological variants.
3. Patients with a history of other malignancies.
4. Patients whose hemoglobin A1c levels exceeded 7%, or those with poorly controlled preoperative blood glucose 

levels that did not meet the surgical eligibility criteria.
5. Patients who exhibited signs of pelvic or para-aortic lymph node enlargement, or had evidence of distant 

metastasis as determined by preoperative imaging.

Collection of Patients’ Information
The clinical dataset for all hospitalized patients encompassed a comprehensive and meticulously curated collection of 
critical data points. The foundational demographic section included essential details such as the patient’s name, age, and 
hospital admission number. A detailed medical history section systematically recorded pertinent past medical conditions, 
notably type 2 diabetes, cervical cancer, and other malignancies. The treatment history offered a thorough account of the 
therapeutic interventions and medications prescribed in the management of type 2 diabetes. With regard to clinical 
parameters, the dataset incorporated a wide range of essential diagnostic results, including imaging studies (such as MRI, 
CT, and PET-CT scans), blood tests (comprising complete blood count and comprehensive chemistry panel analyses), 
blood glucose monitoring, coagulation function evaluations, and tumor marker assessments. Additionally, histopatholo
gical findings from cervical cancer tissue specimens were provided, offering invaluable pathological evidence that 
supported and refined clinical decision-making.

All patients underwent a thorough preoperative evaluation, which included a comprehensive gynecological examina
tion performed by two skilled gynecologic oncologists. Surgical records and postoperative pathological findings were 
meticulously documented and systematically organized. By carefully collecting and analyzing the comprehensive data 
from these patients, our goal is to provide valuable insights to further investigate the role of fibrinogen-to-neutrophil ratio 
in cervical cancer patients with type 2 diabetes, with a particular focus on the potential association with lymph node 
metastasis.

Data Analysis
Receiver Operating Characteristic (ROC) curve analysis was used to establish the optimal cutoff values for continuous 
clinical variables. This ensures that the identified thresholds for variables like FNR, neutrophil count, and others are 
statistically valid. The 141 patients were randomly divided into a training set (98 patients) and a validation set (43 
patients) using a 7:3 ratio. This random allocation minimizes selection bias and ensures that both sets are representative 
of the overall cohort. Chi-square test was employed to compare baseline characteristics (eg, age, blood indices, pathology 
type) between the training and validation sets. This validation process helped to eliminate potential confounding factors, 
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thereby reducing the risk of bias in subsequent analyses. Logistic regression analysis was employed to meticulously 
investigate the impact of various clinical and laboratory variables on the metastasis of lymph node metastasis in patients 
diagnosed with cervical cancer. To enhance the understanding of the independent risk factors linked to lymph node 
metastasis within the training set, we integrated variables with a P-value of less than 0.1 from the logistic regression 
analysis into a multivariate logistic regression model. This approach allows for a more nuanced and thorough evaluation 
of the associated factors. Through this multivariate analysis, we aim to identify the risk factors influencing lymph node 
metastasis in cervical cancer.

The nomogram was developed using independent predictors identified from the multivariate regression. This tool 
integrates multiple clinical factors into a single risk score, which helps in predicting pelvic lymph node metastasis. ROC 
curves assessed model performance by quantifying its discriminatory ability. Calibration curves confirmed the accuracy 
of the predicted probabilities compared to observed outcomes, ensuring that the model’s predictions align with actual 
clinical results. Decision Curve Analysis (DCA) was used to evaluate the clinical benefit of the nomogram across a range 
of decision thresholds. The newly developed model was evaluated against the original model through a statistical 
comparison of AUC values. This analysis underscores the improved predictive performance of the new model. Factors 
with P-value of less than 0.05 was considered statistically significant. Statistical analyses were performed by R 4.0.2.

Results
The Clinical Characteristics of Patients
Between 2018 and 2022, clinical data were collected from 141 patients diagnosed with both cervical squamous cell 
carcinoma (SCC) and type 2 diabetes mellitus (T2DM) who were admitted to the First Affiliated Hospital of Xiamen 
University. The data were systematically organized, and receiver operating characteristic (ROC) curve analysis was 
employed to determine the optimal cutoff values for various continuous variables. Table 1 summarizes the baseline 
characteristics of the 141 study participants, with data categorized and compared based on the presence or absence of 
pelvic lymph node metastasis (Metastasis - vs Metastasis +). The findings presented in Table 1 suggest that blood routine 

Table 1 The Baseline Characteristics of the Study Participants

Characteristics Pelvic Lymph Node Overall (N=141)

Metastasis (-) (N=106) Metastasis (+) (N=35)

Age

≤53.5 33 (31.1%) 15 (42.9%) 48 (34.0%)

>53.5 73 (68.9%) 20 (57.1%) 93 (66.0%)

Neutrophil (×109/L)

≤5.285 87 (82.1%) 23 (65.7%) 110 (78.0%)

>5.285 19 (17.9%) 12 (34.3%) 31 (22.0%)

Neutrophil proportion (%)

≤62.05 72 (67.9%) 14 (40.0%) 86 (61.0%)

>62.05 34 (32.1%) 21 (60.0%) 55 (39.0%)

Mononuclear (×109/L)

≤0.365 32 (30.2%) 4 (11.4%) 36 (25.5%)

>0.365 74 (69.8%) 31 (88.6%) 105 (74.5%)

(Continued)
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Table 1 (Continued). 

Characteristics Pelvic Lymph Node Overall (N=141)

Metastasis (-) (N=106) Metastasis (+) (N=35)

Lymphocyte (×109/L)

≤1.45 16 (15.1%) 13 (37.1%) 29 (20.6%)

>1.45 90 (84.9%) 22 (62.9%) 112 (79.4%)

Lymphocyte proportion (%)

≤27.05 29 (27.4%) 19 (54.3%) 48 (34.0%)

>27.05 77 (72.6%) 16 (45.7%) 93 (66.0%)

Platelet (×109/L)

≤301.5 78 (73.6%) 19 (54.3%) 97 (68.8%)

>301.5 28 (26.4%) 16 (45.7%) 44 (31.2%)

Fibrinogen

≤3.85 85 (80.2%) 23 (65.7%) 108 (76.6%)

>3.85 21 (19.8%) 12 (34.3%) 33 (23.4%)

FNR

≤0.659 23 (21.7%) 16 (45.7%) 39 (27.7%)

>0.659 83 (78.3%) 19 (54.3%) 102 (72.3%)

Total protein

≤69.55 36 (34.0%) 4 (11.4%) 40 (28.4%)

>69.55 70 (66.0%) 31 (88.6%) 101 (71.6%)

Globulin

≤32.7 77 (72.6%) 17 (48.6%) 94 (66.7%)

>32.7 29 (27.4%) 18 (51.4%) 47 (33.3%)

Albumin

≤43.4 67 (63.2%) 14 (40.0%) 81 (57.4%)

>43.4 39 (36.8%) 21 (60.0%) 60 (42.6%)

AGR

≤1.415 60 (56.6%) 18 (51.4%) 78 (55.3%)

>1.415 46 (43.4%) 17 (48.6%) 63 (44.7%)

Pathological Type

Adenocarcinoma 8 (7.5%) 4 (11.4%) 12 (8.5%)

Squamous Carcinoma 98 (92.5%) 31 (88.6%) 129 (91.5%)

(Continued)
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and biochemical indicators, along with other clinical parameters, may be significantly associated with the risk of pelvic 
lymph node metastasis.

The Comparison of Baseline Characteristics Between the Training Set and Validation 
Set
Subsequently, we employed a random allocation method to divide the total of 141 patients into two groups: a training set 
consisting of 98 patients and a validation set comprising 43 patients, thus achieving a 7:3 ratio. To ensure the scientific 
integrity of the data processing, Table 2 presents a comprehensive baseline comparison of several clinical features 
between the training dataset (N=98) and the external validation dataset (N=43). The clinical variables include age, blood 
indices, pathological type, and others. Additionally, Table 2 displays the results of a Chi-square test conducted between 
these two datasets. The analysis reveals no statistically significant differences between the training and validation sets, 
suggesting a high degree of consistency between the two groups across multiple key indicators. This finding supports the 
conclusion that both datasets are comparable and can be effectively used for subsequent analyses.

The Association FNR and Clinicopathological Characteristics
Utilizing the optimal cutoff values for FNR, the subjects were stratified into two distinct groups: a high FNR group (N = 
102) and a low FNR group (N = 39). Table 3 presents a detailed analysis of the correlations between various clinical 

Table 1 (Continued). 

Characteristics Pelvic Lymph Node Overall (N=141)

Metastasis (-) (N=106) Metastasis (+) (N=35)

HDL

≤1.165 38 (35.8%) 15 (42.9%) 53 (37.6%)

>1.165 68 (64.2%) 20 (57.1%) 88 (62.4%)

LDL

≤2.225 26 (24.5%) 5 (14.3%) 31 (22.0%)

>2.225 80 (75.5%) 30 (85.7%) 110 (78.0%)

Cholesterol

≤5.36 63 (59.4%) 26 (74.3%) 89 (63.1%)

>5.36 43 (40.6%) 9 (25.7%) 52 (36.9%)

Triglyceride

≤1.195 17 (16.0%) 18 (51.4%) 35 (24.8%)

>1.195 89 (84.0%) 17 (48.6%) 106 (75.2%)

Maximum diameter of the mass

<4 83 (78.3%) 12 (34.3%) 95 (67.4%)

≥4 23 (21.7%) 23 (65.7%) 46 (32.6%)

Diabetes medication

Metformin (-) 87 (82.1%) 23 (65.7%) 110 (78.0%)

Metformin (+) 19 (17.9%) 12 (34.3%) 31 (22.0%)

Abbreviations: AGR, albumin globulin ratio; FNR, fibrinogen-to-neutrophil ratio; HDL, high density lipoprotein; LDL, high density lipoprotein.
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Table 2 The Baseline Characteristics of the Training and the External Validation Dataset

Characteristics Tested Dataset (N=43) Training Dataset (N=98) P-Value

Age

≤53.5 14 (32.6%) 34 (34.7%) 0.807

>53.5 29 (67.4%) 64 (65.3%)

Neutrophil (×109/L)

≤5.285 29 (67.4%) 81 (82.7%) 0.068

>5.285 14 (32.6%) 17 (17.3%)

Neutrophil proportion (%)

≤62.05 27 (62.8%) 59 (60.2%) 0.774

>62.05 16 (37.2%) 39 (39.8%)

Mononuclear (×109/L)

≤0.365 13 (30.2%) 23 (23.5%) 0.417

>0.365 30 (69.8%) 75 (76.5%)

Lymphocyte (×109/L)

≤1.45 7 (16.3%) 22 (22.4%) 0.387

>1.45 36 (83.7%) 76 (77.6%)

Lymphocyte proportion (%)

≤27.05 13 (30.2%) 35 (35.7%) 0.525

>27.05 30 (69.8%) 63 (64.3%)

Platelet (×109/L)

≤301.5 30 (69.8%) 67 (68.4%) 0.87

>301.5 13 (30.2%) 31 (31.6%)

Fibrinogen

≤3.85 30 (69.8%) 78 (79.6%) 0.234

>3.85 13 (30.2%) 20 (20.4%)

FNR

≤0.659 11 (25.6%) 28 (28.6%) 0.715

>0.659 32 (74.4%) 70 (71.4%)

Total protein

≤69.55 11 (25.6%) 29 (29.6%) 0.625

>69.55 32 (74.4%) 69 (70.4%)

Globulin

≤32.7 27 (62.8%) 67 (68.4%) 0.529

>32.7 16 (37.2%) 31 (31.6%)

(Continued)
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characteristics and FNR, offering a comprehensive distribution of clinical features across the two FNR categories (≤0.659 
and >0.659), along with the corresponding P-values to assess the significance of each feature’s association with FNR.

The clinical characteristics found to exhibit a significant correlation with FNR included neutrophil count, neutrophil 
proportion, monocyte count, lymphocyte proportion, platelet count, and the presence of pelvic lymph node metastasis. 
These factors may play a pivotal role in predicting or influencing FNR outcomes. In contrast, other clinical attributes—such 
as age, pathology type, and total protein levels—did not demonstrate any significant association with FNR. Of particular 

Table 2 (Continued). 

Characteristics Tested Dataset (N=43) Training Dataset (N=98) P-Value

Albumin

≤43.4 28 (65.1%) 53 (54.1%) 0.22

>43.4 15 (34.9%) 45 (45.9%)

AGR

≤1.415 25 (58.1%) 53 (54.1%) 0.658

>1.415 18 (41.9%) 45 (45.9%)

Pathological Type

Adenocarcinoma 4 (9.3%) 8 (8.2%) 0.83

Squamous Carcinoma 39 (90.7%) 90 (91.8%)

HDL

≤1.165 15 (34.9%) 38 (38.8%) 0.662

>1.165 28 (65.1%) 60 (61.2%)

LDL

≤2.225 8 (18.6%) 23 (23.5%) 0.512

>2.225 35 (81.4%) 75 (76.5%)

Cholesterol

≤5.36 23 (53.5%) 66 (67.3%) 0.13

>5.36 20 (46.5%) 32 (32.7%)

Triglyceride

≤1.195 9 (20.9%) 26 (26.5%) 0.47

>1.195 34 (79.1%) 72 (73.5%)

Maximum diameter of the mass

<4 26 (60.5%) 69 (70.4%) 0.265

≥4 17 (39.5%) 29 (29.6%)

Diabetes medication

Metformin (-) 32(74.4%) 78(79.6%) 0.513

Metformin (+) 11 (25.6%) 20 (20.4%)

Abbreviations: AGR, albumin globulin ratio; FNR, fibrinogen-to-neutrophil ratio; HDL, high density lipoprotein; LDL, high density 
lipoprotein.
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Table 3 The Correlations Between FNR and Clinical Characteristics

Characteristics FNR P-Value

≤0.659 (N=39) >0.659 (N=102)

Age

≤53.5 16 (41.0%) 32 (31.4%) 0.299

>53.5 23 (59.0%) 70 (68.6%)

Neutrophil (×109/L)

≤5.285 17 (43.6%) 93 (91.2%) <0.001

>5.285 22 (56.4%) 9 (8.8%)

Neutrophil proportion (%)

≤62.05 9 (23.1%) 77 (75.5%) <0.001

>62.05 30 (76.9%) 25 (24.5%)

Mononuclear (×109/L)

≤0.365 5 (12.8%) 31 (30.4%) 0.0151

>0.365 34 (87.2%) 71 (69.6%)

Lymphocyte (×109/L)

≤1.45 8 (20.5%) 21 (20.6%) 0.992

>1.45 31 (79.5%) 81 (79.4%)

Lymphocyte proportion (%)

≤27.05 25 (64.1%) 23 (22.5%) <0.001

>27.05 14 (35.9%) 79 (77.5%)

Platelet (×109/L)

≤301.5 21 (53.8%) 76 (74.5%) 0.0279

>301.5 18 (46.2%) 26 (25.5%)

Fibrinogen

≤3.85 31 (79.5%) 77 (75.5%) 0.611

>3.85 8 (20.5%) 25 (24.5%)

Pelvic Lymph Node

Metastasis (-) 23 (59.0%) 83 (81.4%) 0.0144

Metastasis (+) 16 (41.0%) 19 (18.6%)

Total protein

≤69.55 8 (20.5%) 32 (31.4%) 0.179

>69.55 31 (79.5%) 70 (68.6%)

(Continued)
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Table 3 (Continued). 

Characteristics FNR P-Value

≤0.659 (N=39) >0.659 (N=102)

Globulin

≤32.7 25 (64.1%) 69 (67.6%) 0.697

>32.7 14 (35.9%) 33 (32.4%)

Albumin

≤43.4 22 (56.4%) 59 (57.8%) 0.88

>43.4 17 (43.6%) 43 (42.2%)

AGR

≤1.415 21 (53.8%) 57 (55.9%) 0.831

>1.415 18 (46.2%) 45 (44.1%)

Pathological Type

Adenocarcinoma 3 (7.7%) 9 (8.8%) 0.827

Squamous Carcinoma 36 (92.3%) 93 (91.2%)

HDL

≤1.165 15 (38.5%) 38 (37.3%) 0.897

>1.165 24 (61.5%) 64 (62.7%)

LDL

≤2.225 6 (15.4%) 25 (24.5%) 0.212

>2.225 33 (84.6%) 77 (75.5%)

Cholesterol

≤5.36 24 (61.5%) 65 (63.7%) 0.813

>5.36 15 (38.5%) 37 (36.3%)

Triglyceride

≤1.195 9 (23.1%) 26 (25.5%) 0.766

>1.195 30 (76.9%) 76 (74.5%)

Maximum diameter of the mass

<4 28 (71.8%) 67 (65.7%) 0.485

≥4 11 (28.2%) 35 (34.3%)

Diabetes medication

Metformin (-) 28 (71.8%) 82 (80.4%) 0.304

Metformin (+) 11 (28.2%) 20 (19.6%)

Abbreviations: AGR, albumin globulin ratio; FNR, fibrinogen-to-neutrophil ratio; HDL, high density lipoprotein; 
LDL, high density lipoprotein.
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note is the strong correlation between the presence of pelvic lymph node metastasis and FNR, suggesting that this factor 
may be of substantial importance in modulating FNR outcomes. For the remaining features, including age, pathology type, 
and total protein, no significant correlations were identified.

Univariate and Multivariate Analysis of Logistic Regression in the Training Data Set
Univariate and multivariate logistic regression analyses were performed to elucidate the associations between various 
characteristics within the training dataset and the risk of pelvic lymph node metastasis. The univariate regression analysis 
enabled us to assess the potential influence of multiple clinical and laboratory indicators on the risk of metastasis to the 
pelvic lymph nodes. As shown in Table 4, the findings from the analysis revealed that a number of clinical features and 

Table 4 Univariate and Multivariate Analysis of Logistic Regression in the Training Data Set

Characteristics Univariate Analysis of Pelvic Lymph 
Node

Multivariate Analysis of Pelvic Lymph 
Node

OR 95% CI P-Value OR 95% CI P-Value

Age 0.561 0.261–1.212 0.213

≤53.5

>53.5

Neutrophil (×109/L) 2.901 1.158–7.238 0.053 1.281 0.166–10.151 0.841

≤5.285

>5.285

Neutrophil proportion (%) 3.786 1.758–8.428 0.004 1.006 0.152–5.958 0.995

≤62.05

>62.05

Mononuclear (×109/L) 3.137 1.143–10.781 0.086 1.444 0.319–7.828 0.699

≤0.365

>0.365

Lymphocyte (×109/L) 0.345 0.148–0.802 0.036 0.200 0.037–0.941 0.094

≤1.45

>1.45

Lymphocyte proportion (%) 0.314 0.143–0.674 0.013 3.042 0.393–30.026 0.398

≤27.05

>27.05

Platelet (×109/L) 1.753 0.799–3.809 0.235

≤301.5

>301.5

Fibrinogen 2.727 1.142–6.477 0.054 1.503 0.326–6.849 0.655

≤3.85

>3.85

(Continued)
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Table 4 (Continued). 

Characteristics Univariate Analysis of Pelvic Lymph 
Node

Multivariate Analysis of Pelvic Lymph 
Node

OR 95% CI P-Value OR 95% CI P-Value

FNR 0.288 0.129–0.636 0.009 0.075 0.014–0.333 0.006

≤0.659

>0.659

Total protein 3.125 1.246–9.149 0.055 13.045 2.579–90.716 0.016

≤69.55

>69.55

Globulin 3.421 1.573–7.557 0.009 2.254 0.661–8.046 0.279

≤32.7

>32.7

Albumin 2.106 0.995–4.555 0.105

≤43.4

>43.4

AGR 1.131 0.534–2.389 0.784

≤1.415

>1.415

Pathological Type 1.650 0.426–5.706 0.514

Adenocarcinoma

Squamous Carcinoma

HDL 0.722 0.339–1.547 0.478

≤1.165

>1.165

LDL 1.494 0.613–4.034 0.477

≤2.225

>2.225

Cholesterol 0.370 0.139–0.878 0.072 0.202 0.044–0.773 0.062

≤5.36

>5.36

Triglyceride 0.241 0.106–0.539 0.003 0.155 0.032 −0.659 0.039

≤1.195

>1.195

(Continued)
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biochemical markers—such as neutrophil count, neutrophil percentage, monocyte count, lymphocyte count, lymphocyte 
percentage, fibrinogen levels, FNR, total protein levels, globulin levels, cholesterol, triglycerides, and maximum tumor 
diameter—exhibited significant correlations with the risk of pelvic lymph node metastasis. Subsequent multivariate 
regression analysis demonstrated that, after adjusting for numerous confounding variables, FNR, total protein, triglycer
ides, and maximum tumor diameter emerged as independently statistically significant predictors of pelvic lymph node 
metastasis.

The Construction of the Predictive Nomogram
A nomogram was developed based on independent predictive factors identified through multivariable analysis to assess 
the risk of pelvic lymph node metastasis. The Figure 1 illustrates the score assigned to each predictive factor, and by 
summing the individual scores, a total score is derived that serves to estimate the risk of pelvic lymph node metastasis 

Figure 1 The nomogram for predicting pelvic lymph node metastasis in cervical cancer patients with type 2 diabetes mellitus. 
Abbreviation: FNR, fibrinogen-to-neutrophil ratio.

Table 4 (Continued). 

Characteristics Univariate Analysis of Pelvic Lymph 
Node

Multivariate Analysis of Pelvic Lymph 
Node

OR 95% CI P-Value OR 95% CI P-Value

Maximum diameter 6.489 2.904–15.035 <0.001 6.112 1.637–24.965 0.026

<4

≥4

Diabetes medication 2.070 0.855–4.908 0.168

Metformin (-)

Metformin (+)

Abbreviations: AGR, albumin globulin ratio; FNR, fibrinogen-to-neutrophil ratio; HDL, high density lipoprotein; LDL, high density lipoprotein.
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prior to surgery. This nomogram offers clinicians a streamlined and efficient tool for calculating a patient’s total score 
based on specific clinical characteristics, thus enabling an accurate prediction of pelvic lymph node metastasis before 
surgical intervention.

The Evaluation of the Model’s Effectiveness
To thoroughly assess the accuracy and practical utility of the Nomogram model in predicting pelvic lymph node 
metastasis, we utilized the R package to generate the ROC curve, which served as a quantitative measure of model 
performance. Evaluation of both the training set (Figure 2A) and the validation set (Figure 2B) revealed area under the 
curve (AUC) values of 0.892 and 0.858, respectively. These results highlight the model’s robust predictive ability across 
both datasets, suggesting that the Nomogram provides a reliable forecast of pelvic lymph node metastasis and 
demonstrates strong discriminatory power. This indicates its potential to support clinicians in identifying high-risk 
patients.

In addition to the AUC, we assessed the model’s goodness of fit through the Calibration curve. The results, presented 
in Figure 3A and B, show a high degree of concordance between the actual incidence of pelvic lymph node metastasis 
and the probabilities estimated by the model. To further evaluate the clinical relevance of this predictive tool, we 
performed a Decision Curve Analysis (DCA). As shown in Figure 4, the Nomogram model delivers a substantial net 
benefit across a wide range of risk thresholds, reinforcing its clinical applicability.

The Comparative Analysis With Preceding Models
In this study, we conducted a systematic comparative analysis between the newly developed model and the original 
model to assess the improvement in performance on the test dataset. The original model, proposed by Li-Xian Li et al, 
served as the benchmark for our comparison.21 This model, which takes into account factors such as stage, degree of 
differentiation, age, and pathology type, achieved AUC values of 0.835, 0.516, 0.511, and 0.479, respectively, on the test 

Figure 2 Receiver operating characteristic (ROC) curve analysis was utilized to evaluate the performance of the model. (A) The training dataset. (B) The external validation 
dataset.
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dataset. While demonstrating a reasonable level of accuracy, it revealed certain limitations in addressing specific factors. 
In contrast, the AUC value of our newly established model improved to 0.853 (Figure 5A and B), indicating a marked 
enhancement in performance, particularly in its predictive capabilities for stage, degree of differentiation, and pathology 
type, where it outperformed the original model.

Figure 3 The calibration curve of the nomogram was evaluated. (A) The training dataset. (B) The external validation dataset.

Figure 4 The validation of the decision curve analysis (DCA) for the nomogram. (A) The training dataset. (B) The external validation dataset.
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Discussion
The findings of this study highlight the potential value of inflammatory biomarkers, particularly the fibrinogen-to- 
neutrophil ratio (FNR), in predicting pelvic lymph node metastasis in patients with type 2 diabetes and cervical cancer. 
To date, no similar research has been identified in the existing literature, positioning this study as a pioneering 
contribution to the field. Consequently, it addresses a critical gap in knowledge and introduces a novel, clinically 
relevant risk assessment tool, offering significant clinical contributions.

Pelvic lymphadenectomy has long been a standard procedure performed by gynecological oncologists in the manage
ment of cervical cancer. This surgical intervention has been widely regarded as the gold standard for evaluating lymph 
node involvement, offering critical insights into the extent of disease dissemination. The status of pelvic lymph nodes 
plays a pivotal role in shaping the treatment plan, including decisions regarding the potential need for adjuvant therapies 
such as radiation or chemotherapy. However, in recent years, there has been a growing debate within the clinical 
community regarding the therapeutic benefits and overall necessity of this procedure. Research has shown that lymph 
node dissection may not substantially improve overall survival rates, especially in patients with early-stage cervical 
cancer. A recent study has underscored the critical significance of lymph node assessment in patients with early-stage 
cervical cancer, particularly concerning fertility-sparing treatments. The status of lymph nodes serves as a pivotal 
prognostic factor within this patient population, exerting a direct influence on treatment decisions and subsequent 
outcomes. In a retrospective, multi-institutional study involving data from 123 patients diagnosed with early-stage 
cervical cancer, the research team observed results after a median follow-up period of 53.6 months. The findings 
revealed that disease-free survival and overall survival rates among the groups were comparable. The study notably 
demonstrated that, regardless of the method employed—whether sentinel node mapping or pelvic lymphadenectomy—no 
significant differences were observed in long-term oncological outcomes. Moreover, the pelvic lymphadenectomy 
approach was correlated with a decrease in several complications, including lymphocele, lymphedema, vascular injuries, 
nerve damage, and infections.22 Additionally, there is a lack of standardized clinical guidelines to determine the most 
appropriate types and extent of pelvic lymph node removal.23 There is ongoing professional debate regarding the 
necessity of pelvic lymphadenectomy, as well as the most effective method for determining the appropriate extent and 
depth of resection to be performed. Research has indicated that the incidence of lymph node metastasis in early-stage 
cervical cancer ranges from 15% to 25%, suggesting that approximately 75% to 85% of patients do not exhibit lymph 

Figure 5 The comparative analysis with preceding models. (A) Receiver operating characteristic (ROC) curve analysis. (B) Comparative evaluation with the original model.
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node involvement.24 Consequently, the majority of patients undergoing lymph node dissection—approximately 80%— 
may derive little to no significant benefit from the procedure, unless metastasis is confirmed or the risk is deemed 
elevated. Nonetheless, lymph node dissection remains a pivotal component in the management of these patients, as it can 
play a crucial role in optimizing tumor control and improving overall survival outcomes.

Preoperative assessment of pelvic lymph node metastasis is critical for the development of tailored treatment 
strategies. While PET/CT and MRI are commonly employed to detect lymph node involvement, their sensitivity can 
be limited, particularly when assessing nodes smaller than 5 mm or in the presence of micro-metastases.25 Recently, the 
combined use of PET and MRI—especially with the incorporation of diffusion-weighted imaging (DWI)—has garnered 
increased attention due to its enhanced resolution and potential clinical relevance. Although initial studies have shown 
promising results, further validation is required to establish the clinical applicability of this approach.26 As a result, the 
accurate detection of pelvic lymph node metastasis remains a significant challenge in clinical practice, underscoring the 
need for more precise imaging modalities to guide clinical decision-making. To address this challenge, the current study 
proposes an innovative preoperative nomogram model, highlighting the potential role of inflammatory biomarkers, 
particularly the fibrinogen-to-neutrophil ratio, in predicting pelvic lymph node metastasis in patients with type 2 diabetes.

Based on our findings, the FNR serves as a composite biomarker that offers a robust and comprehensive approach to 
assessing alterations in fibrinogen and neutrophil levels. This dual evaluation significantly enhances its reliability as a 
tool for identifying high-risk patients. Its clinical relevance is particularly evident in predicting the likelihood of pelvic 
lymph node metastasis. However, the underlying mechanisms by which FNR reflects the tumor characteristics of cervical 
cancer remain not fully understood and warrant further investigation.

The following reasons and evidence provide important insights into our findings: An increasing number of studies have 
highlighted the crucial role of inflammation in the initiation, progression, and metastasis of cancer. Inflammation not only 
induces changes in the tumor microenvironment and modulates immune responses, but it also directly impacts fundamental 
processes such as tumor cell proliferation, survival, invasion, and metastatic potential. As a key biomarker in cancer, 
systemic inflammatory responses are increasingly recognized as critical factors in assessing cancer prognosis.27,28

The role of inflammation in the tumor microenvironment is multifaceted, influencing not only the remodeling of the 
tumor microenvironment and the regulation of immune responses but also, in certain instances, exerting direct effects on 
the proliferation, survival, invasion, and metastatic capabilities of tumor cells.28–30 Inflammatory cells serve a pivotal role 
as intermediaries between the neoplasm and the host’s inflammatory response. Within the tumor microenvironment, there 
is frequently a pronounced accumulation of these inflammatory cells in intimate proximity to the tumor cells.30 These 
cells engage in complex interactions with tumor cells and endothelial cells, collectively contributing to the dynamic and 
intricate nature of the tumor microenvironment. In recent years, neutrophils have emerged as a focal point of research due 
to their pivotal role in cancer progression. An elevated ratio of neutrophils is increasingly recognized as a significant 
prognostic indicator in cancer patients. The functions of neutrophils extend far beyond the traditional scope of innate 
immune cells; they exhibit remarkable diversity and high degrees of plasticity. This inherent plasticity enables neutro
phils to adapt dynamically to various cancer microenvironments, thereby assuming multifaceted roles throughout the 
cancer process.31 Comprehensive pan-carcinoma screening has consistently identified the presence of CD66b+ tumor- 
associated neutrophils (TANs) within tumor-draining lymph nodes (TDLNs), with a notable prevalence of 59%. 
Microscopic examinations have further elucidated the formation of intra-lymphatic conjugates between TANs and cancer 
cells, highlighting a significant and active migration of these neutrophils through the lymphatic vessels.32 Extensive 
research has elucidated the complex interplay between chronic inflammatory states and the activation of various signaling 
pathways. These pathways are critical in regulating cytokine secretion patterns, which significantly enhance the ability of 
tumor cells to metastasize to distant organs via the bloodstream or lymphatic system, as illustrated in Figure 6.30,33 

Another recent study has underscored the vital role of neutrophils in the lymph node metastasis of cervical cancer, 
particularly through the formation of neutrophil extracellular traps (NETs). The research revealed increased neutrophil 
infiltration and NETs formation in the lymph node metastases of cervical cancer patients. Further analysis showed a 
strong correlation between S100A7 expression and neutrophil infiltration, highlighting their notable interplay. 
Additionally, the study also demonstrated that NETs activate the TLR2 receptor, triggering the P38-MAPK/ERK/ 
NFκB pathway and enhancing cervical cancer cell migration. Furthermore, NETs have been demonstrated to enhance 
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lymphangiogenesis and vascular permeability, accelerating lymphatic metastasis in cervical cancer. This study investi
gated the critical function of neutrophils in the metastatic process, with a particular focus on the formation of NETs in the 
context of cervical cancer.34 Furthermore, in the inflammatory microenvironment, immune cells such as macrophages, T 
cells, dendritic cells, and other immune mediators play a pivotal role, acting as both key drivers of tumor initiation and 
progression, and contributing significantly to the modulation of the tumor microenvironment. These immune cells are 
capable of precisely regulating various tumor processes, including cell growth, survival, invasion, and metastasis, 
through the secretion of cytokines, chemokines, and other immune-active molecules.35 Biomarkers associated with 
systemic inflammatory responses serve as pivotal indicators of cancer prognosis, showcasing considerable promise as 
both predictive biomarkers and prospective therapeutic targets.

Fibrinogen plays a pivotal role in the complex process of blood coagulation and is intricately associated with a 
spectrum of diseases. Notably, elevated levels of fibrinogen have been correlated with adverse prognostic outcomes in 
various malignancies, including esophageal, lung, and kidney cancers.36,37 Recent research has underscored its signifi
cant involvement in tumor progression, highlighting its potential implications in the pathophysiology of these conditions.
38 A comprehensive study investigated the prognostic significance of preoperative hyperfibrinogenemia (HF) in patients 
diagnosed with esophageal squamous cell carcinoma (ESCC). Among the 452 cases examined, a notable 24.8% exhibited 
elevated levels of HF, which was found to correlate significantly with tumor characteristics. Survival analysis revealed 
that patients presenting with high HF levels experienced markedly poorer disease-free survival and overall survival 
compared to the counterparts. Furthermore, multivariate Cox regression analysis affirmed HF as an independent negative 
prognostic factor. The investigation also uncovered that fibrin enhances the migration and invasion of ESCC cells 
through the induction of epithelial-mesenchymal transition (EMT) and by upregulating key signaling proteins within the 
p-AKT/p-mTOR pathway, thereby illustrating its detrimental effects. Consequently, preoperative fibrinogen levels may 
serve as a valuable independent predictive marker for adverse outcomes in ESCC.39 This correlation underscores its 
significant role in tumor progression and positions fibrinogen as a potential oncological biomarker of clinical relevance. 
Furthermore, fibrinogen is essential in promoting the interaction of thrombin within the complex mechanisms of tumor 
metastasis. Studies have highlighted that this interaction is particularly significant within the intricate network of 
relationships among thrombin, PAR-1, and fibrinogen. In genetically deficient mouse models lacking these pathways, 
a pronounced inhibition of colon adenocarcinoma growth was observed. This phenomenon was characterized by a 
significant reduction in cellular proliferation, an enhanced occurrence of tumor necrosis, and a marked decrease in 

Figure 6 Tumor cells can detach from the primary site of the tumor and disseminate through the bloodstream or lymphatic system, ultimately giving rise to metastatic 
lesions in distant organs. This detachment occurs via a variety of mechanisms, which facilitate the tumor cells’ entry into the circulatory or lymphatic systems. Once within 
these systems, the tumor cells are carried along by the flow of blood or lymph, navigating through the endothelial barriers of blood or lymphatic vessels. Upon reaching 
distant tissues or organs, these cells may establish metastatic colonies. This metastatic spread presents formidable challenges to treatment and significantly diminishes the 
patient’s prognosis.
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vascular density.40 These findings provide significant evidence highlighting the essential role of fibrinogen in the growth 
and metastatic spread of malignant tumors.

Fibrinogen and albumin are pivotal biomarkers with extensive applications in evaluating the systemic inflammatory 
response (SIR) and nutritional status in a variety of cancers and other significant diseases. Fibrinogen, as a key acute- 
phase response protein, holds particular importance in clinical practice. It serves not only as an effective tool for 
monitoring disease activity but also as a prognostic indicator for patients, thereby offering critical insights to inform 
clinical decision-making.41,42 The fibrinogen-to-albumin ratio (FAR) has demonstrated significant correlations with 
various clinicopathological indicators of esophageal cancer, particularly with pN status. This suggests that elevated 
FAR may serve as a potential predictor of lymph node metastasis in esophageal cancer patients. These findings imply that 
FAR is closely associated with the metastatic potential of the tumor or alterations in the tumor microenvironment. 
Consequently, FAR could serve as a valuable biomarker in the early diagnosis, staging, and prognosis of esophageal 
cancer, and may offer new avenues for the development of personalized treatment strategies.43

The management of cervical cancer has witnessed considerable advancements over recent decades, chiefly attributable to 
improvements in early diagnosis, surgical techniques, and adjunctive therapies. As the landscape of cancer research has 
evolved, treatment guidelines for early-stage cervical cancer have been continually refined. The recently published findings 
from the SHAPE trial carry significant clinical implications, demonstrating that in low-risk cervical cancer patients— 
specifically those presenting with lesions measuring ≤2 cm and confined to stromal invasion—hysterectomy offers oncolo
gical outcomes comparable to those of radical surgery, while markedly reducing both short-term and long-term 
complications.44 This discovery underscores the pivotal role of lymph node metastasis as a prognostic factor in determining 
the necessity for adjuvant therapy, thereby highlighting the critical importance of lymph node assessment in treatment 
planning. Our research underscores the potential of inflammatory biomarkers, specifically FNR, in predicting pelvic lymph 
node metastasis in patients with type 2 diabetes and cervical cancer. Inflammation plays a pivotal role in cancer progression 
and metastasis, and our study suggests that FNR, as a multifaceted biomarker, holds promise for providing a more 
comprehensive and reliable method for identifying patients at elevated risk of lymph node metastasis. The distinctive 
advantage of FNR lies in its capacity to reflect systemic inflammation and immune response alterations, allowing for the 
assessment of a patient’s inflammatory status and metastasis risk through a non-invasive blood test. When compared to 
individual biomarkers, the nomogram that integrates FNR with triglycerides, maximum tumor diameter, and total protein 
offers clinicians a novel tool for personalized risk assessment and the optimization of treatment strategies. By accurately 
identifying patients at high risk for lymph node metastasis preoperatively, this approach helps to avoid unnecessary invasive 
procedures while ensuring more precise and individualized treatment plans.

In our research, the implementation of FNR as a solitary biomarker holds considerable significance; however, its use 
is accompanied by certain limitations. Primarily, the emphasis on FNR as an isolated indicator has culminated in a 
constrained understanding of its applicability across diverse populations. Consequently, future investigations should seek 
to explore the role of FNR in conjunction with other inflammatory biomarkers across various stages and types of cancer, 
marking a pivotal direction for research. Furthermore, the current lack of sample diversity may adversely affect the 
generalizability of the research findings, thereby restraining the broader applications. To address this concern, future 
studies should endeavor to expand the sample sources by incorporating populations from differing geographical regions 
and age cohorts, thereby enhancing the representativeness of the research. In addition, considering the heterogeneity of 
diseases and individual variations among patients, the adoption of a multi-center study design would significantly enrich 
the research sample and encompass a broader array of backgrounds. This approach would facilitate a more nuanced 
evaluation of the effectiveness of FNR as a biomarker. Lastly, clinical trials that integrate relevant treatment strategies 
will be essential for validating the efficacy and practical utility of these biomarkers in informed clinical decision-making.

Conclusion
In conclusion, the FNR is a promising predictive biomarker for pelvic lymph node metastasis in cervical cancer patients 
with type 2 diabetes. The nomogram developed in this study provides a reliable and clinically useful tool for predicting 
lymph node metastasis and guiding treatment decisions. Future studies with larger cohorts and long-term follow-up are 
needed to validate these findings and refine the nomogram for broader clinical use.
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Through a comprehensive analysis, we have established that the FNR demonstrates both high sensitivity and 
specificity in reflecting the inflammatory response as well as the risk of tumor metastasis. Notably, in patients with 
diabetes, the inflammatory response may be further exacerbated, potentially enhancing the invasiveness of tumor cells 
and thereby accelerating the onset and progression of lymph node metastasis. As such, FNR not only serves as a valuable 
biomarker for inflammation but also holds promise as a crucial adjunct in predicting disease progression in cervical 
cancer patients.
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