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Background: Postoperative adjuvant chemotherapy used in patients with stage II/III rectal cancer, is usually administered for 3 to 6 
months. However, the optimal timing of protective stoma reversal remains controversial. This study aimed to investigate the effect of 
stoma closure before or after adjuvant chemotherapy on survival and stoma-related complications.
Methods: A retrospective analysis was conducted on 144 patients who underwent radical rectal cancer surgery, prophylactic 
ileostomy and adjuvant chemotherapy from June 2018 to June 2021. 104 had their stoma reversal before adjuvant chemotherapy 
completion (Before group) and 40 after adjuvant chemotherapy completion (After group).
Results: There were no significant differences between the groups regarding demographics, clinical characteristics, perioperative 
complications, OS, or DFS. Pathologic T-stage [HR = 2.620 (1.291–5.320), P = 0.008 vs HR = 2.793 (1.297–6.017), P = 0.009] and 
N-stage [HR = 2.204 (1.168–4.157), P = 0.015 vs HR = 2.068 (1.125–3.789), P = 0.019] were identified as independent risk factors for 
OS and DFS. Stoma reversal after completing chemotherapy [OR = 39.979 (3.964–403.188), P = 0.002] and comorbidity [OR = 
33.395 (5.931–188.033), P < 0.001] were independent risk factors for stoma-related complications. In high-risk stage III patients with 
T4 or N2, the 3-year OS rate was significantly lower in Before group than in After group (70.3% vs 92.6%, P = 0.01), as was the 
3-year DFS rate (60.94% vs 74.07%, P = 0.02). Prolonged stoma duration [HR = 0.991 (0.982–1.000), P = 0.048] was an OS 
protective factor. Stoma reversal after chemotherapy [HR = 0.370 (0.141–0.972), P = 0.044] and cumulative 5-FU dosage [HR = 0.991 
(0.985–0.997), P = 0.003] were DFS protective factors.
Conclusion: In high-risk stage III patients, delayed stoma reversal after adjuvant chemotherapy may improve survival, but it may also 
lead to more stoma-related complications.
Keywords: rectal cancer, protective ileostomy, adjuvant chemotherapy, survival, stoma-related complications

Introduction
Low rectal cancer resection often requires a protective ileostomy aimed at reducing anastomotic tension and bacterial 
contamination by diverting the faecal flow. This protective measure helps safeguard the anastomosis, reducing the risk of 
anastomotic leakage and its associated complications, such as abdominal infections and abscesses.1,2 Typically, protective 
ileostomies are temporary, with stoma reversal performed once the patient’s condition improves, including resolution of 
bowel oedema and improvement of adhesions around the intestine. However, current guidelines and expert consensus do 
not clearly define the optimal timing for stoma reversal. While most surgeons prefer stoma reversal 2–3 months after 
rectal cancer resection, some studies suggest earlier reversal within one month postoperatively or even ultra-early 
reversal within 10–12 days.3 Elsner et al4 compared the safety of stoma reversal performed early (2 weeks post-
operatively) versus late (12 weeks postoperatively). However, the early reversal group was discontinued due to severe 
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postoperative complications. Tramontano et al5 compared perioperative and postoperative complications between 
patients who underwent stoma reversal within 4 weeks and those who had it after 4 weeks. The results showed that 
the timing of stoma reversal was not a factor influencing postoperative complications. For patients with stage II–III rectal 
cancer who require postoperative adjuvant chemotherapy, some scholars believe that stoma reversal can be performed 
after the completion of adjuvant chemotherapy, but this approach is also subject to debate.6

Postoperative adjuvant chemotherapy is an essential component of the comprehensive treatment for rectal cancer. For 
patients with high-risk stage II and stage III rectal cancer based on postoperative pathological staging, guidelines 
recommend adjuvant chemotherapy for 3 to 6 months.7 Adjuvant chemotherapy aims to eradicate residual tumour 
cells using chemotherapeutic agents, thereby reducing the likelihood of tumour recurrence or metastasis. Standard 
regimens typically include fluoropyrimidine-based therapies such as CapeOx or FOLFOX or monotherapies like 5-FU/ 
LV or capecitabine.8 The optimal timing for stoma reversal in these patients has not yet been determined. During adjuvant 
chemotherapy, chemotherapy-related side effects, such as physical deterioration, weakened immunity, and overall 
debility, may increase the perioperative risks of stoma reversal.9 Cheng et al found that the use of bevacizumab in 
chemotherapy is one of the independent risk factors for major complications after stoma reversal.10 Furthermore, stoma- 
related complications occur in 20–80% of patients and include stenosis, retraction, prolapse, parastomal hernia, and 
stoma malignancy.11–13 These complications are partly due to faecal diversion, which alters normal intestinal anatomy 
and physiology, potentially causing distal bowel inflammation and increasing the psychological and social burdens on 
patients.

For patients undergoing rectal cancer resection with protective stoma formation, the timing of stoma reversal must 
take into account multiple factors, including postoperative adjuvant chemotherapy, stoma-related complications, and the 
social, psychological, and economic impacts. Reversing the stoma before completing adjuvant chemotherapy may 
increase perioperative complications, prolong hospital stays, and delay postoperative recovery, potentially leading to 
chemotherapy delays or interruptions. Furthermore, the impact of early stoma reversal on patient survival before the 
completion of adjuvant chemotherapy remains unclear. On the other hand, whether delaying stoma reversal until after the 
completion of chemotherapy might prolong the stoma reversal timeline, increase stoma-related complications, and result 
in adverse clinical outcomes is also uncertain.

This study aims to investigate whether early stoma reversal, before the completion of adjuvant chemotherapy, affects 
survival and to explore whether the timing of stoma reversal influences the incidence of stoma-related complications.

Materials and Methods
This retrospective cohort study included patients who underwent rectal cancer resection with protective ileostomy 
between June 2018 and June 2021 at the Department of Gastrointestinal Surgery, Zunyi Medical University Affiliated 
Hospital. Demographic and clinical data were collected. The study was approved by the Ethics Committee of Zunyi 
Medical University (Ethics Approval No. KLLY-2023-075) and was conducted in accordance with the Declaration of 
Helsinki.

Clinical data were collected for patients who met the inclusion and exclusion criteria. Inclusion criteria were: (1) age 
≥18 years; (2) histopathologically confirmed diagnosis of rectal cancer, staged as stage II with high-risk factors (poor 
histological differentiation (grade III or IV), proficient mismatch repair (pMMR) or microsatellite stability (MSS), 
vascular or lymphatic invasion, preoperative bowel obstruction or perforation, insufficient lymph node retrieval in the 
specimen (<12 nodes), neural invasion, positive or indeterminate surgical margins), or stage III; (3) patients who 
underwent rectal cancer resection with protective ileostomy and received postoperative adjuvant chemotherapy; (4) 
Patients diagnosed with rectal cancer for the first time and underwent radical surgery. (5) Patients with neoadjuvant 
treatment duration ≤ 3 months (4 cycles of CapeOX, or 6 cycles of FOLOX), who have been assessed to have apparent 
tumor regression and are eligible for radical surgery. Exclusion criteria included: (1) missing clinical or pathological data; 
(2) no ileostomy reversal within one year after surgery; (3) The stoma has not been reversed within one year after surgery 
due to tumor recurrence and metastasis, physical condition or other reasons. (4) Except for the first chemotherapy cycle 
after the ileostomy, other cycles have been delayed for more than 7 days beyond the specified time window. Follow-up 
continued until June 2024.
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Given the differing pathological stages of rectal cancer, patients were assigned to receive 3 to 6 months of adjuvant 
chemotherapy. According to the NCCN Colorectal Cancer Guidelines, standard chemotherapy regimens were defined as 
four cycles of CapeOX or six cycles of FOLFOX for high-risk stage II or low-risk stage III patients. High-risk stage III 
patients (defined as T4 or N2) received eight cycles of CapeOX or 12 cycles of FOLFOX. We defined chemotherapy 
treatment delay as an adjuvant chemotherapy delay for more than 7 days beyond the specified time window. The 
chemotherapy regimen and duration were chosen based on postoperative pathological staging and the evaluation by the 
surgeon or oncologist. The final chemotherapy cycle was administered at least three weeks before stoma reversal surgery, 
and chemotherapy was resumed at least two weeks after stoma reversal. Stoma reversal during chemotherapy was defined 
as the “Before group” (reversal before chemotherapy completion), and stoma reversal after chemotherapy completion 
was defined as the “After group” (reversal after chemotherapy completion). The demographic characteristics, adjuvant 
chemotherapy regimens (including protocol, dosage, and timing), stoma-related complications, and survival analysis 
were compared between the two groups.

Prior to stoma reversal surgery, the anastomosis site was assessed through rectal examination, gastrointestinal contrast 
imaging, or colonoscopy to ensure the absence of leakage, stenosis, or other anastomotic issues. All the surgeons in our 
study have extensive surgical experience and hold at least the title of associate chief physician.

Data Collection
General patient data were collected, including age, sex, body mass index (BMI), comorbidities (hypertension, diabetes, 
and respiratory diseases), American Society of Anesthesiologists (ASA) physical status classification, postoperative 
pathological staging, tumour location, duration of stoma use, and details of neoadjuvant therapy. Information on adjuvant 
chemotherapy was also gathered, including whether neoadjuvant therapy was administered and the chemotherapy 
regimen and dosage. Perioperative data for stoma reversal included duration of surgery, length of hospital stay, 
intraoperative blood loss, complications associated with stoma reversal (infection, postoperative bowel obstruction, 
fistula, incisional hernia), 30-day postoperative mortality, and reoperation rates. Stoma-related complications were 
recorded, including parastomal hernia, stoma prolapse, peristomal skin irritation, stoma retraction, stoma stenosis, and 
stoma malignancy.

Outcome Measures
The primary endpoint of this study is OS, defined as the time interval from the date of surgery to the date of death or the 
date of the last follow-up (June 30, 2024).

The secondary endpoint is DFS, defined as the time from the date of surgery to the occurrence of disease recurrence 
or death from any cause.

The occurrence of stoma-related complications was recorded throughout the follow-up period. Perioperative compli-
cations related to stoma reversal were defined as complications occurring during the surgery or within one month 
postoperatively that were related to the surgical procedure. Stoma-related complications (Clavien-Dindo grade II or 
higher) were defined as a series of complications associated with the stoma, including stoma retraction, ischemic 
necrosis, stoma oedema, peristomal dermatitis, parastomal hernia, stoma stenosis, stoma prolapse, and stoma malignancy.

Statistical Methods
Statistical analysis was performed using SPSS version 29.0. Normally distributed quantitative data were described as 
mean ± standard deviation (x±s) and analyzed using the t-test. Non-normally distributed quantitative data were described 
by the median and interquartile range and analyzed using the nonparametric rank-sum test. Count data were presented as 
n (%), and comparisons were made using the chi-square test or Fisher’s exact test. Kaplan-Meier survival curves were 
generated for both groups, and differences were compared using the Log rank test. Cox regression analysis was 
conducted to explore independent risk factors affecting OS and DFS. Binary logistic regression analysis was used to 
identify independent risk factors for stoma-related complications. A p-value of <0.05 was considered statistically 
significant.
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Results
Baseline Characteristics
A total of 213 patients were initially enrolled in this study. After screening by inclusion and exclusion criteria, 144 
patients were included and divided into two groups based on the timing of protective stoma reversal. The “Before” group 
consisted of 104 patients who underwent stoma reversal before completing adjuvant chemotherapy (ie, these patients had 
not completed the full chemotherapy regimen). The “After” group included 40 patients who underwent stoma reversal 
after completing all chemotherapy cycles (Figure 1). There were no significant differences between the two groups in 
age, sex, body mass index (BMI), American Society of Anesthesiologists (ASA) classification, tumour location, 
pathological stage, or the presence of comorbidities such as hypertension, diabetes, and respiratory diseases (Table 1). 
Similarly, no significant differences were observed in neoadjuvant therapy, total doses of Oxaliplatin, or 5-fluorouracil 
(5-FU) between the two groups (Table 2). When comparing perioperative indicators for stoma reversal, including surgical 
duration, intraoperative blood loss, and length of hospital stay, no significant differences were found between the two 
groups (Table 3). Furthermore, neither group experienced surgical complications or unplanned reoperations during the 
perioperative period or within 30 days after stoma reversal.

Survival Outcomes
As of the last follow-up on June 30, 2024, the 3-year OS rate for the Before group and After group was 81.7% and 90%, 
respectively (P=0.18) (Figure 2). The 3-year DFS rate for the two groups was 74.04% and 82.5%, respectively (P=0.091) 
(Figure 2). No statistically significant differences in survival outcomes were observed between the two groups.

Cox Regression Analysis of OS-Related Risk Factors
Univariate Cox regression analysis revealed that pathological staging, specifically T stage [HR = 2.620 (1.291–5.320), 
P = 0.008] and N stage [HR = 2.204 (1.168–4.157), P = 0.015], receipt of neoadjuvant therapy [HR = 0.098 

Figure 1 Study flowchart.
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(0.013–0.723), P = 0.023], and cumulative 5-FU dose [HR = 0.993 (0.986–0.999), P = 0.029], were factors influencing 
OS (P < 0.05). Multivariate regression analysis showed that T stage [HR = 2.793 (1.297–6.017), P = 0.009], N stage [HR 
= 2.068 (1.125–3.789), P = 0.019], and receipt of neoadjuvant therapy [HR = 0.061 (0.008–0.459), P = 0.007] were 
factors influencing OS (Table 4 and Table 5).

Cox Regression Analysis of DFS-Related Risk Factors
Univariate Cox regression analysis revealed that pathological staging, specifically T stage [HR = 2.407 (1.360–4.259), 
P = 0.003], N stage [HR = 2.235 (1.336–3.738), P = 0.002], receipt of neoadjuvant therapy [HR = 0.371 (0.144–0.995), 

Table 1 Demographic and Clinical Characteristics of the Two Groups

Before Group After Group t/Χ²/Z P

n=104 n=40

Age (years) 60.32±13.196 63.70±9.146 −1.488 0.139a

Sex

Male 60(77.9%) 44(65.7%) 2.680 0.102b

Female 17(22.1%) 23(34.3%)

BMI (kg/m2) 23.53(22.43,24.69) 24.54(23.28,25.32) −1.926 0.054c

ASA* 4.532 0.870b

I 55(52.9%) 15(37%)

II 45(43.3%) 25(62.5%)

Comorbidities

Hypertension 7(6.7%) 7(17.5%) 3.817 0.063b

Diabetes 5(4.8%) 3(7.5%) 0.399 0.685b

Respiratory diseases 12(11.5%) 9(22.5%) 2.787 0.115b

Tumour Location

Low (≤5 cm) 79(76.0%) 30(75.0%) 0.015 0.904b

Middle/High (>5 cm) 25(24.0%) 10(25.0%)

pTNM

T T2 15(14.4%) 3(7.5%) 4.986 0.080b

T3 60(57.7%) 18(45.0%)

T4 29(27.9%) 19(47.5%)

N N0 26(25.0%) 11(27.5%) 0.338 0.884b

N1 23(22.1%) 10(25.0%)

N2 55(52.9%) 19(47.5%)

Notes: at-test; bChi-square test or Fisher’s exact test; cNon-parametric rank-sum test. 
Abbreviation: ASA, American Society of Anesthesiologists classification for physical status.

Table 2 Adjuvant Therapy-Related Data for the Two Groups

Before Group After Group t/Χ² P

n=104 n=40

Receipt of Neoadjuvant Therapy 3.614 0.066b

Yes 25(24.0%) 16(40.0%)

No 79(76.0%) 24(60.0%)

Cumulative Dose of Oxaliplatin (g) 1.41±0.44 1.35±0.48 0.662 0.509a

Cumulative Dose of 5-FU (g) 134.78±88.71 128.49±93.88 0.375 0.708a

Notes: at-test; bChi-square test or Fisher’s exact test.
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P = 0.040], and cumulative 5-FU dose [HR = 0.994 (0.989–0.999), P = 0.012], were factors influencing DFS (P < 0.05). 
Multivariate regression analysis demonstrated that pathological staging, specifically T stage [HR = 2.302 (1.239–4.277), 
P = 0.008], N stage [HR = 2.105 (1.276–3.555), P = 0.004], and receipt of neoadjuvant therapy [HR = 0.252 (0.079-
–0.791), P = 0.006] were factors affecting DFS (Table 6 and Table 7).

Survival Outcomes in High-Risk Stage III Rectal Cancer
Cox regression analysis identified T and N stages as independent risk factors for both OS and DFS. Therefore, a subgroup 
analysis was conducted for high-risk stage III rectal cancer patients, defined as those with T 4 or N 2. Of the 144 patients, 
91 had high-risk stage III disease, with 64 in the Before group and 27 in the After group. In this subgroup, the 3-year OS 
rate for the Before group and After group was 70.3% and 92.6%, respectively (P = 0.01), and the 3-year DFS rate was 
60.94% and 74.07%, respectively (P = 0.02) (Figure 3). These results suggest that patients in the After group had 
significantly better survival outcomes compared to those in the Before group.

Cox Regression Analysis of OS-Related Risk Factors in High-Risk Stage III Rectal 
Cancer
Univariate Cox regression analysis in the subgroup revealed that stoma duration [HR = 0.991 (0.982–1.000), P = 0.048], 
stoma reversal after completing chemotherapy [HR = 0.200 (0.047–0.858), P = 0.030], and cumulative 5-FU dose [HR = 
0.992 (0.985–0.999), P = 0.021] were factors influencing OS (P < 0.05). Multivariate Cox regression analysis showed 
that stoma duration [HR = 0.991 (0.982–1.000), P = 0.048] and cumulative 5-FU dose [HR = 0.992 (0.985–0.999), P = 
0.032] were factors influencing OS (Table 8 and Table 9).

Table 3 Perioperative Data for Stoma Reversal Surgery in the Two Groups

Before Group After Group Z P

n=104 n=40

Surgical Duration (minutes) 80(64.25,100) 85(62,103.75) −0.552 0.581a

Length of Hospital Stay (days) 12(10,16.75) 14(10,19) −0.964 0.335a

Intraoperative Blood Loss (mL) 15(10,15) 15(10,20) −0.653 0.514a

Note: aNon-parametric rank-sum test.

Figure 2 OS and DFS survival curves between the two groups in the entire cohort.
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Table 4 Univariate Analysis of OS in Rectal Cancer Patients Undergoing Protective Ileostomy After Curative Resection

Factor B SE Wals P HR 95% CI for HR

Lower Limit Upper Limit

Age 0.015 0.018 0.750 0.387 1.015 0.981 1.051

Sex (Male vs Female) 0.121 0.455 0.071 0.790 1.129 0.462 2.756
BMI 0.071 0.095 0.563 0.453 1.107 0.891 1.389

ASA 0.712 0.442 2.598 0.107 2.308 0.857 4.844

Tumour Location (≤5 cm vs >5 cm) −0.517 0.548 1.606 0.205 0.446 0.128 1.555
Pathological Staging

T 0.963 0.361 7.110 0.008* 2.620 1.291 5.320

N 0.790 0.324 5.962 0.015* 2.204 1.169 4.157
Surgical Duration −0.005 0.008 0.331 0.565 0.995 0.980 1.011

Length of Hospital Stay −0.055 0.041 1.762 0.184 0.947 0.874 1.026

Intraoperative Blood Loss −0.017 0.035 0.234 0.629 0.983 0.917 1.053
Duration of Stoma Use −0.004 0.004 1.122 0.289 0.996 0.989 1.003

Receipt of Neoadjuvant Therapy 2.327 1.022 5.189 0.023* 0.098 0.013 0.723

Completion of chemotherapy before fistula closure −0.715 0.548 1.706 0.192 0.489 0.167 1.431
Stoma-Related Complications −1.065 1.022 1.088 0.297 0.345 0.047 2.552

Cumulative Oxaliplatin Dose 0.339 0.464 0.740 0.390 1.491 0.600 3.701

Cumulative 5-FU Dose −0.007 0.003 4.771 0.029* 0.993 0.986 0.999

Note: *P<0.05.

Table 5 Multivariate Analysis of OS in Rectal Cancer Patients Undergoing Protective Ileostomy After Curative 
Resection

Factor B SE Wals P HR 95% Confidence Interval for EXP(B)

Lower Limit Upper Limit

Pathological Staging

T 1.027 0.391 6.887 0.009* 2.793 1.297 6.017

N 0.726 0.310 5.480 0.019* 2.068 1.125 3.798

Receipt of Neoadjuvant Therapy −2.798 1.030 7.375 0.007* 0.061 0.008 0.459
Cumulative 5-FU Dose −0.005 0.004 2.238 0.135 0.135 0.988 1.002

Note:*P<0.05.

Table 6 Univariate Analysis of DFS in Rectal Cancer Patients Undergoing Protective Ileostomy After Curative Resection

Factor B SE Wals P HR 95% Confidence Interval for EXP(B)

Lower Limit Upper Limit

Age 0.003 0.014 0.043 0.837 1.003 0.976 1.031
Sex (Male vs Female) 0.046 0.334 0.019 0.890 1.047 0.554 2.014

BMI 0.025 0.079 0.097 0.755 1.025 0.878 1.197

ASA −0.037 0.300 0.015 0.901 0.963 0.535 1.734
Tumour Location (≤5 cm vs >5 cm) −0.353 0.421 0.704 0.401 0.702 0.308 1.603

Pathological Staging

T 0.878 0.291 9.103 0.003* 2.407 1.360 4.259

N 0.804 0.262 9.394 0.002* 2.235 1.336 3.738
Surgical Duration −0.005 0.007 0.698 0.403 0.995 0.982 1.007

(Continued)
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Cox Regression Analysis of DFS-Related Risk Factors in High-Risk Stage III Rectal 
Cancer
Univariate Cox regression analysis in the subgroup revealed that stoma reversal after completing chemotherapy [HR 
= 0.349 (0.134–0.906), P = 0.031] and cumulative 5-FU dose [HR = 0.991 (0.985–0.997), P = 0.002] were factors 

Table 6 (Continued). 

Factor B SE Wals P HR 95% Confidence Interval for EXP(B)

Lower Limit Upper Limit

Length of Hospital Stay −0.045 0.032 1.951 0.162 0.956 0.897 1.018

Intraoperative Blood Loss −0.036 0.035 1.037 0.309 0.965 0.901 1.034
Duration of Stoma Use −0.003 0.003 1.127 0.288 0.997 0.991 1.003

Receipt of Neoadjuvant Therapy −0.991 0.482 4.224 0.040* 0.371 0.144 0.995

Completion of chemotherapy before fistula closure −0.734 0.447 2.691 0.101 0.480 0.200 1.154
Stoma-Related Complications −1.522 1.014 2.252 0.133 0.218 0.030 1.593

Cumulative Oxaliplatin Dose −0.022 0.368 0.004 0.951 0.978 0.476 2.010

Cumulative 5-FU Dose −0.006 0.003 6.304 0.012* 0.994 0.989 0.999

Note: *P<0.05.

Table 7 Multivariate Analysis of DFS in Rectal Cancer Patients Undergoing Protective Ileostomy After Curative 
Resection

Factor B SE Wals P HR 95% Confidence Interval for EXP(B)

Lower Limit Upper Limit

Pathological Staging

T 0.834 0.316 6.953 0.008* 2.302 1.239 4.277

N 0.744 0.255 8.502 0.004* 2.105 1.276 3.555
Receipt of Neoadjuvant Therapy −1.378 0.497 7.700 0.006* 0.252 0.079 3.471

Cumulative 5-FU Dose −0.005 0.003 3.528 0.060* 0.995 0.990 1.000

Note: *P<0.05.

Figure 3 OS and DFS survival curves between the two groups in high-risk stage III rectal cancer.
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influencing disease-free survival (DFS) (P < 0.05). Multivariate Cox regression analysis confirmed that stoma 
reversal after completing chemotherapy [HR = 0.370 (0.141–0.972), P = 0.044] and cumulative 5-FU dose [HR = 
0.991 (0.985–0.997), P = 0.003] remained factors influencing DFS (Table 10 and Table 11).

Table 8 Univariate Analysis of OS in High-Risk Stage III Rectal Cancer Patients Undergoing Protective Ileostomy After Curative 
Resection

Factor B SE Wals P HR 95% Confidence Interval for EXP(B)

Lower Limit Upper Limit

Age −0.014 0.019 0.547 0.459 0.986 0.951 1.023
Sex (Male vs Female) −0.13 0.428 0.093 0.761 0.878 0.379 2.032

BMI 0.043 0.105 0.171 0.679 1.044 0.851 1.282

ASA 0.068 0.411 0.027 0.869 1.070 0.478 12.395
Tumour Location (≤5 cm vs >5 cm) −0.700 0.621 1.268 0.260 0.497 0.147 1.679

Surgical Duration −0.007 0.008 0.747 0.387 0.993 0.977 1.009

Length of Hospital Stay −0.055 0.041 1.809 0.179 0.946 0.873 1.026
Intraoperative Blood Loss −0.007 0.048 0.032 0.889 0.993 0.903 1.092

Duration of Stoma Use −0.009 0.005 3.925 0.048* 0.991 0.982 1.000

Completion of chemotherapy before fistula closure −1.608 0.742 4.695 0.030* 0.200 0.047 0.858
Stoma-Related Complications −1.399 1.024 1.867 0.172 0.247 0.033 1.836

Cumulative Oxaliplatin Dose 0.287 0.479 0.358 0.549 1.332 0.521 23.405

Cumulative 5-FU Dose −0.008 0.003 5.319 0.021* 0.992 0.985 0.999

Note: *P<0.05.

Table 9 Multivariate Analysis of OS in High-Risk Stage III Rectal Cancer Patients Undergoing Protective Ileostomy After Curative 
Resection

Factor B SE Wals P HR 95% Confidence Interval for EXP(B)

Lower Limit Upper Limit

Duration of Stoma Use −0.001 0.006 0.053 0.048* 0.991 0.982 1.000

Completion of chemotherapy before fistula closure −1.318 0.910 2.101 0.147 0.268 0.045 1.591
Cumulative 5-FU Dose −0.008 0.004 4.579 0.032* 0.992 0.985 0.999

Note: *P<0.05.

Table 10 Univariate Analysis of DFS in High-Risk Stage III Rectal Cancer Patients Undergoing Protective Ileostomy After Curative 
Resection

Factor B SE Wals P HR 95% Confidence Interval for EXP(B)

Lower Limit Upper Limit

Age −0.018 0.016 1.160 0.282 0.983 0.952 1.014
Sex (Male vs Female) 0.018 0.354 0.003 0.960 1.018 0.509 2.036

BMI 0.045 0.091 0.259 0.617 0.956 0.799 1.142

ASA 0.010 0.339 0.001 0.978 0.990 0.510 1.924
Tumour Location (≤5 cm vs >5 cm) −0.128 0.428 0.090 0.764 0.880 0.380 2.034

Surgical Duration −0.008 0.007 1.448 0.229 0.992 0.979 1.005

Length of Hospital Stay −0.048 0.033 2.101 0.147 0.954 0.894 1.017
Intraoperative Blood Loss −0.028 0.041 0.456 0.499 0.973 0.897 1.064

Duration of Stoma Use −0.005 0.003 2.323 0.127 0.995 0.989 1.001

Completion of chemotherapy before fistula closure −1.054 0.487 4.675 0.031* 0.349 0.134 0.906

(Continued)
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Logistic Regression Analysis of Risk Factors for Stoma-Related Complications
A total of 15 patients developed stoma-related complications: 2 in the Before group (2 with peristomal dermatitis) and 13 in 
the After group (3 with parastomal hernia, 9 with peristomal dermatitis, 1 with stoma prolapse, 1 with stoma stenosis). 
Univariate logistic regression analysis was performed to investigate whether the timing of stoma reversal was associated with 
stoma-related complications. The results showed that stoma duration [OR = 1.009 (1.003–1.016), P = 0.006], stoma reversal 
after completing chemotherapy [OR = 24.556 (5.223–115.456), P < 0.001], and comorbidities such as hypertension, diabetes, 
and respiratory diseases [OR = 40.083 (8.341–192.626), P = 0.000] were factors influencing stoma-related complications 
(P < 0.05). Multivariate regression analysis confirmed that stoma reversal after completing chemotherapy [OR = 39.979 
(3.964–403.188), P = 0.002] and comorbidities such as hypertension, diabetes, and respiratory diseases [OR = 33.395 
(5.931–188.033), P < 0.001] were risk factors for stoma-related complications (Table 12 and Table 13). The results suggest 
that stoma reversal after completing chemotherapy may increase the incidence of stoma-related complications.

Table 10 (Continued). 

Factor B SE Wals P HR 95% Confidence Interval for EXP(B)

Lower Limit Upper Limit

Stoma-Related Complications −1.873 1.016 3.398 0.065 0.154 0.021 1.126

Cumulative Oxaliplatin Dose 0.177 0.394 0.201 0.654 1.193 0.551 2.583
Cumulative 5-FU Dose −0.009 0.003 9.687 0.002* 0.991 0.985 0.997

Note: *P<0.05.

Table 12 Univariate Logistic Regression Analysis of Stoma-Related Complications in Rectal Cancer Patients Undergoing Protective 
Ileostomy After Curative Resection

Factor B SE Wals P 0R 95% Confidence Interval for EXP(B)

Lower Limit Upper Limit

Age 0.006 0.023 0.073 0.786 1.006 0.963 1.052

Sex (Male vs Female) −0.297 0.556 0.285 0.593 0.743 0.250 2.209

BMI 0.103 0.128 0.065 0.420 1.108 0.863 1.181
ASA 0.450 0.487 0.851 0.356 1.568 0.603 4.073

Tumour Location (≤5 cm vs >5 cm) −0.277 0.677 1.168 0.682 0.758 0.201 2.856

Pathological Staging

T 0.748 0.463 2.611 0.106 2.112 0.853 5.230
N −2.314 0.333 0.138 0.710 1.132 0.589 2.174

Surgical Duration −0.011 0.011 1.045 0.307 0.989 0.967 1.010

Length of Hospital Stay −0.001 0.046 0.000 0.984 0.999 0.921 1.038
Intraoperative Blood Loss −0.049 0.060 0.681 0.409 0.952 0.847 1.070

Duration of Stoma Use 0.009 0.003 7.695 0.006* 1.009 1.003 1.016

Completion of chemotherapy before fistula closure 3.201 0.790 16.426 0.000* 24.556 5.223 115.456
With comorbidities 3.691 0.801 21.237 0.000* 40.083 8.341 192.626

Note: *P<0.05.

Table 11 Multivariate Analysis of DFS in High-Risk Stage III Rectal Cancer Patients Undergoing Protective Ileostomy After Curative 
Resection

Factor B SE Wals P HR 95% Confidence Interval for EXP(B)

Lower Limit Upper Limit

Completion of chemotherapy before fistula closure −0.995 0.493 4.068 0.044* 0.370 0.141 0.972

Cumulative 5-FU Dose −0.009 0.003 8.745 0.003* 0.991 0.985 0.997

Note: *P<0.05.
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Discussion
Patients with high-risk stage II and III rectal cancer typically require postoperative adjuvant chemotherapy to reduce the 
likelihood of recurrence and metastasis. The duration of adjuvant chemotherapy is associated with pathological staging. 
This study initially examined survival outcomes between the two groups based on the timing of stoma reversal relative to 
the completion of chemotherapy. We observed that there was no significant differences of the 3-year OS rate and the 
3-year DFS rate between the two groups. However, further Cox regression analysis identified pathological T and N stages 
as risk factors for both OS and DFS. Compared to low-risk stage II and III patients, high-risk stage III patients may 
require higher doses of adjuvant chemotherapy. Higher doses of adjuvant chemotherapy require longer treatment courses, 
which result in a longer duration of stoma use for patients who undergo stoma reversal after completing chemotherapy. 
Additionally, high-risk stage III patients have poorer survival compared to stage II and low-risk stage III patients. 
Therefore, this study focused on patients with T4 or N2 to explore the influencing factors. The results indicated that 
longer stoma duration and higher cumulative 5-FU dose were protective factors for OS. Completion of the full 
chemotherapy regimen before stoma reversal and the cumulative 5-FU dose were identified as protective factors for 
DFS. A Japanese study examining the relationship between protective ileostomy and adjuvant chemotherapy in rectal 
cancer patients concluded that the presence of a stoma within 12 months after rectal resection did not affect the 
chemotherapy drug dose, but it could delay the initiation of chemotherapy. Additionally, patients who underwent later 
stoma reversal were able to receive higher chemotherapy doses.14,15

In the subgroup analysis, the cumulative 5-FU dose was identified as a protective factor for OS as part of the 
foundation for adjuvant chemotherapy. The mechanism of action of fluorouracil involves its conversion in the body to 
5-fluoro-2-deoxyuridine monophosphate, which inhibits thymidylate synthase and blocks the conversion of deoxyribo-
nucleotides to deoxythymidine monophosphate, thereby inhibiting DNA synthesis. Additionally, it prevents the incor-
poration of uracil and Orotic Acid into RNA, thereby inhibiting RNA synthesis.3 As one of the most important 
antitumour agents, the dose of 5-FU may influence patient survival. In this study, fluorouracil was identified as 
a protective factor, with patients in the group (who underwent stoma reversal after completing chemotherapy) receiving 
higher doses of treatment. While postoperative adjuvant chemotherapy is generally indicated in patients with protective 
ileostomy, the timing of stoma reversal must be carefully considered. The timing of stoma reversal can affect the ability 
to complete adjuvant chemotherapy, as some patients may experience severe perioperative complications that delay or 
interrupt the chemotherapy regimen. In our subgroup analysis, stoma reversal after completing chemotherapy was 
identified as a protective factor for survival. This may be related to the fact that stoma reversal was not considered 
during the chemotherapy course, allowing for a complete and uninterrupted treatment regimen.16,17

The optimal timing for stoma reversal after protective ileostomy remains controversial in current studies. In the 
Chinese expert consensus on protective ileostomy for middle and low rectal cancer surgery,18 some scholars recommend 
that patients requiring adjuvant chemotherapy may wait until the completion of chemotherapy before undergoing stoma 
reversal. However, stoma formation during chemotherapy may increase the risk of high-volume output, which could lead 
to dehydration, electrolyte imbalances, and even renal failure. Prolonged chemotherapy can also affect patients’ overall 
physical condition, including a decrease in wound healing capacity.19,20 Zhen et al21 compared stoma reversal before, 
during, and after adjuvant chemotherapy. The conclusion was that stoma reversal at any stage—before, during, or after 
adjuvant chemotherapy—could achieve similar clinical and oncological safety outcomes. However, stoma reversal during 

Table 13 Multivariate Logistic Regression Analysis of Stoma-Related Complications in Rectal Cancer Patients Undergoing Protective 
Ileostomy After Curative Resection

Factor B SE Wals P OR 95% Confidence Interval for EXP(B)

Lower Limit Upper Limit

Duration of Stoma Use −0.006 0.006 0.906 0.341 0.994 1.003 1.006
Completion of chemotherapy before fistula closure 3.508 1.179 9.785 0.002* 39.979 3.964 403.188

With comorbidities 3.508 0.882 15.832 <0.001* 33.395 5.931 188.033

Note: *P<0.05.
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chemotherapy may be associated with serious complications that lead to delays or interruptions in chemotherapy.22 

Tulchinsky et al23 compared survival outcomes between patients who underwent stoma reversal during adjuvant 
chemotherapy and those who had it after completing chemotherapy. The conclusion was that the timing of stoma 
reversal did not alter short-term or long-term oncological outcomes. However, the study had some limitations, as the 
group that underwent stoma reversal during chemotherapy had earlier staging. Tsai et al22 explored the clinical and 
oncological outcomes of stoma reversal before and after adjuvant chemotherapy and concluded that patients experiencing 
major complications requiring reoperation within 30 days of stoma reversal had poorer long-term survival. A prospective 
randomized controlled study from Germany examined the optimal timing for stoma reversal in rectal cancer patients, 
concluding that early stoma reversal can reduce the occurrence of stoma-related complications and is overall safe and 
effective in improving quality of life.3,24 Similarly, He et al25 studied stoma reversal after the completion of chemother-
apy and concluded that early stoma reversal does not affect surgical complications or oncological outcomes and that 
delaying stoma reversal to accommodate chemotherapy should not be recommended. In contrast, our study’s findings 
suggest that in high-risk stage III rectal cancer patients, stoma reversal after completing chemotherapy is associated with 
improved survival. We considered the reasons behind might be: 1) Firstly, earlier stoma reversal (before chemotherapy) 
developed stoma-related complications and further led to subsequent chemotherapy delays, thereby affecting the patient’s 
chemotherapy regimen and ultimately impacting survival; 2) Secondly, due to the trauma of the surgery and other 
induced stress, there existed differences in postoperative patients on perspectives of bodily function recovery after 
surgery, chemotherapy tolerance, and quality of life. All of above factors might affect the results of OS and DFS. For the 
first reason, we minimized the influence by excluding patients with more than 7 days of treatment delay. For the second 
reason, especially quality-of-life related factors, we did not explore much in our work due to very limited patients’ data. 
We hope to dig out the reasons more in future prospective studies.

Regarding perioperative complications of stoma reversal, no severe complications were observed within 30 days 
postoperatively in this study. However, some studies suggest that early stoma reversal may lead to more serious 
complications. Yin et al26 examined perioperative complications in patients undergoing rectal cancer resection with 
concomitant chemoradiotherapy and found that early stoma reversal was associated with a higher incidence of perio-
perative complications. Additionally, stoma reversal within 109 days was identified as an independent risk factor for 
perioperative complications. Previous studies have also reported that severe complications after stoma reversal led to the 
termination of certain trials.4 In comparison to delayed stoma reversal, some researchers still consider early stoma 
reversal as a feasible approach.10,24 However, the lack of perioperative complications in our study may be attributed to 
the relatively small sample size, and further investigation with larger sample sizes is needed to better understand whether 
these findings are independent risk factors for stoma-related complications. A multicenter randomized trial comparing 
early versus late stoma reversal demonstrated that the incidence of stoma-related complications, including parastomal 
hernia, was higher in the late reversal group. The study also confirmed that early stoma reversal in rectal cancer patients 
was safe and effective in reducing complication risks and improving quality of life.22 Consistent with the findings of our 
study, the incidence of stoma-related complications increased as the duration of stoma use was prolonged. Furthermore, 
our study also confirmed that in high-risk stage III rectal cancer patients, stoma reversal after completing chemotherapy 
was associated with longer survival. Therefore, while striving to extend survival, stoma-related complications are an 
unavoidable consequence. The timing of stoma reversal should be carefully selected based on individual patient factors.

This study has several limitations. First, the definition of the chemotherapy regimen may change as clinical guidelines 
evolve. The chemotherapy regimen used in this study was based on the 2018 NCCN colorectal cancer guidelines, and 
there are some differences from the current adjuvant therapy protocols for rectal cancer due to continuous updates in the 
guidelines. Second, this study is a retrospective observational study with a relatively small sample size, particularly in the 
After group, which underwent stoma reversal after completing chemotherapy. This may be influenced by early surgeons’ 
perspectives on the timing of stoma reversal and patient preferences. Therefore, larger prospective studies are needed to 
confirm these findings further. The optimal timing for protective ileostomy reversal is a topic that warrants further 
investigation, particularly since most rectal cancer patients undergoing curative resection require scheduled adjuvant 
chemotherapy within a specific time frame. It is crucial to avoid other factors that may negatively affect patient survival, 
providing guidance for clinical practice.
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Conclusion
Reversing the stoma before completing chemotherapy does not have a significant impact on overall survival in the 
general population of patients with stage II–III rectal cancer. However, it may negatively affect survival in high-risk stage 
III patients. Stoma reversal after the completion of adjuvant chemotherapy is associated with improved survival 
outcomes, but the prolonged duration of stoma use may lead to an increased incidence of stoma-related complications. 
Therefore, for high-risk stage III patients, stoma reversal after completing chemotherapy may be considered, but careful 
management of stoma-related complications is essential. Prospective randomized controlled trials are needed to further 
confirm these findings, particularly for this subset of patients.
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