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Purpose: To establish a pragmatic and effective predictive model for monitoring the recovery of radiation enteritis (RE) in cervical
cancer patients undergoing concurrent chemoradiotherapy (CCRT).

Methods: This study included 105 cervical cancer patients undergoing CCRT. We assessed baseline clinicopathologic characteristics,
evaluated the effects of CCRT on circulating immune cells, tumor biomarkers, and inflammatory cytokines, and developed a predictive
scoring system, the Immune-Tumor-Score (ITS), using the LASSO-Cox regression model. The model performance of LASSO-Cox
and nomogram was compared via ROC curve and calibration curve.

Results: The median age of the patients was 55 years, with 53.3% having a normal BMI and 46.7% having positive lymph nodes.
Post-CCRT, significant decreases were observed in lymphocyte counts, T-cell subpopulations, and tumor markers (CA125, TPA,
SCCA, CYFRA21). The CD4/CD8 ratio and IL10 levels were significantly higher post-CCRT, while inflammation indexes (NLR,
ELR) increased, and LMR decreased. The ITS, derived from 11 significant parameters, effectively predicted RE recovery, out-
performing a traditional nomogram. Higher ITS scores correlated with shorter RE recovery times, as validated by Kaplan—Meier
analyses and ROC curves (AUC = 0.822).

Conclusion: The ITS system provides a robust and reliable tool for predicting RE recovery in cervical cancer patients undergoing
CCRT, surpassing traditional models in accuracy and reliability. This tool enables better patient management by allowing for timely
interventions and personalized treatment strategies. Future research should focus on validating these findings in larger cohorts and
integrating additional clinical parameters to enhance the predictive power of the ITS.

Keywords: radiation enteritis, cervical cancer, concurrent chemoradiotherapy, inflammatory-tumor score, LASSO-Cox regression
model

Introduction

Cervical cancer is a major global health concern, ranking as the fourth most prevalent cancer and the fourth leading cause
of cancer-related death in females worldwide.! As per the 2020 estimates from the Global Cancer Observatory, China, is
expected to account for over 18% of all cervical cancer cases and approximately 17% of estimated global deaths from
this disease.> Although several Asian countries have reported a decline in cervical cancer incidence, the rate in China has
remained relatively stable, even showing a slight increase between 2007 and 2017.>
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Radiotherapy is a cornerstone in the treatment of cervical cancer, especially for patients with advanced disease or
those unsuitable for surgery.3 However, radiation enteritis (RE), a common side effect of pelvic radiotherapy, can
significantly impact patients’ quality of life, treatment compliance, and overall treatment duration.*>

Previous studies have identified the factors that contribute to RE, such as the small bowel radiotherapy and the
interruptions during radiotherapy.>® In 2023, Zhou’s group highlighted that the anal bulge rating and disease activity
index (DAI) score were independent predictors of severe acute RE.” While, the factors that contribute to the DAI score,
such as weight loss, stool viscosity, and stool bleeding, may not comprehensively represent the spectrum of symptoms
and side effects experienced by cervical cancer patients undergoing radiotherapy.” This underscores the need for further
research to establish more accurate and comprehensive prediction system for RE in cervical cancer patients.®

To address this issue, our study explored a novel prognostic scoring system, the Inflammatory-Tumor marker Score
(ITS). This system leverages peripheral blood count, inflammatory, and tumor markers before and after CCRT to predict
the RE recovery status in cervical cancer patients. We propose that the ITS scoring system can enhance clinicians’
strategic decision-making and patient management, offering a more accurate prediction of RE recovery. Our study aims
to contribute to the development of more precise and comprehensive prediction systems for radiation enteritis in cervical
cancer patients, ultimately improving patient outcomes.

Materials and Methods

Inclusion Criteria and Exclusion Criteria

Patients and Study Design

We enrolled 105 cervical cancer patients treated with CCRT at the Second Affiliated Hospital of Chongqing Medical
University from January 2019 to January 2022. Patients received standard treatment using a Vitalbeam linear accelerator
(Varian, USA) and 3D conformal radiation technique. Eligibility criteria includes: 1) stage IB2 or above (FIGO 2018)
cervical cancers; 2) standard CCRT; 3) unsuitable for resection according to guideline; 4) no preoperative parenteral
nutrition, acute inflammation, immune diseases, COVID-19 infection or other malignancies; and 5) available clinico-
pathological and follow-up data. Patients with emergency surgery due to complications or death within 30 days post-
CCRT were excluded. Inclusion required meeting the RE diagnostic criteria per the Common Terminology Criteria for
Adverse Events (CTCAE).’

This study was approved by the Institutional Review Board and in accordance with the Declaration of Helsinki and its
later amendments or comparable ethical standards. Informed consent was obtained from each patient before enrollment.
They were fully informed about the study’s purpose, procedures, potential risks, and benefits. The patients were assured
that their participation was voluntary and that they could withdraw from the study at any time without any repercussions.
Confidentiality of personal data was strictly maintained throughout the study.

Data Collection and Definition of Variables

Clinicopathological information was collected, including age at diagnosis, tumor sites, pathological tumor type, and stage
(FIGO, 2018). Patients underwent routine procedures, and clinical and pathological data were retrospectively reviewed.
The routine procedure encompasses hematological analysis, assessment of hepatic and renal functionality, as well as
screening for tumor markers, among others. A total of 33 continuous variables were included as follows: RBC,
hemoglobin (Hb), white blood cell count (WBC), neutrophil count (NC), lymphocyte count (LC), monocyte count
(MC), eosinophil count (EC), BC, PLT, CA125, CA50, CEA, CYFRA21, SCCA, TPA, CD3+ T lymphocyte count, CD4+
T lymphocyte count, CD4+/CD8+ lymphocyte ratio, CD8+ T lymphocyte count, IL2, IL4, IL6, IL10, TNF-a, and IFN-y.
All variables were determined using routine laboratory technique and performed in accordance with the manufacturer’s
instructions. The NLR, lymphocyte-to-monocyte ratio (LMR), eosinophil-to-lymphocyte ratio (ELR), and platelet-to-
lymphocyte ratio (PLR) were calculated as follows: NLR = N/L, LMR = L/M, ELR = E/L, PLR = P/L (N: neutrophil
count, L: lymphocyte count, M: monocyte count, E: Eosinophil count, and P: platelet count). SII, was calculated as
follows: SII = P x N/L. The formula for calculating the SII was based on previously published research by Hu et al.'”
Prefixes “pre” and “po” denote pre- and post-CCRT parameters, respectively. The pre-CCRT parameters are measured
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within 7 days before the start of CCRT, while the post-CCRT parameters are obtained within 7 days after the completion
of CCRT.

Cutoff Values of Inflammatory Indexes and Patient Follow-Up

The cutoff values of NLR, LMR, ELR, PLR, and SII were determined via X-tile software (Yale University).11 After
analyses, NLR = 9.68, LMR = 2.56, ELR = 0.22, PLR = 413.7, and SII = 1284 were the most accurate cut-off values for
RE patients. The RE-free time (REFT) was defined as the time from the incidence of RE until recovery from RE. The
median follow-up period is 15 days.

Statistical Analysis

Continuous variables were compared with Student’s #-test or Chi-squared test. LASSO-Cox regression model was
employed to select the most useful prognostic variables from all available hematological, inflammatory, and tumor
biomarkers. This model utilizes an L1 penalty to shrink the regression coefficients towards zero, thereby reducing the risk
of overfitting. The optimal penalty parameter, lambda, was determined through a 10-fold cross-validation process with
minimum criteria. Features retained with nonzero coefficients were utilized to construct the ITS. Kaplan—-Meier method
generated RE recovery curves, and Cox proportional hazards models performed univariate and multivariate analyses to
identify independent prognostic factors. Integrating variables and utilizing Cox proportional hazards model, we con-
structed a nomogram to evaluate the prognostic significance of these features on a website platform, Sangerbox 3.0
(http://vip.sangerbox.com/). To compare the predictive accuracy of the LASSO-Cox model and the nomogram, we

performed ROC curves and calibration curves. ROC curves were used to assess the sensitivity and specificity of the
models, while calibration curves compared the predicted survival probabilities with the actual observed outcomes. This
dual evaluation allowed for a comprehensive comparison of the models’ performance in terms of both discrimination and
calibration. Analyses were conducted using SPSS 24.0 and R 4.0.2 (http://www.R-project.org), with p < 0.05 considered
statistically significant.

Results

Baseline Clinicopathologic Characteristics
The baseline clinical characteristics of the 105 patients are shown in Table 1. Participants had a median age of 55 years,
ranging from 24 to 75. Approximately half of the group (53.3%) had a normal body mass index, while the rest (46.7%)

Table | Patients’ Characteristics

Parameter No. of Patients (%)
Age (year)

Median (range) 55 (24-75)
BMI

<19 or >24 49 (46.7%)

19-24 56 (53.3%)
Menopausal status

Premenopausal 38 (36.2%)

Postmenopausal 67 (63.8%)
FIGO stage

IB3 7 (6.7%)

A 14 (13.3%)

1B 21 (20.0%)

A 4 (3.8%)

B 8 (7.6%)

lnc 40 (38.1%)

v Il (10.5%)

(Continued)
International Journal of General Medicine 2024:17 htps: 5909

Dove:


http://vip.sangerbox.com/
http://www.R-project.org
https://www.dovepress.com
https://www.dovepress.com

Zeng et al Dove

Table 1 (Continued).

Parameter No. of Patients (%)
Pathological tumor type
Squamous cancer 75 (71.4%)
Adenocarcinoma 17 (16.2%)
Others 13 (12.4%)
Chemotherapy regimen
Cisplatin 40 mg/m2, QW 75 (71.4%)
Cisplatin 100 mg/m2, Q3W 23 (21.9%)
Carboplatin AUC=5, Q3W 7 (6.7%)
Lymph node
Positive 49 (46.7%)
Negative 56 (53.3%)
Mean dose of organs at risks Gy, xts
Small bowel 32.56%8.52
Rectal 44.55+4.54
Bladder 40.47+5.31
Radiation enteritis degree
| 43 (41.0%)
I 38 (36.1%)
n 21 (20.0%)
v 3 (2.9%)

Abbreviation: BMI, Body-mass index.

were classified outside the normal range (Table 1). In terms of menopausal status, 38 patients (36.2%) were premeno-
pausal, while the remaining 67 (63.8%) were postmenopausal. The majority of patients were diagnosed with squamous
cell carcinoma, which represented 71.4% of cases. Adenocarcinoma was less common, accounting for 16.2% of cases.
Most patients (71.4%) received Cisplatin at a dose of 40 mg/m2 (QW), while others (21.9%) received a higher dose of
Cisplatin at 100 mg/m2 every 3 weeks (Q3W). A smaller subset (6.7%) was treated with Carboplatin (AUC 5) every
3 weeks (Q3W). Lymph node status varied among the participants, with 46.7% showing positive lymph nodes, indicating
metastasis, while the remaining 53.3% had negative lymph nodes. The mean radiation doses received by critical organs at
risk were as follows: small bowel (32.56 + 8.52 Gy), rectum (44.55 + 4.54 Gy), and bladder (40.47 + 5.31 Gy). Radiation
toxicity, based on RTOG criteria, was primarily mild to moderate. Degree I toxicity was noted in 41% of patients, and
degree II in 36.2%. A smaller portion of patients (20%) experienced degree III toxicity, and a rare 2.9% encountered
severe, life-threatening symptoms due to radiation enteritis (degree IV).

CCRT Has a Profound Effect on Circulating Immune Cells, Tumor Biomarkers, and

Inflammation Cytokines

After comparing blood parameters before CCRT (pre-CCRT) and after CCRT (post-CCRT) using a paired Student’s
t-test, several key changes were observed. White blood cell (WBC) and NC remained stable after CCRT, showing no
significant difference between pre- and post-CCRT levels (p > 0.05, Figure 1A). In contrast, eosinophil counts (EC)
increased notably from an average of 0.16 x 10°/L (range 0-0.63) pre-CCRT to 0.25 x 10°/L (range 0—1.44) post-CCRT
(p = 0.002, Figure 1A). BC decreased slightly, with post-CCRT levels at 0.01 x 10°/L (range 0-0.08) compared to 0.02 x
10°/L pre-treatment (p = 0.012, Figure 1A). Lymphocytes, which are markers of inflammation, also declined, with counts
dropping from 1.10 x 10°/L (range 0.12-3.18) pre-CCRT to 0.83 x 10°/L (mean, range 0.09-1.93) post-CCRT (p =
0.012, Figure 1A). Similarly, T cell subpopulations, including naive T cells (CD3+ T), helper T cells (CD4+ T), and
cytotoxic T cells (CD8+ T), all showed substantial reductions post-CCRT (p < 0.001 for all; Figure 1B). The CD4/CD8
ratio, however, was significantly higher after CCRT than before (p = 0.005, Figure 1D).
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Figure | Comparative analysis of various features. Paired Student’s t-test to compare the difference between (A) hematologic counts, (B) T cell subpopulations, (C) tumor
biomarkers, (D) CD4/CD8 ratio and immune cytokines, and (E) integrated indexes. Hb*=Hb/100; SIF*=S11/500; PLR®=PLR/500; *p<0.05; **p<0.01; **p<0.001.

Conventional tumor biomarkers, such as CA125, CA50, CEA, CYFRA21, SCCA, and TPA, were also detected.'*!?
All markers showed significant decreases post-treatment except CA50 and CEA, which remained stable (Figure 1B).
Notable reductions included CA125, which dropped from 27.79 U/mL to 19.14 U/mL (p = 0.006, Figure 1C). TPA is
a pan-cancer serum factor,'* which declined by 53%, from 83.05 U/L to 38.95 U/L (p < 0.0001, Figure 1C). SCCA levels
also fell, from an average of 3.73 ng/mL (range 0.22-46.96) to 2.35 ng/mL (range 0.20-22.36) (p = 0.007, Figure 1C).
The serum concentration of CYFRA21 also dropped from 2.37 ng/mL (range 0.28-28.18) to 1.70 ng/mL (range
0.15-12.66) (p = 0.031, Figure 1C).

To assess changes in the immune microenvironment, we examined immune cytokines (IL2, IL4, IL6, IL10, TNF-a,
and IFN-y)."> Among these, only IL10 showed a significant increase post-CCRT (p = 0.008, Figure 1D), with other
cytokines showing no significant change (p > 0.05, Figure 1D). We also analyzed immune inflammation indexes (NLR,
LMR, ELR, PLR, and SII) as dynamic indicators of immune changes.m*18 Post-CCRT levels of NLR and ELR were
elevated compared to pre-treatment (p = 0.01 and p = 0.02, respectively, Figure 1E). However, the LMR significantly
decreased after CCRT (p = 0.003, Figure 1E). The SII and PLR did not show significant changes pre- and post-CCRT.

Chi-Square Test, Univariate and Multivariate Analysis

Chi-square test results, summarized in Table 2, revealed several significant differences between pre- and post-CCRT
patient groups. Significantly lower LC (p = 0.026) and BC (p < 0.001) were observed in patients post-CCRT patients.
Similarly, post-CCRT patients showed reduced levels of CD3+ T, CD4+ T, and CD8+ T lymphocytes (all p < 0.001). In
contrast, WBC (p = 0.053), NC (p = 0.138) and the CD4/CD8 lymphocyte ratio (p = 0.069) remained stable (Table 2).
Tumor biomarkers also showed significant changes after CCRT. Patients with higher CEA levels had notable reductions
(p = 0.037), and TPA decreased significantly as well (p < 0.001). In terms of immune inflammation indexes, a lower
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Table 2 The Blood Features Before and After CCRT of Cervical Cancer Patients with RE

Features No. of Patients (%) Features No. of Patients (%)

Before CCRT | After CCRT P value Before CCRT | After CCRT P value
Hemoglobin (g/L) IL4 (pg/mL)
<15 80 (76.190%) 89 (84.762%) 0.117 <3.0 99 (94.286%) 98 (93.333%) 0.775
115150 25 (23.810%) 16 (15.238%) 23.0 6 (5.714%) 7 (6.667%)
RBC count (x10'%/L) IL6 (pg/mL)
<38 77 (73.333%) 78 (74.286%) 0.875 <53 46 (43.810%) 40 (38.095%) 0.400
3.8-5.1 28 (26.667%) 27 (25.714%) 253 59 (56.190%) 65 (61.905%)
>5.1 0 0 ILI10 (pg/mL)
WBC count (x10%/L) <491 88 (83.810%) 74 (70.476%) 0.021*
<3.5 20 (19.048%) 24 (22.857%) 0.053 2491 17 (16.190%) 31 (29.524%)
3.5-95 82 (78.095%) 70 (66.667%) TNF-o (pg/mL)
>9.5 3 (2.857%) Il (10.476%) <4.60 97 (92.381%) 97 (92.381%) 1.000
Neutrophil count (x10%/L) 24.60 8 (7.619%) 8 (7.619%)
<18 14 (13.333%) 13 (12.381%) 0.138 IFN-y (pg/mL)
1.8-6.3 84 (80.000%) 76 (72.381%) <7.42 105 (100%) 105 (100%) 1.000
26.3 7 (6.667%) 16 (15.238%) 2742 0 0
Lymphocyte count (x10°/L) Neutrophil Lymphocyte Ratio (NLR)
<l 51 (48.571%) 67 (63.810%) 0.026* <9.68 94 (89.524%) 81 (77.143%) 0.016*
1.1-3.3 54 (51.429%) 38 (36.190%) 29.68 Il (10.476%) 24 (22.857%)
Monocyte count (x10%/L) Lymphocyte Monocyte Ratio (LMR)
<0.1 4 (3.810%) 2 (1.905%) 0.265 <2.56 43 (40.952%) 69 (65.714%) <0.00 |+
0.1-0.6 87 (82.857%) 81 (77.143%) 22.56 62 (59.048%) 36 (34.286%)
>0.6 14 (13.333%) 22 (20.952%) Eosinophil Lymphocyte Ratio (ELR)
Eosinophil count (x10%/L) <0.22 78 (74.286%) 54 (51.429%) <0.00 | ##*
<0.02 10 (9.524%) 15 (14.286%) 0.084 20.22 27 (25.714%) 51 (28.571%)
0.02-0.52 90 (85.714%) 77 (73.333%) Platelet Lymphocyte Ratio (PLR)
>0.52 5 (4.762%) 13 (12.381%) <4137 92 (87.619%) 85 (80.952%) 0.184
Basophil count (x10%/L) 2413. 13 (12.381%) 20 (19.048%)
<0.01 47 (44.762%) 71 (67.19%) <0.00 | #** Systemic Immune Inflammation index (SII)
>0.01 58 (55.238%) 34 (32.381%) <1284 92 (87.619%) 71 (67.619%) <0.00 |+
Platelet (x107/L) =1284 13 (12.381%) 34 (32.381%)
<100 17 (16.190%) I5 (14.286%) 0.080 CAI125 (U/mL)
100-300 79 (75.238%) 88 (83.810%) <35 84 (80.000%) 92 (87.429%) 0.134
>300 9 (8.571%) 2 (1.905%) 235 21 (20.000%) 13 (12.381%)
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CD3+ T lymphocyte count
<770

770-2860

CD4+ T lymphocyte count
<500

500-1440

CD8+ T lymphocyte count
<320

320-1250

CD4+/CD8+ lymphocyte Ratio
<1.0

1.0-2.47

>2.47

IL2 (pg/mL)

<5.71
25.71

48 (45.714%)
57 (54.286%)

57 (54.286%)
48 (45.714%)

81 (77.143%)
24 (22.857%)

13 (12.381%)
70 (66.667%)
22 (20.952%)

105 (100%)
0

95 (90.476%)
10 (9.524%)

90 (85.714%)
15 (14.286%)

100 (95.238%)
5 (4.762%)

6 (5.714%)
65 (61.905%)
34 (32.381%)

105 (100%)
0

<0.00 | *#*

<0.001*#*

<0.00 | #**

0.069

1.000

CA50 (U/mlL)
<25
225
CEA (ng/mL)
<5
=5
CYFRA2I (ng/mL)
<3.03
23.03
SCCA (ng/mL)
<l.5
=15
TPA (U/L)
<130
2130
ITS

Low <-0.278
High 2-0.278

95 (90.476%)
10 (9.524%)

84 (80.000%)
21 (20.000%)

89 (84.762%)
16 (15.238%)

65 (61.905%)
40 (38.095%)

91 (86.667%)
14 (13.333%)

96 (91.429%)
9 (8.571%)

93 (88.571%)
12 (11.429%)

95 (90.476%)
10 (9.524%)

77 (73.333%)
28 (26.667%)

104 (99.048%)
I (0.952%)

81 (77.143%)
24 (22.857%)

0.810

0.037*

0.209

0.077

<0.00 [#**

Notes: *p<0.05, **p<0.001.

Abbreviations: CCRT, Concurrent Chemoradiotherapy; RBC, Red Blood Cell; WBC, White Blood Cell; NLR, Neutrophil Lymphocyte Ratio; LMR, Lymphocyte Monocyte Ratio; ELR, Eosinophil Lymphocyte Ratio; PLR, Platelet

Lymphocyte Ratio; SlI, Systemic Immune Inflammation index; ITS, Inflammatory-Tumor marker Score.
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LMR was associated with patients after CCRT (p < 0.001), whereas NLR, ELR and SII were significantly higher after
CCRT (p = 0.016, p < 0.001, and p < 0.001, respectively).

Univariate and multivariate Cox regression analyses, shown in Table 3, identified several factors associated with
recovery from radiation enteritis (RE). In univariate analysis, increased MC (p = 0.015), PLT (p = 0.006), NLR (p =
0.015), ELR (p = 0.026), and PLR (p = 0.007) emerged as favorable factors for RE recovery. Conversely, elevated
CA125 (p = 0.016), SSCA (p = 0.035), CD3+ T lymphocytes (p = 0.011), CD4+ T lymphocytes (p = 0.03), CD4/CD8
ratio (p = 0.037), and SII (p = 0.001) were identified as unfavorable factors. The multivariate Cox model identified 13
independent predictors of RE recovery. Among the favorable factors were MC, LC, NC, EC, IL6, ELR, IFNy, and TPA,
each significantly promoting RE recovery (p < 0.05). In contrast, elevated levels of CD3+ T lymphocytes, WBC, CA125,
SCCA, and CA50 were significantly associated with poorer recovery outcomes (p < 0.05).

LASSO-Cox Regression Analysis and ITS Groups

We aimed to develop and validate a scoring system, the ITS, to predict the risk of RE in patients undergoing radiotherapy. To
achieve this, we employed the LASSO-Cox model. A total of 105 patients with RE with 33 parameters were included in this
study, and R package glmnet was deployed to integrate time to RE recovery, event of RE recovery and the dynamic changes of
parameters. To avoid the influence of multicollinearity factors, the LASSO-Cox model was performed with nonzero coefficients

Table 3 Univariate, Multivariate and LASSO-Cox
Analyses of Clinical Features for Patients with aAE

Features HR (95% CI) P value

Univariate analysis

MC 2919 (1.231-6.917) 0.015
PLT 1.004 (1.001-1.006) 0.006
CAI25 0.991 (0.984-0.998) 0.016
SSCA 0.957 (0.918-0.997) 0.035
CD3 0.999 (0.998-1.000) 0.011
CD4 0.998 (0.997-1.000) 0.03
CD4/CD8 0.751 (0.574-0.983) 0.037
NLR 1.026 (1.005-1.047) 0.015
ELR 2.31 (1.103-4.837) 0.026
Sl 1.000 (1.000-1.000) 0.001
PLR 1.001 (1.000-1.002) 0.007

Multivariate analysis

MC 3.938E+26 (1.152E+14-1.346E+39) | 3.198E-05
LC 1.446E+26 (5.926E+13-3.529E+38) | 3.486E-05
WBC 1.1 15E-26 (4.632E-39-2.686E-14) | 3.988E-05
NC 8.438E+25 (3.415E+13-2.085E+38) | 4.126E-05
CD3 0.997 (0.996-0.999) 4.224E-05
EC 8.994E+24 (2.989E+12-2.706E+37) | 8.874E-05
CAI125 0.979 (0.967-0.992) 0.001
IL6 1.079 (1.029-1.131) 0.002
ELR 34.8889 (3.689-3.300E+02) 0.002
IFNy 1.860 (1.135-3.047) 0.01
SSCA 0.952 (0.911-0.994) 0.026
TPA 1.006 (1.000-1.012) 0.044
CA50 0.988 (0.976-1.000) 0.048

Abbreviations: MC, Monocyte count; PLT, Platelets; NLR, Neutrophil
Lymphocyte Ratio; ELR, Eosinophil Lymphocyte Ratio; Sll, Systemic
Immune Inflammation index; PLR, Platelet Lymphocyte Ratio; LC,
Lymphocyte Count; WBC, White Blood Cell; NC, Neutrophil Count;
EC, Eosinophil Count.
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according to the minimum criteria with A=0.071 (Figure 2A). Furthermore, the formula of the ITS scoring system was
ITS = 0.17x MC — 0.21x BC + 0.20x PLT — 0.26x CA125 — 0.21x SSCA — 0.36x CD3 — 0.02x &% + 0.06x IFNy — 0.01c¢
x LMR + 0.17x ELR + 0.05x SII. The paired likelihood deviance was minimized when A = 0.071 (Figure 2B), ensuring the
robustness of this scoring model. A forest plot analysis identified significant predictors of RE recovery, CD3+ T lymphocytes (p <
0.001), BC (p =0.011), CA125 (p = 0.001) and SSCA (p = 0.002) were unfavorable factors, while PLT (p = 0.005), ELR (p =
0.006) and MC (p = 0.018) promoted recovery (Figure 2C). RE recovery time curves via Kaplan—Meier analyses and Log rank
tests of ITS are presented in Figure 2D (p < 0.001). The best cutoff value of ITS was —0.278, which was calculated using the

R package “maxstat”.'” The overall significance was p = 9.771 x 10'* (Log rank test) and the C-index was 0.822.

Model Comparison

Parallel to the LASSO-Cox model, we constructed a nomogram using the same dataset and features. Based on the independent
prognostic features identified via the Cox proportional hazards model, we constructed a nomogram to predict the recovery
time for patients with radical enteritis (Figure 3B). The performance of both models was compared and evaluated via ROC
curve. The AUC showed that the LASSO-Cox model was better than the Nomogram model (Figure 3C). The calibration
curves for the LASSO-Cox model and the nomogram model probabilities showed a safe conclusion. For model of LASSO-
Cox, both the MAE and MSE were lower than those in the model of Nomogram, suggesting better average accuracy in
prediction and in squared differences. Also, the LASSO-Cox model showed a lower value for the 0.9 quantile (0.045 vs
0.062), indicating that a higher percentage of predictions are closer to the actual values (Figure 3E and F). In summary, the
LASSO-Cox model’s predictions are more accurate and have smaller errors on average and at the 0.9 quantile level.

Discussion
The management of RE in patients with cervical cancer underwent pelvic CCRT for cervical cancer is a significant
clinical challenge. Over 80% of these patients experience radiation-induced toxicity, with RE being a prevalent
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Figure 2 LASSO regression analysis for variable selection and ITS development. (A) Eleven retained parameters with nonzero coefficients were used to establish the
Inflammatory-Tumor Scoring (ITS) system after LASSO regression analysis to reduce multicollinearity. (B) Partial-likelihood deviance curve revealed an optimal 1=0.07. (C)
Forest plot indicating the significant predictive features for the RE after LASSO-Cox analysis. (D) Kaplan-Meier analysis via long-rank test based on the ITS groups. According
to different ITS, patients were classified into ITS*" group (black) and ITS™" group (grey).
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Figure 3 Nomogram and model performance comparison. (A) Nomogram model of the RE recovery prediction for cervical cancer patients. (B) ROC curves of
the LASSO-Cox model (red line) and the nomogram model (blue line). (C) Calibration curve of the LASSO-Cox model. (D) Calibration curve of the nomogram
model. *p<0.05; **p<0.01; ***p<0.001.

complication.” RE not only affects the quality of life but also leads to radiotherapy intolerance, prolongation or
termination of radiotherapy, which negatively impacts the therapeutic outcome.?’

Previous studies have identified risk factors for RE onset but lacked predictive models for RE recovery.”' The
incidence of RE escalates with CCRT in locally advanced cervical cancer, especially in patients who have undergone
post-pelvic lymph node dissection.”” Prof. Liu’s study highlighted the volume of irradiated small bowel as an indepen-
dent risk factor for diarrhea in patients undergoing conventional RT.?* Similarly, Wang et al reported that interruptions in
radiotherapy, prolonging total irradiation time, heighten the incidence of RE.> However, these studies did not provide

a combined model for predicting RE recovery in cervical cancer patients undergoing radiotherapy or CCRT. Ma et al

5916 "o International Journal of General Medicine 2024:17
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Zeng et al

established a visual nomogram prediction model for cervical cancer radiotherapy patients, showing a strong correlation
between certain clinical parameters and severe acute RE.” However, their study had limitations, including a small sample
size and a lack of individual clinical parameters.”

In this study, we innovatively developed a prediction model for RE recovery based on individual clinical parameters
before CCRT. By identifying 20 significant variables and categorizing patients into different RE recovery statuses, the
ITS system offers a nuanced understanding of individual patient trajectories. Our study’s innovation lies in the
comprehensive assessment of dynamic biomarkers and the development of a predictive model for RE recovery, which
fulfilled the gap in this field.

The use of a LASSO-Cox regression model addresses the issue of multicollinearity, which is often encountered in
traditional univariate and multivariate analysis methods. This approach minimizes variable interference, leading to
improved performance and precise prediction. While the nomogram offers good predictive performance, the ITS system
outperforms it, providing a more accurate and reliable tool for predicting RE recovery. The comparison of these two
models underscores the importance of choosing the right predictive tool in clinical practice and highlights the potential of
the ITS system as a superior predictive tool for RE recovery.

Our study also highlights the immunosuppressive effects of CCRT, which pose challenges in patient management.**
While CCRT is effective in treating the cancer, it unfortunately also suppresses the immune system, potentially leading to
a lower surveillance status and creating a favorable environment for cancer recurrence.”> Although tumor-specific
markers, such as CA125, SSCA, and TPA decreased significantly, the systemic immune status remained in a low immune
surveillance status after CCRT. Increased WBC, NC, and MC after CCRT might create a systemic inflammatory
activation microenvironment and was unfavorable for the recovery of mucosal injury.”> The decline in LC and all LC
subpopulations directly represents a low anti-tumor response.”® NLR is regarded as an evaluation indicator for the
systemic balance of pro-tumor inflammation response and anti-tumor immune response.”’ An increase of NLR suggests
an escalated pro-tumor inflammation status and a decreased anti-tumor immune response.”® A decreased LMR is
perceived as an impaired immunologic reaction against cancer and immunosuppressive conditions.”” IL10 suppressed
the Thl-type immune response and fosters a tumor-favorable environment.*® The CCRT-induced low immune response
status might be regarded as a risk factor for the recurrence of cervical cancer. To address this, future research could focus
on strategies to correct this immunosuppressive status. This could involve the use of immunomodulatory agents or
therapies designed to boost the immune response. Additionally, personalized treatment plans that consider the patient’s
immune status could be beneficial. Regular monitoring of immune markers could help tailor treatments to individual
patients, potentially improving outcomes.

Also, these findings suggest a complex interplay between immune cells, inflammatory markers, and specific
biomarkers in the recovery process. The identification of MC, PLT, NLR, ELR, and PLR as recovery-promoting factors
underscores the importance of certain immune cells and inflammatory markers in the recovery process. Monocytes and
platelets are known for their roles in immune response and tissue repair, respectively, which may explain their positive
association with recovery.>' * The inflammatory markers NLR, ELR, and PLR indicate that controlled inflammatory
responses might be beneficial for recovery, possibly through the promotion of tissue repair mechanisms.>* Conversely,
CA125, SSCA, CD3+, CD4+, CD4/CDS8 ratio, and SII emerged as significant unfavorable features for RE recovery.
CA125 and SSCA are biomarkers traditionally associated with cancer prognosis, and their negative association with RE
recovery suggests potential underlying pathophysiological mechanisms that warrant further investigation. The role of
CD3+ and CD4+ T lymphocytes, as well as the CD4/CDS ratio, in recovery is particularly intriguing. While these cells
are crucial for immune responses, their negative impact on recovery could be attributed to immune dysregulation or an
overactive immune response that might hinder the healing process.*?

Several clinical trials have demonstrated that combining radiotherapy with immunotherapy can significantly improve
cure rates for patients.’> The rationale for this combination is that it may counteract immunosuppression and stimulate
robust antitumor T cell responses.’® However, the overlapping toxicities from such a combined approach pose
a substantial challenge, as radiotherapy and immunotherapy impact different stages of the immune response, which
may heighten the risk of adverse events.***” Nevertheless, Prof. Wu suggests that combining immunotherapy with
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radiotherapy might not necessarily lead to increased toxicity.”*>? To clarify these safety and efficacy concerns, additional
prospective clinical trials are needed to provide comprehensive data on potential toxicities and therapeutic outcomes.

This study, however, is not without limitations. First, the retrospective nature of the study may have introduced
sample selection bias. Second, the sample size was not sufficiently large. Third, we did not consider the degree of RE in
patients or symptomatic treatment approaches. Therefore, expanding the sample size, conducting multicenter research,
incorporating more parameters into the prediction model and upgrading the algorithm of the model are necessary for the
development of a novel and more comprehensive model for RE patients.

Conclusion

In conclusion, our study demonstrates that the LASSO-Cox model, with the derived ITS, provides a superior predictive
tool compared to the traditional nomogram. These findings highlight the potential of the LASSO-Cox model in
improving the prediction and management of radiation enteritis. Future research should focus on validating these results
in larger cohorts and exploring additional predictive features.
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