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Purpose: To investigate the risk factors of radiation enteritis in patients with cervical cancer after radiotherapy.

Patients and Methods: Retrospective analysis 90 cervical cancer patients receiving radiation therapy from January 2019 to
May 2021 in Hefei Cancer Hospital, Chinese Academy of Sciences. The patients were divided into radiation enteritis group and
control group according to the radiation enteritis, the continuous variable were analyzed by ROC to obtain the best truncation value,
and univariate and multifactorial logistic regression models analyzed the independent risk factors for radiation enteritis in cervical
cancer patients. Nomogram was constructed and evaluated based on independent risk factors.

Results: The radiation enteritis incidence rate was 35.56%. Univariate analysis found that hemoglobin (OR=4.25, 95%
CI=1.43~13.73), albumin (OR=2.33, 95% CI=0.95~5.83), hypertension (OR=3.57, 95% CI=1.24~10.90), sigmoid colon V45
(OR=0.41, 95% CI=0.15~1.03), external radiation dose (OR=0.45, 95% CI=0.18~1.08), age (OR=2.27, 95% CI=0.90~6.18), total
T lymphocyte count (OR=2.4, 95% CI=0.97~6.29)(p<0.1) are risk factors for radiation enteritis. Multivariate logistic regression
analysis found that hemoglobin (p=0.001, OR=13.22, 95% CI=3.03~72.65), albumin (p=0.003, OR=6.76, 95% CI1=2.08~25.67), total
T lymphocyte count (p=0.015, OR=4.79, 95% CI=1.45~13.38) were independent risk factors for radiation enteritis. Based on the
above predictors, a nomogram model is established, and the area under the model fit, C-index, and ROC curve indicates that the model
has good prediction efficiency and differentiation.

Conclusion: Hemoglobin, albumin, and total T lymphocyte count are risk factors for radiation enteritis in cervical cancer patients
under radiotherapy, the nomogram model based on the above risk factors has good predictive efficacy and can provide a reference for
radiation enteritis prediction.
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Introduction

Cervical cancer is one of the most common malignancies in women,' and its incidence varies significantly from country
to country, mainly in developing countries.** China is the largest country for cervical cancer, with about 140,000 new
cases and about 30,000 deaths per year.” The incidence of cervical cancer is age-related and begins to rise after 25 years,
peaking around the age of 40 in developed countries and peaking at 55 to 69 years in developing countries. With socio-
economic development, universal HPV screening, and HPV vaccination, the incidence of cervical cancer has declined.®®
Still, cases of advanced cervical cancer remain widespread due to atypical early symptoms of cervical cancer.”'® The
primary treatment modalities for cervical cancer include surgery and radiation therapy, for locally advanced or intolerable
surgery patients, concurrent chemoradiation is the best treatment, patients with medium and high-risk factors after radical
hysterectomy can choose radiation therapy as an adjunctive therapy, radiation therapy is very important in the treatment
of cervical cancer.''"'® Radiation enteritis (RE) is a common side effect of radiation therapy in patients with cervical
cancer, the clinical manifestations are mainly abdominal pain, diarrhea, and bloody stools, and rectovaginal fistula can be
seen in severe cases, which seriously affects the quality of life of patients.'''* At present, the treatment of radiation
enteritis is mainly based on symptomatic treatment, so how to effectively predict the occurrence of RE has always been
the focus of clinical cervical cancer radiotherapy.
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Several factors associated with an increased risk of gastrointestinal toxicity have been identified.'> Previous
abdominal surgery increases the risk of radiation toxicity.'® Combining chemotherapy with radiation has been reported
to increase the rate of acute intestinal toxicity.'®' Individual patient phenotypic factors such as age and nutritional
status, co-morbid disease such as hypertension and diabetes have been suggested to influence the susceptibility to
radiation injury.?' Radiation-induced lesions are associated with infiltration of immune-inflammatory cells from the
blood and/or the lymph circulation such as T-lymphocytes. Treatment factors, such as total radiation dose, dose per
fraction, technique, and Organs at risk (OAR) dose also have a variable association with RE. The current means of
predict RE are still far from clinical application.? It is reported that radionuclide-labeled targeting molecules like 89Zr-
labeled anti-yH2AX may be used to precisely diagnose and evaluate radiation damage.”® Moreover, some results suggest
that gut microbiota can offer a set of biomarkers for prediction in RE. However, most of the predictive means are still in
the experimental stage, therefore, it is very important to establish a method for rapid assessment of RE based on clinical
available data.

In this study, we collected common clinical data of patients including general information of the patients such as age,
basic disease history, hematological examination, and lymphocyte subpopulations, in order to built a nomogram model to
predict the occurrence of RE during radiotherapy in cervical cancer patients.

Materials and Methods

Study Design

Retrospective analysis of 90 cervical cancer patients who received radiotherapy from January 2019 to May 2021 at Hefei
Cancer Hospital, Chinese Academy of Sciences. The inclusion criteria for patients are applied: (1) All patients were
pathologically diagnosed with cervical malignancy; (2) The patient’s clinical data is complete; (3) The follow-up time
after radiotherapy > 12 months; (4) Have not received abdominal and pelvic radiotherapy before; (5) No cognitive or
communication disorders. Exclusion criteria: (1) long-term use of hormones or immunosuppressants; (2) Patients with
a previous history of chronic intestinal diseases; (3) The expected survival period <6 months; (4) Participate in
contemporaneous studies of other people who may have an impact on the results of the study. Patients were divided
into RE groups (n=32) and control groups (n=58) according to RE, and the general clinical data of patients in both groups
are detailed in Table 1.

This study was conducted with permission by Ethics Review Committees of Hefei Cancer Hospital, Chinese
Academy of Sciences. We confirm that we have obtained ethical approval to conduct the study and publish the dataset.
The obtained data did not contain patient identifiers. Patient data was retrieved from our hospital database without
intervention and therefore no patient consent was required, the study is exempted from informed consent, the consent
waiver was approved by Ethics Review Committees of Hefei Cancer Hospital, Chinese Academy of Sciences. This study
complies with the Declaration of Helsinki.

Data Collection

All patients were treated within volumetric intensity-modulated radiotherapy equipped with Elekta Axesse linear
accelerator, large-aperture CT analog positioning machine, and Beijing Kelinzhong HDR three-dimensional after-
installation treatment machine. Prescription dose for external irradiation: pelvic lymphatic drainage zone 45 to 50.4
Gy, positive lymph nodes 56 to 60.2 Gy, if present in the presence of para-aortic or inguinal lymphatic drainage zone
45 Gy. The constraints of the plan was that at least 95% of the PTV received 100% of the prescription dose, and with
the maximal dose in the PTV<110% of the prescription dose. Gynecological examinations were performed twice
a week during treatment. If the tumor lesion regresses significantly, or the localization scan CT suggests the rectum is
not satisfied emptied, we will reposition and make a new treatment plan at 15-20 times of radiotherapy. OARs need
to evaluate were the bladder, small intestine, rectum, kidney, femoral head, and spinal cord. The dose constraints of
the OARs were based on the Radiation Therapy Oncology Group 1203 trial guidelines as follows: bladder V45
<35%, small intestine V45 <30%, rectum V45 < 60%, kidneys V18 <20%, femoral head V30 <15%, and spinal cord
max <45Gy.The internal brachytherapy treatment was guided by CT and completed three-dimensional brachytherapy
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Table | The Characteristics of Patients with RE

Characteristics RE (n=32) | nRE (n=58)

Age (years)

260 11(0.34) 24(0.41)

<60 21(0.66) 34(0.59)
History of hypertension

Yes 6(0.19) 12(0.21)

No 26(0.81) 46(0.79)
History of diabetes

Yes 3(0.09) 7(0.12)

No 29(0.91) 51(0.88)
FIGO stage

-l 29(0.91) 50(0.86)

v 3(0.09) 8(0.14)
Induction chemotherapy

Yes 8(0.25) 15(0.26)

No 24(0.75) 43(0.74)
Concurrent chemotherapy

Yes 20(0.63) 30 (0.52)

No 12(0.37) 28(0.48)
History of abdominal/pelvic surgery

Yes 4(0.12) 8(0.14)

No 28(0.88) 50(0.86)
Internal irradiation

Yes 28(0.88) 41 (0.71)

No 4(0.12) 17(0.29)
Paraaortic radiation

Yes 2(0.06) 3(0.05)

No 30(0.94) 55(0.95)
Definitive radiation

Yes 31(0.97) 57(0.99)

No 1(0.03) 1(0.01)
Primary radiation

Yes 32(1) 58(1)

No 0(0) 0(0)
Two treatment plans

Yes 9(0.28) 16(0.28)

No 23(0.72) 42(0.72)

under the guidance of '°?Ir, 2 to 3 times per week, and the single prescription dose was 5-6Gy. The biological dose
equivalent to 2Gy fractions (EQD2) was also calculated for maximum dose points for OAR, using the equation:
EQD2=Dx[(d+a/B)/(2+a/B)], the o/f ratio is 10Gy for HR-CTV and 3Gy for OARs. Regarding the dose-volume
parameters, the D90 and D98 of the HR-CTV and the D2cc of the rectum, sigmoid colon, and bladder were

calculated, recorded, and reported at every brachytherapy session. The D2cc of the rectum and sigmoid colon
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<70Gygqgp2, D2cc of the bladder < 90Gygop,, when the dose constraints of the HR-CTV and OARs were not
achieved simultaneously, the constraints of the OARs were prioritized. The concurrent chemotherapy regimen is
cisplatin monotherapy, and the adjuvant chemotherapy is treated with paclitaxel plus platinum chemotherapy for four
cycles.

Individual patient factors were collected before radiotherapy: age, smoking history, hypertension, diabetes, tumor
stage, and hematological data includes ALB (albumin), HGB (hemoglobin), CD4/CDS, auxiliary/induced T cells,
inhibitory/cytotoxic T cells, total B lymphocyte count, total T lymphocyte count). Treatment characteristics (radiotherapy
dose, chemotherapy, small intestine V45, sigmoid colon V45, rectum V45, rectum D2cc and sigmoid colon D2cc), were
collected at the end of the entire treatment.**

Patients were recorded weekly according to the Common Adverse Events Evaluation Criteria (CTCAE) 5.0 grading
criteria, and the severity of RE was graded, grade 1 compared to baseline: no more than 4 increases in the frequency of
stools per day; grade 2: the number of seats increased by 4—6 times/day; grade 3: the number of chairs increased by more
than 6 times/day; grade 4: life-threatening patients and require urgent treatment; grade 5: causes death in the patient.

Patients were followed up by phone once a month, outpatient follow-up was once every 3 months, and the total
follow-up time was 1 year after the end of radiotherapy. The study was followed up to 30 May 2022. Twenty-two patients
had grade 1 RE, 7 patients developed grade 2 RE, 3 patients developed grade 3 RE, and no grade 4 or higher RE.

Statistical Analyses

SPSS 20.0 were used for statistical analysis. The counting data is represented by example(%) and uses chi-square tests.
Medical statistical software is used to plot the working characteristic curve of continuous variable subjects and obtain the
best truncation value, and convert the binary categorical variable according to the best truncation value. Univariate and
multivariate logistic regression analysis was used to determine the influencing factors of RE in radiation therapy in
patients with cervical cancer. Based on the results of multivariate logistic regression analysis, the RMS package in
R version 3. 5.2 was used to draw the nomogram model and validates it to calculate consistency (C-index). The
difference was statistically significant for the one-factor analysis p<0.1, and the difference was statistically significant

for the multivariate logistic regression analysis p<0.05.

Results

Clinical Data Analysis of RE Group and Control Group

RE developed in 32 patients with a rate of 35.56%. For continuous clinical data (age (years), CD4/CD8, auxiliary/
induced T cells, inhibitory/cytotoxic T cells, HGB(g/L), ALB(g/L), external radiation dose(Gy), total B lymphocyte count
(%), total T lymphocyte count(%), small intestine V45, sigmoid colon V45, rectum V45, sigmoid colon D2cc, rectum
D2cc), the ROC curve was analyzed according to whether the patient had RE, the best truncation values were 51 years,
1.19, 50.05, 29.53, 97g/L, 40.6g/L, 50Gy, 11.85, 66.78, 6.35, 69.77, 40.9, 72.09, 79.88(Table 2).

Factors Influencing the Occurrence of RE in Radiation Therapy in Cervical Cancer

Patients

According to the truncation value obtained by the ROC curve, the results of the univariate analysis showed that HGB
(OR=4.25, 95% CI=1.43~13.73), ALB (OR=2.33, 95% CI=0.95~5.83), hypertension (OR=3.57, 95% CI=1.24~10.90),
sigmoid colon V45(OR=0.41, 95% CI=0.15~1.03), external radiation dose (OR=0.45, 95% CI=0.18~1.08), age
(OR=2.27, 95% CI=0.90~6.18), total T lymphocyte count (OR=2.4, 95% CI=0.97~6.29)(p<0.1) are risk factors for
radiation enteritis (p <0.2)(Table 3). The results of multivariate logistic regression analysis showed that HGB
(p=0.001, OR=13.22, 95% CI=3.03~72.65), ALB (p=0.003, OR=6.76, 95% CI=2.08~25.67), total T lymphocyte
count (p=0.015, OR=4.79, 95% CI=1.45~13.38) were independent risk factors for RE in cervical cancer patients
(p<0.05)(Table 4).
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Table 2 ROC Curve Analysis of Continuous Clinical Data in the Diagnosis of RE
Variable AUC Best Cutoff Sensitivity Specificity p-value
Age (years) 0.53 51 75.76 42.11 0.60
CD4/CD8 0.53 I.19 39.94 78.90 0.62
Uxiliary/induced T cells 051 50.05 6.1 82.5 0.94
Inhibitory/cytotoxic T cells 0.53 29.53 333 789 0.70
HGB (g/L) 0.51 97 33.33 89.5 0.94
ALB (g/L) 0.53 40.6 45.45 73.68 0.65
External radiation dose (Gy) 0.54 50 66.67 52.63 0.47
Total B lymphocyte count (%) 0.53 11.85 788 35.1 0.62
Total T lymphocyte count (%) 0.58 66.78 72.7 474 0.21
Small intestine V45 0.53 6.35 48.4 63.2 0.63
Sigmoid colon V45 0.58 69.77 742 45.6 0.23
Rectum V45 0.51 40.9 87.1 246 0.93
Sigmoid colon D2cc 0.53 72.09 87.5 26.3 0.6l
Rectum D2cc 0.51 79.88 93.9 15.8 0.94
Table 3 Univariate Analysis of the Factors Associated with RE

Characteristics HR 95% ClI p-value

CD4/CD8 1.88 0.71~6.96 0.201

HGB 4.25 1.43~13.73 0.011

ALB 2.33 0.95~5.83 0.066

Uxiliary/induced T cells 0.40 0.06~1.70 0.259

History of hypertension 3.57 1.24~10.90 0.020

Age 227 0.90~6.18 0.092

History of abdominal/pelvic surgery 0.84 0.21~2.94 0.797

History of diabetes 1.17 0.28~ 4.44 0.817

Concurrent chemotherapy 0.64 0.27~ 1.51 0.306

Induction chemotherapy 0.84 0.31~2.09 0.708

External radiation dose 0.45 0.18~1.08 0.079

Inhibitory/cytotoxic T cells 1.88 0.71~4.96 0.201

linternal brachytherapy 1.6l 0.58~4.97 0.381

Total B lymphocyte count 1.56 0.61~4.29 0.366

Total T lymphocyte count 2.4 0.97~6.29 0.064

Small intestine V45 0.60 0.23~1.49 0.278

Sigmoid colon V45 0.41 0.15~1.03 0.066

Rectum V45 1.23 0.52~2.94 0.637

Sigmoid colon D2cc 0.47 0.12~1.47 0.219

Rectum D2cc 0.34 0.05~1.45 0.190
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Table 4 Multivariate Analysis of the Factors Associated with RE

Characteristics HR 95% CI p-value
Sigmoid colon V45 0.41 0.11~1.31 0.146
HGB 13.23 3.03~72.65 0.001
ALB 6.76 2.08~25.57 0.003
History of hypertension 4.20 0.95~21.14 0.066
Age 2.76 0.81~10.68 0.120
External radiation dose 0.47 0.14~1.44 0.194
Total T lymphocyte count 4.79 1.45~18.38 0.015

Establishment and Evaluation of Nomogram Model

Based on the independent predictors obtained by multivariate logistic regression analysis, a risk assessment line chart
model for predicting the occurrence of RE during radiation therapy in cervical cancer patients was established, and the
left endpoint of each scoring line corresponded to 0 points, with a total score of 230 points (Figure 1). In this model,
HGB <97g/L was the strongest predictor of RE occurrence (corresponding to a score of 100 points), followed by the
ALB <40.6 g/L (75 points), total T lymphocyte count <66.78% (55 points).

To verify the line graph model, a subject working curve ROC was established to evaluate this model (Figure 2A),
which had a sensitivity of 0.79, a specificity of 0.58, and an AUC of 0.75 (95% CI: 0.72~0.81), suggesting that the
predictive model had the good predictive ability. The nomogram prediction model was internally verified by the bootstrap
method, the self-sampling was 1000 times, and the differentiation evaluation index C-index was 0.81 (95% CI: 0.73—
0.87, p=0.038), as shown in Figure 2B. The results of the calibration graph show that the predicted probability of RE in
the risk assessment line diagram model constructed in this study is more consistent with the actual possibility. The above
shows that this model has a good prediction accuracy.

0 10 20 30 40 50 60 70 80 90 100

Points
HGB <97g/L
>97g/L
o <40.6g/L
>40.6g/L
Total T lymphocyte cell 66.78%
otal T lymphocyte ce S 66.78%
Total Points - 5362620807100 130 140 160 180 300 330 340
Risk 57 G2 03 04 05 06 07 08 9.9

Figure | Nomogram for the individualized prediction of RE in cervical cancer patients.
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Figure 2 (A) ROC curve for the prediction nomogram. (B) Calibration curve showing nomogram-predicted RE probabilities compared with the actual RE.

Discussion

Approximately 70% of patients with cervical cancer require radiation therapy during the disease,*”* and RE is
a nonspecific inflammatory response that is a common complication of normal intestinal tissue damaged by ionizing
radiation. The adverse effects of RE on the quality of life and long-term prognosis of patients with cervical cancer
radiotherapy have attracted widespread attention in the clinical. However, the mechanism of RE and the influencing
factors are still unclear, and there is no standard prevention and treatment in the clinical, the prediction of RE should be
strengthened clinically, and the treatment plan of patients should be adjusted according to the prediction results.*® Wang
et al show that early RE was 54.3%, and late RE was 17.9% in cervical patients,”’ the results of Ma et al also showed that
the incidence of radiation enteritis was 27.1%, suggesting that the clinical risk of RE is relatively high.

The results of this study show that 35.56% of patients with cervical cancer develop RE during the follow-up process
of 1 year after radiotherapy, which is consistent with the above study data.

Simultaneous chemoradiotherapy has been reported to increase the incidence of RE in locally advanced cervical
cancer, particularly in patients with post-pelvic lymph node dissection in locally advanced cervical cancer.”® Sun et al
found that postoperative adjuvant radiotherapy after rectal cancer surgery increased the risk of radiation rectal toxicity
side effects. This study shows that both concurrent chemotherapy and pre-radiotherapy chemotherapy are not indepen-
dent risk factors for the occurrence of RE in cervical cancer patients, and there is no significant correlation between the
history of abdominal and pelvic surgery and the incidence of RE, which may be a small sample study in this study, and
the sample size needs to be further expanded.?® >

Low levels of ALB, HGB, and diabetes had been reported to be associated with side effects in cancers. However, the
combined analysis has not been reported. Moreover, studies on the impact of serum biochemical indexes on toxicity with
radiotherapy of lymphocyte subsets for cervical cancer have not yet been reported.*® Zeng et al found serological markers such as
ALB and BUN acted as risk factors for side effects in nasopharyngeal carcinoma. ALB is an acute-phase protein that positively
correlates with the patients’ nutritional status.>**> Patients undergoing cancer-related treatment often suffer from gastrointestinal
reactions such as nausea and vomiting, which contributes to malnutrition. This study showed that the RE incidence of cervical
cancer patients with HGB <97 g/L. was 3.03 times that patients with HGB >97g/L, and 2.08 times in patients with ALB <40.6 g/L
than patients with ALB >40.6 g/L, suggesting that malnutrition may be a risk factor for the development of RE in cervical cancer
patients, improve the nutritional status of patients before radiotherapy can reduce the occurrence of RE in cervical cancer patients.
This may be due to the low tissue repair ability of malnourished patients, ionizing radiation damage to the intestinal mucosa
caused by intestinal digestive and absorption dysfunction, and then increased risk of RE in patients thus it is speculated that
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strengthening nutritional therapy is an effective means to reduce the risk of RE in cervical cancer patients. The multivariate
logistic regression analysis showed the total T lymphocytes in patients with radiation therapy for cervical cancer were also
associated with RE occurrence. This means detecting lymphocyte subsets before radiation therapy in patients with cervical
cancer can assess the risk of RE to a certain extent. The results show that the percentage of dose of small bowel and rectum had no
significantly contribute to the appearance of RE. Similar result in the D2cc to small bowel, sigmoid colon, and rectum from
contributions of external beam irradiation plus internal brachytherapy. The possible reason for this result may due to the narrow
range of different doses that were choose to use in this single institution experience, and some patients were repositioned and had
a new treatment plan when they reach 15-20 times radiation treatments based on gynecological examination and bladder and
rectal preparation at the first treatment plan. This may result in the OARs’ doses were not much difference in the RE group and
control group patients.*®’

The nomogram visualizes the results of logistic regression or cox regression to provide a more intuitive, individualized patient
risk probability. According to the size of the independent regression coefficient, the scoring criteria are formulated, and the
corresponding scores are assigned to the different separate variable values. A total score can be calculated according to the
assignment for other patients, and the probability of the patient’s outcome occurring is calculated. To establish a quantitative RE
risk prediction model, assess the relevant risks, and identify high-risk groups of RE, this study demonstrated a nomogram
prediction model of RE occurrence based on independent risk factors of RE. After statistical verification, the model has a more
reliable predictive effect, suggesting that the predictive model can be applied to clinical diagnosis and treatment activities.
Assuming a 48-year-old patient under poor nutritional status, ALB 32g/L, HGB 94g/L, the total score of the patient was
calculated according to the nomogram model score to be 175, the corresponding risk prediction value was 0.73, indicating that
the patient had a 73% probability of concurrent RE.

Our study has some limitations. This was a single-center retrospective case study with a small sample size, and the
model was cross-validated only in internal populations. Therefore, expanding the sample size, carrying out multi-center
research, and further revising and improving the predictive model are necessary.

Conclusion
HGB<97g/L, albumin <40.6g/L, and total T lymphocyte count< 66.78% are risk factors for RE in cervical cancer patients
with radiotherapy. The nomogram model based on the above risk factors can effectively predict the probability of RE.

Disclosure
The authors report no conflicts of interest in this work.
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