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risk factors of major
complications after radical
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Purpose: The aim of this study was to establish a validated nomogram to predict
risk factors for major post-operative complications in patients with rectal cancer
(RC) by analyzing the factors contributing to major post-operative complications
in RC patients.

Methods: We retrospectively collected baseline and surgical information on
patients who underwent RC surgery between December 2012 and December
2022 at a single-center teaching hospital. The entire cohort was randomly
divided into two subsets (60% of the data for development, 40% for validation).
Independent risk factors for major post-operative complications were identified
using multivariate logistic regression analyses, and predictive models were
developed. Area under the curve (AUC) was calculated using receiver operating
characteristic curve (ROC) to assess predictive probability, calibration curves
were plotted to compare the predicted probability of the nomogram with the
actual probability, and the clinical efficacy of the nomogram was assessed using
decision curve analysis (DCA).

Results: Our study included 3151 patients who underwent radical surgery for RC,
including 1892 in the development set and 1259 in the validation set. Forty (2.1%)
patients in the development set and 26 (2.1%) patients in the validation set
experienced major post-operative complications. Through multivariate logistic
regression analysis, age (p<0.01, OR=1.044, 95% Cl=1.016-1.074), pre-operative
albumin (p<0.01, OR=0.913, 95% CI=0.866-0.964), and open surgery (p<0.01,
OR=2.461, 95% Cl=1.284-4.761) were identified as independent risk factors for
major post-operative complications in RC, and a nomogram prediction model
was established. The AUC of the ROC plot for the development set was 0.7161
(95% Cl=0.6397-0.7924), and the AUC of the ROC plot for the validation set was
0.7191 (95% Cl=0.6182-0.8199). The predicted probabilities in the calibration
curves were highly consistent with the actual probabilities, which indicated that
the prediction model had good predictive ability. The DCA also confirmed the
good clinical performance of the nomogram.
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Conclusion: In this study, a validated nomogram containing three predictors was
created to identify risk factors for major complications after radical RC surgery.
Due to its accuracy and convenience, it could contribute to personalized
management of patients in the perioperative period.
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Introduction

Colorectal cancer is one of the most prevalent cancers in the world
and is a serious threat to human health, with an estimated 1.9 million
new cases and 935,000 deaths in 2020 (1). In recent years, with the
rapid development of laparoscopic instruments and techniques,
transabdominal low anterior resection (LAR) combined with total
mesorectal excision (TME) has become the standard approach for the
treatment of low and intermediate rectal cancer (RC). Laparoscopic
rectal surgery (LRS) has been widely used for the treatment of RC
because of its low trauma rate and fast recovery (2). A clear surgical
field and full exposure of anatomical structures enabled LRS to achieve
radical resection of RC, reduce surgical trauma, and improve the post-
operative quality of life (3). However, post-operative complications
remained a major concern. Previous studies have reported that the
incidence of post-operative complications in RC was 20%-30%, the
incidence of serious complications was 5%-12%, and the mortality rate
was approximately 2% (4, 5). Anastomotic leakage (AL), a common
serious complication after radical resection for RC, had an incidence of
2.4% to 27.0% and a mortality rate of 18% (6-8). These complications
and bowel dysfunction might affect the patients’ quality of life and
long-term prognosis.

In recent years, anastomotic devices and surgical techniques have
improved considerably, however, the incidence of complications has
not decreased significantly (9-12). Many previous randomized
controlled studies have explored the risk factors for post-operative
complications in RC, including age (13), pre-operative albumin (14),
pre-operative neoadjuvant therapy (15) and body mass index (BMI)
(16). Tumor-related factors included tumor size and the distance of
the tumor from the anal verge (17, 18). Surgery-related factors
included the duration of surgery and intraoperative blood loss (19).
There were conflicting reports on the risk factors for complications
after radical RC.

The Clavien-Dindo system has been widely used to classify
post-operative complications. Clavien-Dindo III-IV complications
requiring re-operation and endoscopic or radiological intervention
were defined as serious complications (20), which always led to
catastrophic consequences such as organ failure or even death, as
well as high medical costs.

Therefore, the aim of this study was to establish a validated
nomogram to predict risk factors for major post-operative
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complications in patients with RC by analyzing the factors
contributing to post-operative complications in RC patients, and
to provide a reference point for the prevention and treatment of
post-operative complications for RC and provides timely and
effective interventions in the peri-operative period.

Materials and methods
Patient selection

We retrospectively collected baseline and surgical information
on patients who underwent radical RC surgery between December
2012 and December 2022 at a single-center teaching hospital. The
inclusion criteria were that patients with a pathologically confirmed
preoperative diagnosis of rectal malignancy who underwent radical
surgery for RC. The exclusion criteria were as follows: 1. patients
who underwent RC after recurrence; 2. patients with metastatic RC;
3. patients who underwent emergency surgery, including bowel
obstruction and bleeding; and 4. patients with incomplete baseline
or surgical information. Ultimately, 3151 patients with complete
information were finally enrolled in the study, who were
randomly assigned in a 6:4 ratio to the development set (n=1892)
and validation set (n=1259) based on computer-generated
random numbers.

This study was approved by the Ethics Committee of the First
Affiliated Hospital of Chongqing Medical University (K2024-002-
01). It complied with the principles of medical ethics and the
Declaration of Helsinki, and all patients participating in the study
signed an informed consent form.

Data elements

We retrospectively collected baseline and surgical information
of the patients. The baseline information included age, sex, BMI,
smoking and drinking history, previous abdominal surgery (PAS),
and preoperative comorbidities. Clinical information included
preoperative albumin and hemoglobin, tumor stage, and tumor
size. Surgical information included surgical methods, surgical time,
blood loss, and major post-operative complications. The pre-
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operative comorbidities included hypertension, type 2 diabetes
mellitus (T2DM), and chronic heart disease (CHD).

Surgery management

All patients who underwent radical resection according to the
guidelines of the Chinese Society of Clinical Oncology (CSCO) for
colorectal cancer, that’s total mesorectal excision or complete
mesocolic excision, and the post-operative pathology was
confirmed RO resection.

Definition

Tumors were staged according to the 8th edition of the
American Joint Committee on Cancer (AJCC) guidelines and
were classified as stages I-IV (21).

Major post-operative complications within 30 days of surgery
were assessed using the Clavien-Dindo scale (22). Clavien-Dindo
II/IV complications requiring surgical, endoscopic, or radiological
intervention were defined as major complications.

Statistical analysis

All data in this study were processed using SPSS (version 22.0)
and R (version 4.1.2). Continuous variables that followed a normal
distribution were expressed as mean + standard deviation (SD) and
comparisons were made using the t-test; categorical variables were
expressed as numbers and percentages, and chi-squared or Fisher’s
exact test was used. Univariate logistic regression analysis was
performed on all variables, and variables with P<0.05 were
considered potential risk factors for the occurrence of major post-
operative complications in RC patients. The screened potential risk
factors were subjected to multivariate logistic regression analysis to
identify independent predictors of complications after RC surgery.
Finally, multivariate logistic regression analysis included variables
with P<0.05, and a nomogram was created to predict the risk of
major post-operative complications in RC.

The predictive models were evaluated in three ways. First, the
predictive value of the risk factors was verified using receiver
operating characteristic curve (ROC), and the performance of the
nomogram was assessed by calculating the area under the curve
(AUC) for the development and validation sets. The AUCs ranged
from 0 and 1, with 1 indicating perfect agreement, 0.5 indicating no
better than chance, and greater than 0.7 indicating that the model
had relatively good predictive power (23, 24). Second, prediction
curves were plotted to test the calibration of major post-operative
complication risk map, and the predicted and actual probabilities of
the nomogram for the development and validation sets were
analyzed and compared, using the 45-degree line as the perfect
model with 100% accuracy (25). Finally, decision curve analysis
(DCA) was used to analyze the net benefits of the development and
validation sets based on different threshold probabilities to
determine the clinical applicability of the nomogram (26, 27).
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Results
Baseline information

Based on the above inclusion and exclusion criteria, 3151 patients
who underwent radical RC surgery were included in this study. This
included 1892 patients in the development set and 1259 patients in
the validation set. Forty (2.1%) patients in the development set and 26
(2.1%) patients in the validation set experienced major post-operative
complications. Baseline information was comparable between the two
groups (P>0.05) (Table 1).

Nomogram variable screening

Univariate and multivariate logistic regression analyses,
including baseline, and surgical information, were performed to
identify the risk factors influencing the occurrence of major post-
operative complications in RC. The results of univariate logistic
regression analysis showed that age (p<0.01, OR=1.044, 95%
CI=1.016-1.074), preoperative albumin (p<0.01, OR=0.913,
95% CI=0.866-0.964), and open surgery (p<0.01, OR=2.461, 95%
CI=1.284-4.761) were potential risk factors for major post-
operative complications of RC. Further multivariate logistic
regression analysis of the three potential risk factors showed that
age (p=0.023, OR=1.033, 95% CI=1.005-1.062), pre-operative
albumin (p=0.032, OR=0.940, 95% CI=0.888-0.995), and open
surgery (p=0.049, OR=1.992, 95% CI=1.003-3.956) were
independent risk factors for the occurrence of major post-
operative complications in RC (Table 2).

Development of a nomogram to predict
the occurrence of major complications
after RC surgery

Using the three independent risk factors identified by the
multivariate logistic regression analysis, a nomogram model was
constructed to predict the risk of major post-operative complications
in RC patients. As shown in Figure 1, the corresponding scores for each
factor were derived from the patients’ own actual situation, and the
three scores were added to derive the total score. The final predicted
risk of major post-operative complications was the probability
corresponding to the patient’s individual total score.

Validation of a nomogram for predicting
major complications after RC surgery

The ROC curve was used to assess the predictive accuracy of the
nomogram. The results showed that the area under the ROC curve
for the development set was 0.7161 (95% Cl=0.6397-0.7924), and
that of the validation set was 0.7191 (95% CI=0.6182-0.8199).
(Figure 2) The calibration curve showed a high degree of
agreement between the predicted and observed results of the
nomogram model constructed in this study. (Figure 3) Finally,
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TABLE 1 Baseline information between the development and
validation cohorts.

Characteristics Development Validation
(1892) (1259)
Age, year 635+ 12.8 635+ 12.8 0.881
Sex 0.438
Male 1054 (55.7%) 719 (57.1%)
Female 838 (44.3%) 540 (42.9%)

BMI, kg/m2 225+ 3.1 225+ 34 0.912
Smoking 685 (36.2%) 470 (37.3%) 0.521
Drinking 570 (30.1%) 376 (29.9%) 0.875
Hypertension 474 (25.1%) 341 (27.1%) 0.202
T2DM 231 (12.2%) 146 (11.6%) 0.604
CHD 94 (5.0%) 65 (5.2%) 0.807
PAS 531 (28.1%) 347 (27.6%) 0.757
Albumin, g/L 388 £5.7 387 +59 0.714
Hemoglobin, g/L 113.7 £ 26.4 113.9 £ 25.6 0.825
TNM stage 0.769

I 257 (13.6%) 160 (12.7%)

I 939 (49.6%) 628 (49.9%)

I 696 (36.8%) 471 (37.4%)
Tumor size 0.077

< 5cm 943 (49.8%) 587 (46.6%)

> 5cm 949 (50.2%) 672 (53.4%)
Surgical methods 0.850

Open 378 (20.0%) 255 (20.3%)

Laparoscopic 1514 (80.0%) 1004 (79.7%)
Surgical time, min 2149 + 79.1 2185+ 79.2 0.217
Blood loss, mL 98.7 +137.3 107.9 + 190.7 0.114
Major complications 40 (2.1%) 26 (2.1%) 0.925

Variables are expressed as the mean + SD, n (%), *P-value <0.05.
T2DM, type 2 diabetes mellitus; BMI, body mass index; CHD, chronic heart disease; PAS,
previous abdominal surgery.

DCA was used to evaluate the clinical application value of the
prediction model, as shown in Figure 4.

Discussion

Our study included 3151 patients who underwent radical
surgery for RC, including 1892 in the development set and 1259
in the validation set. Forty (2.1%) patients in the development set
and 26 (2.1%) patients in the validation set experienced major post-
operative complications. Multivariate logistic regression analysis
showed that age, pre-operative albumin, and open surgery were
independent risk factors for the major post-operative complications
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TABLE 2 Univariate and multivariate logistic regression analysis of the
major complications.

Risk factors Univariate Multivariate
logistic logistic
regression analysis = regression analysis
OR P OR P
(95% Cl) value (95% Cl) value
Age, year 1.044 <0.01* 1.033 0.023*
(1.016-1.074) (1.005-1.062)
Sex 0.672 0.235
(female/male) (0.349-1.295)
BMI, Kg/m* 0.983 0.742
(0.889-1.087)
Smoking 1.059 0.863
(yes/no) (0.554-2.022)
Drinking 1.119 0.741
(yes/no) (0.573-2.186)
Hypertension 1.821 0.070
(yes/no) (0.952-3.484)
T2DM (yes/no) 1.028 0.955
(0.399-2.651)
CHD (yes/no) 1.569 0.460
(0.475-5.185)
PAS (yes/no) 0.972 0.936
(0.482-1.959)
Albumin, g/L 0.913 <0.01* 0.940 0.032*
(0.866-0.964) (0.888-0.995)
Hemoglobin, g/L. = 0.997 0.673
(0.986-1.009)
Tumor stage 1.242 0.376
(/11T (0.769-2.005)
Tumor size (= 5/ = 0.994 0.984
<5), cm (0.531-1.859)
Surgical methods = 2.461 <0.01% 1.992 0.049*
(open/ (1.284-4.761) (1.003-3.956)
laparoscopic)
Surgical 0.997 0.268
time, min (0.993-1.002)
Blood loss, mL 1.000 0.777
(0.998-1.002)

*P-value <0.05.

OR, Odds ratio; CI, confidence interval; BMI, body mass index; T2DM, type 2 diabetes
mellitus; BMI, body mass index; CHD, chronic heart disease; PAS, previous
abdominal surgery.

of RC. Based on the three independent risk factors, we constructed a
nomogram model to predict the risk factors of major post-operative
complications in patients for RC.

In recent years, anastomosis and surgical techniques have
developed considerably, but the incidence of post-operative
complications in RC has not been significantly reduced (9-12).
Several previous studies have shown that post-operative
complications affected the prognosis of RC (28-30). Therefore, it
was necessary to develop a predictive nomogram for major post-
operative complications in RC. In our study, 66 (2.1%) patients had
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FIGURE 1

Nomogram for predicting the risk of major postoperative complications after RC surgery. RC, rectal cancer.

major post-operative complications, which was significantly lower
than those reported in previous studies (31). This might be related
to the definition of major post-operative complications.

The results of this study suggested that age was an independent
risk factor for major post-operative complications for RC. This was
like previous studies (32). Surgery-related comorbidities, including
cardiovascular and pulmonary diseases, oncological anemia, and liver
or kidney disease were more common in elderly patients (33, 34). In
addition, neurological or psychological disorders was often prevalent
in elderly patients (35). Previous studies found that elderly patients
with limited baseline performance status (defined by Eastern

A Development set
IS
0.025 (0.737, 0.650)
2
2o
2 o AUC:0.716
@
<
2 4
T T T T T T
0.0 0.2 0.4 0.6 08 1.0
1 - Specificity

FIGURE 2

Cooperative Group performance statuses 2-4, abnormalities in
activities of daily living and instrumental activities of daily living)
were less likely to tolerate the procedure and had worse outcomes
than younger patients (36).

Studies have shown that low pre-operative albumin negatively
affected wound healing and disease severity (37). In RC surgery, low
pre-operative albumin levels significantly increased the incidence of
post-operative complications (38, 39). Albumin has been reported
to play a variety of roles, including stabilization of cell growth, DNA
replication, maintenance of sex hormone balance and modulation
of systemic inflammation (40). In addition, albumin levels were
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e ] i
//'
V
w | 7
® y
- 0.026 (0.743, 0.615)
E y
2 “AUC: 0.719
5
D«
=4
o
s
o
s
T T T T T T
0.0 0.2 04 06 0.8 1.0
1 - Specificity

The nomogram model predicts the receiver operating characteristic ROC curve for major complications after rectal cancer surgery. (A) The area
under the curve of the development set is 0.7161. (B) The area under the curve of the validation set is 0.7191. ROC, receiver operating characteristic;

AUC, area under the curve.

Frontiers in Oncology

05

frontiersin.org


https://doi.org/10.3389/fonc.2024.1380535
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Lv et al.
A Development set
o |
= Dxy 0433
C (ROC) 0716
R2 o057
o o010
u ~9001
Q 0.011
Brer 0020
ercept 0000
o | Some 1000
2 e 0073
E90 0.014
Eavg 0005
sz 0020
o e
©
z °]
2
8
b
S
o
©
2
3
< x|
S
deal
o — Logisic catbration
s
Nonparametric
o 4 MWih.....
s
T T T T T T
0.0 02 04 06 08 10
Predicted Probability
FIGURE 3

10.3389/fonc.2024.1380535

B Validation set

0.8

Actual Probability
0.6

04

Ideal

— Logistic calibration

0.2

Nonparametric

0.0

T T T T T T
0.6

Predicted Probability

Calibration curves for development set (A) and validation set (B) nomograms.

widely used as a variety of prognostic indicators, including the
prognostic nutritional index (41), the systemic inflammation index
(42) and played an important role in maintaining colloid
osmolality, scavenging free radicals, and altering capillary
membrane permeability (43). The important physiological
function of serum albumin might be an important reason why
albumin was prediction of serious post-operative complications.
The current study suggested that open surgery was an independent
risk factor for major post-operative complications for RC. Compared
with open surgery, laparoscopic rectal surgery was widely used in the

Development set
— Model
Al
— None

0.02

0.00

Net Benefit

-0.02

-0.04

r T T T 1
0.0 0.2 04 06 08

High Risk Threshold

FIGURE 4

treatment of RC because of its less trauma and faster recovery (2). Clear
surgical vision and full exposure of anatomical structures enable
laparoscopic RC surgery to achieve radical resection, reduce surgical
trauma, and improve post-operative quality of life (3). Which had
similar results with previous studies (44, 45).

The application of these three risk predictors to our model was
crucial. Despite the good performance of our nomogram, this study
had some limitations. First, this was a single-center retrospective
study. Second, the pre-operative baseline and clinical information
included were imperfect, including pre-operative neoadjuvant
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DCA for development set (A) and validation set (B). DCA, decision curve analysis.
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chemo-radiotherapy, the relationship to the rectal mesenteric fascia,
the final distance from the anal verge, and the long-term efficacy of
RC surgery. Third, in this study, a subset of patients underwent
protective ileostomies. The results might be affected by the protective
ileostomy. Fourth, because this study focused on post-operative
major complications in RC, it was lacking types of surgery. Finally,
the nomogram prediction model established in this study has not
been internally validated, and we will continue to collect clinical data
from relevant patients to further improve the internal validation. In
the future, we hope that our study will be a joint effort of multiple
centers to collect as many variables as possible and to continuously
test and revise the prediction model in clinical practice.

In this study, a validated nomogram containing three predictors
was created to identify risk factors for major complications after radical
RC surgery. Due to its accuracy and convenience, it could contribute to
personalized management of patients in the perioperative period.
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