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Abstract

Objective: The combined impact of nutritional and inflammatory status on survival of cervical cancer patients
remained unclear. This study aimed to construct a survival nomogram involving both nutritional and
inflammatory indicators and evaluate their potential correlation.

Methods: This retrospective study included 325 cervical cancer patients who received adjuvant radiotherapy
between September 2010 and September 2020. Baseline nutritional indicators such as body mass index (BMI),
controlling nutritional status (CONUT) and serum albumin were assessed. Inflammatory indicators of
platelet/lymphocyte ratio (PLR), neutrophil/lymphocyte ratio (NLR), systemic immune inflammation index (SII)
and system inflammation response index (SIRI) were evaluated respectively. The LASSO regression and Cox
regression models were applied for variable selection and nomogram building. The predictive accuracy and
superiority of prognostic model were assessed by area under curve (AUC), C-index, decision curve analysis
(DCA), integrated discrimination improvement (IDI) and net reclassification improvement (NRI).

Results: Patients with high inflammatory indicators (PLR, NLR and Sll) and poor nutritional status (CONUT
scores > 2) suffered poorer prognosis compared to these with well nutritional status and lower inflammation
levels. Our study unveiled a positive correlation between malnutrition and hyperinflammation. Even after
accounting for baseline inflammatory level, malnutrition remained a significant risk factor for patients. Notably,
the inflammatory level and nutritional status were further modulated by the clinical features of patients.
Patients with poorer nutritional status exhibited higher levels of PLR, NLR, Sl and SIRI, particularly for those in
advanced clinical stages and with non-squamous cell carcinoma. In addition, our study found elevated levels of
circulating basophil and serum carbohydrate antigen 125 (CA125) were associated with the poor prognosis.
The prognostic nomogram which incorporated the nutritional-inflammatory indicators of PLR and CONUT
showed a favorable performance with the AUC value of 0.76 at 5-year survival prediction. The DCA, IDI and
NRI consistently demonstrated the favorable superiority of the model. Moreover, the nomogram-based risk
stratification system could effectively classify patients into three mortality risks subgroups.

Conclusions: Poorer nutritional and high inflammatory status collectively contributed to the poorer
prognosis. The prognostic nomogram which incorporated nutritional-inflammatory indicators significantly
improved the prediction of long-term outcomes of cervical cancer patients undergoing adjuvant radiotherapy.
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Introduction

Cervical cancer (CC) continues to be a significant
global health burden, ranking fourth in both cancer
incidence and mortality among women[1].
Postoperative adjuvant radiotherapy had significantly
improved the overall survival (OS) of CC patients
with adverse pathological factors after surgery[2].
However, approximately 10-20% of these patients still
suffered poor outcomes, with a 5-years OS around
75%[3]. The International Federation of Gynecology
and Obstetrics (FIGO) staging system was commonly
utilized to provide guidance for the choice of
treatment and evaluation of prognosis[4]. However,
observed disparities in prognosis within similar
stages highlighted the limitations of relying solely on
FIGO staging system[4, 5]. Identifying high-risk
patients and implementing individualized treatment
strategies to improve the prognosis remained a
challenge for clinicians.

Malnutrition was associated with the poor
clinical outcomes of many malignant tumors
including  CC[6-10].  Traditionally, laboratory
nutritional biomarkers were widely used for the
assessment of malnutritional risk, such as serum
albumin, retinol-binding protein (RBP) and serum
cholesterol[11]. Building upon these serum nutritional
biomarkers, multifactorial nutritional assessment
tools like the Controlling Nutritional Status (CONUT)
and Prognostic Nutritional Index (PNI) had been
developed, offering simple and effective assessment
methods for hospitalized patients. Prior research
indicated that high-risk of malnutrition assessed by
CONUT and PNI were associated with poor
prognosis in CC patients receiving postoperative
radiotherapy[12, 13]. Nutrition and inflammation
were intricately intertwined, jointly influencing the
clinical outcomes of cancer patients[14]. Tumor-
associated inflammatory response served as a pivotal
driving force behind malnutrition of patients[15].
Alterations in peripheral circulating blood cells count
and distribution mirrored the systemic inflammatory
response, typically manifested by neutrophilia,
thrombocytosis, and relative lymphopenia[16].
Previous studies have highlighted the potential of
inflammatory indicators evaluated by complete blood
count (CBC) as prognostic factors in cervical
cancer[5]. The prognostic value of platelet/
lymphocyte ratio (PLR) had gained significant
attention in recent researches with widespread
applications in various cancers including CC[17, 18].
Previous researches indicated that patients with high
inflammatory levels of systemic immune inflamma-
tion index (SII) or system inflammation response
index (SIRI) experienced worse clinical outcomes in
CC[19, 20]. Moreover, other multiparametric

inflammatory indicators, such as the
lymphocyte-to-monocyte ratio (LMR) and
neutrophil-to-lymphocyte ratio (NLR), had been
confirmed as promising prognostic indicators in
CCJ21, 22].

Despite accumulating studies had highlighted
the prognostic value of the inflammatory and
nutritional indicators in CC. However, the majority of
published risk analysis reports were primarily limited
to identifying "which is a risk factor". This study
aimed to explore the correlation between nutritional
and inflammatory indicators and investigate their
combined impact on CC patients receiving
postoperative radiotherapy.

Materials and methods

Study population

This retrospective study ultimately enrolled 325
CC patients who received postoperative adjuvant
radiotherapy from September 2010 to September 2020.
Radiotherapy was performed approximately 4 weeks
after radical hysterectomy. Pathological staging was
reassigned according to the 2018 FIGO guidelines. All
patients were treated with external beam pelvic
irradiation delivered by using intensity-modulated
radiation therapy (IMRT). The clinical target volume
encompassed the upper vagina, paracervical tissues,
and the common, external, and internal iliac, presacral
and obturator lymph node regions, as defined by the
Radiation Therapy Oncology Group guidelines for
whole pelvis radiotherapy. The radiation dose was
delivered in fractions of 1.8-2.0 Gy, for a total average
dose of 50.4 Gy. Concurrent chemotherapy utilized a
platinum-based regimen. Adjuvant brachytherapy
was administered postoperatively to patients with
positive or close surgical margins.

Patients who met the inclusion criteria were
eventually enrolled in the study cohort. Inclusion and
exclusion criteria: (1) Patients with cervical cancer
who have undergone postoperative adjuvant
radiotherapy were included into the study
population. (2) Patients with the absence of baseline
data were excluded from the study population. (3)
Patients who had incompletely or inaccurately
documented medical history were excluded. (4)
Patients with severe endocrine and metabolic
diseases, as well as infectious conditions were
excluded from the study population. (5) Patients with
autoimmune, or severe hepatic or renal disease were
excluded from the study population. (6) Cases of lost
to follow-up were excluded. A follow-up schedule
was implemented, with visits occurring every three
months for the first two years post-treatment,
followed by annual visits, including hospital and local
healthcare facility reviews, outpatient visits, inpatient
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assessments, and telephonic consultations. This study
aimed to assess OS as the primary clinical outcome
which was defined as the time from initiation of
radiotherapy to death or the end of follow-up.

Data collection

In this study, data extracted for each patient
involved 42 potential prognostic variables (detailed in
Table S1). The selected clinical and morphologic
characteristics included age at onset, histological
subtypes, and FIGO stages. Due to the release of the
new version of the staging, we adjusted the staging
based on the actual situation of the patient according
to the 2018 version of the FIGO staging system. We
further categorized the FIGO stages into the following
three groups, including IB2-IB3, 1IA1/IIA2/IIB and
IIC1/1IIC2.

The current study included the following
nutritional-inflammatory indicators (detailed in Table
S2): total protein, albumin, prealbumin, serum
creatinine, retinol binding protein, total cholesterol,
BMI, CONUT scores, prognostic nutritional index
(PNI), platelet-to-lymphocyte (PLR), neutrophil-to-
lymphocyte (NLR), monocyte -to- lymphocyte (MLR),
systemic immune inflammation index (SII), system
inflammation response index (SIRI), white blood cell
count, red blood cell count, hemoglobin
concentration, platelet count, lymphocyte count,
monocyte count, neutrophil count, basophil count,
eosinophil count, lymphocyte percentage, monocyte
percentage,  neutrophil  percentage,  basophil
percentage, eosinophil percentage, mean corpuscular
volume (MCV), mean corpuscular hemoglobin
(MCH), mean platelet volume (MPV), platelet
distribution width (PDW), red cell distribution width
(RDW), platelet hematocrit (PCT). The CONUT score
was a nutritional screening tool that incorporated
serum albumin, total cholesterol, and lymphocyte
count. It ranged from 0 to 12, with higher scores
indicating worse nutritional status: 0-1 = normal, 2-4 =
mild malnutrition, 5-8 = moderate malnutrition, and
9-12 = severe malnutrition[23]. Table S3 provided
detailed definitions of multiparameter nutritional-
inflammatory indicators such as SII and PNI.

The serum tumor markers incorporated in the
current study included carcinoembryonic antigen
(CEA, ng/mL), carbohydrate antigen 125 (CA125,
U/mL), carbohydrate antigen 153 (CA153, U/mL),
carbohydrate antigen 199 (CA199, U/mlL) and
squamous cell carcinoma antigen (SCC-Ag, ug/mL).

ALL of the abovementioned parameters were
test and evaluated in all patients with 1 week before
radiotherapy. In order to optimize sensitivity and
specificity and improve the overall accuracy and
utility of the test, the optimal cutoff values of

continuous variables were determined by the
maximum Youden index (sensitivity + specificity - 1)
to convert them into high and low group (detailed in
Table S1).

Statistical analysis

Statistical analyses were performed using R
(version 4.3.2) and GraphPad Prism (version 10.1.2).
Youden index (sensitivity + specificity - 1) was used to
identify the optimal cut-off points for continuous
variables like age and lymphocyte count. Baseline
characteristics were compared between different
cohorts using Chi-square and Fisher's exact tests.
Survival analysis was performed by using the
univariate Cox regression and Kaplan-Meier method.
The Log Rank Test was used in survival analysis to
compare the survival distributions of groups. The
LASSO Cox regression and bidirectional stepwise
multivariate Cox regression analysis were employed
to construct the prognostic nomogram model.
Schoenfeld residuals was employed to assess the
validity of the Proportional Hazards Assumption.
Multicollinearity was evaluated wusing variance
inflation factors (VIFs; cut-off > 2). The AUC, C-index,
and calibration curves were employed to assess the
predictive accuracy of the prognostic model. The
nomogram's potential for clinical benefit and its
incremental value in risk prediction were assessed by
using DCA, NRI and IDI Student's t-test and
Mann-Whitney U test were employed to analyze
differences between groups. A significant difference
was considered if the two-sided P-value was < 0.05.

Results

Clinical characteristics of study population

With a median follow-up of 50 months, the
overall survival rates of study patients were 86.9%,
83.6%, and 76.4% at 3, 4, and 5 years, respectively
(Figure S1). The primary clinical characteristics of the
entire study cohort were summarized in Table 1. The
median age of patients were 50 years at diagnosis,
ranging from 26 to 76 years. Squamous cell carcinoma
was the most prevalent histological subtype (83.4%).
Adenocarcinoma and other histological types were
observed in 29 and 25 cases, respectively. Patients
were regrouped according to the FIGO 2018
guideline, with stage IIIC1 being the most frequent
(31.7%). Lymph node metastasis was observed in 114
patients. A comprehensive overview of clinical
features of total cohort were provided in Table S1. The
enrolled patients were randomly divided into the
training group (251 cases) and the validation group
(124 cases) at a ratio of 2:1. No significant differences
in baseline nutritional-inflammatory indicators were
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observed between the training and testing cohorts.
(Table S2).

Table 1. Clinical characteristics of the patients.

Patient Characteristics Number Percentage (%)
Age

Median age 50 (range 26-76)

<45 141 43.4%
>45 184 56.6%
KPs

<70 5 1.5%
>70 320 98.5%
FIGO Stage

Stage IB2 76 23.4%
Stage IB3 23 7.1%
Stage IIA1 56 17.2%
Stage IIA2 46 14.2%
Stage 11B 10 3.1%
Stage IIIC1 103 31.7%
Stage IIIC2 11 3.4%
Histology

Squamous Cell carcinoma 271 83.4%
Adenocarcinoma 29 8.9%
Other 25 7.7%
Lymph node status

No 211 64.9%
Yes 114 35.1%

Abbreviations: KPS, Karnofsky performance status; FIGO, International Federation
of Gynecology and Oncology

Survival difference between patients with
different nutritional and inflammatory status
Elevated inflammatory indicators of PLR (P =
0.003), NLR (P = 0.046), and SII (P = 0.005) were
associated with shorter overall survival rates. Patients
with mild or moderate malnutrition (CONUT scores >
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2) suffered poorer prognosis compared to those with
normal nutritional status (CONUT scores < 2) (P =
0.002). Kaplan-Meier survival curves illustrated the
survival differences between patients with different
levels of nutrition and inflammation (Figure 1).

Construction of the prognostic model and risk
stratification system

To identify the most significant prognostic
factors, we utilized a multi-step variable selection
process as illustrated in Figure 2. In the training
cohort, seventeen features were considered as
potential prognostic factors (P < 0.20) from univariate
Cox regression analysis (Table S1). The LASSO
regression achieved its minimum penalized
log-likelihood at the optimal tuning parameter A\ of
0.017 (Figure 3). Thirteen variables with non-zero
coefficients were identified by LASSO regression
analysis (Figure 3A). Subsequently, these thirteen
features were subjected to bidirectional stepwise
multivariate Cox regression analysis which yielded
seven optimal predictors with significant prognostic
value: basophil count, PLR, CA125, SCC-Ag, CONUT
score, histologic subtype, and FIGO stage (Figure 3C).
Finally, a prognostic model based on the seven
predictive factors was presented in the form of a
visual nomogram to predict the 3-, 4-, and 5-year OS
(Figure 4A). The proportional hazard assumptions of
these variables and the entire model were further
evaluated and no significant violations were detected
(Figure S2). Additionally, the variance inflation factor
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Figure 1. Kaplan-Meier survival analysis. (A) Controlling Nutritional Status (CONUT) score, (B) platelet-to-lymphocyte ratio (PLR), (C) neutrophil-to-lymphocyte ratio (NLR),

(D) systemic immune inflammation index (SI).
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(VIF) did not exceed 2, indicating no collinearity
issues among the prognostic variables (Table S4).

A three-tier risk stratification system was
constructed based on the prognostic model to
facilitate the distinction of patients with different
mortality risk levels. The nomogram was employed to
calculate the total risk scores of each patient. To
identify patients at differential risk of mortality, the
"cutoff" package in R software was employed to
determine optimal cut-off points (245 and 323) for

stratifying patients into low-risk, intermediate-risk,
and high-risk groups. Kaplan-Meier survival analysis
with log-rank test revealed statistically significant
differences in survival curves among all three risk
groups (Figure 4B). The heatmaps intuitively
illustrated the positive correlation between risk scores
and expression of risk factors (Figure 4C).
Additionally, a marked positive correlation was
observed between patient survival outcomes and their
corresponding risk scores (Figure 4D).

L Patients with CC following postoperative RT from 2010 to 2020 (N = 380)

Exclusion:
1. Incomplete clinical data (n = 23)
2. Comorbid infectious diseases(n = 10)
3. Combined with second tumor (n = 3)
4. Lost follow-up (n=19)

L Study population (N = 325)

l

v

v

Training cohort (N =217) |

[ Validation cohort (N =108) |

v

1 Potential prognostic variables included in the study
R e
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Selection of key prognostic factors for model construction
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Figure 2. Study

flow of constructing the prognostic nomogram model.
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Validation of the prognostic model

In the validation cohort, the AUC for predicting
OS at 3, 4, and 5 years achieved values of 0.71, 0.73
and 0.76, respectively (Figure 5A-5C). Time-
dependent C-index analysis revealed that the
nomogram significantly outperformed the sole FIGO
staging system in predicting survival outcomes in all
cohorts (Figure 5D-5F). Calibration curves displayed
excellent concordance, indicating a strong correlation
between the nomogram's predictions and observed
OS (Figure 5G- 5I)). The DCA further substantiated
the nomogram's clinical utility, which demonstrated a

substantial net benefit in predicting 3-, 4-, and 5-year
OS across a wide range of threshold probabilities
(Figure 5]-5L)). Results of NRI and IDI analyses
demonstrated the favorable applicability of the
prognostic model (Table 2).

Interrelationships among inflammatory levels,
nutritional status, and clinicopathological
features in cervical cancer patients underwent
postoperative radiotherapy

A significant elevation of inflammatory
indicators of PLR, NLR, SII, and SIRI was observed in
patients categorized as mild or moderate malnutrition
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(CONUT scores > 2) (Figure 6A-6D). The results
showed a higher prevalence of both advanced FIGO
stages and non-squamous cell carcinoma in
malnourished patients (Figure 6]). Patients with
advanced FIGO stages exhibited significantly higher
levels of PLR, NLR, SII, and SIRI compared to those
with early FIGO stages (Figure 6E-6H). While a
markedly lower of PNI was observed in patients with
advanced FIGO stages or non-squamous cell
carcinoma (Figure 6I). Furthermore, we examined the

A

020 30

Points

association between nutritional status and prognosis
of patients across varying inflammatory levels. In the
presence of elevated NLR and SIRI levels (Figure S3B,
S3D), malnutritional patients exhibited a poorer
prognosis. Similarly, for patients with low PLR levels
(Figure S3E), malnutritional status was associated
with a diminished OS. Malnutritional status was
linked to a decreased OS in patients with both low
and high SII levels (Figure S3C, S3G).
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(L) 5-year OS prediction in total cohort.
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Figure 6. Correlations among inflammatory-nutritional indicators and clinicopathologic features. The figures illustrated the differential expression of inflammatory indicators in
malnourished and well-nourished cervical cancer patients: (A) platelet-to-lymphocyte ratio (PLR), (B) neutrophil-to-lymphocyte ratio (NLR), (C) systemic immune inflammation
index (Sll), (D) system inflammation response index (SIRI). The figures illustrated the differential expression of inflammation-nutrition indicators in different FIGO stages and
histological types: (E) PLR, (F) NLR, (G) SlI, (H) SIRI, (I) PNL. (J) Distribution of FIGO stages and histological types between well-nourished and malnourished patients. P-values
< 0.05 are considered statistically significant. *P < 0.05; **P < 0.01; ***P < 0.001, ****P < 0.0001.

Table 2. NRI and IDI of the nomogram in survival prediction compared with FIGO staging system.

Index NRI IDI

Estimate (95% CI) P-value Estimate (95% CI) P-value
Training group
For 3-year OS 0.37 (0.06-0.55) 0.016 0.10 (0.03-0.25) <0.001
For 4-year OS 0.26 (0.10-0.52) 0.008 0.10 (0.03-0.26) <0.001
For 5-year OS 0.34 (0.19-0.62) <0.001 0.16 (0.08-0.33) <0.001
Validation group
For 3-year OS 0.31 (-0.07-0.61) 0.132 0.06 (0.00-0.32) 0.044
For 4-year OS 0.42 (0.06-0.63) 0.016 0.08 (0.02-0.32) 0.004
For 5-year OS 050 (0.17-0.73) <0.001 0.17 (0.07-0.37) <0.001
Full group
For 3-year OS 0.30 (0.07-0.41) 0.004 0.08 (0.03-0.18) <0.001
For 4-year OS 0.22 (0.18-0.46) <0.001 0.08 (0.03-0.19) <0.001
For 5-year OS 0.40 (0.23-0.60) <0.001 0.15 (0.08-0.27) <0.001
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Discussion

Cervical cancer patients with poorer nutrition
(Figure 1A) or high inflammation (Figure 1B-1D)
showed poorer prognosis compared to these with
well nutrition and lower inflammatory levels. A
positive correlation between poor nutritional status
and elevated inflammatory indicators were observed
(Figure 6A-6D). Patients with advanced FIGO-stages
or non-squamous cell carcinoma exhibited elevated
inflammatory and malnutritional indicators (Figure
6E-6]). Notably, after controlling inflammatory levels,
malnutritional status remained a significant risk
factor (Figure S3). Finally, the prognostic model and
risk stratification system (Figure 4) which integrated
the inflammatory and nutritional indicators of PLR,
and CONUT score showed improved predictive
ability.

There's quite a body of research had identified

certain  nutritional-inflammatory  indicators as
independent  prognostic  factors in  cervical
cancer[24-27]. However, heterogenous outcomes

among these studies has been reported. Disparity in
the study cohort size, difference in treatment,
selection criteria for FIGO stages, and timing of data
collection further contribute to these discrepancies.
Additionally, the current problem is that most of these
risk-analysis reports such as Guo J et al, Ferioli M et al
and Ida N et al can provide information only on
“which one is the risk factor”[25, 26, 28]. Nomograms
have showed improved predictions and more
individualized predictions compared with traditional
staging systems in various malignancies including
cervical cancer[29-31]. In earlier research, Wang et al.
introduced a nomogram that incorporated the
pretreatment levels of platelets and neutrophils,
aiming to forecast the prognosis of cervical cancers
patients  undergoing radical radiotherapy[32].
Subsequently, Guo et al. developed a nomogram that
included variables such as stages, BMI, NPR, PNI, SII,
sarcopenia, and the intra-muscular adipose index to
predict outcomes in cervical cancer[33]. Another
investigation by Wang and colleagues revealed
associations between PNI, GNRI, NLR, PLR, MLR,
and survival in stage IIB-III cervical cancer patients
receiving radiotherapy, leading to the construction of
several nomograms based on these prognostic
factors[24]. Nonetheless, the effectiveness and
discriminative capacity of the nomogram by Guo et al.
have not been thoroughly evaluated, and the
consistency of Wang et al's nomogram was not
tested[24, 33]. In addition, since the majority of the
novel predictor factors will be of major value only if
they add to the predictive value of traditional clinical
and morphologic predictors. The clinical utility and

added prognostic value of  integrating
nutritional-inflammatory indicators with traditional
clinicopathological factors remain unexamined in
published prognostic models. The comparative
effectiveness of these nomograms to conventional
staging systems, like the FIGO staging system, is
unclear. Additionally, most of the nutritional-
inflammatory prognostic factors were identified by
using univariate and multivariate Cox regression
analysis. = Potential =~ multicollinearity = among
nutritional-inflammatory indicators derived from
hematological parameters, including PLR, NLR, SII,
SIRI, and PNI, might compromise the reliability of a
nomogram  constructed  solely using  Cox
regression[34].  Therefore, employing LASSO
regression for selecting essential prognostic factors
could offer a more suitable method for nomogram
construction[35].

Cervical cancer patients who received
postoperative adjuvant radiotherapy exhibited a
higher incidence of treatment-related adverse events,
including bowel dysfunction, urinary complications,
and fatigue, compared to those receiving radio-
therapy alone[36]. Concurrently, tumor-induced
metabolic disturbances exacerbated these effects,
predisposing patients to malnutrition, which may
impact treatment efficacy and overall prognosis[10].
However, the impact of pretreatment nutritional-
inflammatory status on the long-term prognosis of
patients receiving postoperative adjuvant
radiotherapy remains inadequately explored. Our
study focused exclusively on patients who received
postoperative radiotherapy. In the current study,
LASSO regression and stepwise regression were
employed to identify key predictors while mitigating
the influence of multicollinearity among variables
(Figure 3, Figure 52, Table S4). In our study, a novel
prognostic model incorporating both nutritional and
inflammatory indicators was developed, which
uniquely included basophil count and CA125 as
predictive factors (Figure 4A). The nomogram
incorporating  nutritional-inflammatory  factors
demonstrated superior predictive accuracy for
long-term patient outcomes compared to the
traditional FIGO staging system (Figure 5, Table 2).
Furthermore, our prognostic model was superior to
the models of Wang HB et al and Wang H et al (Figure
S4, Table S5)[24, 32]. However, the observed
differences might be influenced by variations in
patient enrollment criteria and treatment regimens.
The findings of this study implied that a combined
therapeutic approach targeting nutritional
improvement and inflammation reduction prior to
radiotherapy held promise for improving the overall
survival of cervical cancer patients requiring
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postoperative adjuvant radiotherapy.

Tumor-associated inflammatory contributed to
the impaired immune function and treatment
resistance[37, 38]. Despite the hematological-derived
inflammatory biomarkers may provide an incomplete
picture of systemic inflammation response in cancer
patients, potentially leading to inaccurate classifica-
tion of inflammatory status. Systemic inflammatory
biomarkers such as PLR, SII and SIRI offered
advantages due to their simplicity, cost-effectiveness,
and practicality. These inflammatory biomarkers
were gaining increasing attention for their potential
role in assessing prognosis and guiding treatment
decisions in multiple cancers including cervical
cancer. Consistent with published researches[8, 39],
we found elevated inflammatory indicators of PLR,
NLR, and SII were independent risk factors in CC
(Figure 1). Platelet-derived cytokines, such as VEGF,
have been shown to be critical drivers of tumor
development[39].  Additionally,  tumor-induced
inflammatory cytokines, such as interleukin-6 (IL-6),
had been implicated as key drivers of elevated platelet
counts observed in cervical and ovarian cancer
patients[18, 40]. This interplay may establish a vicious
cycle, further accelerating tumor progression.
Moreover, our study unveiled the potential of
basophil as a novel prognostic biomarker in CC
(Figure 3C). Despite their relatively low abundance,
basophils induced immune mediators such as
VEGF-A/B and histamine were implicated in tumor
progression[41]. However, the underlying
mechanisms and specific role of basophil in CC
remained further investigation.

Multiple studies have indicated the high
prevalence of malnutrition in CC particularly for
patients receiving postoperative radiotherapy[8, 36].
In our study, 54.8% (CONUT > 2) and 20.3% (BMI <
18.5 kg/m?2) of CC patients were classified as mildly
or moderately malnourished before receiving
radiotherapy, respectively (Table S1). Notably, high
levels of inflammation had been well-established as a
potent driver of malnutrition, leading to a substantial
deterioration in their nutritional status[7]. Previous
studies have demonstrated that elevated levels of
pro-inflammatory cytokines, including IL-1p, IL-6,
and TNF-a, played a significant role in the
pathogenesis of cancer-associated cachexia[14, 15].
Malnourished patients with gynecological cancers
suffered significantly poorer prognosis compared to
well-nourished patients, even after adjusting the
high-risk tumor characteristics[6]. Pervious researches
had highlighted a critical challenge in cancer care for
the diminished responsiveness to nutritional support
in patients with high levels of inflammation[15]. Our
study further revealed that after controlling the

baseline inflammatory levels, patients with well
nutritional status still experienced a better prognosis
compared to these with poor nutritional state (Figure
S3). These findings highlighted the imperative for a
multifactorial approach to managing
cancer-associated malnutrition. A multi-targeted
therapeutic strategy targeting on the concurrent
modulation of inflammatory and nutritional status
held promise for improved prognosis of patients with
CC.

The current study possessed inherent limitations
that necessitated further research. The retrospective
design and relatively modest sample size restricted
the generalizability of our findings. While we
endeavored to incorporate a comprehensive set of
relevant variables, some inflammatory and nutritional
biomarkers associated with prognosis remained
unattainable. Moreover, the absence of external
validation by another institution limited the
generalizability of our proposed prognostic model.
Further prospective research is warranted to validate
the effectiveness of combined nutritional and
inflammatory interventions in improving patient
quality of life and prognosis.

Conclusions

The current study unveiled the poorer
nutritional and high inflammatory status collectively
contributed to the poorer prognosis of patients with
cervical cancer who received the adjuvant
radiotherapy. Patients with poorer nutritional status
exhibited higher levels of inflammation, particularly
those in advanced clinical stages and with
non-squamous cell carcinoma. The prognostic model
incorporating both inflammatory and nutritional
parameters held promise for enhancing the prediction
of overall survival in patients receiving postoperative
radiotherapy.
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