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Grade D (Fair): 0 Cervical cancer is one of the most common gynecological malignant tumors.
Grade E (Poor): 0 Radiation enteritis (RE) leads to radiotherapy intolerance or termination of
radiotherapy, which negatively impacts the therapeutic effect and seriously
affects the quality of life of patients. If the incidence of RE in patients can be
predicted in advance, and targeted clinical preventive treatment can be carried
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Revised: January 13, 2023 To analyze the relationships between severe acute RE (SARE) of cervical cancer

Accepted: February 14, 2023 radiotherapy and clinical factors and dose-volume parameters retrospectively.

Article in press: February 14, 2023

Published online: February 28, 2023 METHODS

We included 50 cervical cancer patients who received volumetric modulated arc
therapy (VMAT) from September 2017 to June 2018 in the Department of
Radiotherapy at The First Affiliated Hospital Soochow University. Clinical and
dose-volume histogram factors of patients were collected. Logistic regression
analysis was used to evaluate the predictive value of each factor for SARE. A
nomogram to predict SARE was developed (SARE scoring system > 3 points)
based on the multiple regression coefficients; validity was verified by an internal
verification method.

RESULTS
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Gastrointestinal and hematological toxicity of cervical cancer VMAT gradually increased with
radiotherapy and reached the peak at the end of radiotherapy. The main adverse reactions were
diarrhea, abdominal pain, colitis, anal swelling, and blood in the stool. There was no significant
difference in the incidence of gastrointestinal toxicity between the radical and postoperative
adjuvant radiotherapy groups (P > 0.05). There were significant differences in the small intestine
Vo Vi Vo, and rectal V,, between adjuvant radiotherapy and radical radiotherapy after surgery (P
< 0.05). Univariate and multivariate analyses revealed anal bulge rating (OR: 14.779, 95%CI: 1.281-
170.547, P = 0.031) and disease activity index (DAI) score (OR: 53.928, 95%CI: 3.822-760.948, P =
0.003) as independent predictors of SARE.

CONCLUSION
Anal bulge rating (> 0.500 grade) and DAI score (> 2.165 points) can predict SARE. The nomogram
shows potential value in clinical practice.

Key Words: Cervical cancer; Intensity-modulated radiotherapy; Radiation enteritis; Nomogram; Predictor

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Radiation enteritis (RE) not only seriously affects the quality of life of patients, but it also leads
to radiotherapy intolerance or termination of radiotherapy. The aim of our study was to determine the
cumulative incidence of acute RE associated with cervical cancer radiotherapy in patients with RE in
organs at risk and changes in dose-volume histogram indices. The nomogram of severe acute RE (SARE)
was further developed according to the clinical factors, cumulative incidence of SARE and dosimetric
parameters of volumetric modulated arc therapy patients, which may be useful for individualized risk
assessment and accurate prediction of SARE to guide clinical treatment strategies.

Citation: Ma CY, Zhao J, Gan GH, He XL, Xu XT, Qin SB, Wang LL, Li L, Zhou JY. Establishment of a
prediction model for severe acute radiation enteritis associated with cervical cancer radiotherapy. World J
Gastroenterol 2023; 29(8): 1344-1358

URL: https://www.wjgnet.com/1007-9327/full/v29/i8/1344 htm

DOI: https://dx.doi.org/10.3748/wjg.v29.i8.1344

INTRODUCTION

Cervical cancer is one of the most common gynecological malignant tumors, ranking fourth among
malignant tumors in females worldwide[1]. Radiotherapy plays an important role in the postoperative
adjuvant treatment of cervical cancer patients and the radical treatment of patients who are ineligible for
surgery. Radiation enteritis (RE) is a common and potentially dose-limiting toxic reaction of pelvic
radiotherapy. The clinical manifestations include nausea, vomiting, abdominal pain, bloody stool,
mucous stool, diarrhea, tenesmus, and urinary incontinence. RE not only seriously affects the quality of
life of patients, but it also leads to radiotherapy intolerance or termination of radiotherapy, which
negatively impacts the therapeutic effect. If the incidence of RE in patients can be predicted in advance,
and targeted clinical preventive treatment can be carried out, the side effects of radiotherapy in cervical
cancer patients can be significantly reduced. Furthermore, accurate prediction of RE is essential for the
selection of individualized radiation dose and the optimization of the radiotherapy plan.

Many studies have shown that the occurrence and development of RE are related to intestinal
radiotherapy technology, total dose, total volume, fraction dose, ratio of dose to volume, and uniformity
of radiation dose distribution[2-6]. RE is also influenced by factors such as inflammatory bowel disease
[7], collagen vascular disease[8], history of abdominal and pelvic surgery[9], history of pelvic inflam-
matory disease, diabetes mellitus[10], and acquired immunodeficiency syndrome[11]. However, there is
no consensus on the relative importance of these predictors. Only a few studies have explored the
dosimetric risk factors for RE in cervical cancer patients[12]. How to predict RE and reduce adverse
reactions is the core issue of clinical radiotherapy for cervical cancer. Notably, a single predictor has
limited predictive power and cases can show substantial differences in heterogeneity of RE; these issues
should be addressed in further research[13]. To specifically and accurately identify RE, there is an
urgent need for an accurate predictive model that combines multiple factors.

The initial objective of this study was to determine the cumulative incidence of acute RE associated
with intensity modulated radiation therapy (IMRT) for cervical cancer in patients with RE in organs at
risk (OAR) and changes in dose-volume histogram indices. The severe acute RE scoring system (SARE-
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SS) was defined by integrating clinical factors and dosimetric physical parameters. Finally, the
nomogram of severe acute RE (SARE) was further developed according to the clinical factors,
cumulative incidence of SARE and dosimetric parameters of volumetric modulated arc therapy (VMAT)
patients. This nomogram may be useful for individualized risk assessment and accurate prediction of
SARE to guide clinical treatment strategies.

MATERIALS AND METHODS

Patient selection
Fifty patients with cervical cancer who received pelvic local radiotherapy in the Department of
Radiation Oncology of The First Affiliated Hospital of Soochow University from August 2017 to August
2018 were selected. The inclusion criteria were as follows: (1) 18-80 years old; (2) cervical cancer
confirmed by pathology; (3) no history of intestinal diseases or metabolic diseases; and (4) good
understanding and communication skills. The exclusion criteria were as follows: (1) Severe heart, liver
and kidney dysfunction; (2) termination of treatment because of serious complications during and after
radiotherapy (such as cardiopulmonary, hepatic and renal insufficiency, severe infection, severe bone
marrow suppression, massive hemorrhage, vaginorectal fistula and vaginovesical fistula); and (3)
refusal to participate in the study.

This study was approved by the ethics committee of The First Affiliated Hospital of Soochow
University Medical Ethics Committee [approval No. 2016(100)]. All enrolled patients provided signed
informed consent.

External irradiation method for cervical cancer

Radiotherapy simulation positioning: On the night before radiotherapy, all patients took laxatives to
clean the intestinal track. One hour before positioning, the bladder was emptied and patients drank 800
mL of water to fill the bladder. The patients then took the supine position. A Philips [Brilliance
computed tomography (CT) Big Bore] large aperture CT machine was used for simulated CT
localization, and enhanced CT scanning was performed with a slice thickness of 5 mm. The scanning
range was from the upper edge of T11 vertebral body to 5 cm below the ischial tuberosity. The CT
localization images were transferred to the treatment planning system (V5.1.1, Elekta, Monaco,
Sweden).

Radiotherapy target delineation: Magnetic resonance imaging (MRI), CT or positron emission
tomography-CT (PET-CT) examinations were routinely performed during the pre-radiotherapy
evaluation. The target volume and OAR were delineated according to the standards of Radiation
Therapy Oncology Group and Japan Clinical Oncology Group.

Radiotherapy plan design: The Monaco treatment planning system was used to design the 7-field
reverse dynamic VMAT plan using unified parameters. The X-ray beam energy was 6 MV. At least 95%
of the pelvic lymphatic drainage (PTV) is required to reach the prescribed dose, and no hot spot of 2
110% dose can occur outside the PTV. The OAR dose limit was uniform (OAR dose limitation: Bladder
V0 < 0%, rectum V, < 40%, colon V,;,< 30%, small intestine V,,< 20%, femoral head V,;< 5%).

Prescription dose of the VMAT target volume after operation: We administered 45 Gy /25 fractions
for moderate risk included lymph node metastasis, paracytal invasion, and positive margin) PTV1 and
50 Gy/25 fractions for high risk PTV1 50. 4 Gy/28 fractions, the prescription dose of the remaining
target volume can be executed according to the radical external irradiation scheme.

Prescription dose of the radical VMAT target volume: We administered the following doses: PTV1 45
Gy/25 fractions, parametrial area (PTV2) 50 Gy/25 fractions, and positive lymph nodes (PGTVnd) 56
Gy/28 fractions. In cases with para-aortic area, the dose for the para-aortic lymphatic drainage area
(PTV3) was 36-40 Gy/20 fractions.

Implementation of the VMAT plan: VMAT was performed using the Elekta Synergy linear accelerator.
All patients were treated five times a week, with one treatment a day. Cone-beam CT (Elekta) image-
guided VMAT was performed at least once a week, and the error of each treatment was kept within 3
mm.

Chemotherapy for cervical cancer

Of the 50 cervical cancer patients included in this study, 18 were treated with concurrent chemoradio-
therapy (CCRT) and 32 received sequential chemoradiotherapy (SCRT). All doses and adjustments of
the chemotherapy regimen followed the NCCN guidelines[14].

End point definitions
General data collection: Data on age, weight, height, body mass index (BMI)[15], age-adjusted Charlson
Comorbidity Index (aCCI), pathological data, HPV, squamous cell carcinoma antigen, risk rating, FIGO
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2018 staging information, surgery, radiotherapy and chemotherapy were collected.

Data collection of acute RE: The adverse reactions of all patients were monitored at baseline and 2 wk,
4 wk, and 6 wk after the start of radiotherapy. Adverse reactions included diarrhea, abdominal pain,
colitis, anal distension, hematochezia and bone marrow suppression. The diagnosis and classification of
RE were determined following the National Institutes of Health Common Adverse Events Evaluation
Criteria (CTCAE 5.0).

We established the SARE-SS to reflect the adverse reaction score as follows: SARE-SS = the sum of
CTCAE scores of diarrhea + abdominal pain + colitis + anal bulging + hematochezia. A score of > 3
indicated the presence of SARE. The diagnosis of SARE was determined by at least two experienced
radiation oncologists on the basis of clinical symptoms and changes in the results of ancillary tests.

Disease activity index determination: The disease activity index (DAI) is based on scores that reflect
the weight loss of patients (weight unchanged is 0, 1%-5% is 1 point, 5%-10% is 2 points, 10%-15% is 3
points, more than 15% is 4 points), stool viscosity (normal is 0 points, loose stool is 2 points, diarrhea is 4
points) and stool bleeding (normal is 0 points, occult blood positive is 2 points, dominant bleeding 4
points). The sum of the three scores is divided by 3 to obtain the final DAI score.

Radiotherapy planning parameter collection: Statistics of different OAR dose-volume relationship
(percentage of PTV volume receiving prescription dose), recorded as V..

Statistical analysis

Statistical analysis was performed using SPSS 20.0. The quantitative data of normal distribution were
expressed as (mean * SD), and ¢ test was used for comparisons between groups. The data of skew distri-
bution were tested by Mann-Whitney U test. Qualitative data were expressed as number of cases and
percentage; Fisher’s exact probability method or ¥? test was used to compare unordered categorical data,
and Mantel-Haenszel y? and Mann-Whitney U test were used to compare ordered categorical data. P <
0.05 was considered to indicate statistical significance. Receiver operating characteristic curve (ROC
curve) was used to analyze the specificity and sensitivity of OAR dose-volume parameters in predicting
RE. Two-factor repeated-measures ANOVA was used to analyze the relationship between DAI scores
and time in different groups, and one-way ANOVA was used to compare the differences of DAI scores
among four time points in each group.

To establish the prediction model, univariate logistic regression model was used to evaluate the
predictive ability of each factor for SARE. Multivariate analysis was performed for significant factors
from the univariate analysis. Kendall correlation analysis was used to avoid multicollinearity between
factors. Factors with significant predictive value in the multivariate analysis were used to construct a
nomogram. The area under the ROC curve (AUC), calibration curve and decision curve analysis (DCA)
were used for nomogram validation. Data analysis was performed using R software (software version
4.0.2, R package version rmda 1.6).

RESULTS

Clinical characteristics of patients

This study included 50 patients with cervical cancer. Among the 50 patients, 14 patients received radical
radiotherapy, 35 patients received postoperative adjuvant pelvic radiotherapy and 1 patient received
pelvic radiotherapy combined with after loading vaginal radiotherapy because the vaginal margin was
2 cm away from the tumor boundary. The specific clinical factors are detailed in Table 1. The mean age
of the postoperative adjuvant radiotherapy group was significantly lower than that of radical
radiotherapy group (P < 0.05) (Table 2). The BMI of the postoperative adjuvant radiotherapy group was
also significantly lower (P < 0.05), but there was no significant difference in weight, pathological type,
cumulative incidence of RE and SARE and irradiation of para-aortic extension field between the two
groups (P > 0.05).

Dose-volume comparison of OAR in the VMAT plan between the postoperative adjuvant radiotherapy

group and radical radiotherapy group

Patients in the radical radiotherapy group were treated with total pelvic and parauterine local
radiotherapy, and patients in the postoperative adjuvant radiotherapy group were treated with total
pelvic prophylactic radiotherapy. The dose and volume of small intestine in the radical radiotherapy
group were significantly reduced compared with that in the postoperative adjuvant radiotherapy
group, and the decrease of V,, V,,and V,were statistically significant (P < 0.05) (Table 3). Rectal V,
V,;, and V,,in the radical radiotherapy group were significantly higher than those in the postoperative
adjuvant radiotherapy group. The increase of V,,was statistically significant (P < 0.05). There was no
significant difference in the dose-volume relationship of colon, bladder and femoral head between the
two groups (P > 0.05).
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Table 1 Baseline characteristics of all patients (n = 50)

Characteristic n (%)

Age, median (IQR) 51.0 (45.5-62.0)
Weight, IQR 55.0 (50.5-61.8)
BMI/kg/m? IQR 21.5 (20.7-22.9)
aCCI

2-3/4-5 38 (76)/12 (24)
Pathological diagnosis

Squamous cell carcinoma 47 (94)
Adenocarcinoma 1(2
Adenosquamous carcinoma 2(4)

T

>4cm/<4cm 24 (48)/26 (52)

N

Negative/ positive

Metastatic pelvic lymph nodes
Positive/negative

Metastatic common iliac lymph nodes
Positive/negative

Para-aortic lymph nodes
Positive/negative

FIGO staging

I/11/11/IVA

LVSI

Positive/negative

Degree of differentiation

Low and medium differentiation/high differentiation
Degree of infiltration

Shallow 1/3/Medium 1/3/Deep 1/3
Incised margin

R1 +R2/R0

Danger degree

Low/medium/high risk

HPV

Positive/negative

SCC

Abnormally elevated/no abnormality observed
RE

Occurred/not occurred
SARE/Non-SARE

Operation

Radical surgery/no surgery

Chemotherapy

Bishidengs WIG | https://www.wjgnet.com 1348

15 (30)/35 (70)

14 (28)/36 (72)

5 (10)/45 (90)

2 (4)/48 (96)

19 (38)/21 (42)/5 (10)/5 (10)

16 (32)/34 (68)

40 (80)/10 (20)

10 (20)/16 (32)/24 (48)

5 (10)/45 (90)

15 (30)/12 (24)/23 (46)

46 (92)/4 (8)

17 (34)/33 (66)

42 (84)/8 (16)

15 (30)/35 (70)

36 (72)/14 (28)
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CCRT/SCRT 18 (36)/32 (64)
Pelvic External Radiation Dose, IQR 45.0 (45.0-48.0)
Para-aortic extension field

Radiotherapy/no radiotherapy 4 (8)/46 (92)

aCCI: Adjusted Charlson Comorbidity Index; SARE: Severe acute radiation enteritis; CCRT: Concurrent chemoradiotherapy; SCRT: Sequential
chemoradiotherapy; SCC: Squamous cell carcinoma; HPV: Human papillomavirus.

Table 2 Comparison of general data between postoperative adjuvant radiotherapy and radical radiotherapy for patients with cervical

cancer, n (%)

Postoperative adjuvant radiotherapy

Factor e Radical radiotherapy group  T/y?values P value
Age/yr 48.25 + 8.05 61.86 £13.17 -4.450 <0.001
Young and middle-aged 33 (92) 5 (36) 17.301 <0.001
Old age 3(8) 9 (64)

Weight 57.31 £ 8.00 53.07 +8.74 1.638 0.108
BMI/kg/m? 21.86 +2.07 20.21+2.79 2.284 0.027
Tumor type 0.186'
Squamous cell carcinoma 35 (97) 12 (86)

Adenocarcinoma 0 (0) 1(7)

Adenosquamous carcinoma 1(3) 1(7)

CCRT 0.397 0.529
Implement 12 (33) 6 (43)

Not implemented 24 (67) 8 (57)

Para-aortic extended field radiotherapy 0.186"
Implement 1(3) 2 (14)

Not implemented 35 (97) 12 (86)

RE - 1.000'
Occurred 30 (83) 12 (86)

Did not occur 6 (17) 2 (14)

SARE 2.286 0.131
Occurred 13 (36) 2 (14)

Did not occur 23 (64) 12 (86)

IFisher exact probability method.
Data are shown as n (%) or mean + SD. SARE: Severe acute radiation enteritis; CCRT: Concurrent chemoradiotherapy.

Comparison of the cumulative incidence of VMAT-related acute RE in cervical cancer between the

postoperative adjuvant radiotherapy group and the radical radiotherapy group

The main radiotherapy-related adverse reactions included diarrhea, abdominal pain, colitis, anal
distension, hematochezia and bone marrow suppression. All adverse reactions were grade 1 to 3; no
adverse reactions above grade 3 occurred. RE was monitored as follows (Table 4). There was no
significant difference in the incidences of adverse reaction between the radical radiotherapy group and
postoperative adjuvant radiotherapy group (P > 0.05).

Evaluation of the specificity and sensitivity of OAR dose-volume parameters in the IMRT plan for
predicting acute/SARE

ROC curve was used to analyze the specificity and sensitivity of small intestine V,, V,, V,jand rectum
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Table 3 Organs at risk dose-volume comparison between adjuvant radiotherapy (n = 36) and radical radiotherapy (n = 14) after cervical

cancer surgery (%)
OAR Group Vo Vs ' V. V,
Small intestine Postoperative adjuvant radiotherapy 7741 £16.49 51.90 £10.99 39.51+8.24 26.40 = 5.50 19.25+4.12
group
Radical radiotherapy group 67.75+14.10 50.11 £9.86 32.92+791 2518 £7.12 15.07 £ 4.65
Z value -2.377 -0.864 -2.701 -0.367 -3.003
P value 0.017 0.387 0.007 0.713 0.003
Colon Postoperative adjuvant radiotherapy 100.00 + 0.00 99.88 £0.73 98.26 + 6.09 91.36 £11.67 75.64 +12.59
group
Radical radiotherapy group 95.57 +16.59 95.34 +17.44 94.21 + 21.66 91.09 £21.12 84.17 £7.94
Z value -1.604 -0.732 -0.332 -0.750 -2.247
P value 0.109 0.464 0.740 0.453 0.025
Rectum Postoperative adjuvant radiotherapy 100.00 £ 0.00 100.00 £ 0.00 99.17 +£2.90 95.63 £9.41 75.64 +£12.59
group
Radical radiotherapy group 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 99.60 +1.48 84.17 £7.94
Z value 0.000 0.000 -1.102 -1.745 -2.247
P value 1.000 1.000 0.270 0.081 0.025
Bladder Postoperative adjuvant radiotherapy 70.87 £28.16 68.75 + 24.41 47.18 £23.63 35.58 £16.04 27.33£12.22
group
Radical radiotherapy group 74.08 +27.93 71.94 +25.87 52.54 +28.93 40.40 +21.04 31.18 £16.28
T-value -0.354 -0.523 -0.519 -0.605 -0.627
P value 0.723 0.601 0.604 0.545 0.531
Femoral head Postoperative adjuvant radiotherapy 48.55 + 28.80 3445 +22.27 24.73 +16.00 18.12 £11.68 1223 +8.10
group
Radical radiotherapy group 39.60 £19.76 27.13 £14.03 19.54 +10.07 14.42 +7.69 9.47 +5.37
T-value -0.951 -0.929 -0.994 -0.929 -0.983
P value 0.342 0.353 0.320 0.353 0.326

OAR: Organs at risk.

WIG |

JBaishideng®

V,,in predicting acute/SARE. The AUC was less than 0.60 and P > 0.05. These results suggest that a
single OAR dose-volume parameter is not enough to predict the occurrence of acute/SARE.

DAl score changes

The DAI scores of the radical radiotherapy group were higher than those of the postoperative adjuvant
radiotherapy group at the second week, fourth week and the end of radiotherapy (Figure 1). There was
an interaction effect between different groups and time (y? = 77. 238, P < 0.01). The DAI scores of the two
groups showed an increasing trend over time (P < 0.05), and the DAI scores of the radical radiotherapy
group increased the most.

Establishment of the SARE prediction model

Univariate analysis showed that abdominal pain, colitis, anal bulging, hematochezia, DAI score, age,
and CCRT were significantly correlated with the occurrence of severe acute RE (all P < 0.05) (Table 5).
Kendall analysis showed a relatively strong correlation between abdominal pain, hematochezia and
DAI score (R = 0.715, 0.622, P < 0.001); the correlation between other factors was very weak (Figure 2A).
To avoid multicollinearity, abdominal pain, hematochezia, and DAI scores were included in the
multivariate analysis. Multivariate logistic regression analysis was conducted to analyze the factors of
colitis, anal bulge, DAI score and age. In multivariate analysis, anal bulge rating (OR: 14.779, 95%CI:
1.281-170.547, P = 0.031) and DAI score (OR: 53.928, 95%Cl: 3.822-760.948, P = 0.003) were independent
predictors of SARE (Table 6). These factors were used to construct the nomogram. The constant in the
logistic regression equation was -10.039, and the logistic regression equation was Logit (P) = 3.988 x DAI
+2.693 x anal bulge rating -10.039.
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Table 4 Comparison of the incidence of acute radiation enteritis in patients with cervical cancer treated with adjuvant radiotherapy (n =

36) and radical radiotherapy (n = 14), n (%)

Adverse reaction Group Level 0 Level 1 Level 2 Level 3 X? value P value

Diarrhea Postoperative adjuvant radiotherapy 10 (28) 19 (53) 5(14) 2 (5) 2.748 0.432
group
Radical radiotherapy group 3(21) 10 (72) 0(0) 1(7)

Abdominal pain Postoperative adjuvant radiotherapy 21 (58) 12 (33) 309 0 (0) 1.423 0.491
group
Radical radiotherapy group 8 (57) 6 (43) 0(0) 0 (0)

Colitis Postoperative adjuvant radiotherapy 25 (69) 11 (31) 0(0) 0 (0) - 0.140"
group
Radical radiotherapy group 13 (93) 1(7) 0(0) 0 (0)

Anal bulging Postoperative adjuvant radiotherapy 22 (61) 9 (25) 5(14) 0 (0) 1.374 0.503
group
Radical radiotherapy group 11 (79) 2 (14) 1(7) 0 (0)

Blood in the stool Postoperative adjuvant radiotherapy 23 (64) 13 (36) 0(0) 0 (0) 0.179"
group
Radical radiotherapy group 12 (86) 2 (14) 0(0) 0 (0)

Myelosuppression Postoperative adjuvant radiotherapy 12 (33) 9 (25) 10 (28) 5 (14) 3.691 0.297
group
Radical radiotherapy group 3(21) 4 (29) 2 (14) 5 (36)

IFisher exact probability method.

Postoperative adjuvant
3 radiotherapy group

M Radical radiotherapy group

N
T

DAI score

ob . -

0 2 4 6 8
t/wk
DOI: 10.3748/wjg.v29.i8.1344 Copyright ©The Author(s) 2023.

Figure 1 Disease activity index score during volumetric modulated arc therapy in 50 patients with cervical cancer.

Development and validation of the nomogram

Based on the multivariate logistic regression coefficients, the prediction model was visually represented
as a nomogram (Figure 2B). The ROC curves for the anal bulge rating, DAI score and nomogram are
shown in Figure 2C. ROC analysis showed that the AUC of the prediction model was 0.950 (95%CI:
0.891-1.000), which was much higher than that of each parameter alone (anal bulge rating: 0.805, 95%ClI:
0.651-0.959; DAI score: 0.892, 95%ClI: 0.873-1.000). The MAL thresholds for anal bulge rating and DAI
score were 0.5 and 2.165 points. The nomogram had a high predictive efficiency (sensitivity: 80.0%,
specificity: 91.4%). In addition, the calibration curve showed good agreement between the predicted
severe acute RE and the actual observations (Figure 2D). In most threshold probabilities, DCA showed a
positive net benefit with a satisfactory nomogram, indicating a good potential clinical effect of the
model (Figure 2E).
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Table 5 Comparison of general data between patients with cervical cancer with severe acute radiation enteritis or no severe acute

radiation enteritis

Factor SARE (n =X) No SARE (n=X)  OR (95%Cl) Pvalue
Median (IQR) Median (IQR)
Clinical factors
Elderly (> 60 yr)/young and middle-aged (20-60 yr) 0.123 (0.015-1.040) 0.054
Age 47.5 (37.0-54.0) 53.0 (46.0-63.0) 0.930 (0.872-0.992) 0.027
Weight 53.0 (51.0-60.9) 56.0 (50.0-61.8) 0.983 (0.918-1.054) 0.631
BMI/kg/m? 20.5 (19.7-22.2) 21.9 (20.4-23.0) 0.936 (0.746-1.174) 0.566
ACCI (2-3/4-5) 0.123 (0.015-1.040) 0.054
Tumor type (squamous/non-squamous) 0.848 (0.139-5.179) 0.859
T (>4 cm/< 4 cm) 0.510 (0.153-1.695) 0.272
N (positive/negative) 0.615 (0.165-2.298) 0.538
Metastatic pelvic lymph nodes (positive/negative) 0.694 (0.185-2.611) 0.589
Common iliac lymph node metastasis (positive/negative) 0.427 (0.046-3.980) 0.455
Para-aortic lymph nodes (positive/negative) 1.471 (1.216-1.779) 0.999
FIGO stage (IIB-IVA/IB-IIA) 1.108 (0.328-3.739) 0.869
LVSI (positive/negative) 0.548 (0.147-2.034) 0.368
Differentiation degree (low and medium differentiation/high 1.011 (0.225-4.536) 0.988
differentiation)
Infiltration degree (shallow 1/3/medium depth 1/3) 0.837 (0.191-3.673) 0.813
Incisal margin (R1 + R2/R0) 0.427 (0.046-3.980) 0.455
Risk (low risk/medium high risk) 1.227 (0.340-4.242) 0.754
HPV (positive/negative) 1.324 (0.127-13.785) 0.815
SCC (abnormally elevated/not abnormal) 0.303 (0.074-1.245) 0.098
Surgery (performed/not performed) 2.080 (0.497-8.706) 0.316
CCRT (implemented/not implemented) 6.042 (1.681-21.718) 0.006
Myelosuppression (Grade 1-3/Grade 0) 0.617 (0.178-2.144) 0.446
Diarrhea (Grade 1-3/Grade 0) NA 0.999
Abdominal pain (Grade 1-3/Grade 0) 25.375 (4.750-135.559) <0.001
Colitis (Grade 1-3/Grade 0) 38.500 (6.530-226.993) <0.001
Anal bulge (Grade 1-3/Grade 0) 5.185 (1.470-18.286) 0.010
Hematochezia (Grade 1-3/Grade 0) NA <0.001
DAI score 2.8 (2.3-3.0) 1.7 (1.2-2.0) 152.546 (6.045-3849.771)  0.002
Physical dose parameters
Small intestine
Vo (%) 80.9 (68.6-93.7) 78.0 (66.8-82.5) 1.015 (0.975-1.056) 0.475
Vs (%) 58.2 (46.0-62.9) 52.0 (48.0-57.3) 1.014 (0.955-1.076) 0.659
Vi (%) 41.0 (35.1-47.6) 39.6 (31.1-42.1) 1.039 (0.961-1.122) 0.335
Vs (%) 29.6 (23.5-32.2) 26.9 (24.4-29.1) 1.032 (0.927-1.149) 0.569
Vo (%) 19.5 (16.8-23.3) 19.3 (13.3-20.7) 1.068 (0.928-1.229) 0.358
Rectum
Vo (%) 80.9 (68.6-93.7) 78.0 (66.8-82.5) 1.015 (0.975-1.056) 0.475
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Vs (%) 58.2 (46.0-62.9) 52.0 (48.0-57.3) 1.014 (0.955-1.076) 0.659
Vo (%) 41.0 (35.1-47.6) 39.6 (31.1-42.1) 1.039 (0.961-1.122) 0.335
V35 (%) 29.6 (23.5-32.2) 26.9 (24.4-29.1) 1.032 (0.927-1.149) 0.569
Vo (%) 19.5 (16.8-23.3) 19.3 (13.3-20.7) 1.068 (0.928-1.229) 0.358
Colon

Vi (%) 100.0 (100.0-100.0) 100.0 (100.0-100.0) NA NA
Vo5 (%) 100.0 (100.0-100.0) 100.0 (100.0-100.0) NA NA
Vi (%) 100.0 (100.0-100.0) 100.0 (100.0-100.0) 0.982 (0.775-1.246) 0.883
V5 (%) 100.0 (99.1-100.0) 100.0 (100.0-100.0) 0.981 (0.915-1.052) 0.981
Vo (%) 80.4 (71.3-89.2) 79.3 (72.1-87.8) 1.005 (0.956-1.056) 0.851
Femoral head

Vo (%) 35.4 (19.7-57.3) 48.6 (22.9-65.2) 0.994 (0.971-1.017) 0.586
Vs (%) 24.8 (13.7-40.1) 31.6 (16.0-45.1) 0.996 (0.967-1.026) 0.797
Vo (%) 17.7 (9.8-29.6) 22.6 (11.4-32.6) 0.997 (0.957-1.039) 0.877
V35 (%) 13.3 (7.4-20.0) 16.9 (8.6-24.5) 0.989 (0.935-1.047) 0.711
Vo (%) 8.9 (4.9-14.3) 11.3 (5.7-16.3) 0.993 (0.916-1.076) 0.858
Total pelvic lymphatic drainage dose (Gy) 45.0 (45.0-45.0) 45.0 (45.0-48.5) 1.194 (0.877-1.625) 0.261
Para-aortic extended field radiotherapy (performed/not 1.485 (1.222-1.804) 0.999

performed)

ACCI: Adjusted Charlson Comorbidity Index; CCRT: Concurrent chemoradiotherapy; SCC: Squamous cell carcinoma; HPV: Human papillomavirus; NA:
Not available; DAI: Disease activity index.

Table 6 Multivariate analysis of influencing factors of severe radiation enteritis in 50 patients with cervical cancer treated with

radiotherapy

95%Cl
B SE Exp (B) Wald y2 P value
Lower Upper
DAI score 4.106 1.371 60.705 4134 891.506 9.463 0.003
Anal bulge rating 2.925 1.229 18.636 1.677 207.114 7.664 0.017

DAL Disease activity index; 95%CI: 95% confidence interval.

DISCUSSION

Nearly 80% of patients receiving pelvic radiotherapy for cervical cancer have early acute toxicity and
20% have late toxicity[16]. Acute RE often occurs in the second week after the start of radiotherapy and
reaches a peak in the fourth to fifth week. The clinical manifestations are nausea, vomiting, abdominal
pain, bloody stool, mucous stool, diarrhea, tenesmus, and incontinence. In gynecological tumor
radiotherapy, the clinical application of IMRT shows an increasing trend. This radiotherapy technology
can not only obtain satisfactory target coverage dose, but also effectively reduces the radiation dose of
OAR[17,18], such as V45 of rectum and small intestine[19,20], and reduces the toxic reaction of bone
marrow|[21,22]. Although the incidence and severity of RE have decreased under the current
radiotherapy technology, these issues cannot be ignored. In addition, mild RE is often underestimated
or ignored due to the lack of clinical records and inadequate assessment of toxicity[23].

In this study, we preliminarily demonstrated the close relationship between the anal bulge rating and
the DAI score and SARE. More importantly, this study is the first to develop and validate an easy-to-
understand visual nomogram prediction model for cervical cancer radiotherapy patients and doctors,
providing more personalized and accurate SARE prediction for cervical cancer patients undergoing
radiotherapy. Many studies have reported that the most important factor affecting radiation proctitis is
the total dose received by the rectum, and it is also affected by the radiotherapy technique, fraction
dose, total dose received by the rectum/total volume, dose volume ratio of rectum to radiation dose,
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Figure 2 Development and validation of the nomogram. A: Kendall's rank correlation analyses among factors with P < 0.05 in univariate logistic regression;
B: Nomogram predicting the occurrence of severe acute radiation enteritis (SARE). For each individual patient, two lines are drawn upward to determine the points
received from the two variables in the nomogram; the sum of these points is located on the “Total Points” line, and a line is drawn downward to determine the
likelihood of this patient to have SARE; C: Receiver operating characteristic curves of anal bulge rating. Disease activity index score vs the predictive model; D:
Calibration curves of the nomogram predicting the occurrence of SARE. The x-axis and y-axis indicate the predicted and actual probabilities of having SARE,
respectively; E: Decision curves of the nomogram predicting the occurrence of SARE. The x-axis shows the threshold probabilities. The y-axis measures the net
benefit, which was calculated by adding the true positives and subtracting the false positives. NOMO: Nodal modulator; AUC: Area under the receiver operating
characteristic curve; DAI: Disease activity index.

and uniformity of radiation dose distribution[4-6]. According to Seppenwoolde et al[24], rectal V40 =
80% is a physical dose factor predicting VMAT-related rectal incontinence and diarrhea in patients with
locally advanced cervical cancer. Ballari et al[25] suggested that small bowel V45 has predictive value for
acute RE. In addition, individual factors such as IBD, collagen vascular disease, history of abdominal
and pelvic surgery, history of pelvic inflammatory disease, diabetes mellitus, and acquired immunodefi-
ciency syndrome affect the determination of radiation dose and volume[7-11]. In patients with cervical
cancer, CCRT exerts radiosensitization and increases gastrointestinal toxicity by a factor of 3[18].
However, there is currently no consensus on the relative importance of these relevant predictors. In our
study, the dose-volume of the small intestine receiving 20-40 Gy in the radical radiotherapy group of
cervical cancer was significantly reduced compared with that in the postoperative adjuvant
radiotherapy group, and the reduction of V,, V,, and V, was statistically significant (P < 0.05), which
was considered to be related to the anatomical displacement of organs after hysterectomy. After the
removal of the tumor bed and uterus, part of the intestinal loop falls into the pelvic cavity[9], resulting
in increased secondary toxicity of radiotherapy. In addition, the rectal V,, V,;, and V, in the radical
radiotherapy group were significantly higher than those in the postoperative adjuvant radiotherapy
group, and the increase of V,, was statistically significant (P < 0.05). The cervical cancer patients treated
with radical radiotherapy in this study were FIGO IIB-IVA. CT or MRI showed obvious parametrial
infiltration, and mesorectal invasion occurred in some patients, resulting in a relative increase in the
volume of PTV to the left, right and dorsal side. Although we found dose-volume differences in the
small intestine and rectum between groups, we were unable to demonstrate that a single physical
parameter independently predicted RE or SARE. Therefore, more prospective, well-designed
randomized controlled trials with larger sample sizes are needed for validation.

Acute RE is self-limited, and not all acute RE will be classified as chronic RE. The prevalence of
chronic RE after 10 years of radiotherapy is 10%-20%[26]. In terms of pathogenesis, inflammation and
cell death occur in the intestinal mucosa during the acute phase of RE, and sustained cytokine activation
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in the submucosa leads to progressive ischemia, fibrosis, and stem cell loss[27]. In contrast, chronic RE is
associated with progressive endarteritis obliterans, secondary to capillary fibrosis, leading to chronic
ischemia and fibrosis of the affected bowel segments[28]. The outcome of chronic RE often induces
intestinal obstruction, which is similar to the Koenig syndrome observed in Crohn’s disease and is
considered to be related to ileal stenosis. In view of the similarities between RE and IBD, we
innovatively adopted the IBD evaluation index-DAI score. Univariate and multivariate logistic
regression analysis confirmed that DAI score was independent of other physical parameters and clinical
factors and could be used as a new predictor of SARE. In univariate analysis, abdominal pain, colitis,
anal distension, hematochezia, DAI score, age, and CCRT were statistically correlated with the
occurrence of severe acute RE (P < 0.05). Kendall analysis showed a relatively strong correlation
between abdominal pain, hematochezia, and DAI scores. Therefore, DAI score is a convenient, non-
invasive and highly beneficial diagnostic system for SARE.

The clinical manifestations of SARE are complex, and it is difficult for doctors, even with extensive
clinical experience, to predict and diagnose the disease early, comprehensively and accurately. If
cervical cancer can be identified and treated early before, during or after radiotherapy, the toxic and
side effects of pelvic radiotherapy may be improved, and the probability of radiotherapy intolerance or
even termination of radiotherapy may be reduced. The multi-factor prediction model is helpful to
further improve the prediction of RE. Several prediction models have been described in previous
studies, but they are still not used in clinic due to the low recognition ability of RE and the neglect of
heterogeneity among different patients[29,30]. In this study, we established a SARE-SS evaluation
system and found that anal bulge rating and DAI score were independent predictors of SARE through
multivariate statistical analysis. The above predictors were further integrated into the nomogram to
allow precise individualized SARE risk assessment for each patient. The AUC of the predictive model
was 0.950, which was much higher than the two independent factors of DAI score and anal bulge score.
The MAL thresholds for anal bulge rating and DAI score were 0.5 grade and 2.165 points, respectively,
indicating an advantage over previous models in predicting RE. We adopted the Bootstrap validation
method (including drawing the calibration curve and DCA curve), which showed a statistical advantage
in a relatively small sample size statistic[31,32]. In later studies, we will expand the sample size, carry
out prospective cohort studies, and use external validation methods to reduce data selection bias and
increase test power.

Although our study has many advantages, there are still several limitations to be addressed. First, our
sample size is small, so a large cohort is needed to further develop and validate the nomogram for
predicting RE. Second, since this was a retrospective study, our study may have had a selection bias.
Third, we only integrated the most important and commonly used parameters in clinic. From the
perspective of precision medicine, we need to combine biological factors in the future including
individual genomics, proteomics, metabolomics, microbiomics, real-time dosimetry and a wider range
of clinical parameters to establish a comprehensive prediction model to improve the accuracy of RE
prediction. Therefore, we will add biological factors to the analysis of related studies in later studies and
need to establish a more comprehensive and specific prediction model of RE.

CONCLUSION

Our findings showed that during VMAT for cervical cancer, gastrointestinal and hematological system
toxicity gradually increased with radiotherapy treatment and reached the peak at the end of
radiotherapy. The main adverse reactions were diarrhea, abdominal pain, colitis, anal bulging and
hematochezia. There were significant differences in V,, V,, V,,of small intestine and V, of rectum
between postoperative adjuvant radiotherapy and radical radiotherapy, which may be related to
intestinal anatomical displacement caused by surgery and primary disease. However, there were no
significant differences in the cumulative incidence of adverse reactions between the two groups. Anal
bulge rating (> 0.500) and DAI score (> 2.165) were identified as independent predictors of SARE by
multivariate analysis. The validity of our established nomogram was verified by the internal verification
method. Although further external validation is needed, our results indicate that the nomogram has
clinical value for the prediction and evaluation of SARE.

ARTICLE HIGHLIGHTS

Research background

Radiation enteritis (RE) not only seriously affects the quality of life of patients, but it also leads to
radiotherapy intolerance or termination of radiotherapy. However, data on the clinical efficacy and side
effects of volumetric modulated arc therapy (VMAT) for cervical cancer are limited.
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Research motivation

If the incidence of RE in patients can be predicted in advance, and targeted clinical preventive treatment
can be carried out, the side effects of radiotherapy in cervical cancer patients can be significantly
reduced. Furthermore, accurate prediction of RE is essential for the selection of individualized radiation
dose and the optimization of the radiotherapy plan.

Research objectives
To analyze the relationships between severe acute RE (SARE) of cervical cancer radiotherapy and
clinical factors and dose-volume parameters retrospectively.

Research methods

We included 50 cervical cancer patients who received VMAT from September 2017 to June 2018 in the
Department of Radiotherapy at The First Affiliated Hospital Soochow University. Clinical and dose-
volume histogram factors of patients were collected. Logistic regression analysis was used to evaluate
the predictive value of each factor for SARE. A nomogram to predict SARE was developed (SARE
scoring system 2 3 points) based on the multiple regression coefficients; validity was verified by an
internal verification method.

Research results

Gastrointestinal and hematological toxicity of cervical cancer VMAT gradually increased with
radiotherapy and reached the peak at the end of radiotherapy. The main adverse reactions were
diarrhea, abdominal pain, colitis, anal swelling, and blood in the stool. There was no significant
difference in the incidence of gastrointestinal toxicity between the radical and postoperative adjuvant
radiotherapy groups (P > 0.05). There were significant differences in the small intestine V20, V30, V40,
and rectal V40 between adjuvant radiotherapy and radical radiotherapy after surgery (P < 0.05).
Univariate and multivariate analysis revealed anal bulge rating (OR: 14.779, 95%CI: 1.281-170.547, P =
0.031) and disease activity index (DAI) score (OR: 53.928, 95%CI: 3.822-760.948, P = 0.003) as
independent predictors of SARE.

Research conclusions
Anal bulge rating (> 0.500 grade) and DAI score (> 2.165 points) can predict SARE. The nomogram
shows potential value in clinical practice.

Research perspectives

From the perspective of precision medicine, it will also be necessary to combine biological factors, such
as individual genomics, proteomics, metabolomics, microbiomics, real-time dosimetry, and a wider
range of clinical parameters to establish comprehensive predictive models. This study is a prospective
study with a small sample size. In the later stage, we will expand the sample size, conduct prospective
cohort studies, and use external validation methods to reduce data selection bias and increase test
efficiency.
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