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Abstract

Background: A permanent stoma after anterior resection for rectal cancer is common. Preoperative counselling could be improved
by providing individualized accurate prediction modelling.

Methods: Patients who underwent anterior resection between 2007 and 2015 were identified from the Swedish Colorectal Cancer
Registry. National Patient Registry data were added to determine presence of a stoma 2 years after surgery. A training set based on
the years 2007–2013 was employed in an ensemble of prediction models. Judged by the area under the receiving operating character-
istic curve (AUROC), data from the years 2014–2015 were used to evaluate the predictive ability of all models. The best performing
model was subsequently implemented in typical clinical scenarios and in an online calculator to predict the permanent stoma risk.

Results: Patients in the training set (n¼ 3512) and the test set (n¼ 1136) had similar permanent stoma rates (13.6 and 15.2 per cent).
The logistic regression model with a forward/backward procedure was the most parsimonious among several similarly performing
models (AUROC 0.67, 95 per cent c.i. 0.63 to 0.72). Key predictors included co-morbidity, local tumour category, presence of
metastasis, neoadjuvant therapy, defunctioning stoma use, tumour height, and hospital volume; the interaction between age and
metastasis was also predictive.

Conclusion: Using routinely available preoperative data, the stoma outcome at 2 years after anterior resection for rectal cancer can
be predicted fairly accurately.

Introduction
Anterior resection with restoration of gastrointestinal continuity

is the standard of care in the surgical treatment of rectal cancer,

provided that it is oncologically safe and the patient does not

have severe medical or functional co-morbidity that precludes

anastomosis. Despite the desired aim to restore gastrointestinal

continuity, long-term permanent stoma rates are reported in 18–

25 per cent of patients1–6. Anastomotic leakage is a major risk

factor for a permanent stoma1–3. Proximal defunctioning stomas

are commonly used to protect against the consequences of a

leak7,8. Nevertheless, around 20 per cent of defunctioning stomas

are never closed or are converted to an end colostomy1,9–11, possi-

bly contributing to higher than desired permanent stoma rates.
The possibility that a patient’s treatment may culminate in a

permanent stoma, even if not initially planned, should be dis-

cussed ahead of rectal cancer surgery. Most previous research in

this area has focused on factors that predict non-reversal of

defunctioning stomas1,2,9,12,13. The aim of this population-based

study was to construct a permanent stoma risk prediction model,

using risk factors known before surgery for all patients in whom
anterior resection for rectal cancer was planned, regardless of
planned use of a defunctioning stoma.

Methods
This study was approved by the ethical review board at Umeå
University, Umeå, Sweden. Patients who had elective anterior re-
section for rectal cancer in Sweden between 1 January 2007 and
31 December 2015 were identified from the Swedish Colorectal
Cancer Registry (SCRCR). Exclusion criteria were: death before 2-
year follow-up, treatment at hospitals that no longer performed
rectal cancer surgery, and a registered tumour height below 3 cm
from the anal verge; the latter criterion was applied because such
low tumour heights might be due to a registration error regarding
this variable or procedure, as sphincter-saving surgery would be
unlikely in this scenario. The SCRCR has been validated multiple
times, demonstrating near-complete coverage14–16. It is continu-
ally cross-checked against the National Cancer Registry for miss-
ing registrations. Reporting to the registry includes patient
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demographics, surgical details, postoperative course, final patho-
logical assessment, and also 5-year follow-up. Rectal cancer is
defined by the registry as a large bowel adenocarcinoma, located
at least partially within 15 cm from the anal verge, measured us-
ing rigid sigmoidoscopy.

Registry-based stoma outcome
Patients were followed until 31 December 2017 regarding stoma
outcome. The SCRCR was used to determine whether patients
had received a defunctioning stoma. In brief, procedure codes for
all inpatient procedures performed during follow-up were subse-
quently extracted from the National Patient Registry in Sweden
and employed to identify stoma reversals, as well as any further
stoma construction. Combining data from the two registries, the
stoma outcome at 2 years after anterior resection was deter-
mined (any stoma versus no stoma). The classification method
has been validated, demonstrating excellent accuracy regarding
stoma outcome, as reported elsewhere17.

Predictors
Within the confines of data availability, candidate predictors
known before operation were selected from the SCRCR, based on
previous literature reports and clinical experience. The following
factors that may have contributed to a permanent stoma were in-
cluded: age, sex, ASA fitness grade, BMI, minimally invasive sur-
gery, defunctioning stoma, clinical tumour category, tumour
height (distance from anal verge), neoadjuvant therapy, and hos-
pital volume.

In the statistical models, age, BMI, tumour height, and hospi-
tal volume were managed as continuous variables. Hospital vol-
ume was calculated as the total number of anterior resections
performed per year at each hospital. ASA fitness grade was
treated as a categorical variable, with grades III and IV merged as
there were few observations in the latter group, while retaining
separation of grades I and II. Neoadjuvant treatment was divided
into three groups (no treatment, preoperative radiotherapy only
or preoperative chemoradiotherapy). Clinical tumour stage was
appraised using the constituent parts: T category (T1–2, T3, T4, or
undefined), N category (N0, N1–2, or undefined), and M category
(M0, M1, or undefined). Minimally invasive surgery was treated
on an intention-to-treat basis: open, or laparoscopic/robotic (in-
cluding conversions).

Statistical analysis
Model derivation and validation
The data were split into training (surgery during 2007–2013) and
test (surgery during 2014–2015) sets. The primary outcome for
the predictive models was presence of any stoma 2 years after
surgery, represented as a binary variable. Internal validation was
performed through 10-fold cross-validation (training set repeat-
edly split into training and internal validation data sets), with the
incidence in each training and internal validation set kept similar.

The SuperLearner algorithm18 was used, which is an ensemble
machine learning technique that uses cross-validation to select,
in terms of predictive performance, the optimal weighted combi-
nation of a set of candidate prediction algorithms as well as to se-
lect the best single prediction method among the candidates.
Thirteen predictive modelling approaches were included, ranging
from traditional regression approaches such as logistic regression
to modern machine learning algorithms such as random forests
(Appendix S1). A total of 12 features were included in the models
(Table 1). For (parametric) model selection approaches (forward/
backward and least absolute shrinkage and selection operator

models) all main effects, quadratic effects (of continuous varia-

bles), and all two-way interactions were included in the starting

model. The interactions included, informed by clinical reasoning,

were: sex by tumour height, defunctioning stoma and neoadju-

vant therapy; age by tumour height, defunctioning stoma, neoad-

juvant therapy, clinical tumour categories and ASA fitness grade;

neoadjuvant therapy by tumour height, defunctioning stoma,

clinical tumour categories, and ASA fitness grade; and defunc-

tioning stoma by clinical tumour categories, BMI, and ASA fitness

grade. For machine learning methods, all 12 co-variables were in-

cluded, with no need to specify the parametric function of co-var-

iables. The final models were assessed on test data. Area under

the receiving operating characteristic curve (AUROC) with 95 per

cent confidence intervals was used to evaluate overall model per-

formance. As there is no established way of pooling SuperLearner

results from multiply imputed data, complete-case data were

used to fit the models.
In a sensitivity analysis, patients who had died within the 2-

year follow-up (still excluding 90-day mortality) were also in-

cluded, with stoma status determined at the time of death.

Finally, a complementary national prediction model for Swedish

use only was derived, using identical methodology, but also in-

corporating available data on individual hospitals and healthcare

region (Appendix S1, Tables S1–S5 and Figs S1–S3).

Sample size
The work on sample size calculations for prediction models in bi-

nary outcomes by Riley and colleagues19 was applied. For this

calculation, the logistic regression model with main-effects only

was employed, including 19 parameters. The anticipated Cox–

Snell R2 squared was set at 0.10 (indicating a conservative, high

anticipated signal-to-noise ratio), the anticipated outcome pro-

portion at 0.15 (expected permanent stoma rate), the shrinkage

factor at 0.9 (recommended to decrease overfitting), and the

mean absolute prediction error at 0.05 (according to convention).

These assumptions rendered a minimum required sample size of

1614 observations with 243 events, with 12.74 events per candi-

date predictor parameter. A corresponding sample size calcula-

tion was done for the national prediction model (Appendix S1). All

statistical analyses were performed using R version 3.6.2 (R Core

Team, Vienna, Austria).

Results
Between 1 January 2007 and 31 December 2015, a total of 4642

patients were included in the present prediction study (Fig. 1).

Notably, 493 patients were excluded owing to death within 2 years,

of whom 103 died within 90 days of surgery. After splitting the co-

hort, 3508 patients remained in the training data set, and the test

data set comprised 1134 patients. The stoma prevalence was com-

parable between the two groups (13.6 and 15.2 per cent).
In contrast to patients who were free from a stoma at 2 years

after surgery, those with a stoma had a higher ASA fitness grade,

more advanced tumours, and more often received neoadjuvant

treatment. An open surgical approach and a defunctioning stoma

at the index surgery were also more common.
Excluding patients with missing values reduced the size of the

training set to 3192, and that of the test set to 1087. All training

set co-variables had less than 2.5 per cent missing data, except

BMI with 5.3 per cent missing.
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Model development
The candidate prediction methods included in the SuperLearner
resulted in a wide range of AUROC values when applied to the
training data set (Table 2). The AUROC for the SuperLearner
(weighted combination of all included methods) was 0.78 (95 per
cent c.i. 0.75 to 0.80), whereas random forest seemed to be supe-
rior with an AUROC of 1.00 (1.00 to 1.00 ). The resulting ROC
curves are shown in Fig. 2.

Model validation
When the models fitted on the training set were applied to the
test data set, a different picture with a more compressed range of
values emerged, evidenced by a SuperLearner AUROC of 0.68 (95
per cent c.i. 0.63 to 0.72) (Table 3 and Fig. 3). The estimated top
methods turned out to be gradient boosting machine and naive
Bayes, both demonstrating AUROCs of 0.68 (0.63 to 0.72).
However, it is not straightforward to compute interval estimates
with these methods, and very similar AUROCs of 0.67 were de-
rived by two different types of logistic regression and Bayesian
additive regression trees; a comparison of these similarly per-
forming models is presented in Fig. 4. Of these models with

similar results, logistic regression with a forward/backward pro-
cedure was considered the most parsimonious, with an AUROC
of 0.67 (0.63 to 0.72); therefore, from here on only the results from
this model will be considered. The mean stoma rate predicted us-
ing logistic regression with a forward/backward procedure was 13
(95 per cent c.i. 6 to 18) per cent. Table 4 shows the estimated
parameters. Key predictors included co-morbidity, local T cate-
gory, presence of metastasis, neoadjuvant therapy, defunctioning
stoma, tumour height, and hospital volume; of note, the interac-
tion between age and metastasis was also predictive. In the sensi-
tivity analysis including patients who died, similar results were
obtained for model development and validation (Table S6).

Clinical scenarios and online tool
To provide clinicians with typical predictions in a range of clinical
scenarios, scenarios are provided for different rates of defunc-
tioning stoma use, tumour height, and neoadjuvant therapy
(Table 5). Of note, the presence of a defunctioning stoma had a
substantial impact on predicted permanent stoma status,
whereas tumour height and neoadjuvant therapy had a minor in-
fluence. An online calculator using the logistic regression

Table 1 Baseline characteristics in full sample (training and test data, including missing data)

Stoma-free Stoma in place
(n¼3991) (n¼651)

Age (years)* 66.0 (52.0–80.0) 66.0 (53.0–79.0)
Sex

M 2315 (58.0) 393 (60.4)
F 1676 (42.0) 258 (39.6)

BMI (kg/m2)* 25.5 (20.7–30.3) 25.5 (20.2–30.8)
Missing 177 (4.4) 28 (4.3)

ASA fitness grade
I 1050 (26.3) 141 (21.7)
II 2320 (58.1) 373 (57.3)
III–IV 561 (14.1) 128 (19.7)
Missing 60 (1.5) 9 (1.4)

Tumour height (cm)* 10.0 (6.00–14.0) 10.0 (6.00–14.0)
Missing 28 (0.7) 3 (0.5)

Clinical tumour category
cT1–T2 1178 (29.5) 127 (19.5)
cT3 2100 (52.6) 382 (58.7)
cT4 357 (8.9) 101 (15.5)
cTx 278 (7.0) 35 (5.4)
Missing 78 (2.0) 6 (0.9)

Clinical node category
cN0 1811 (45.4) 243 (37.3)
cN1–N2 1757 (44.0) 350 (53.8)
cNx 397 (9.9) 55 (8.4)
Missing 26 (0.7) 3 (0.5)

Clinical metastasis category
cM0 3730 (93.5) 571 (87.7)
cM1 184 (4.6) 65 (10.0)
cMx 61 (1.5) 11 (1.7)
cMissing 16 (0.4) 4 (0.6)

Neoadjuvant therapy
No neoadjuvant therapy 1615 (40.5) 143 (22.0)
Radiotherapy 1716 (43.0) 345 (53.0)
Chemoradiotherapy 660 (16.5) 163 (25.0)

Intended type of surgery
Open 3337 (83.6) 572 (87.9)
Minimally invasive (including conversion) 628 (15.7) 72 (11.1)
Missing 26 (0.7) 7 (1.1)

Defunctioning stoma
No 921 (23.1) 42 (6.5)
Yes 3070 (76.9) 609 (93.5)

Hospital volume (anterior resections/year)* 19.4 (10.6–28.2) 19.4 (6.20–32.6)

Values in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.). Data are shown for 4642 patients who had anterior resection for rectal
cancer between 1 January 2007 and 31 December 2015 (and were alive at follow-up after 730 days). Presence of a stoma was determined 2 years after index surgery.
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Elective anterior resections, 2007−2015
n = 5928

Excluded n = 1286*
   Operation at hospitals no longer performing rectal cancer surgery n = 887
   Death within 2 years after surgery n = 493
   Registered tumour height < 3 cm n = 8

Elective anterior resections included
n = 4642

Fig. 1 Study flow chart for patients who underwent anterior resection between 1 January 2007 and 31 December 2015, with stoma outcome
determined 2 years after the index operation
*Some patients fulfilled more than one exclusion criterion.

Table 2 Model performance based on complete-case training data (3192 patients)

AUROC* Predictions†

SuperLearner 0.78 (0.75, 0.80) 0.13 (0.08–0.17)
Logistic regression

Main effects 0.68 (0.65, 0.70) 0.14 (0.09–0.18)
Forward/backward 0.70 (0.67, 0.72) 0.14 (0.07–0.18)
Refitted LASSO-selected (less sparse) 0.70 (0.67, 0.72) 0.14 (0.07–0.18)
Refitted LASSO-selected (more sparse) 0.67 (0.65, 0.70) 0.14 (0.09–0.17)

LASSO
Less sparse 0.64 (0.61, 0.67) 0.10 (0.08–0.13)
More sparse 0.58 (0.57, 0.60) 0.14 (0.15–0.15)

Bayesian additive regression trees 0.72 (0.70, 0.74) 0.14 (0.08–0.18)
Random forest 1.00 (1.00, 1.00) 0.14 (0.05–0.17)
Gradient boosting machine 0.75 (0.73, 0.77) 0.14 (0.08–0.17)
Multivariable adaptive regression splines 0.70 (0.68, 0.72) 0.14 (0.07–0.18)
Generalized additive model 0.68 (0.66, 0.71) 0.14 (0.08–0.18)
Naive Bayes 0.67 (0.64, 0.69) 0.16 (0.05–0.23)
Mean 0.50 (0.50, 0.50) 0.14 (0.14–0.14)

Values are *mean (95 per cent c.i.) and †mean (i.q.r.). AUROC, area under receiver operating characteristic (ROC) curve; LASSO, least absolute shrinkage and
selection operator. Details of the prediction algorithms are available in Appendix S1.
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Fig. 2 Receiver operating characteristic (ROC) curves for all models, complete-case training data (3192 patients)

Log, logistic regression; LASSO, least absolute shrinkage and selection operator. Details of the prediction algorithms are available in Appendix S1.
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Table 3 Model performance based on complete-case test data (1087 patients)

AUROC* Predictions†

SuperLearner 0.68 (0.63, 0.72) 0.13 (0.08–0.17)
Logistic regression

Main effects 0.66 (0.62, 0.70) 0.13 (0.08–0.17)
Forward/backward 0.67 (0.63, 0.72) 0.13 (0.06–0.18)
Refitted LASSO-selected (less sparse) 0.67 (0.62, 0.71) 0.13 (0.07–0.17)
Refitted LASSO-selected (more sparse) 0.63 (0.59, 0.68) 0.14 (0.09–0.17)

LASSO
Less sparse 0.63 (0.58, 0.67) 0.09 (0.07–0.12)
More sparse 0.57 (0.55, 0.59) 0.14 (0.15–0.15)

Bayesian additive regression trees 0.67 (0.62, 0.71) 0.13 (0.07–0.18)
Random forest 0.65 (0.61, 0.69) 0.15 (0.07–0.20)
Gradient boosting machine 0.68 (0.63, 0.72) 0.14 (0.08–0.18)
Multivariable adaptive regression splines 0.63 (0.59, 0.68) 0.14 (0.07–0.18)
Generalized additive model 0.65 (0.61, 0.69) 0.13 (0.08–0.17)
Naive Bayes 0.68 (0.63, 0.72) 0.15 (0.05–0.24)
Mean 0.50 (0.50, 0.50) 0.14 (0.14–0.14)

Values are *mean (95 per cent c.i.) and †mean (i.q.r.). AUROC, area under receiver operating characteristic (ROC) curve; LASSO, least absolute shrinkage and
selection operator. Details of the prediction algorithms are available in Appendix S1.
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Fig. 3 Receiver operating characteristic (ROC) curves for all models, complete-case test data (1087 patients)

Log, logistic regression; LASSO, least absolute shrinkage and selection operator. Details of the prediction algorithms are available in Appendix S1.
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Fig. 4 Receiver operating characteristic (ROC) curves for selected models, complete-case test data (1087 patients)

Log, logistic regression; LASSO, least absolute shrinkage and selection operator. Details of the prediction algorithms are available in Appendix S1.
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forward/backward prediction model can be accessed at https://

jennyhaggstrom.shinyapps.io/predstoma_int/, and a correspond-

ing calculator for the national model at https://jennyhaggstrom.

shinyapps.io/predstoma_nat/.

Discussion
Prediction models for stoma prevalence at 2 years after surgery

were developed and tested in this nationwide registry-based co-

hort of patients who had anterior resection for rectal cancer in

Sweden. Several models had a similar moderate predictive abil-

ity, including the most parsimonious, which was the logistic

regression model with a forward/backward procedure. The use of
this model should improve the accuracy of preoperative informa-
tion given to patients about stoma risk.

The main drawback of the present report is the use of registry
data, including all co-variables and the predicted outcome itself.
However, validation studies15,16 have shown that the SCRCR has ex-
cellent completeness and is highly accurate with regard to most
perioperative variables, although anastomotic leakage is under-
reported20, which may also be true for other postoperative compli-
cations21. The registry-based method used to determine stoma out-
come (presence of a stoma at 2 years after surgery) has also been
evaluated and demonstrated excellent validity17. Nevertheless, the
SCRCR fails to capture potentially important predictors, including
preoperative inflammatory status22,23, impaired sphincter func-
tion24, smoking status25, socioeconomic class26, and medication
use. This potentially reduces the internal validity of the present
study; still, tumour height rather than preoperative bowel dysfunc-
tion predicted the permanent stoma rate in a recent study24. The
main advantage of the present study is the population-based de-
sign, limiting the risk of selection bias, whereas the nationwide cov-
erage of almost a decade’s worth of surgical management reflects
current practice in Sweden, resulting in high external validity and a
large sample size. Moreover, the novel SuperLearner algorithm was
employed; this is a cross-validation-based approach, which system-
atically selects the best performing prediction method among a va-
riety of methods, including modern machine learning algorithms18.

There is an abundance of research on factors influencing the
risk of permanent stoma after anterior resection for rectal can-
cer. Most studies have simultaneously analysed factors derived
from before and during as well as after surgery, limiting applica-
bility in a preoperative setting. A recent Korean study24, one of
the few reports focusing on preoperative data, indicated that nei-
ther anal manometry nor patient-reported faecal incontinence
was independently related to permanent stoma creation,
whereas tumour distance from the anal verge remained the only
significant predictor. However, the inclusion of patients who
underwent abdominoperineal excision makes comparisons diffi-
cult. Most research highlights the importance of age5, co-morbid-
ity27, and advanced tumour stage2 as risk factors known before
operation, which is in line with the present findings. Prediction
models for the risk of permanent stoma, irrespective of faecal di-
version, are lacking. However, a Japanese study12 found advanced
tumour stage, including metastatic disease, and the use of che-
moradiotherapy to be important determinants of stoma non-
reversal; these data were also used to derive a prediction model
with moderate performance. Although defunctioning stomas
seem to reduce symptomatic anastomotic leak rates and the
need for reoperation7, it is recognized that such stomas intended

Table 4 Forward/backward logistic regression model for
prediction of permanent stoma after anterior resection for rectal
cancer

Odds ratio P

Sex
F 1.00 (reference)
M 1.08 (0.87, 1.35) 0.496

ASA fitness grade
I 1.00 (reference)
II 0.95 (0.73, 1.24) 0.705
III–IV 1.48 (1.04, 2.09) 0.028

Clinical T category
cT1–T2 1.00 (reference)
cT3 1.34 (1.01, 1.79) 0.047
cT4 2.11 (1.39, 3.20) <0.001
cTx 1.42 (0.89, 2.23) 0.132

Clinical M category
cM0 1.00 (reference)
cM1 2.04 (1.29, 3.13) 0.002
cMx 1.13 (0.48, 2.33) 0.753

Neoadjuvant therapy
No neoadjuvant therapy 1.00 (reference)
Radiotherapy 1.72 (1.28, 2.32) <0.001
Chemoradiotherapy 1.36 (0.91, 2.03) 0.133

Intended type of surgical technique
Open 1.00 (reference)

Minimally invasive (including conversion) 0.67 (0.41, 1.06) 0.102
Defunctioning stoma

No 1.00 (reference)
Yes 3.34 (2.19, 5.31) <0.001

Age 0.90 (0.61, 1.33) 0.585
Tumour height 0.81 (0.67, 0.97) 0.021
(BMI)2 1.04 (0.99, 1.09) 0.120
Hospital volume 0.88 (0.78, 0.99) 0.032
(Hospital volume)2 1.26 (1.15, 1.37) <0.001
Age: defunctioning stoma (yes) 1.39 (0.93, 2.07) 0.106
Age: clinical M category (cM1) 0.57 (0.39, 0.82) 0.003
Age: clinical M category (cMx) 0.95 (0.44, 2.23) 0.909
Tumour height: sex (M) 1.20 (0.96, 1.50) 0.118

Values in parentheses are 95 per cent confidence intervals.

Table 5 Prediction examples for typical scenarios, using the forward/backward logistic regression model

Stoma risk in per cent

Scenario 1
No neoadjuvant therapy, tumour height 13 cm Defunctioning stoma 8.4 (6.0, 11.6)

No defunctioning stoma 2.6 (1.6, 4.3)
Scenario 2

No neoadjuvant therapy, tumour height 9 cm Defunctioning stoma 8.8 (6.4, 12.1)
No defunctioning stoma 2.8 (1.7, 4.6)

Scenario 3
Radiotherapy, tumour height 9 cm Defunctioning stoma 14.3 (11.8, 17.2)

No defunctioning stoma 4.7 (2.9, 7.4)

Values in parentheses are 95 per cent confidence intervals. Other categorical variables set at the mode in the complete-case training sample, and continuous
variables set at the median. Other variables set at: age 66 years, male sex, BMI 25.44 kg/m2, ASA fitness grade II, cT3, cN0, cM0, hospital volume 20.1 anterior
resections per year, intended open surgical technique.
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for temporary use are frequently not reversed, with population-

based studies17,26,27 reporting that the risk of non-reversal after

anterior resection for rectal cancer is in the range 17–26 per cent.

Anastomotic leakage is a major factor for permanent stoma for-

mation2,3, and defunctioning stomas might reduce the risk of per-

manent stoma creation as a result of an anastomotic leak4. Only

a few studies4,13 have attempted to quantify the impact of

defunctioning stoma on the permanent stoma risk. The previous

studies were limited by insufficient sample sizes to draw firm

conclusions. As shown in the present study, the rate of use of

defunctioning stomas for anterior resection is consistently high

in Sweden; other countries have demonstrated large variation in

the use of such stomas28, at the same time reporting no correla-

tion with anastomotic leakage rates8,28. It is therefore interesting

to note that the present prediction study has emphasized a

defunctioning stoma as a key predictor of any stoma at 2 years

after surgery.
The risk of a permanent stoma is important to patients, ranked

alongside cure for the cancer itself29. Recent research has also indi-

cated that quality of life is perceived as worse in patients with a per-

manent stoma, compared with those without30. An accurate

prediction model of long-term stoma outcomes before surgery is

therefore patient-centred and an essential part of preoperative

counselling. Some patients known before operation to have high risk

of permanent stoma might opt for an abdominoperineal excision in-

stead of an anterior resection; other patients may prefer to accept

the risk of an unintended permanent stoma, or can rest assured

that the prediction model suggests that a stoma-free outcome is

likely. It is important to note, however, that the confidence intervals

are still quite wide in most instances, reflecting the inherent diffi-

culty in predicting a permanent stoma outcome from registry-based

data alone. Clinicians and patients should interpret the results cau-

tiously, keeping in mind in particular that some predictors, unmeas-

ured in this study, might increase the stoma risk even further, such

as alcohol and smoking abuse25, low socioeconomic status26, and an

inflammatory state23,24. Further predictive research should include

other factors of potential importance that are known before opera-

tion. Long-term outcomes other than permanent stoma might have

similar importance, including mortality31 and recurrence32 risks as-

sociated with anastomotic leakage after sphincter-saving surgery;

moreover, similar prediction research efforts in bowel dysfunction

must be considered in a patient-centred discussion33. An online cal-

culator has been provided for ease of application.
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and stoma reversal complications following anterior resection

for rectal cancer: a population-based multi-centre study.

Colorectal Dis 2017;19:1067–1075.

3. Jutesten H, Draus J, Frey J, Neovius G, Lindmark G, Buchwald P et

al. High risk of permanent stoma after anastomotic leakage in

anterior resection for rectal cancer. Colorectal Dis 2019;21:

174–182.

4. Gadan S, Floodeen H, Lindgren R, Rutegard M, Matthiessen P.

What is the risk of permanent stoma beyond 5 years after low

anterior resection for rectal cancer? A 15-year follow-up of a

randomized trial. Colorectal Dis 2020;22:2098–2104.

5. Celerier B, Denost Q, Van Geluwe B, Pontallier A, Rullier E. The

risk of definitive stoma formation at 10 years after low and

ultralow anterior resection for rectal cancer. Colorectal Dis 2016;

18:59–66.

6. Junginger T, Gonner U, Trinh TT, Lollert A, Oberholzer K, Berres

M. Permanent stoma after low anterior resection for rectal can-

cer. Dis Colon Rectum 2010;53:1632–1639.

7. Matthiessen P, Hallbook O, Rutegard J, Simert G, Sjodahl R.

Defunctioning stoma reduces symptomatic anastomotic leak-

age after low anterior resection of the rectum for cancer: a ran-

domized multicenter trial. Ann Surg 2007;246:207–214.

8. Snijders HS, van den Broek CB, Wouters MW, Meershoek-Klein

Kranenbarg E, Wiggers T, Rutten H et al. An increasing use of

defunctioning stomas after low anterior resection for rectal can-

cer. Is this the way to go? Eur J Surg Oncol 2013;39:715–720.

9. David GG, Slavin JP, Willmott S, Corless DJ, Khan AU, Selvasekar

CR. Loop ileostomy following anterior resection: is it really tem-

porary? Colorectal Dis 2010;12:428–432.

10. den Dulk M, Smit M, Peeters KC, Kranenbarg EM, Rutten HJ,

Wiggers T et al.; Dutch Colorectal Cancer Group. A multivariate

analysis of limiting factors for stoma reversal in patients with

rectal cancer entered into the total mesorectal excision (TME)

trial: a retrospective study. Lancet Oncol 2007;8:297–303.

11. Gadan S, Lindgren R, Floodeen H, Matthiessen P. Reversal of

defunctioning stoma following rectal cancer surgery: are we get-

ting better? A population-based single centre experience. ANZ J

Surg 2019;89:403–407.

12. Abe S, Kawai K, Nozawa H, Hata K, Kiyomatsu T, Tanaka T et al.

Use of a nomogram to predict the closure rate of diverting ileos-

tomy after low anterior resection: a retrospective cohort study.

Int J Surg 2017;47:83–88.

13. Rutegard M, Bostrom P, Haapamaki M, Matthiessen P, Rutegard

J. Current use of diverting stoma in anterior resection for cancer:

population-based cohort study of total and partial mesorectal

excision. Int J Colorectal Dis 2016;31:579–585.

14. Pahlman L, Bohe M, Cedermark B, Dahlberg M, Lindmark G,

Sjodahl R et al. The Swedish rectal cancer registry. Br J Surg 2007;

94:1285–1292.

15. Moberger P, Skoldberg F, Birgisson H. Evaluation of the Swedish

Colorectal Cancer Registry: an overview of completeness, timeli-

ness, comparability and validity. Acta Oncol 2018;57:1611–1621.

16. Jorgren F, Johansson R, Damber L, Lindmark G. Validity of the

Swedish Rectal Cancer Registry for patients treated with major

1394 | BJS, 2021, Vol. 108, No. 11

academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znab260#supplementary-data


abdominal surgery between 1995 and 1997. Acta Oncol 2013;52:

1707–1714.

17. Holmgren K, Haapamaki MM, Matthiessen P, Rutegard J,

Rutegard M. Anterior resection for rectal cancer in Sweden: vali-

dation of a registry-based method to determine long-term

stoma outcome. Acta Oncol 2018;57:1631–1638.

18. van der Laan MJ, Polley EC, Hubbard AE. Super learner. Stat Appl

Genet Mol Biol 2007;6:Article25.

19. Riley RD, Ensor J, Snell KIE, Harrell FE Jr, Martin GP, Reitsma JB et

al. Calculating the sample size required for developing a clinical

prediction model. BMJ 2020;368:m441.

20. Rutegard M, Kverneng Hultberg D, Angenete E, Lydrup ML.

Substantial underreporting of anastomotic leakage after ante-

rior resection for rectal cancer in the Swedish Colorectal Cancer

Registry. Acta Oncol 2017;56:1741–1745.

21. Gunnarsson U, Seligsohn E, Jestin P, Pahlman L. Registration

and validity of surgical complications in colorectal cancer sur-

gery. Br J Surg 2003;90:454–459.

22. Wang X, Cheng G, Tao R, Qu Z, Tang W, Deng Y et al. Clinical

characteristics and predictors of permanent stoma in rectal

cancer patients underwent anterior resections: the value of pre-

operative prognostic nutritional index. Int J Clin Oncol 2020;25:

1960–1968.

23. Zeman M, Czarnecki M, Chmielarz A, Idasiak A, Grajek M,

Czarniecka A. Assessment of the risk of permanent stoma after

low anterior resection in rectal cancer patients. World J Surg

Oncol 2020;18:207.

24. Kim S, Kim MH, Oh JH, Jeong SY, Park KJ, Oh HK et al.; Seoul

Colorectal Research Group (SECOG). Predictors of permanent

stoma creation in patients with mid or low rectal cancer: results

of a multicentre cohort study with preoperative evaluation of

anal function. Colorectal Dis 2020;22:399–407.

25. Sørensen LT, Jørgensen T, Kirkeby LT, Skovdal J, Vennits B,

Wille-Jørgensen P. Smoking and alcohol abuse are major risk

factors for anastomotic leakage in colorectal surgery. Br J Surg

1999;86:927–931.

26. Gustafsson CP, Gunnarsson U, Dahlstrand U, Lindforss U. Loop-

ileostomy reversal—patient-related characteristics influencing

time to closure. Int J Colorectal Dis 2018;33:593–600.

27. Jorgensen JB, Erichsen R, Pedersen BG, Laurberg S, Iversen LH.

Stoma reversal after intended restorative rectal cancer resec-

tion in Denmark: nationwide population-based study. BJS Open

2020;4:1162–1171.

28. Snijders HS, van Leersum NJ, Henneman D, de Vries AC,

Tollenaar RA, Stiggelbout AM, Wouters MW et al. Optimal treat-

ment strategy in rectal cancer surgery: should we be cowboys or

chickens? Ann Surg Oncol 2015;22:3582–3589.

29. Wrenn SM, Cepeda-Benito A, Ramos-Valadez DI, Cataldo PA.

Patient perceptions and quality of life after colon and rectal sur-

gery: what do patients really want? Dis Colon Rectum 2018;61:

971–978.

30. Nasvall P, Dahlstrand U, Lowenmark T, Rutegard J, Gunnarsson

U, Strigard K. Quality of life in patients with a permanent stoma

after rectal cancer surgery. Qual Life Res 2017;26:55–64.

31. Bostrom P, Haapamaki MM, Rutegard J, Matthiessen P, Rutegard

M. Population-based cohort study of the impact on postopera-

tive mortality of anastomotic leakage after anterior resection

for rectal cancer. BJS Open 2019;3:106–111.

32. Lu ZR, Rajendran N, Lynch AC, Heriot AG, Warrier SK.

Anastomotic leaks after restorative resections for rectal cancer

compromise cancer outcomes and survival. Dis Colon Rectum

2016;59:236–244.

33. Battersby NJ, Bouliotis G, Emmertsen KJ, Juul T, Glynne-Jones R,

Branagan G et al.; UK and Danish LARS Study Groups.

Development and external validation of a nomogram and on-

line tool to predict bowel dysfunction following restorative rec-

tal cancer resection: the POLARS score. Gut 2018;67:688–696.

Back et al. | 1395




