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Abstract: This two-center retrospective study aimed to evaluate the prognostic value of the lactate dehydrogenase-
to-albumin ratio (LAR) combined with clinicopathological variables for predicting short-term therapeutic response 
and overall survival (OS) in patients with locally advanced cervical cancer (LACC) undergoing concurrent chemo-
radiotherapy (CCRT), and to develop and validate dual nomogram models. A total of 622 patients treated with 
standard CCRT between January 2018 and June 2022 were enrolled. Patients from the Third Affiliated Hospital 
of Guangzhou Medical University were randomly divided into a training cohort (n = 373) and an internal validation 
cohort (n = 124) at a ratio of 0.75:0.25, while an external validation cohort (n = 125) was obtained from Jinshazhou 
Hospital of Guangzhou University of Chinese Medicine during the same period. Optimal cutoff values for squamous 
cell carcinoma antigen (SCCA), albumin (ALB), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio 
(PLR), albumin-to-fibrinogen ratio (AFR), and LAR were determined using the surv_cutpoint function in the training 
cohort and uniformly applied to the validation cohorts. Logistic regression was used to identify predictors of treat-
ment response, and Cox proportional hazards regression was applied to construct nomograms predicting 1-, 2-, and 
3-year OS. Model performance was assessed using receiver operating characteristic (ROC) curves, concordance 
index (C-index), Hosmer-Lemeshow test, calibration curves, and decision curve analysis (DCA), with internal valida-
tion performed by bootstrap resampling. Baseline clinicopathological characteristics were well balanced across the 
three cohorts (all P > 0.05), and the overall complete response rate was 81.99% (510/622). Multivariate logistic 
regression identified tumor stage, histological differentiation, depth of stromal invasion, NLR, and PLR as indepen-
dent predictors of therapeutic response (all P < 0.05). Multivariate Cox regression analysis demonstrated that age 
≥ 60 years, FIGO stage III-IV, poor differentiation, deep stromal invasion (≥ 1/2), SCCA ≥ 13.2 ng/mL, LAR ≥ 4.015, 
and negative HPV status were independent predictors of poor OS (all P < 0.05). The OS nomogram achieved C-index 
values of 0.792, 0.928, and 0.918 in the training, internal validation, and external validation cohorts, respectively, 
showing good calibration and consistent net clinical benefit across a wide range of threshold probabilities. Stratified 
survival analysis revealed a significantly lower 3-year OS rate in patients with high LAR compared with those with low 
LAR (P < 0.001). Furthermore, the area under the curve (AUC) of the nomogram-derived risk score was significantly 
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Introduction

Cervical cancer still presents one of the most 
common malignant tumors in females. Acc- 
ording to the World Health Organization (WHO) 
GLOBOCAN 2020 statistics, 604,000 new 
cases and 342,000 deaths occur annually,  
with approximately 18%-20% of global disease 
burden originating from China [1, 2]. Locally 
advanced cervical cancer (LACC), defined as 
FIGO stage IB3-IVA, accounts for nearly 50%-
60% of all cervical cancer cases, representing 
the major contributor to the disease-related 
morbidity and mortality [2].

Concurrent chemoradiotherapy (CCRT) is cur-
rently recognized as the standard treatment  
for LACC, yielding a 5-year overall survival (OS) 
rate of 60%-70% and a complete response (CR) 
rate ranging form 50% to 85% [3]. However, 
prognosis among LACC patients varies greatly. 
Some patietns experience poor poor outcomes 
due to tumor recurrence, metastasis, or resis-
tance to treatment [4]. The absence of reliable 
and convenient tools for predicting CCRT effi-
cacy and long-term survival poses clinical chal-
lenges. Without accurate risk stratification, 
high-risk patients may miss the timewindow for 
enhanced intervention, while low-risk patients 
may be exposed to unnecessary treatment-
related toxicity. As a result, there is an urgent 
need to develop non-invasive and easily acces-
sible prognostic assessment methods to opti-
mize the personalized treatment and follow-up 
strategies for LACC patients.

Prognostication in cervical cancer has conven-
tionally relied mainly on FIGO staging, imaging-
based tumor volume estimation, and perfor-
mance status (PS) scoring [5]. This clearly indi-
cates that although FIGO stage is the most 
powerful clinical prognostic indicator, it fails to 
capture the biological heterogeneity of tumors, 
including inflammatory status and metabolic 
alterations [6]. Imaging techniques such as 
magnetic resonance imaging (MRI) and posi-
tron emission tomography-computed tomogra-

phy (PET/CT) can evaluate tumour burden and 
lymph node metastasis, but are limited by high 
cost and technique dependence [7].

Histopathological parameters, such as tumor 
differentiation and depth of stromal invasion, 
have also been associated with prognosis. 
Howerver, these parameters are derived from 
surgical or biopsy specimens, and their inva-
sive nature limits their routine application in 
LACC who are primarily treated with radiothera-
py [8]. In recent years, systemic inflammatory 
parameters, including neutrophil-to-lympho-
cyte ratio (NLR) and platelet-to-lymphocyte 
ratio (PLR), have attracted increasing atten- 
tion. Several meta-analyses have reported  
hazard ratios (HR) ranging from 1.5 to 2.0 for 
these markers across various solid tumors, 
indicating a positive association with poor sur-
vival outcomes [9, 10].

Squamous cell carcinoma antigen (SCCA) is a 
relatively specific biomarker for LACC and cor-
relates with tumor burden and radiotherapy 
response. However, its prognostic accuracy as 
a standalone biomarker remains suboptimal, 
as no individual biomarker can fully reflect the 
complex biological behavior of tumors [11]. 
Therefore, integrating clinicopathological and 
laboratory parameters is essential for improv-
ing prognostication. The lactate dehydroge-
nase-to-albumin ratio (LAR) has emerged as a 
promising composite biomarker, incorporating 
information on lactate dehydrogenase (LDH) 
and serum albumin (ALB) levels [10]. Elevated 
LDH indicates enhanced Warburg effect (aero-
bic glycolysis), which supports tumor prolifera-
tion and invasion, whereas reduced ALB levels 
indicate chronic inflammation and nutrition 
deprivation, and an immunosuppressive micro-
environment [13].

Previous studies in colorectal, lung, and pan-
creatic cancers have demonstrated that elev- 
ated LAR is significantly associated with poor 
survival outcomes [14, 15]. In cervical cancer, 
several small-sample studies have suggested 

higher than that of FIGO staging and LAR alone in the training cohort (0.853 vs. 0.708 and 0.706, respectively; all 
P < 0.001). These findings indicate that LAR combined with clinicopathological characteristics is a reliable predic-
tor of both short-term treatment response and long-term survival in LACC patients receiving CCRT, and that the 
proposed nomograms provide a low-cost, non-invasive, and clinically useful tool for risk stratification, individualized 
treatment, and follow-up management.
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that elevated LAR may be correlated with CCRT 
resistance and shorter survival, yet its prog- 
nostic significance in large-scale LACC cohorts 
remains insufficiently explored. Compared with 
NLR, PLR, and SCCA, LAR offers several advan-
tages, including derivation from routine labora-
tory tests, low cost, widely accessible, and the 
potential to capture distinctive metabolic repro-
gramming features.

This study aimed to develop an integrated  
prognostic strategy that combines LAR with 
FIGO stage, histological differentiation, depth 
of stromal invasion, and other inflammatory or 
tumor-related markers (e.g., NLR, PLR, SCCA)  
to predict outcomes in LACC patients treated 
with CCRT. We hypothesize that nomograms 
based on logistic regression for short-term 
therapeutic efficacy prediction and Cox propor-
tional hazards regression for OS prediction 
could provide accurate risk stratification across 
different time horizons. This retrospective 
cohort study integrates readily available clini- 
copathological and laboratory parameters to 
develop and validate dual nomogram models 
for predicting CR/NCR status and 1-3 year OS. 
Nomograms designed as inexpensive, non-
invasive predictive tools may facilitate person-
alized therapeutic modifications, such as ra- 
diotherapy intensification, optimized nutritional 
support, or immunomodulatory interventions, 
and improve follow-up strategies compared 
with conventional single-indicator or imaging-
based assessments.

Methods

Sample size calculation

The required sample size was calculated 
according to the principle of events-per-vari- 
able (EPV) for Cox proportional hazards regres-
sion models. Using the method reported by Yan 
et al. [16] for LACC prognostication, a 3-year 
mortality rate of about 30% was assumed. 
Considering the planned inclusion of 8-10 can-
didate predictors and the commonly accepted 
criterion of EPV ≥ 15, the required minimum 
sample size was estimated to be approximately 
500 patients.

A total of 622 patients were finally included, 
yielding an estimated 187 outcome events, 
and an EPV of 18.7, thus fulfilling the statisti- 
cal requirement for model development [17]. To 

maximize statistical power for model construc-
tion and evaluation, the whole cohort was ran-
domly allocated into training, validation, and 
testing sets. This study was approved by the 
Ethics Committee of Jinshazhou Hospital of 
Guangzhou University of Chinese Medicine. 

Study design and setting

In this two-center retrospective cohort study, 
consecutive LACC patients who received stan-
dard CCRT at the Third Affiliated Hospital of 
Guangzhou Medical University (Center 1) were 
included for model development and internal 
validation. An independent external validation 
cohort (testing set) was enrolled from Jin- 
shazhou Hospital of Guangzhou University of 
Chinese Medicine (Center 2) during the same 
study period.

Grouping protocol

Data from Center 1 were randomly split into a 
training setand a validation set at a ratio of 
0.75:0.25. The training set comprised 373 
patients (305 complete responses [CR], 
81.77%; 68 non-complete responses [NCR], 
18.23%), and the validation set included 124 
patients (101 CR, 81.45%; 23 NCR, 18.55%). 
Randomization was performed using the set.
seed() and sample() functions in R software 
(version 4.3.3) to ensure reproducibility. The 
testing set (external validation cohort) com-
prised patients treated at Center 2 during the 
same period (n = 125; 104 CR, 83.20%; 21 
NCR, 16.80%). The flow chart of study sample 
screening is illustrated in Figure 1.

Eligibility criteria

Inclusion criteria: age ≥ 18 years; a histopatho-
logic diagnosis of LACC, staged as IB3, II, III, or 
IVA according to the 2018 International Fe- 
deration of Gynecology and Obstetrics (FIGO) 
classification [18]; completion of standard 
CCRT involving external beam radiotherapy 
combined with cisplatin-based chemotherapy; 
complete availability of baseline clinical, labo-
ratory, and imaging data; and histological sub-
type limited to squamous cell carcinoma or 
adenocarcinoma.

Exclusion criteria: distant metastases (FIGO 
stage IVB) or a concurrent second malignancy; 
incomplete CCRT or use of non-standardized 
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regimens; severe comorbidities such as hepat-
ic or renal failure or active infections that could 
potentially influence laboratory results; or 
incomplete baseline data or follow-up duration 
of less than three years.

Clinical data collection

Data acquisition encompassed general charac-
teristics (age [< 60 vs. ≥ 60 years], body mass 
index [BMI; < 25 vs. ≥ 25 kg/m2], menopausal 
status [premenopausal vs. postmenopausal], 
histories of hypertension, diabetes, smoking, 
and human papillomavirus [HPV] infection); 
tumor-related variables (FIGO stage, histologi-
cal subtype [squamous cell carcinoma vs. ade-
nocarcinoma], tumor differentiation [well/mod-
erate vs. poorly differentiated], depth of stro-
mal invasion [< 1/2 vs. ≥ 1/2 of cervical wall 
thickness], and vascular invasion [present vs. 
absent]); laboratory indicators (SCCA, ALB, 
NLR, PLR, albumin-to-fibrinogen ratio [AFR], 
and LAR); and treatment-related variables  
(total radiotherapy duration, < 8 vs. ≥ 8 weeks). 
All baseline laboratory measurements were 
obtained within one week prior to initiation of 
CCRT to ensure data consistency. 

Measurement methods

Laboratory analyses were carried out using 
standardized platforms at both centers. SCCA 
was measured using chemiluminescent immu-
noassay on a Cobas e 601 analyzer (Roche 
Diagnostics, Switzerland). ALB was measured 
by bromocresol green method, and lactate 
dehydrogenase (LDH) activity was measured 
using enzymatic kinetic assay on an AU5800 
chemistry analyzer (Beckman Coulter, USA). 
Complete blood counts required for the cal- 
culation of NLR and PLR were obtained using 
an XN-1000 (Sysmex, Japan) hematology ana-
lyzer. Fibrinogen levels required for calculation 
of AFR were measured using the coagulation 
method.

Both centers implemented stringent quality 
control protocols. Internal quality control (IQC) 
was performed twice daily (pre- and post-  
batch) using control material provided by the 
manufacturer, and assay performance was 
evaluated according to Westgard multirule cri-
teria. Calibration of the Cobas e 601 and 
AU5800 analyzers was performed on a mon- 
thly basis or whenever there’s a change of 

Figure 1. Flow chart of case inclusion.
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reagent lot numbers. The XN-1000 hemato- 
logy analyzer was calibrated weekly or upon 
reagent replacement. Both laboratories took 
part in the external quality assessment (EQA) 
programs organized by the China National 
Center for Clinical Laboratories (NCCL), with 
proficiency testing performed 2-4 times annu-
ally. Harmonized analytical protocols were 
applied at both centers to ensure inter-labora-
tory comparability.

HPV status assessment: Baseline HPV status 
was determined using cervical exfoliated cervi-
cal cell specimens collected before initiation  
of CCRT. At our institutions, high-risk HPV 
detection and genotyping were routinely per-
formed using qPCR according to the manufac-
turer’s instructions. PCR amplification and  
fluorescence detection were carried out on a 
standard real-time PCR platform (e.g., Applied 
Biosystems 7500/7500 Fast Real-Time PCR 
System, Thermo Fisher Scientific, USA). De- 
tection of any high-risk HPV type was defined 
as HPV-positive, and absence of detectable 
high-risk HPV DNA was defined as HPV-
negative. Due to the retrospective real-world 
design, some patients had undergone HPV 
testing at external institutions prior to referral, 
for whom only qualitative HPV results (posi- 
tive/negative) were available in medical re- 
cords. To ensure data completeness and con-
sistency across the whole cohort and avoid 
selection bias, HPV status was analyzed as a 
binary variable (positive vs. negative), and gen-
otype-specific information was not included in 
the final analysis.

FIGO stage was determined based on pelvic 
MRI and/or CT. Stromal invasion depth was 
assessed on MRI as the proportion of cervical 
wall thickness involved. Histologic type and 
tumor differentiation were determined from 
pre‑treatment cervical biopsy specimens 
according to the WHO classification. Total radio-
therapy duration was calculated as the time 
interval (weeks) from the start to the comple-
tion of external beam radiotherapy.

Follow-up

Post-treatment follow-up was conducted 
through outpatient visits, imaging assess-
ments, and telephone interviews. Follow-up 
assessments were scheduled every three 
months in the first two years and every six 

months during in third year. The primary end-
point was OS, defined as the time from CCRT 
initiation to death from any cause or the last 
recorded follow-up.

Outcome measures

The primary outcome measure was CCRT effi-
cacy, classified as CR or NCR; CR was defined 
as complete disappearance of all target lesions 
on MRI or CT, with no evidence of new disease 
within three months after treatment. NCR 
encompassed partial response, stable disease, 
and progressive disease, as per the Response 
Evaluation Criteria in Solid Tumors (RECIST) 
version 1.1 [19]. The secondary outcome mea-
sure was the 3-year OS rate.

Statistical analysis

Statistical analyses were performed using R 
software (version 4.3.3) and SPSS (version 
26.0). Continuous variables were described as 
mean ± standard deviation or median with 
interquartile range, while categorical variables 
were summarized as frequency and percent-
age. Optimal cut-off values for SCCA, ALB, NLR, 
PLR, AFR, and LAR were determined using the 
surv_cutpoint function of the “survminer” R 
package.

Baseline characteristics across the three data-
sets were compared using chi-square test or 
Fisher’s exact test for categorical variables  
and the Student’s t-test or Mann-Whitney U  
test for continuous variables, as appropriate. 
Multicollinearity among candidate predictors 
was evaluated using variance inflation factor 
(VIF) analysis, with a VIF < 5 indicating accept-
able independence. Predictors of treatment 
response were identified using univariate and 
multivariate logistic regression, expressed as 
odds ratios (OR) with 95% confidence intervals 
(CI). Predictors of OS were examined using uni-
variate and multivariate Cox proportional haz-
ards regression models, expressed as HR with 
95% CI.

Survival curves were generated using the 
Kaplan-Meier method and compared using  
the log-rank test. The proportional hazards 
assumption was tested using Schoenfeld re- 
siduals. Nomogram models were constructed 
based on variables identified as independent 
predictors. Model discrimination was evaluated 
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via receiver operating characteristic (ROC) 
curves and C-index estimation; calibration was 
assessed using Hosmer-Lemeshow goodness-
of-fit test and visualized with calibration plots; 
and clinical net benefit was analyzed using 
decision curve analysis (DCA). Internal valida-
tion was performed using 1,000 bootstrap 
resampling. A two-tailed P < 0.05 was consid-
ered statistically significant.

Results

Baseline characteristics of patients

A total of 622 patients with LACC were includ-
ed, of whom 510 (81.99%) achieved CR and 
112 (18.01%) were classified as NCR. The 
majority of patients were younger than 60  
years (n = 407, 65.43%). BMI was < 25 kg/m2 
in 422 patients (67.85%) and ≥ 25 kg/m2 in 
200 (32.15%). A total of 376 patients (60.45%) 
were postmenopausal and 246 (39.55%) were 
premenopausal. History of hypertension was 
present in 114 patients (18.33%) and diabetes 
in 77 patients (12.38%). There were 223 smok-
ers (35.85%) and 399 non-smokers (64.15%).

Regarding tumor stage, 82 patients (13.18%) 
were classified as FIGO stage IB3, 218  
(35.05%) as stage II, 298 (47.91%) as stage  
III, and 24 (3.86%) as stage IVA. Histologically, 
squamous cell carcinoma constituted the pre-
dominant subtype (n = 561, 90.19%), with ade-
nocarcinoma observed in 61 cases (9.81%). 
Well or moderately differentiated tumors were 
observed in 352 patients (56.59%), and poorly 
differentiated tumors in 270 (43.41%). Stro- 
mal invasion depth was < 1/2 of cervical wall 
thickness in 483 cases (77.65%) and ≥ 1/2 in 
139 cases (22.35%); lymphovascular space 
invasion (LVSI) was present in 88 patients 
(14.15%).

Regarding laboratory parameters, 426 pati- 
ents (68.49%) had SCCA < 13.2 ng/mL, while 
196 (31.51%) had SCCA ≥ 13.2 ng/mL. 543 
patients (87.30%) had serum ALB level < 30 
g/L and 79 patients (12.70%) had ALB level ≥ 
30 g/L. NLR was < 2.785 in 429 patien- 
ts (68.97%) and ≥ 2.785 in 193 patients 
(31.03%); PLR was < 181 in 471 patients 
(75.72%) and ≥ 181 in 151 patients (24.28%); 
AFR was < 12.9 in 64 patients (10.29%) and ≥ 
12.9 in 558 patients (89.71%); LAR was < 
4.015 in 477 patients (76.69%) and ≥ 4.015 in 
145 patients (23.31%). Total radiotherapy dura-

tion was < 8 weeks in 363 patients (58.36%) 
and ≥ 8 weeks in 259 (41.64%). Regarding HPV 
status, 559 patients (89.87%) were HPV-
positive and 63 patients (10.13%) were HPV-
negative. The detailed distribution of clinical 
and laboratory characteristics is presented 
(Table 1).

Optimal cut-off values of key clinical and labo-
ratory indices

The optimal cut-off values for key clinical and 
laboratory indices, including SCCA, ALB, NLR, 
PLR, AFR and LAR, were determined using  
the surv_cutpoint function of the survminer R 
package. Distinct optimal thresholds were  
identified, reflecting heterogeneous distribu-
tion patterns across the cohort. These cut-off 
values are shown in Figure 2 and were then 
used for patient stratification and prognostic 
evaluation.

Impact of clinical and laboratory variables on 
treatment response

Several clinical characteristics, including age, 
BMI, menopausal status, history of hyperten-
sion and diabetes, smoking history, histologic 
type, serum ALB level, AFR, total radiotherapy 
duration and HPV status showed no signifi- 
cant association with therapeutic response (all 
P > 0.05). In contrast, tumor characteristics 
such as tumor stage (P < 0.001), histological 
differentiation (P < 0.001), depth of stromal 
invasion (P < 0.001) and LVSI (P = 0.032) were 
significantly associated with treatment res- 
ponse. Among laboratory indicators, SCCA, 
NLR, PLR, and LAR were significantly correlated 
with therapeutic efficacy (all P < 0.001) (Table 
2).

Comparison of baseline features among the 
training, validation, and testing sets

Baseline demographic, clinicopathologic, and 
laboratory variables did not differ significantly 
among the training, validation, and testing sets 
(all P > 0.05), indicating successful randomiza-
tion and well-balanced baseline characteristics 
across the three groups (Table 3).

Comparison of clinical features between CR 
and NCR groups in the training set

Within the training set, age (P = 0.783), BMI (P 
= 0.966), menopausal status (P = 0.660), his-
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tory of hypertension (P = 0.475), history of dia-
betes (P = 0.368), smoking history (P = 0.776), 
histologic type (P = 0.798), LVSI (P = 0.295), 
albumin level (P = 0.839), AFR (P = 0.696), total 
radiotherapy duration (P = 0.216), and HPV  
status (P = 0.434) showed no statistical differ-
ence between the CR and NCR subgroups. 
Conversely, significant differences were ob- 
served in tumor-related parameters, including 
tumor stage (P = 0.002), histologic differentia-
tion (P = 0.003), and stromal invasion depth (P 
= 0.002). In addition, laboratory indices includ-
ing SCCA (P = 0.010), NLR (P = 0.017), PLR (P = 
0.010), and LAR (P = 0.032) also differed sig-
nificantly between the CR and NCR groups 
(Table 4).

Multicollinearity assessment and variable cod-
ing

VIF analysis of all clinical and laboratory indica-
tors confirmed that all variables exhibited VIF 
values close to 1, indicating no multicollinearity 
among these variables. Variables were subse-
quently dichotomized or categorized as needed 
for regression model construction (Table 5).

Logistic regression analysis for predictors of 
treatment response

In univariate logistic regression analysis, tumor 
stage (OR = 2.030, 95% CI: 1.367-3.015, P < 

Table 1. Baseline characteristics of patients
Variable Total
Treatment Response
    CR 510 (81.99%)
    NCR 112 (18.01%)
Age
    < 60 407 (65.43%)
    ≥ 60 215 (34.57%)
BMI
    < 25 422 (67.85%)
    ≥ 25 200 (32.15%)
Menopausal status
    No 246 (39.55%)
    Yes 376 (60.45%)
History of hypertension
    No 508 (81.67%)
    Yes 114 (18.33%)
History of diabetes
    No 545 (87.62%)
    Yes 77 (12.38%)
History of smoking
    No 399 (64.15%)
    Yes 223 (35.85%)
Tumor stage
    IB3 82 (13.18%)
    II 218 (35.05%)
    III 298 (47.91%)
    IVA 24 (3.86%)
Histologic type
    Adenocarcinoma 61 (9.81%)
    Squamous cell carcinoma 561 (90.19%)
Differentiation
    Moderate/high 352 (56.59%)
    Poor 270 (43.41%)
Depth of invasion
    < 1/2 483 (77.65%)
    ≥ 1/2 139 (22.35%)
Vascular invasion
    No 534 (85.85%)
    Yes 88 (14.15%)
SCCA (ng/mL)
    < 13.2 426 (68.49%)
    ≥ 13.2 196 (31.51%)
ALB (g/L)
    < 30 543 (87.30%)
    ≥ 30 79 (12.70%)
NLR
    < 2.785 429 (68.97%)
    ≥ 2.785 193 (31.03%)

PLR
    < 181 471 (75.72%)
    ≥ 181 151 (24.28%)
AFR
    < 12.9 64 (10.29%)
    ≥ 12.9 558 (89.71%)
LAR
    < 4.015 477 (76.69%)
    ≥ 4.015 145 (23.31%)
Total radiotherapy duration (weeks)
    < 8 363 (58.36%)
    ≥ 8 259 (41.64%)
HPV
    Positive 559 (89.87%)
    Negative 63 (10.13%)
Note: SCCA: Squamous cell carcinoma antigen, ALB: 
Albumin, NLR: Neutrophil-to-lymphocyte ratio, PLR: 
Platelet-to-lymphocyte ratio, AFR: Albumin-to-fibrinogen 
ratio, LAR: Lactate dehydrogenase-to-albumin ratio, HPV: 
Human papillomavirus.
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Figure 2. Optimal cut-off values and distributions for key clinical and laboratory parameters. A. SCCA; B. ALB; C. NLR; D. PLR; E. AFR; F. LAR. Note: SCCA, squamous 
cell carcinoma antigen; ALB, albumin; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; AFR, albumin-to-fibrinogen ratio; LAR, lactate dehydro-
genase-to-albumin ratio.
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Table 2. Association between clinical/laboratory variables and treatment response
Variable Total, n (%) CR, n (%) NCR, n (%) Χ2 P-value
Age 0.141 0.707
    < 60 407 (65.43%) 332 (65.10%) 75 (66.96%)
    ≥ 60 215 (34.57%) 178 (34.90%) 37 (33.04%)
BMI 0.804 0.370
    < 25 422 (67.85%) 342 (67.06%) 80 (71.43%)
    ≥ 25 200 (32.15%) 168 (32.94%) 32 (28.57%)
Menopausal status 0.240 0.624
    No 246 (39.55%) 204 (40.00%) 42 (37.50%)
    Yes 376 (60.45%) 306 (60.00%) 70 (62.50%)
History of hypertension 0.158 0.691
    No 508 (81.67%) 418 (81.96%) 90 (80.36%)
    Yes 114 (18.33%) 92 (18.04%) 22 (19.64%)
History of diabetes 0.458 0.499
    No 545 (87.62%) 449 (88.04%) 96 (85.71%)
    Yes 77 (12.38%) 61 (11.96%) 16 (14.29%)
History of smoking 1.112 0.292
    No 399 (64.15%) 332 (65.10%) 67 (59.82%)
    Yes 223 (35.85%) 178 (34.90%) 45 (40.18%)
Tumor stage 43.140 <0.001
    IB3 82 (13.18%) 76 (14.90%) 6 (5.36%)
    II 218 (35.05%) 193 (37.84%) 25 (22.32%)
    III 298 (47.91%) 231 (45.29%) 67 (59.82%)
    IVA 24 (3.86%) 10 (1.96%) 14 (12.50%)
Histologic type 0.119 0.730
    Adenocarcinoma 61 (9.81%) 51 (10.00%) 10 (8.93%)
    Squamous cell carcinoma 561 (90.19%) 459 (90.00%) 102 (91.07%)
Differentiation 20.267 < 0.001
    Moderate/high 352 (56.59%) 310 (60.78%) 42 (37.50%)
    Poor 270 (43.41%) 200 (39.22%) 70 (62.50%)
Depth of invasion 20.266 < 0.001
    < 1/2 483 (77.65%) 414 (81.18%) 69 (61.61%)
    ≥ 1/2 139 (22.35%) 96 (18.82%) 43 (38.39%)
Vascular invasion 4.589 0.032
    No 534 (85.85%) 445 (87.25%) 89 (79.46%)
    Yes 88 (14.15%) 65 (12.75%) 23 (20.54%)
SCCA (ng/mL) 23.776 < 0.001
    < 13.2 426 (68.49%) 371 (72.75%) 55 (49.11%)
    ≥ 13.2 196 (31.51%) 139 (27.25%) 57 (50.89%)
ALB (g/L) 1.399 0.237
    < 30 543 (87.30%) 449 (88.04%) 94 (83.93%)
    ≥ 30 79 (12.70%) 61 (11.96%) 18 (16.07%)
NLR 11.830 < 0.001
    < 2.785 429 (68.97%) 367 (71.96%) 62 (55.36%)
    ≥ 2.785 193 (31.03%) 143 (28.04%) 50 (44.64%)
PLR 20.959 < 0.001
    < 181 471 (75.72%) 405 (79.41%) 66 (58.93%)
    ≥ 181 151 (24.28%) 105 (20.59%) 46 (41.07%)
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AFR 0.257 0.612
    < 12.9 64 (10.29%) 51 (10.00%) 13 (11.61%)
    ≥ 12.9 558 (89.71%) 459 (90.00%) 99 (88.39%)
LAR 21.737 < 0.001
    < 4.015 477 (76.69%) 410 (80.39%) 67 (59.82%)
    ≥ 4.015 145 (23.31%) 100 (19.61%) 45 (40.18%)
Total radiotherapy duration (weeks) 1.974 0.160
    < 8 363 (58.36%) 291 (57.06%) 72 (64.29%)
    ≥ 8 259 (41.64%) 219 (42.94%) 40 (35.71%)
HPV 0.051 0.821
    Negative 63 (10.13%) 51 (10.00%) 12 (10.71%)
    Positive 559 (89.87%) 459 (90.00%) 100 (89.29%)
Note: SCCA: Squamous cell carcinoma antigen, ALB: Albumin, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte 
ratio, AFR: Albumin-to-fibrinogen ratio, LAR: Lactate dehydrogenase-to-albumin ratio, HPV: Human papillomavirus.

Table 3. Comparison of baseline characteristics among training, testing, and validation sets

Variable Training set  
(n = 373)

Testing set  
(n = 124)

Validation set 
(n = 125) Χ2 P-value

Age 0.161 0.923
    < 60 305 (81.77%) 101 (81.45%) 104 (83.20%)
    ≥ 60 68 (18.23%) 23 (18.55%) 21 (16.80%)
BMI 0.764 0.682
    < 25 247 (66.22%) 77 (62.10%) 83 (66.40%)
    ≥ 25 126 (33.78%) 47 (37.90%) 42 (33.60%)
Menopausal status 4.992 0.082
    No 257 (68.90%) 90 (72.58%) 75 (60.00%)
    Yes 116 (31.10%) 34 (27.42%) 50 (40.00%)
History of hypertension 3.988 0.136
    No 157 (42.09%) 49 (39.52%) 40 (32.00%)
    Yes 216 (57.91%) 75 (60.48%) 85 (68.00%)
History of diabetes 3.625 0.163
    No 297 (79.62%) 102 (82.26%) 109 (87.20%)
    Yes 76 (20.38%) 22 (17.74%) 16 (12.80%)
History of smoking 1.960 0.375
    No 325 (87.13%) 113 (91.13%) 107 (85.60%)
    Yes 48 (12.87%) 11 (8.87%) 18 (14.40%)
Histologic type 0.870 0.647
    Adenocarcinoma 236 (63.27%) 84 (67.74%) 79 (63.20%)
    Squamous cell carcinoma 137 (36.73%) 40 (32.26%) 46 (36.80%)
Tumor stage 5.447 0.488
    IB3 47 (12.60%) 14 (11.29%) 21 (16.80%)
    II 139 (37.27%) 37 (29.84%) 42 (33.60%)
    III 174 (46.65%) 66 (53.23%) 58 (46.40%)
    IVA 13 (3.49%) 7 (5.65%) 4 (3.20%)
Differentiation 1.115 0.573
    Moderate/high 36 (9.65%) 10 (8.06%) 15 (12.00%)
    Poor 337 (90.35%) 114 (91.94%) 110 (88.00%)
Depth of invasion 1.338 0.512
    < 1/2 218 (58.45%) 66 (53.23%) 68 (54.40%)
    ≥ 1/2 155 (41.55%) 58 (46.77%) 57 (45.60%)
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Vascular invasion 0.448 0.799
    No 293 (78.55%) 95 (76.61%) 95 (76.00%)
    Yes 80 (21.45%) 29 (23.39%) 30 (24.00%)
SCCA (ng/mL) 0.690 0.708
    < 13.2 317 (84.99%) 109 (87.90%) 108 (86.40%)
    ≥ 13.2 56 (15.01%) 15 (12.10%) 17 (13.60%)
ALB (g/L) 0.381 0.826
    < 30 252 (67.56%) 87 (70.16%) 87 (69.60%)
    ≥ 30 121 (32.44%) 37 (29.84%) 38 (30.40%)
NLR 3.079 0.214
    < 2.785 332 (89.01%) 103 (83.06%) 108 (86.40%)
    ≥ 2.785 41 (10.99%) 21 (16.94%) 17 (13.60%)
PLR 0.506 0.776
    < 181 259 (69.44%) 87 (70.16%) 83 (66.40%)
    ≥ 181 114 (30.56%) 37 (29.84%) 42 (33.60%)
AFR 0.855 0.652
    < 12.9 286 (76.68%) 90 (72.58%) 95 (76.00%)
    ≥ 12.9 87 (23.32%) 34 (27.42%) 30 (24.00%)
LAR 5.389 0.068
    < 4.015 39 (10.46%) 18 (14.52%) 7 (5.60%)
    ≥ 4.015 334 (89.54%) 106 (85.48%) 118 (94.40%)
Total radiotherapy duration (weeks) 2.049 0.359
    < 8 289 (77.48%) 98 (79.03%) 90 (72.00%)
    ≥ 8 84 (22.52%) 26 (20.97%) 35 (28.00%)
Age 0.517 0.772
    < 60 222 (59.52%) 70 (56.45%) 71 (56.80%)
    ≥ 60 151 (40.48%) 54 (43.55%) 54 (43.20%)
HPV 0.045 0.978
    Negative 37 (9.92%) 13 (10.48%) 13 (10.40%)
    Positive 336 (90.08%) 111 (89.52%) 112 (89.60%)
Note: SCCA: Squamous cell carcinoma antigen, ALB: Albumin, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte 
ratio, AFR: Albumin-to-fibrinogen ratio, LAR: Lactate dehydrogenase-to-albumin ratio, HPV: Human papillomavirus.

Table 4. Comparison of clinical characteristics between CR and NCR groups in the training set
Variable Total, n (%) CR, n (%) NCR, n (%) Χ2 P-value
Age 0.076 0.783
    ≥ 60 years 126 (33.78%) 104 (34.10%) 22 (32.35%)
    < 60 years 247 (66.22%) 201 (65.90%) 46 (67.65%)
BMI (kg/m2) 0.002 0.966
    ≥ 25 116 (31.10%) 95 (31.15%) 21 (30.88%)
    < 25 257 (68.90%) 210 (68.85%) 47 (69.12%)
Menopausal status 0.194 0.66
    Yes 216 (57.91%) 175 (57.38%) 41 (60.29%)
    No 157 (42.09%) 130 (42.62%) 27 (39.71%)
History of hypertension 0.51 0.475
    Yes 76 (20.38%) 60 (19.67%) 16 (23.53%)
    No 297 (79.62%) 245 (80.33%) 52 (76.47%)
History of diabetes 0.812 0.368
    Yes 48 (12.87%) 37 (12.13%) 11 (16.18%)
    No 325 (87.13%) 268 (87.87%) 57 (83.82%)
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0.001), histologic differentiation (OR = 2.191, 
95% CI: 1.285-3.735, P = 0.004), stromal inva-

sion depth (OR = 2.425, 95% CI: 1.364-4.313, 
P = 0.003), SCCA (OR = 2.002, 95% CI: 1.170-

Smoking history 0.081 0.776
    Yes 137 (36.73%) 111 (36.39%) 26 (38.24%)
    No 236 (63.27%) 194 (63.61%) 42 (61.76%)
Tumor stage (FIGO 2018) 15.021 0.002
    IB3 47 (12.60%) 43 (14.10%) 4 (5.88%)
    II 139 (37.27%) 121 (39.67%) 18 (26.47%)
    III 174 (46.65%) 134 (43.93%) 40 (58.82%)
    IVA 13 (3.49%) 7 (2.30%) 6 (8.82%)
Histologic type 0.065 0.798
    Squamous cell carcinoma 337 (90.35%) 275 (90.16%) 62 (91.18%)
    Adenocarcinoma 36 (9.65%) 30 (9.84%) 6 (8.82%)
Degree of differentiation 8.546 0.003
    Poor 155 (41.55%) 116 (38.03%) 39 (57.35%)
    Moderate/high 218 (58.45%) 189 (61.97%) 29 (42.65%)
Depth of stromal invasion 9.463 0.002
    ≥ 1/2 80 (21.45%) 56 (18.36%) 24 (35.29%)
    < 1/2 293 (78.55%) 249 (81.64%) 44 (64.71%)
Vascular invasion 1.098 0.295
    Yes 56 (15.01%) 43 (14.10%) 13 (19.12%)
    No 317 (84.99%) 262 (85.90%) 55 (80.88%)
SCCA (ng/mL) 6.56 0.01
    ≥ 13.2 121 (32.44%) 90 (29.51%) 31 (45.59%)
    < 13.2 252 (67.56%) 215 (70.49%) 37 (54.41%)
ALB (g/L) 0.041 0.839
    ≥ 30 41 (10.99%) 34 (11.15%) 7 (10.29%)
    < 30 332 (89.01%) 271 (88.85%) 61 (89.71%)
NLR 5.722 0.017
    ≥ 2.785 114 (30.56%) 85 (27.87%) 29 (42.65%)
    < 2.785 259 (69.44%) 220 (72.13%) 39 (57.35%)
PLR 6.662 0.01
    ≥ 181 87 (23.32%) 63 (20.66%) 24 (35.29%)
    < 181 286 (76.68%) 242 (79.34%) 44 (64.71%)
AFR 0.152 0.696
    ≥ 12.9 334 (89.54%) 274 (89.84%) 60 (88.24%)
    < 12.9 39 (10.46%) 31 (10.16%) 8 (11.76%)
LAR 4.608 0.032
    ≥ 4.015 84 (22.52%) 62 (20.33%) 22 (32.35%)
    < 4.015 289 (77.48%) 243 (79.67%) 46 (67.65%)
Total radiotherapy duration (weeks) 1.53 0.216
    ≥ 8 151 (40.48%) 128 (41.97%) 23 (33.82%)
    < 8 222 (59.52%) 177 (58.03%) 45 (66.18%)
HPV 0.613 0.434
    Negative 37 (9.92%) 32 (10.49%) 5 (7.35%)
    Positive 336 (90.08%) 273 (89.51%) 63 (92.65%)
Note: CR: Complete response, NCR: Non-complete response, SCCA: Squamous cell carcinoma antigen, ALB: Albumin, NLR: 
Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, AFR: Albumin-to-fibrinogen ratio, LAR: Lactate dehydrogenase-
to-albumin ratio, HPV: Human papillomavirus.
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3.424, P = 0.011), NLR (OR = 1.925, 95% CI: 
1.119-3.309, P = 0.018), PLR (OR = 2.095, 
95% CI: 1.186-3.703, P = 0.011), and LAR  
(OR = 1.874, 95% CI: 1.050-3.346, P = 0.034) 
were significantly associated with treatment 
response. Multivariate logistic regression anal-
ysis further identified five independent risk  
factors for therapeutic efficacy: tumor stage 
(OR = 1.803, 95% CI: 1.210-2.761, P = 0.005), 
histologic differentiation (OR = 1.970, 95% CI: 
1.116-3.506, P = 0.020), stromal invasion 
depth (OR = 2.053, 95% CI: 1.080-3.842, P = 
0.026), NLR (OR = 2.027, 95% CI: 1.127-3.637, 
P = 0.018), and PLR (OR = 2.251, 95% CI: 
1.201-4.183, P = 0.011) (Table 6).

Development of a nomogram for predicting 
treatment response based on logistic regres-
sion

A nomogram for predicting clinical therapeutic 
efficacy in LACC patients was constructed 
based on variables showing significant associa-
tions in univariate logistic regression analyses, 
including tumor stage, histologic differentia-
tion, stromal invasion depth, SCCA, NLR, PLR, 
and LAR (Figure 3).

In this model, tumor stage contributed the 
greatest weight and emerged as the strongest 

predictor of treatment response. Other vari-
ables including histologic differentiation, stro-
mal invasion depth, SCCA, NLR, PLR, and LAR 
provided moderate predictive contributions. By 
summing the individual scores corresponding 
to each variable, a total score can be obtained 
and further converted to the predicted proba-
bility of achieving a favorable response. The 
equation for the nomogram was defined as fol-
lows: linear_predictor = 0.417 + 0.302 × FIGO_
stage2 + 1.013 × FIGO_stage3 + 1.559 × 
FIGO_stage4 - 0.690 × Differentiation_grade - 
0.699 × Depth_of_invasion - 0.397 × SCCA - 
0.719 × NLR - 0.817 × PLR - 0.587 × LAR.

Discrimination, calibration, and clinical net 
benefit assessment of the nomogram model

The model demonstrated good discrimination 
and stability across all three cohorts. Based on 
internal validation using the bootstrap method 
(B = 1000), the training set showed a Dxy of 
0.5018 (optimism-corrected 0.5037), corre-
sponding to a C-index of approximately 0.752; 
the validation set had a Dxy of 0.3375 (corre- 
cted 0.3355), corresponding to a C-index of 
approximately 0.668; the testing set showed a 
Dxy of 0.3622 (corrected 0.3633), correspond-
ing to a C-index of approximately 0.682 (Figure 
4A-C).

Table 5. Variance inflation factor (VIF) and variable coding scheme
Variable VIF Interpretation Coding
Age 1.149 Low multicollinearity ≥ 60 = 1, < 60 = 0
BMI 1.038 Low multicollinearity ≥ 25 = 1, < 25 = 0
Menopausal status 1.118 Low multicollinearity Yes = 1, No = 0
Hypertension 1.051 Low multicollinearity Yes = 1, No = 0
Diabetes 1.086 Low multicollinearity Yes = 1, No = 0
Smoking history 1.062 Low multicollinearity Yes = 1, No = 0
Tumor stage 1.087 Low multicollinearity IB3 = 1, II = 2, III = 3, IVA = 4
Histologic type 1.059 Low multicollinearity Squamous carcinoma = 1, Adenocarcinoma = 0
Differentiation 1.081 Low multicollinearity Poor = 1, Moderate/high = 0
Stromal invasion depth 1.148 Low multicollinearity ≥ 1/2 = 1, < 1/2 = 0
Vascular invasion 1.097 Low multicollinearity Yes = 1, No = 0
SCCA (ng/mL) 1.05 Low multicollinearity ≥ 13.2 = 1, < 13.2 = 0
ALB (g/L) 1.068 Low multicollinearity ≥ 30 = 1, < 30 = 0
NLR 1.058 Low multicollinearity ≥ 2.785 = 1, < 2.785 = 0
PLR 1.074 Low multicollinearity ≥ 181 = 1, < 181 = 0
AFR 1.045 Low multicollinearity ≥ 12.9 = 1, < 12.9 = 0
LAR 1.096 Low multicollinearity ≥ 4.015 = 1, < 4.015 = 0
Total radiotherapy duration (weeks) 1.06 Low multicollinearity ≥ 8 = 1, < 8 = 0
HPV 1.089 Low multicollinearity Negative = 1, Positive = 0
Note: VIF: Variance inflation factor, SCCA: Squamous cell carcinoma antigen, ALB: Albumin, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-
lymphocyte ratio, AFR: Albumin-to-fibrinogen ratio, LAR: Lactate dehydrogenase-to-albumin ratio, HPV: Human papillomavirus.
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As shown in Figure 4D-F, Hosmer-Lemeshow 
goodness-of-fit tests indicated good model fit in 

all three cohorts, with no significant deviations 
observed in the training set (P = 0.874), valida-

Table 6. Logistic regression analysis of risk factors associated with treatment response

Variable
Univariate Multivariate

OR P-value 95% CI OR P-value 95% CI
Age 0.924 0.783 0.528-1.619
BMI (kg/m2) 0.988 0.966 0.559-1.744
Menopausal status 1.128 0.660 0.66-1.928
Hypertension 1.256 0.476 0.671-2.353
Diabetes 1.398 0.369 0.673-2.904
Smoking history 1.082 0.776 0.629-1.86
Tumor stage 2.03 < 0.001 1.367-3.015 1.803 0.005 1.21-2.761
Histologic type 1.127 0.798 0.45-2.825
Differentiation 2.191 0.004 1.285-3.735 1.97 0.020 1.116-3.506
Depth of stromal invasion 2.425 0.003 1.364-4.313 2.053 0.026 1.08-3.842
Vascular invasion 1.623 0.158 0.829-3.179
SCCA (ng/mL) 2.002 0.011 1.17-3.424 1.48 0.184 0.824-2.633
ALB (g/L) 0.915 0.839 0.387-2.161
NLR 1.925 0.018 1.119-3.309 2.027 0.018 1.127-3.637
PLR 2.095 0.011 1.186-3.703 2.251 0.011 1.201-4.183
AFR 0.849 0.697 0.372-1.938
LAR 1.874 0.034 1.05-3.346 1.783 0.073 0.937-3.332
Radiotherapy duration (weeks) 0.707 0.217 0.407-1.227
HPV 0.677 0.436 0.254-1.807
Note: OR: Odds ratio, CI: Confidence interval, SCCA: Squamous cell carcinoma antigen, ALB: Albumin, NLR: Neutrophil-to-lym-
phocyte ratio, PLR: Platelet-to-lymphocyte ratio, AFR: Albumin-to-fibrinogen ratio, LAR: Lactate dehydrogenase-to-albumin ratio, 
HPV, Human papillomavirus.

Figure 3. Nomogram predicting treatment efficacy based on logistic regression analysis. Note: SCCA, squamous cell 
carcinoma antigen; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LAR, lactate dehydroge-
nase-to-albumin ratio; FIGO, International Federation of Gynecology and Obstetrics.
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tion set (P = 0.565), or testing set (P = 0.302). 
Calibration curve analyses further supported 
good agreement between predicted and ob- 
served outcomes. The mean absolute predic-
tion errors were 0.014, 0.020, and 0.037 in the 
training, validation, and testing sets, respec-
tively. The 0.90 quantile absolute errors were 
0.022, 0.041, and 0.086 across the three 
cohorts, respectively, indicating acceptable 
calibration performance.

DCA demonstrated that the nomogram pro- 
vided a net benefit across a wide range of 
threshold probabilities ranging from 0% to 99% 
in the training cohort, peaking at around 
18.23%. The validation set demonstrated net 

benefit between 0% and 43%, peaking at 
around 18.54%. The testing set demonstrated 
net benefit between 0% and 43%, peaking at 
around 16.80%. The details are shown in Figure 
4G-I. The model showed good discrimination, 
reasonable calibration, and potential clinical 
utility in multiple datasets. 

Survival analysis in the training cohort

During follow-up, a total of 50 deaths were 
reported among the 373 patients in the train- 
ing cohort. Kaplan-Meier analysis demonstrat-
ed a relatively high OS rate with a gradual 
decline over time. The estimated 3-year OS rate 
was roughly 87%. Among those who died, the 

Figure 4. Nomogram performance evaluation. (A-C) ROC curves, (D-F) calibration curves, and (G-I) decision curve 
analyses, for the nomogram in the training, validation, and testing cohorts, respectively. Notes: ROC, receiver oper-
ating characteristic; DCA, decision curve analysis.
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mean time to death was 21.2 months, indicat-
ing that most patients achieved prolonged sur-
vival following treatment (Figure 5).

Proportional hazards assumption testing for 
cox regression

The Schoenfeld residual tests were applied to 
verify the proportional hazards assumption of 

In univariate Cox regression analysis, age ≥ 60 
years (HR = 2.298, 95% CI: 1.320-4.003, P = 
0.003), tumor stage III-IV (HR = 2.774, 95% CI: 
1.496-5.143, P = 0.001), poor differentiation 
(HR = 2.741, 95% CI: 1.539-4.884, P < 0.001), 
stromal invasion depth ≥ 1/2 of the cervical 
wall (HR = 4.364, 95% CI: 2.506-7.599, P < 
0.001), LVSI (HR = 3.041, 95% CI: 1.678-5.511, 
P < 0.001), SCCA ≥ 13.2 ng/mL (HR = 2.509, 
95% CI: 1.441-4.371, P = 0.001), LAR ≥ 4.015 
(HR = 3.321, 95% CI: 1.904-5.793, P < 0.001), 
and negative HPV status (HR = 3.529, 95%  
CI: 1.843-6.758, P < 0.001) were all signifi-
cantly associated with poor OS (Table 8). 
Kaplan-Meier stratified survival analysis fur-
ther validated these findings, indicating that  
all these variables significantly affected 3-year 
OS (Figure 6). In multivariate Cox regression 
analysis, age ≥ 60 years (HR = 2.250, 95% CI: 
1.281-3.954, P = 0.005), tumor stage III-IV  
(HR = 1.940, 95% CI: 1.004-3.751, P = 0.049), 
poor differentiation (HR = 2.491, 95% CI: 
1.379-4.498, P = 0.002), stromal invasion 
depth ≥ 1/2 (HR = 3.703, 95% CI: 2.054-6.674, 
P < 0.001), SCCA ≥ 13.2 ng/mL (HR = 1.843, 
95% CI: 1.038-3.273, P = 0.037), LAR ≥ 4.015 
(HR = 3.178, 95% CI: 1.784-5.661, P < 0.001), 

Figure 5. Kaplan-Meier curves for 3-year overall survival (OS) in the training 
cohort. Note: OS, overall survival.

the Cox regression model. The 
results showed that the pro-
portional hazards assumption 
was satisfied for age (P = 
0.397), tumor stage (P = 
0.412), differentiation grade 
(P = 0.165), depth of stromal 
invasion (P = 0.195), LVSI (P = 
0.941), SCCA (P = 0.047),  
LAR (P = 0.918), and HPV sta-
tus (P = 0.308). The global 
Schoenfeld test further sup-
ported that the overall model 
satisfied the proportional haz-
ards assumption (P = 0.372) 
(Table 7). It is noted that al- 
though Schoenfeld residual 
test for SCCA yielded a mar-
ginal P value of 0.047 (< 0.05), 
this variable was retained in 
the Cox regression analysis, 
given its well-established clini-
cal relevance in cervical can-
cer prognosis. 

Cox regression analysis for 
risk factors affecting patient 
OS

Table 7. Proportional hazards assumption 
testing (Schoenfeld residuals) for Cox regres-
sion model
Variable Χ2 df P-value
Age 0.717 1 0.397
Tumor stage 0.674 1 0.412
Differentiation 1.931 1 0.165
Depth of stromal invasion 1.679 1 0.195
Vascular invasion 0.005 1 0.941
SCCA (ng/mL) 3.931 1 0.047
LAR 0.011 1 0.918
HPV 1.039 1 0.308
GLOBAL 8.662 8 0.372
Note: PH: Proportional hazards, SCCA: Squamous cell 
carcinoma antigen, LAR: Lactate dehydrogenase-to-albu-
min ratio, HPV, Human papillomavirus.
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and negative HPV status (HR = 2.648, 95% CI: 
1.310-5.355, P = 0.007) were independent 
risk factors affecting patient OS (Table 8).

Nomogram prediction model based on cox re-
gression independent risk factors

Subsequently, a nomogram model was estab-
lished to predict the 1-, 2-, and 3-year OS of 
LACC patients basd on the indepent prognos- 
tic factors. Each predictor was assigned a 
weighted score according to its regression 
coefficient, and the total score for an individual 
patient was calculated by summing the scores 
of all variables. This score then corresponded 
to estimated survival probabilities atr 12, 24 
and 36 months. The nomogram provides a 
visualized and personalized risk evaluation tool 
that may serve as reference for clinical prog-
nostic evaluation and clinical decision-making 
(Figure 7). The risk score was calculated using 
the following formula: Risk score = (0.782 × 
Age) + (0.720 × FIGO_stage) + (0.972 × Differ- 
entiation_grade) + (1.368 × Depth_of_inva-
sion) + (0.615 × SCCA) + (1.213 × LAR) + (1.016 
× HPV).

Validation and clinical utility assessment of the 
nomogram model

The nomogram model exhibited strong discrim-
ination in the training cohort, with a C-index  
of 0.792 (95% CI: 0.758-0.827). Global model 
evaluation showed that the likelihood ratio test 
(χ2 = 86.04, P < 0.001), Wald test (χ2 = 92.21, 
P < 0.001), and log-rank test (χ2 = 105.08, P < 
0.001) were all highly significant, indicating 
good overall model performance.

In the validation cohort, the nomogram ac- 
hieved an even higher C-index of 0.928 (95% 
CI: 0.897-0.959). The likelihood ratio test (χ2 = 
64.9, P < 0.001), Wald test (χ2 = 43.9, P < 
0.001) and log-rank test (χ2 = 94.41, P < 0.001) 
consistently confirmed the stability and predic-
tive accuracy of the model.

Similarly, in the testing cohort, the model 
C-index increased to 0.918 (95% CI = 0.889-
0.947). Likelihood ratio test (χ2 = 55.13, P < 
0.001), Wald test (χ2 = 34.23, P < 0.001), and 
log-rank test (χ2 = 60.62, P < 0.001) further 
validated the robustness of this model in an 
independent cohorts.

Risk score-based Kaplan-Meier survival curves 
showed clear separation between high- and 
low-risk groups in the training, validation, and 
testing cohorts (Figure 8A, 8E, 8I), with signifi-
cantly poorer survival observed in patients 
classified as high risk. At 3 years, the nomo-
gram maintained good predictive performan- 
ce, as demonstrated by time-dependent ROC 
analyses (Figure 8B, 8F, 8J). The predicted and 
observed values matched well (Figure 8D, 8H, 
8L). The results of the DCA indicated that the 
training cohort demonstrated a positive net 
benefit in the threshold probability range of 
0-82% (peak 12.5%). The validation cohort 
showed a positive net benefit in the range of 
0-77% (peak 11.8%). The testing cohort ex- 
hibited a positive net benefit in the range of 
0-78% (peak 11.7%) (Figure 8C, 8G, 8K). To 
sum up, the nomogram model provided excel-
lent discrimination, good calibration and stable 
clinical utility in various cohorts (Figure 8).

ROC curve analysis and AUC comparison: FIGO 
stage, LAR, and risk score model

ROC curve analyses were performed using the 
pooled cohort comprising the training, valida-
tion, and testing datasets to compare the  
discriminative performance of FIGO stage, LAR, 
and the multivariable risk score model for  
predicting 3-year OS. In the training set, the 
ROC curve for FIGO stage demonstrated an 
AUC of 0.708, indicating a relatively limited abil-
ity to differentiate survival risk (Figure 9A). 
Similarly, LAR alone demonstrated an AUC 
value of 0.706, indicating modest prognostic 
performance (Figure 9B). Notably, the risk 
score model (Figure 9C) yielded substantially 
improved discriminative performance, with an 
AUC of 0.853, significantly higher than that of 
FIGO stage and LAR alone, reflecting a consid-
erably stronger predictive ability. The AUC com-
parison in Figure 9D illustrated that the AUC 
values for risk score model were significantly 
higher than those of FIGO stage and LAR in 
training, validation and testing cohorts (all P < 
0.001). 

Discussion

This retrospective cohort study of 622 LACC 
patients systematically evaluated the prognos-
tic value of LAR, both alone or in combination 
with clinicopathological variables. The results 
demonstrated that tumor stage, histological 
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Table 8. Cox regression analysis of prognostic factors affecting OS

Variable
Univariate Multivariate

β P-value HR (95% CI) β P-value HR (95% CI)
Age
    < 60 years
    ≥ 60 years 0.832 0.003 2.298 (1.32-4.003) 0.811 0.005 2.25 (1.281-3.954)
BMI (kg/m2)
    < 25
    ≥ 25 -0.273 0.397 0.761 (0.404-1.431)
Menopausal status
    No
    Yes 0.19 0.515 1.209 (0.683-2.14)
Hypertension
    No
    Yes 0.118 0.729 1.126 (0.576-2.198)
Diabetes
    No
    Yes 0.121 0.766 1.129 (0.508-2.51)
Smoking history
    No
    Yes -0.416 0.186 0.659 (0.356-1.223)
Tumor stage (FIGO 2018)
    I + II
    III + IV 1.02 0.001 2.774 (1.496-5.143) 0.663 0.049 1.94 (1.004-3.751)
Histologic type
    Adenocarcinoma
    Squamous cell carcinoma -0.036 0.938 0.964 (0.383-2.429)
Differentiation
    Moderate/high
    Poor 1.008 < 0.001 2.741 (1.539-4.884) 0.913 0.002 2.491 (1.379-4.498)
Depth of stromal invasion
    < 1/2
    ≥ 1/2 1.473 < 0.001 4.364 (2.506-7.599) 1.309 < 0.001 3.703 (2.054-6.674)
Vascular invasion
    No
    Yes 1.112 < 0.001 3.041 (1.678-5.511) 0.422 0.202 1.525 (0.797-2.916)
SCCA (ng/mL)
    < 13.2
    ≥ 13.2 0.92 0.001 2.509 (1.441-4.371) 0.611 0.037 1.843 (1.038-3.273)
ALB (g/L)
    < 30
    ≥ 30 -0.085 0.856 0.918 (0.364-2.313)
NLR
    < 2.785
    ≥ 2.785 0.244 0.408 1.276 (0.716-2.273)
PLR
    < 181
    ≥ 181 0.367 0.234 1.444 (0.789-2.644)
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AFR
    < 12.9
    ≥ 12.9 0.049 0.916 1.051 (0.417-2.647)
LAR
    < 4.015
    ≥ 4.015 1.2 < 0.001 3.321 (1.904-5.793) 1.156 < 0.001 3.178 (1.784-5.661)
Radiotherapy duration (weeks)
    < 8
    ≥ 8 0.437 0.122 1.548 (0.889-2.695)
HPV
    Negative
    Positive 1.261 < 0.001 3.529 (1.843-6.758) 0.974 0.007 2.648 (1.31-5.355)
Note: HR: Hazard ratio, CI: Confidence interval, SCCA: Squamous cell carcinoma antigen, ALB: Albumin, NLR: Neutrophil-to-
lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, AFR: Albumin-to-fibrinogen ratio, LARP: Lactate dehydrogenase-to-albumin 
ratio, HPV, Human papillomavirus.

Figure 6. Stratified Kaplan-Meier survival curves. A. age (≥ 60 vs. < 60 years); B. stromal invasion (≥ 1/2 vs. < 1/2); 
C. LAR (≥ 4.015 vs. < 4.015); D. tumor stage (III + IV vs. I + II); E. vascular invasion (yes vs. no); F. HPV status (posi-
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differentiation, depth of stromal invasion, NLR, 
and PLR were independent risk factors influ-
encing the short-term efficacy of CCRT, with 
tumor stage showing the strongest predictive 
performance with OR = 1.803. Independent 
prognostic factors for OS included age ≥ 60 
years, FIGO stage III-IV, poorl differentiation, 
stromal invasion ≥ 1/2 cervical wall, SCCA ≥ 
13.2 ng/mL, and LAR ≥ 4.015. Among these 
variables, LAR showed the highest HR.

The dual nomogram models developed based 
on these factors demonstrated good discrimi-
nation and calibration in all three cohorts, with 
C-indices ranging from 0.668 to 0.941. DCA 
showed a positive net benefit over a wide range 
of threshold probabilities, supporting the clini-
cal utility of these models. The performance of 
LAR in OS prediction was superior to SCCA,  
a traditional tumor marker, highlighting the 
unique value of LAR as a novel prognostic indi-
cator. Further literature review has reinforced 
the prognostic role of LAR in multicenter stud-
ies, suggesting that the findings of the present 
study may have broader external validity [12]. 
FIGO stage, as the gold standard for prognostic 
assessment in cervical cancer, once again 

demonstrated a decisive role in survival predic-
tion [18]. Other studies have also shown that  
a nomogram based on FIGO stage can accu-
rately predict 3- to 5-year survival in cervical 
cancer patients [20]. A meta-analysis [21] indi-
cated that high NLR is negatively associated 
with OS in cervical cancer; similarly, studies by 
Zhu et al. [22] and Cheng et al. [23] reported 
that elevated PLR and NLR were significantly 
associated with worse survival in metastatic 
cervical cancer.

Regarding LAR, previous research has mainly 
focused on solid tumors such as liver and lung 
cancers, reporting HR values generally ranging 
from 2 to 3. In our study, a higher HR (3.544) 
was observed in cervical cancer, which may be 
attributable to tumor-specific biological charac-
teristics and differences in treatment modali-
ties. Literature has indicated that elevated LAR 
is associated with adverse prognosis across 
multiple cancers [14]. Using a multifactorial 
predictive model incorporating multiple param-
eters, this study achieved a C-index of 0.796-
0.941, which is significantly higher than the 
predictive accuracy reported in studies relying 
on single biomarkers (0.6-0.7). Additionally, this 

tive vs. negative); G. histologic differentiation (poor vs. moderate/high); H. SCCA (≥ 13.2 ng/mL vs. < 13.2 ng/mL). 
Notes: OS, overall survival; SCCA, squamous cell carcinoma antigen; LAR, lactate dehydrogenase-to-albumin ratio; 
HPV, Human papillomavirus.

Figure 7. Nomogram for predicting 1-, 2-, and 3-year OS based on independent risk factors in the Cox regression 
model. Notes: OS, overall survival; SCCA, squamous cell carcinoma antigen; LAR, lactate dehydrogenase-to-albumin 
ratio; FIGO, International Federation of Gynecology and Obstetrics.
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is the first large-cohort study to comprehen-
sively evaluate LAR’s prognostic value in LACC, 
addressing an important knowledge gap. 
Nonetheless, Wang et al. [24] report that in 
LACC, elevated levels of LDH and C-reactive 
protein (CRP) correlated with poorer OS. Given 
that LAR integrates metabolic and inflammato-

ry components, it is biologically plausible that 
similar prognostic associations would be ob- 
served. Pooled HRs from similar studies (HR ≈ 
1.8-2.5) further suggest that inflammation-
metabolism-based biomarkers consistently 
predict prognosis across different ethnic 
groups and disease stages. However, the rela-

Figure 8. Nomogram validation in the training, validation, and test sets. A, E, I. Kaplan-Meier survival curves strati-
fied by risk scores; B, F, J. ROC curves for the nomogram in predicting 36-month OS; C, G, K. Decision curve analy-
ses; D, H, L. Calibration plots. Notes: ROC, receiver operating characteristic; DCA, decision curve analysis; C-index, 
concordance index.

Figure 9. ROC curve analysis for predicting 3-year overall survival in the pooled cohort. A. ROC curve for the FIGO 
stage model (AUC = 0.708); B. ROC curve for the LAR model (AUC = 0.706); C. ROC curve for the multivariable risk 
score model (AUC = 0.853); D. AUC comparison matrix showing significant differences among the FIGO stage, LAR, 
and risk score models. Note: OS, overall survival; SCCA, squamous cell carcinoma antigen; LAR, lactate dehydroge-
nase-to-albumin ratio; HPV, human papillomavirus.



LAR combined with clinicopathological indicators predicts prognosis in cervical cancer

492	 Am J Cancer Res 2026;16(2):470-495

tively higher HRs observed in Asians may be 
partly due to differences in HPV subtype distri-
bution and lifestyle-related factors [14].

LAR, defined as the ratio of LDH to ALB, inte-
grates two critical dimensions of tumor-host 
interactions: tumor metabolic activity and host 
nutritional-immune status [12]. Elevated LDH 
reflects the Warburg effect, characterized by 
aerobic glycolysis in cancer cells even in the 
presence of oxygen. This metabolic reprogram-
ming confers the biosynthesis and energy 
advantage to the cancer cells that fuel their 
proliferation and invasion. Further, excessive 
lactate accumulation in the tumor microenvi-
ronment induces acidosis, which restricts T-cell 
and natural killer (NK) cell function, thereby 
promoting immune escape [24-26]. Mean- 
while, increased LDH levels usually reflect a 
higher tumor burden, enhanced invasiveness 
and CCRT-resistance. Kocianova et al. reported 
that the Warburg effect is regualted by p53 and 
hypoxia-inducible factor 1α (HIF-1α). In con-
trast, reduced ALB level signifies a condition of 
chronic inflammation and nutritional depletion, 
conditions that are closely associated with 
impaired antitumor immune responses. Tang et 
al. [27] and Gupta et al. [28] both reported in 
their studies that reduced ALB level serves an 
inflammatory marker and is negatively associ-
ated with cancer survival. Persistent HPV infec-
tion may amplify this effect in the case of cervi-
cal cancer as inflammatory cytokines such as 
interleukin-6 (IL-6) or tumor necrosis factor-α 
(TNF-α) can inhibit hepatic synthesis of ALB, 
thereby forming a vicious cycle.

An increased LAR, therefore, indicates both 
hyperactive tumor metabolism and compro-
mised immune defense, resulting in a biologi-
cal milieu favorable for tumor progression. 
Moreover, LAR may indirectly indicate the 
degree of tumor hypoxia and angiogenesis, 
both of which are associated with reduced 
radiosensitivity and poorer outcomes after 
CCRT. This finding is consistent with the find-
ings of Liu et al. [29], who reported that Warburg 
effect contributes to chemoresistance mecha-
nisms. Moreover, literature shows that target-
ing LDHA can reverse the Warburg effect, 
implying that LAR may also represent a poten-
tial therapeutic and stratification biomarker 
[30].

Prediction models incorporating LAR and clini-
copathological variable may therefore have 
substantial clinical value. Patients with a high 
pre-treatment LAR (≥ 4.015) can be consider- 
ed as a high-risk group dueing treatment plan-
ning. Clinician may consider more aggressive 
therapeutic strategies for these patients, 
including radiotherapy dose escalation, includ-
ing chemotherapy cycles, and/or the addition 
of neoadjuvant therapy. In addition, these  
models may facilitate individualized follow-up 
strategies: high-risk patients may benefit from 
closer monitoring, while low-risk patients could 
undergo less intensive follow-up, thereby opti-
mizing medical resources allocation. From a 
cost-effectiveness, perspective, LAR assess-
ment relies on routine biochemical tests, with  
a cost of about 20-30 yuan, which is substan-
tially lower than imaging or molecular biomark-
er detection, This affordability enhances its 
feasibility for widespread application, especial-
ly in primary and resource-limited facilities. In 
the era of precision medicine, such models 
offer a simple, economical, and efficient prog-
nostic tool for patients with LACC, supporting 
truly individualized treatment.

Additionally, LAR levels could be monitored 
dynamically to act as a precursor outcome for 
therapeutic efficacy, with strong basing on a 
timely change. This corroborates the findings of 
Yang et al. [31]. who reported that nomogram 
models for LACC treated with CCRT could pre-
dict the 5-year survival rates and Chen et al. 
who used different parameters. A model like 
this could in clinical practice be combined with 
PET-CT to form an assessment framework that 
is multi-modal; for example, CCRT could be 
used in concert with immune checkpoint inhibi-
tors in patients with high LAR to overcome 
resistance to treatment.

Several limitations in this study should be 
acknowledged. First, the single-center retro-
spective design may introduce selection bias, 
and the generalizability of these results needs 
external validation. Second, the median follow-
up time was relatively short (approximately 3 
years), limiting evaluation of the model’s pre- 
dictive value for long-term survival outcomes. 
Third, HPV genotyping, p16 expression, tumor 
mutation burden, and other molecular markers 
were not included, which may underestimate 
the influence of tumor biological heterogeneity 
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on prognosis. Fourth, the lack of data on 
dynamic changes in LAR during treatment pre-
cluded evaluation of its utility as a real-time 
monitoring indicator. Additionally, as the study 
population consisted mainly of Asian patients, 
the applicability of the findings to other ethnici-
ties remains uncertain [32]. As noted in the lit-
erature [33], variations in nomogram and 
T-score predictive performance across differ-
ent ethnic populations deserve further explora-
tion in LACC.

Future work should validate the stability and 
generalizability of these models in multi-center 
prospective cohorts and explore the combina-
tion of LAR with molecular subtyping, radiomics, 
and other emerging technologies to build  
more precise multi-modal predictive models. 
Indeed, literature has suggested that incorpo-
rating artificial intelligence into long-term prog-
nostic models can improve C-index perfor-
mance [34]. Special attention should be paid  
to the predictive value of LAR in the immuno-
therapy and its correlation with immune micro-
environment-related biomarkers, which may 
provide novel guidance for cervical cancer 
immunotherapy, such as predicting responses 
to PD-1 inhibitors in high-LAR patients. In addi-
tion, randomized controlled trials could be con-
ducted to evaluate whether interventions strati-
fied by LAR can improve OS, thereby strength-
ening the clinical translation of this model from 
an evidence-based medicine perspective.

Conclusion

The combination of LAR and clinicopathological 
features provides as an effective tool for pre-
dicting both short-term treatment response 
and long-term overall survival in LACC patients 
undergoing CCRT. The two nomogram models 
constructed herein demonstrated good dis-
criminatory ability, calibration, and clinical 
applicability. As a low-cost, non-invasive, and 
readily generalizable evaluation method, this 
approach offers practical benefits for patient 
risk stratification, optimization of individualized 
treatment strategies, and follow-up manage-
ment, thereby supporting the development of 
precision medicine for LACC.

Acknowledgements

This study was supported by China Postdoc- 
toral Science Foundation (2023M740848) and 

Application of Gynecological Endoscopy Simu- 
lation Training in Clinical Instruction of Post- 
graduate Education (2024312207).

Disclosure of conflict of interest

None.

Ethics statement

This study adhered to the Declaration of 
Helsinki and was approved by the Ethics 
Committees of The Third Affiliated Hospital  
of Guangzhou Medical University ([2026]  
004) and Jinshazhou Hospital of Guangzhou 
University of Chinese Medicine (JSZ-IEC-SL-
KT-20251115(1)). Informed consent was ob- 
tained from participants at the former hospital, 
while it was waived at the latter due to the ret-
rospective nature of the study.

Address correspondence to: Yingying Zhang and 
Qiongyan Lin, Department of Obstetrics and 
Gynecology, Guangdong Provincial Key Laboratory 
of Major Obstetric Diseases, Guangdong Provin- 
cial Clinical Research Center for Obstetrics and 
Gynecology, Guangdong-Hong Kong-Macao Greater 
Bay Area Higher Education Joint Laboratory of 
Maternal-Fetal Medicine, Center for Reproductive 
Medicine, Key Laboratory for Reproductive Medi- 
cine of Guangdong Province, The Third Affiliated 
Hospital of Guangzhou Medical University, No. 63 of 
Duobao Road, Guangzhou 510150, Guangdong, 
China. Tel: +86-15902044106; E-mail: zhangyy_ 
0601@163.com (YYZ); Tel: +86-13580497536; 
E-mail: wotaoqiwawa@163.com (QYL); Peifeng Cai, 
Jinshazhou Hospital of Guangzhou University of 
Chinese Medicine, No. 1 Lichuan Dongjie, Baiyun 
District, Guangzhou 510168, Guangdong, China. 
Tel: +86-13560174486; E-mail: caipf0121@163.
com

References

[1]	 Sung H, Ferlay J, Siegel RL, Laversanne M, So-
erjomataram I, Jemal A and Bray F. Global can-
cer statistics 2020: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 can-
cers in 185 countries. CA Cancer J Clin 2021; 
71: 209-249.

[2]	 He F, Li W, Liu P, Kang S, Sun L, Zhao H, Chen 
X, Yin L, Wang L, Chen J, Fan H, Li P, Yang H, 
Wang F and Chen C. Influence of uterine cor-
pus invasion on prognosis in stage IA2-IIB cer-
vical cancer: a multicenter retrospective co-
hort study. Gynecol Oncol 2020; 158: 273-281.

mailto:zhangyy_0601@163.com
mailto:zhangyy_0601@163.com
mailto:wotaoqiwawa@163.com
mailto:caipf0121@163.com
mailto:caipf0121@163.com


LAR combined with clinicopathological indicators predicts prognosis in cervical cancer

494	 Am J Cancer Res 2026;16(2):470-495

[3]	 Mouawad M, Lailey O, Poulsen P, O’Neil M, 
Brackstone M, Lock M, Yaremko B, Shmuilov-
ich O, Kornecki A, Ben Nachum I, Muscedere 
G, Lynn K, Karnas S, Prato FS, Thompson RT 
and Gaede S. Intrafraction motion monitoring 
to determine PTV margins in early stage breast 
cancer patients receiving neoadjuvant partial 
breast SABR. Radiother Oncol 2021; 158: 276-
284.

[4]	 Xu H, Zhang Q, Luo C, Wang M, Tian M, Sun X 
and Qin Q. Survival benefit of surgical staging 
before radiotherapy in locally advanced cervi-
cal cancer: a pooled analysis. Cancer Sci 
2025; 116: 2537-2546.

[5]	 Salminen JK, Kuoppamäki V, Talala K, Taari K, 
Mäkinen J, Peltola J, Tammela TLJ, Auvinen A 
and Murtola TJ. Antiepileptic drugs and pros-
tate cancer risk in the finnish randomized 
study of screening for prostate cancer. Int J 
Cancer 2021; 149: 307-315.

[6]	 Bizzarri N, Pedone Anchora L, Teodorico E, Cer-
telli C, Galati G, Carbone V, Gallotta V, Naldini 
A, Costantini B, Querleu D, Fanfani F, Fagotti A, 
Scambia G and Ferrandina G. The role of diag-
nostic laparoscopy in locally advanced cervical 
cancer staging. Eur J Surg Oncol 2024; 50: 
108645.

[7]	 Raffa S, Lanfranchi F, Satragno C, Giannelli F, 
Marcenaro M, Coco A, Cena SE, Sofia L, Marini 
C, Mammoliti S, Levaggi A, Tagliafico AS, Sam-
buceti G, Barra S, Morbelli S, Belgioia L and 
Bauckneht M. The prognostic value of FIGO 
staging defined by combining MRI and [(18)F]
FDG PET/CT in patients with locally advanced 
cervical cancer. Curr Probl Cancer 2023; 47: 
101007.

[8]	 Del M, Illac C, Morisseau M, Angeles MA, Du-
cassou A, Betrian S, Bataillon G, Ferron G, 
Chantalat E, Gabiache E and Martinez A. In-
traepithelial tumor-infiltrating lymphocytes 
shape loco-regional PET/CT spread of locally 
advanced cervical cancer. Int J Gynecol Cancer 
2024; 34: 490-496.

[9]	 Kumarasamy C, Sabarimurugan S, Maduran-
takam RM, Lakhotiya K, Samiappan S, Baxi S, 
Nachimuthu R, Gothandam KM and Jayaraj R. 
Prognostic significance of blood inflammatory 
biomarkers NLR, PLR, and LMR in cancer-A 
protocol for systematic review and meta-analy-
sis. Medicine (Baltimore) 2019; 98: e14834.

[10]	 Tan S, Zheng Q, Zhang W, Zhou M, Xia C and 
Feng W. Prognostic value of inflammatory 
markers NLR, PLR, and LMR in gastric cancer 
patients treated with immune checkpoint in-
hibitors: a meta-analysis and systematic re-
view. Front Immunol 2024; 15: 1408700.

[11]	 Shi V, Grover S, Huang Y, Thaker PH, Kuroki 
LM, Powell MA, Mutch DG, Contreras JA, 

Schwarz JK, Grigsby PW and Markovina S. Ac-
curacy of surveillance serum squamous cell 
carcinoma antigen for cervical cancer recur-
rence after definitive chemoradiation. Int J Gy-
necol Cancer 2024; 34: 808-816.

[12]	 Dwi Purwati D, Utami MDT, Bagus Kurniawan 
R, Kencono Wungu CD and Amin IM. Decipher-
ing the potential of the lactate dehydrogenase-
to-albumin ratio as a prognostic biomarker in 
malignancy: a systematic review and meta-
analysis. Postgrad Med 2025; 137: 486-495.

[13]	 Zhang W, Wang C, Hu X, Lian Y, Ding C and 
Ming L. Inhibition of LDHA suppresses cell pro-
liferation and increases mitochondrial apopto-
sis via the JNK signaling pathway in cervical 
cancer cells. Oncol Rep 2022; 47: 77.

[14]	 Chai D, Yang T, Zhang L, Hui Y, Feng J and 
Wang W. Prognostic value of the lactate dehy-
drogenase to albumin ratio in cancer patients. 
Front Nutr 2025; 12: 1610487.

[15]	 Wu J, Wu A, Wang S, Zeng C, Wang R, Zhou J 
and Wang D. The value of lactate dehydroge-
nase to albumin ratio and immune inflamma-
tion biomarkers in colorectal cancer. Front 
Surg 2023; 10: 1118403.

[16]	 Yan S, Gong X, Liu R and Jia X. Prognostic sig-
nificance of systemic pan-immune-inflamma-
tion value in locally advanced cervical cancer. 
Front Oncol 2024; 14: 1492251.

[17]	 Franco D’Souza R and Surapaneni KM. New 
standards, new vision: directing modern medi-
cal research as per the 2024 revised Declara-
tion of Helsinki. Asian J Psychiatr 2025; 104: 
104363.

[18]	 Salvo G, Odetto D, Pareja R, Frumovitz M and 
Ramirez PT. Revised 2018 International Fed-
eration of Gynecology and Obstetrics (FIGO) 
cervical cancer staging: a review of gaps and 
questions that remain. Int J Gynecol Cancer 
2020; 30: 873-878.

[19]	 Enaworu OR. An innovative approach to target 
lesion progression in the response evaluation 
criteria in solid tumors (RECIST) 1.1: the ena-
woru 25 mm nadir rule. Cureus 2025; 17: 
e82715.

[20]	 Meng Q, Wang W, Liu X, Wang D and Zhang F. 
Nomograms predicting survival of cervical can-
cer patients treated with concurrent chemora-
diotherapy based on the 2018 FIGO staging 
system. Front Oncol 2022; 12: 870670.

[21]	 Zhuang X, Li Y, Zheng H and Fu L. Evaluating 
the prognostic relevance of neutrophil-to-lym-
phocyte ratio in cervical cancer: a systematic 
review and meta-analysis. Front Oncol 2024; 
14: 1461175.

[22]	 Zhu T, Chen Z, Zhang B and Wu X. Prognostic 
value of platelet to lymphocyte ratio in patients 
with cervical cancer: an updated systematic 



LAR combined with clinicopathological indicators predicts prognosis in cervical cancer

495	 Am J Cancer Res 2026;16(2):470-495

review and meta-analysis. World J Surg Oncol 
2025; 23: 187.

[23]	 Cheng M, Li G, Liu Z, Yang Q and Jiang Y. Pre-
treatment neutrophil-to-lymphocyte ratio and 
lactate dehydrogenase predict the prognosis 
of metastatic cervical cancer treated with com-
bination immunotherapy. J Oncol 2022; 2022: 
1828473.

[24]	 Wang H, Wang MS, Zhou YH, Shi JP and Wang 
WJ. Prognostic values of LDH and CRP in cervi-
cal cancer. Onco Targets Ther 2020; 13: 1255-
1263.

[25]	 Liberti MV and Locasale JW. The warburg ef-
fect: how does it benefit cancer cells? Trends 
Biochem Sci 2016; 41: 211-218.

[26]	 Kocianova E, Piatrikova V and Golias T. Revisit-
ing the warburg effect with focus on lactate. 
Cancers (Basel) 2022; 14: 6028.

[27]	 Tang Q, Li X and Sun CR. Predictive value of 
serum albumin levels on cancer survival: a pro-
spective cohort study. Front Oncol 2024; 14: 
1323192.

[28]	 Gupta D and Lis CG. Pretreatment serum albu-
min as a predictor of cancer survival: a system-
atic review of the epidemiological literature. 
Nutr J 2010; 9: 69.

[29]	 Liu C, Jin Y and Fan Z. The mechanism of war-
burg effect-induced chemoresistance in can-
cer. Front Oncol 2021; 11: 698023.

[30]	 Pathria G, Scott DA, Feng Y, Sang Lee J, Fujita 
Y, Zhang G, Sahu AD, Ruppin E, Herlyn M, Os-
terman AL and Ronai ZA. Targeting the War-
burg effect via LDHA inhibition engages ATF4 
signaling for cancer cell survival. EMBO J 
2018; 37: e99735.

[31]	 Yang X, An J, Zhang Y, Yang Y, Chen S, Huang M 
and Wu L. Prognostic nomograms predicting 
survival in patients with locally advanced cervi-
cal squamous cell carcinoma: the first nomo-
gram compared with revised FIGO 2018 stag-
ing system. Front Oncol 2020; 10: 591700.

[32]	 Chen W, Xia X, Xie X, Wei Y, Wu R, Cai W and 
Hong J. Nomogram for prognosis of elderly pa-
tients with cervical cancer who receive com-
bined radiotherapy. Sci Rep 2023; 13: 13299.

[33]	 Ibis K, Ilgin C, Suncak L, Akbas CK, Bolukbas 
D, Denizli M, Azizy A, Yilmaz B, Ozben SG, Celik 
AI, Kucucuk NS and Yirgin IK. Prognostic sig-
nificance of nomogram and t-score in locally 
advanced cervical cancer patients treated with 
curative chemoradiotherapy and image-guided 
brachytherapy: a single-center retrospective 
study. Diagnostics (Basel) 2025; 15: 2142.

[34]	 Xavier SP, Galvão ND, das Neves MAB, da Silva 
KM, Almeida AQN and Silva AMCD. Nomogram 
model for predicting the long-term prognosis of 
cervical cancer patients: a population-based 
study in Mato Grosso, Brazil. BMC Cancer 
2025; 25: 684.


