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Background: Creation of a temporary diverting stoma during rectal cancer surgery is used widely to
prevent undesirable outcomes related to anastomotic leakage (AL). The transition from temporary stoma (TS)
to permanent stoma (PS) is a frequent outcome. Elderly patients may have a greater probability of PS. We
aimed to identify risk factors of PS and developed a nomogram to predict the rate of PS for elderly patients.
Methods: We enrolled elderly patients (=70 years) who underwent rectal cancer surgery with a TS between
January 2014 and December 2017 at our hospital. We divided patients into two groups: a T'S group and a PS
group. We then identified the risk factors for PS and developed a nomogram to predict the possibility of PS.
Results: Of the 278 elderly patients who received a diverting stoma, 220 (79.14%) eventually underwent
stoma reversal, and 58 (20.86%) had PS. The proportion of males in the PS group was significantly higher
than that of the TS group (P=0.048). Univariate and multivariate analysis showed that American Society
of Anesthesiologists (ASA) score (P<0.001), laparotomy (P=0.004), AL (P<0.001), and tumor recurrence
(P<0.001) were significantly correlated with PS. These four factors were included to construct the
nomogram. The consistency index of the nomogram was 0.833 and the model yielded an area under the
curve of 0.833.

Conclusions: ASA score (>3), laparotomy, AL, and tumor recurrence were independent risk factors for PS

in elderly patients. Our nomogram exhibited moderate predictive ability.
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Introduction

Following rectal cancer surgery, between 1.6% and 20.5%
of patients develop anastomotic leakage (AL) (1-4). Stoma
was created to decrease the clinical level of AL. The
choice between ileostomy and colostomy is controversial
as patients who undergo ileostomy have a higher rate of
stoma high flow output complications, while colostomy
patients may have more stoma-related complications (1).
However, ileostomy is more commonly performed
clinically (5). Stoma reversal surgery is usually performed
within 2-3 months after diverting stoma surgery (6).
However, 6.1-27.5% (7-13) of patients fail to achieve
stoma reversal, which eventually becomes a permanent
stoma (PS). The continued existence of stoma may alter
bowel habits, and could ultimately led to stoma-related
complications including stoma hernia, stoma bleeding,
stoma prolapse, dehydration, and electrolyte disorders
(14,15). Numerous studies (4,8,16-18) investigating the
risk factors for PS have found that comorbidities, surgical
complications, and tumor recurrence were commonly
associated with PS (17).

The rate of stoma closure in elderly rectal cancer patients
is lower than that of younger patients, which generally
occurs because the elderly population is more likely to
suffer from stoma-related complications, comorbidities,
poor general condition, and poor anorectal function (19).
At present, there are only a few studies that focus on the
reversal of diverting ileostomy for rectal cancer patients
(5,20-23). Thus, in this study, we evaluated the risk factors
for developing PS in elderly patients aged 70 years and
older and also this is the first time to report.

A nomogram is a statistical tool used for predicting
clinical outcomes (24). Due to the practicality and
convenience of its application, several nomograms have
been developed to predict the prognosis in various cancers
(24-26). Accordingly, a nomogram would help clinicians
to predict the possibility of permanent diverting stoma
for rectal cancer patients. Furthermore, prior studies only
focused on predictors of PS after temporary stoma (TS) for
patients of all ages (4,6,8-10,17). In our study, we assessed
the incidence of PS, identified independent risk factors,
and constructed a predictive nomogram for elderly rectal
cancer patients. The highlights of our study are that firstly,
the research focus on the elderly patients, secondly, we pay
attention to the situation of the un-reversal stoma after
rectal cancer surgery which is related to the quality of life,
and thirdly the clinician can find out the risk factors of
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permanent stoma and help solve clinical problems.

We present the following article in accordance with the
TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/atm-21-29).

Methods
Patients

We retrospectively collected the clinical data of elderly
patients (270 years old) with histologically confirmed rectal
cancer who underwent tumor resection with diverting stoma
between January 2014 and December 2018 at our hospital.
The patients were divided into two groups according to
the reversal of the stoma: a TS group and a PS group.
The classification and pathological tumor node metastasis
(TNM) staging were determined according to the American
Joint Committee on Cancer (AJCC) guidelines (27). The
timing of stoma reversal was determined by the clinical
symptoms as well as findings from computed tomography
(CT), magnetic resonance imaging (MRI), colonoscopy, and
maximal squeeze pressure of the anus.

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Institutional
review board statement: this study was reviewed and
approved by the Ethics Committee of The Sixth Affiliated
Hospital, Sun Yat-sen University (No. 2020ZSLYEC-078).
Individual consent for this retrospective analysis was

waived.

Definition of stoma and follow-up

The TS group comprised patients who received stoma
reversal within 1 year after rectal cancer surgery. A PS was
defined as a diverting stoma that failed to have a reversal
procedure follow-up for at least 1 year (8,12). Postoperative
follow-up occurred every 3 months for 1 year. The main
follow-up measures were as follows: general condition of
the patient (mental condition, working condition, height,
and body weight), stoma condition (stoma skin condition,
stoma height, stoma-related complications), and anorectal
function (daily frequency of defecation, shape of stool).

Data comparison between TS and PS groups

The following demographic data were collected and
analyzed: age, sex, comorbidity, body mass index (BMI),
American Society of Anesthesiologists (ASA) score,
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Figure 1 Flowchart detailing the selection of the patients in this study.

preoperative hemoglobin (Hb), preoperative albumin (ALB),
neoadjuvant therapy, surgical method (laparoscopy vs. open
surgery), adjuvant therapy, metastasis, distance from anal
margin, AL, type of stoma, anastomosis method (stapler vs.
hand-sewn), and tumor recurrence.

Statistical analysis

Measurement data were expressed as the mean = standard
deviation (SD) or median (minimum, maximum). Mann-
Whitney rank sum tests or #-tests were used to compare
the measurement data between the groups. IBM SPSS
(version 25.0 for Windows; SPSS, Chicago, IL, USA) was
used for logistic regressions to analyze the univariate and
multivariate factors for PS. Variables with a P value <0.1 in
the univariate analysis were selected for the multivariable
model using logistic regression. The value (<1) of the
factors was the risk factor in the forest plots, which were
constructed using GraphPad Prism (version 7 for Windows;
GraphPad Software, CA, USA).

The nomogram was validated internally through
1,000 bootstrap resampling to calculate the estimated
Harrell concordance index (C-index), thus indicating the
performance of the model (27). In addition, we calibrated
the nomogram using a calibration plot, which is a graphical
representation of the relationship between the actual
observed frequency and the predicted probability. The
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predictive performance of the nomogram was evaluated
using the area under the receiver operating characteristic
(ROQC) curve (AUC) value. Differences were considered
statistically significant when P<0.05.

Results
Patients

As shown in Figure 1, 279 patients underwent rectal
cancer surgery with diverting stoma between January
2014 and December 2018. One patient who underwent
abdominoperineal resection was excluded from the study.
Of the remaining patients, 220 (79.14%) underwent
stoma reversal, and 20.86% of the patients with diverting
stoma failed to receive reversal surgery within 1 year after
primary surgery. Ileostomy and colostomy were performed
for 50 (86.21%) and 8 (13.79%) patients in the PS group,
respectively. The mean follow-up time was 40 months.

The differences between the TS and PS groups are
presented in 7able 1. The TS group had a mean age of 73.79
years, and 147 (66.82%) patients were male. The mean age
in the PS group was 74.50 years, and 46 (79.31%) patients
were male. The proportion of males in the PS group was
significantly higher than that of the TS group (P=0.048).
Laparoscopic surgery was performed in 209 (95.00%)
patients in the TS group and 41 (70.69%) patients in the PS
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Table 1 Patient characteristics between the TS and PS groups
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Characteristic Temporary stoma Permanent stoma P value
Number of patients 220 (79.14%) 58 (20.86%) -
Age (years) 73.79+4.601 74.50+5.020 0.304
Sex 0.048
Male 147 (66.82%) 46 (79.31%)
Female 73 (33.18%) 12 (20.69%)
BMI (kg/m? 22.25+2.97 22.61+4.06 0.523
Comorbidity 75 (34.09%) 29 (50%) 0.021
ASA score 0
1or2 208 (94.55%) 37 (63.79%)
>3 12 (5.45%) 21 (36.21%)
Preoperative Hb (g/dL) 120.58+16.42 118.35+19.62 0.379
Preoperative ALB (g/L) 39.49+3.93 38.88+3.69 0.291
Neoadjuvant therapy 60 (27.27%) 12 (20.69%) 0.456
Surgical method 0
Laparoscopy 209 (95.0%) 41 (70.69%)
Open 11 (5.0%) 17 (29.31%)
Metastasis 0.031
Yes 18 (8.18%) 11 (18.97%)
No 202 (91.82%) 47 (81.03%)
Distance from anal margin (cm) 0.387
>5 115 (62.27%) 27 (46.55%)
<5 105 (47.73%) 31 (53.45%)
Anastomotic leakage 0
Yes 8 (3.64%) 22 (37.93%)
No 212 (96.36%) 36 (62.07%)
Type of stoma 0.031
lleum 215 (97.73%) 50 (86.21%)
Colon 5(2.27%) 8 (13.79%)
Anastomosis method 0.527
Stapler 194 (88.18%) 49 (84.48%)
Hand-sewn 26 (11.82%) 9 (15.52%)
Adjuvant therapy 82 (37.27%) 17 (29.31%) 0.249
Tumor recurrence 10 (4.55%) 12 (20.69%) 0.004

BMI, body mass index; Hb, hemoglobin; ALB, preoperative albumin.
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Table 2 Univariate and multivariate logistic regression model representing risk factors for permanent stoma
Univariate analysis Multivariate analysis

Variables

P HR (95% ClI) P
Sex (male vs. female) 0.069 1.719 (0.696-4.247) 0.240
Age (years) 0.303 - -
BMI (kg/m?) 0.442 - -
Comorbidity (absent vs. present) 0.016 1.173 (0.503-2.738) 0.712
ASA score (1 or 2 vs. =3) 0.000 0.139 (0.049-0.398) 0.000
Preoperative Hb (g/dL) 0.378 - -
Preoperative ALB (g/L) 0.291 - -
Neoadjuvant therapy (absent vs. present) 0.455 - -
Surgical method (laparoscopy vs. open) 0.000 0.209 (0.073-0.599) 0.004
Anastomosis method (Stapler vs. Hand-sewn) 0.526 - -
Distance from anal margin (cm) (>5 vs. <5) 0.386 - -
Anastomotic leakage (absent vs. present) 0.000 0.069 (0.024-0.197) 0.000
Metastasis (absent vs. present) 0.008 0.411 (0.128-1.318) 0.135
Adjuvant therapy (absent vs. present) 0.261 - -
Tumor recurrence (absent vs. present) 0.000 0.139 (0.047-0.417) 0.000

AUC, area under the curve; ROC, receiver operating characteristic; BMI, body mass index; Hb, hemoglobin; ALB, albumin; ASA, American

Society of Anesthesiologists.

group (P<0.001). The percentage of AL was notably lower
in the TS group (n=8, 3.64%) compared with the PS group
(n=22, 37.93%, P<0.001). Furthermore, the preoperative
ASA scores were markedly higher in the PS group (P<0.001).
The rate of tumor recurrence and metastasis were also
considerably higher in PS group (20.69% vs. 4.55%,
P=0.004; 18.97% vs. 8.18%, P=0.031, respectively).

Univariate and multivariate logistic regression analysis

We assessed the risk factors for PS via univariate and
multivariate analyses (7zble 2). Univariate analysis showed
that sex, comorbidity, surgical method, ASA score, AL,
metastasis, and tumor recurrence were associated with PS.
Multivariate analysis showed that ASA score (23) [hazard
ratio (HR): 0.139, 95% confidence interval (CI): 0.049-0.398,
P<0.001], laparotomy (HR: 0.209, 95% CI: 0.073-0.599,
P=0.004), AL (HR: 0.069, 95% CI: 0.024-0.197, P<0.001),
and tumor recurrence (HR: 0.139, 95% CI: 0.047-0.417,
P<0.001) were independent risk factors for PS. On the basis
of these results, we developed a forest plot that was consistent
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with the results of the multivariate analysis (Figure 2).

Nomogram development

We developed a nomogram to predict the risk of PS using
the four aforementioned independent factors (Figure 3).
Using this nomogram, we could easily calculate the
probability of PS. ROC analysis showed that the nomogram
had considerable predictive potential. The AUC value
of this model was 0.833 (Figure 4A4), which was higher
than that of any single factor (ASA score =0.654, tumor
recurrence =0.589, surgical method =0.622, and AL
=0.671). We plotted the sum of each variable on the total
point axis and obtained an estimated PS rate by drawing
a vertical line from the drawn total point axis down to the
result axis. The calibration curves between the predicted
and actual observations internal validation demonstrated
that the model was close to the ideal state, indicating good
calibration (Figure 4B). The C-index value of this model
was 0.833, indicating moderate predictive ability for the
risk of PS.
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Figure 3 Nomogram for predicting permanent stoma (C-index: 0.833) after creation of a diverting stoma during rectal cancer surgery. The

permanent stoma rate was estimated by adding the scores of anastomotic leakage, surgical method, ASA score, and tumor recurrence. ASA,

American Society of Anesthesiologists.

Discussion

For patients with a high risk of AL following rectal cancer
surgery, clinicians will consider performing diverting ileostomy
or colostomy. However, there is currently no unified standard
for selecting the appropriate procedure during rectal cancer
surgery. Colostomy is usually employed during emergency
surgeries, advanced tumor stages, and Hartman surgeries,

which have high rates of mortality and morbidity (28), and

© Annals of Translational Medicine. All rights reserved.

results in a high incidence of PS (22). Overall, ileostomy
is more commonly performed clinically (5). The reported
incidence of irreversible stoma following rectal cancer surgery
is 6.1-27.5% (7-13). Elderly patients who undergo rectal
cancer surgery typically have a higher incidence of AL due to
poor ASA scores (29) and comorbidities (30). Moreover, only
a few studies have investigated the risk factors of PS in elderly
patients following rectal cancer surgery. Therefore, we assessed
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Figure 4 Using the independent factors to developed ROC curve and a calibration curve. (A) ROC curve for the nomogram; AUC was
0.833 (95% CI =0.762-0.903). (B) Nomogram calibration curve. The y-axis represents the actual probability of PS. The x-axis represents

the predicted PS probability. The ideal line represents a perfect prediction model. The apparent line represents the performance of the

nomogram, and a close fit to the ideal line represents a good prediction. AUC, area under the curve; ROC, receiver operating characteristic.

the incidence and risk factors of PS in elderly patients with
rectal cancer. In this study, 58 (20.86%) patients had PS during
the follow-up period.

Risk factors for permanent stoma

Kim et al. (17) found that the incidence of PS was 25.0%
and that distance from tumor to anal margin was the only
risk factor for PS in patients with rectal cancer. In our
study, PS developed in 58/278 (20.86%) patients with
rectal cancer, which included 54 patients in whom stoma
was created during initial surgery and four patients who
underwent re-stoma after stoma reversal. Postoperative AL
was a common and severe complication in patients with
rectal cancer, especially low and ultra-low rectal cancer,
causing poor postoperative recovery, longer hospital stays,
anorectal dysfunction, and even death (17). It has been
reported that tumor recurrence and AL were common
independent risk factors for PS (12). Zhou et al. (4)
performed a meta-analysis of 10 studies with 8,568 rectal
cancer patients. They found that rate of PS was 19%,
and that older age (P<0.001), ASA score >2 (P<0.001),
comorbidities (P<0.001), surgical complications (P<0.001),
AL (P<0.001), stage IV tumor (P<0.001), and local tumor
recurrence (P<0.001) were risk factors for PS. Mak et al. (18)
focused on patients who underwent anterior resection
for ultra-low rectal cancer and found that the 5- and
10-year cumulative incidence of PS was 24.1% and 28.0%,

© Annals of Translational Medicine. All rights reserved.

respectively. Patients with advanced cancer, adjuvant
chemoradiotherapy, AL, and tumor recurrence were
susceptible to PS. We focused on elderly patients, and
found that AL, open surgery, ASA score (23), and tumor
recurrence were independent risk factors for PS. Thus,
the most common causes of PS were AL and local tumor
recurrence, which was consistent with previous study.

Surgical method

Zheng et al. (2) found that laparoscopic surgery reduced the
incidence of AL compared with open surgery. Our study
showed that the proportion of laparoscopic surgery was
higher in the TS group compared with the PS group. In
fact, the incidence of comorbidities was higher in elderly
patients with rectal cancer, thus making it difficult to decide
between laparoscopic surgery and open surgery for these
patients (31). Compared with open surgery, laparoscopy
surgery has the advantages of superior intraperitoneal field
of vision and better protection for the abdominal wall.
Furthermore, it has been reported that laparoscopic surgery
is associated with a lower probability of stoma-related
postoperative complications (1). Lewis et /. (32) studied
the incidence of long-term stoma from a 6-year series of
laparoscopic surgery in low rectal cancer and found that
the rate of PS was lower than that of open surgery, which
was consistent with the results of this study. We found
that open surgery was a risk factor for PS, which could be
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explained by the fact that patients who had open surgery
may have been more complicated, had previous surgeries,
or had more distant tumors. Elderly patients had a higher
frequency of comorbidities, because they were more
likely to present with advanced tumors and complications,
such as obstruction and perforation, which requires
emergency surgery. There is a substantial body of evidence
demonstrating that laparoscopic rectal cancer surgery could
be performed safely in elderly patients without a significant
increase in morbidity or mortality.

ASA score and choice of stoma

Compared to younger patients, elderly patients typically
have a poorer ASA score. Although previous studies
have assessed the risk factors for PS, only a few of these
studies focused on elderly patients. The ASA score is a
convenient method for assessing the degree of surgical risk
and performance status of patients because it summarizes
multiple patient characteristics, which are related to the
patient’s physical condition and age (31). Indeed, patients
in our study with poor ASA scores had higher incidences of
cardiovascular disease, diabetes, and other comorbidities. A
recent study (33) showed that patients in a poor condition
(ASA score 23), elderly patients, and patients with advanced
rectal cancer were more likely to develop PS, which is
consistent with our findings.

Compared with other age cohorts, and due to the
condition and particular comorbidities of elderly patients,
diverting stoma in elderly patients are more likely to become
PS. Moreover, patients who undergo ileostomy commonly
have high-output complications postoperatively (6). A long
history of ileostomy could also cause dehydration or renal
insufficiency and affect quality of life, especially in elderly
patients. Thus, we recommend that clinicians consider
colostomy or Hartman surgery instead of ileostomy for
elderly patients who have poor ASA scores.

Nomogram

Finally, a nomogram was developed to predict the risk of PS
after rectal cancer surgery with diverting stoma for elderly
patients using the four above-mentioned independent
factors. At present, only a few predictive models of PS for
elderly patients with rectal cancer have been published. The
C-index of our nomogram was 0.833 >0.7, which indicated
moderate predictive ability, and was higher than the result
reported by Abe er 4. (C-index =0.612) (23), whose study
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focused on the rate of stoma-reversal and was not aimed at
elderly patients. The AUC of our model (0.833) was higher
than that of any single factor (ASA score: 0.654; tumor
recurrence: 0.589; surgical method: 0.622; and AL: 0.671),
indicating that this model was more authentic. It can be
used to assist with individualized therapy in the following
ways. For elderly patients with a poor ASA score (23), open
surgery and a high incidence of AL, and tumor recurrence
after surgery, the rate of PS will be more than 0.9. For
patients with a high rate of PS, a permanent colostomy can
be considered as an alternative to with permanent ileostomy.

This study had several limitations that should be noted.
Firstly, our study did not collect data regarding the quality
of life of patients with or without PS. Secondly, we did
not include the data of manometric parameters, which
was important for evaluating anorectal function. Thirdly,
due to a lack of definitive criteria for determining stoma
creation and reversal, the preferences of clinicians and
will of patients strongly affected the determination of
stoma reversal. Furthermore, being a retrospective study,
selection bias with regards to the type of procedure may
present another limitation. Lastly, this was a single-center
study with a small sample size, and thus, it would be
useful to evaluate the effectiveness of our nomogram with

more cases.

Conclusions

We found that open surgery, ASA score, AL, and tumor
recurrence were independent risk factors for predicting
PS in elderly patients following rectal cancer surgery. The
nomogram developed in our study had moderate predictive
ability and is a practical and promising tool that may help
clinicians identify factors that affect the risk of PS in elderly
patients following diverting stoma during rectal cancer

surgery.
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