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Abstract. Background/Aim: There are few studies on artificial
intelligence-based prediction models for colon cancer built
using clinicopathological factors. Here, we aimed to perform
a preliminary evaluation of a novel artificial intelligence-based
prediction model for surgical site infection (SSI) in patients
with stage II-1Il colon cancer. Patients and Methods: The
medical records of 730 patients who underwent radical surgery
for stage II-1lI colon cancer between 2000 and 2018 at our
institute were retrospectively analyzed. Kaplan—Meier curves
were used to examine the association between SSI and
oncological outcomes (recurrence-free survival time). Next, we
used the machine learning software Prediction One to predict
SS1. Receiver-operating characteristic curve analysis was used
to evaluate the accuracy of the artificial intelligence model.
Results: The prognosis in terms of recurrence-free survival time
was poor in patients with SSI (p=0.005, 95% confidence
interval=4892.061-5525.251). The area under the curve of the
artificial intelligence model in predicting SSI was 0.731.
Conclusion: As SSI is an important prognostic factor
associated with oncological outcomes, the prediction of SSI
occurrence is important. Based on our preliminary evaluation,
the artificial intelligence model for predicting SSI in patients
with stage II-1II colon cancer was as accurate as the previously
reported model derived through conventional statistical
analysis.
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An increasing amount of evidence suggests that
postoperative infection is associated with poorer long-term
outcomes in various malignancies (1, 2). Surgical site
infection (SSI) is a common postoperative complication that
occurs in 5-40% of patients undergoing colorectal surgery
(3, 4). Postoperative SSI, an important marker of surgical
quality, increases treatment costs, delays the initiation of
adjuvant therapy, affects quality of life, and may be
associated with premature mortality (2).

Preoperative weakening of immunity and undernutrition
are listed as risk factors for SSI in the US Centers for
Disease Control and Prevention (CDC) guidelines, and
various systemic inflammatory and nutritional scores have
been reported as useful SSI predictors (5, 6). The roles of
the systemic inflammatory response and nutritional status
in SSI have been increasingly recognized, as reflected in
the numerous immunological and nutritional markers
shown to affect SSI incidence in different types of cancer,
including colon cancer. These markers include the
modified Glasgow Prognostic score (mGPS), C-reactive
protein to albumin ratio (CAR, which is an index of cancer
cachexia), Controlling Nutritional Status score (CONUT
score, which detects potential malnutrition), prognostic
nutritional index (PNI, which is calculated using the serum
albumin levels and peripheral lymphocyte count), and
lymphocyte to monocyte ratio (LMR, which reflects the
balance between the tumor-promoting environment and
antitumor immunity) (7-9).

Many studies have attempted to predict SSI following
colon surgery by using prediction models, which include
various clinicopathological factors. Such models rely on
conventional statistical analyses, such as multivariate
analyses and nomograms. The predictive ability of these
models was high, as assessed by a receiver-operating
characteristic (ROC) curve analysis or the concordance index
(C-index), and their area under the curve (AUC) values were
all approximately 0.75 (10-14). This led us to consider the
applicability of artificial intelligence (Al)-based prediction
models, which have developed rapidly in recent years.
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The third Al boom is arriving, and Al is evolving rapidly.
Al, particularly machine learning and deep learning, has been
applied in clinical cancer research, and the cancer prediction
performance has reached new heights. However, no studies
have been published on building Al-based prediction models
for colon cancer using clinicopathological factors.

Therefore, in this study, we aimed to build a novel Al-
based prediction model (Al model) for SSI in stage II-III
colon cancer using immunological and nutritional markers
and to perform a preliminary evaluation of its performance.

Patients and Methods

Patients. The medical records of 730 patients who underwent
radical surgery for stage II-III colon cancer between January 2000
and August 2018 at Tokyo Medical University Hospital were
retrospectively analyzed. Information pertaining to the following 25
variables was obtained: age, sex, body mass index (BMI), number
of hospitalization days, smoking status, insulin use,
normal/emergency surgery, laparoscopic/open surgery, histological
cancer type, maximum tumor diameter (tumor size), sidedness
(tumor location), blood loss, operative time, pathological T-stage (T-
stage), pathological N-stage (N-stage), pathological stage, venous
invasion (v), lymphatic invasion (ly), carcinoembryonic antigen
(CEA), carbohydrate antigen 19-9 (CA-19-9), LMR, CAR, mGPS,
PNI, and CONUT. Patients were generally hospitalized 2 days
before surgery, and we evaluated the laboratory data on the day of
admission. This study was approved by the Institutional Review
Board of Tokyo Medical University Hospital.

SS1. The definition of SSI included superficial and deep incision
infections classified based on CDC criteria, as well as wound
infections with the following characteristics: presence of purulent
fluid or pus in the wound incision and local redness and warming
of the surgical site. This study included patients with Clavien-Dindo
grade 1-3b complications. ROC curve analysis was used to
investigate the incidence of SSI and predictive accuracy of each
factor (5, 6).

Conventional statistical analysis. A univariable analysis of the
association between SSI and oncological outcomes [recurrence-free
survival (RFS)] was performed using the Kaplan—-Meier method and
log-rank test. All statistical analyses were performed using the SPSS
software (IBM® SPSS® Statistics for Windows, Version 25.0; IBM,
Chicago, IL, USA). p<0.05 was considered statistically significant.

Al. We used the machine learning software Prediction One (Sony
Network Communications Inc.; Higashishinagawa, Shinagawa-ku,
Tokyo), to predict SSI incidence in stage II-1II colon cancer. The
software generates feature vectors from the dataset using standard
preprocessing methods, including one-hot encoding for categorical
variables and normalization for numerical variables. The gradient
boosting tree and neural network are used as supervised machine
learning models in the software. Each model was trained with
hyperparameter tuning; subsequently, an ensemble model based on
both the trained models was constructed for prediction. To evaluate
the accuracy of the AI model, we calculated the AUC using a ROC
curve analysis with internal validation. Prediction One also
evaluates the “importance of variables” (IOV) using a method based
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Table 1. Baseline characteristics.

Characteristics Number of patients (n=730)

Age, years 70 (21-97)
Sex

Male/Female 282/448
Body mass index 224 (12.7-35.9)
Duration of hospitalization, days 22 (15-33)
Smoking

No/Yes 414/235
Insulin use

No/Yes 506/31
Surgery

Emergency/Normal 64/666
Surgical procedure

Open/Laparoscopic 400/328
Surgical site infection

No/Yes 619/92
Differentiation

Well/Mode/others 175/484/66
Tumor size (cm) 4.6 (1.0-14.0)
Sidedness

Left-sided/right-sided 418/312

Blood loss (ml)
Operative time (m)

112 (0-15,286)
206 (52-3,005)

T-stage

T1-3/T4 586/144
N-stage

N-/N+ 373/357
Stage

11 373/357
Venous invasion

Negative/Positive 211/516
Lymphatic invasion

Negative/Positive 165/421

Carcinoembryonic antigen
Carbohydrate antigen 19-9
Lymphocyte to monocyte ratio
C-reactive protein to Albumin Ratio

3.4 (0.3-156.9)
11.4 (0-795.6)
4.09 (0.18-216.50)
0.079 (0-9.556)

Modified Glasgow Prognostic Score 0 (0-3)

Prognostic Nutritional Index 46.24 (22.84-64.76)
Controlling Nutritional Status Score 2 (0-10)

Well:  Well differentiated adenocarcinoma; Mode: moderately

differentiated adenocarcinoma.

on permutation feature importance. This method calculates the
difference in model output when a single variable is removed. The
value of the difference in model output indicates the extent to which
the model depends on the variable. The value of the difference was
computed for each covariate and was averaged over those in the
dataset. An IOV value of =0.020 was considered significant.

Results

Patient and tumor characteristics. The baseline patient and
tumor characteristics are summarized in Table I. SSI
occurred in 92 patients (12.6%). Among these patients, 73
had superficial infections, and 19 had deep infections. The
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Figure 1. Kaplan—Meier analysis of recurrence-free survival in patients with and without surgical site infection (SSI).

Clavien-Dindo classification grades were as follows: grade
1, 62 patients; grade 2, 11 patients; grade 3a, 13 patients; and
grade 3b, 6 patients.

Kaplan—Meier analysis of RFS in patients with and without
SSI. Eighty-four patients had local or systemic recurrence,
and 89 patients died. In total, 134 patients experienced
recurrence or died. The median (range) time to recurrence
was 1.53 (0.03-7.9) years, and the time to recurrence or
death was 1.84 (0.01-17.4) years. The median (range) RFS
was 4.46 (0.01-19.1) years. The risk of recurrence or death
significantly increased after the patient developed SSI
(p=0.005) (Figure 1).

Al analysis. The Al model was used to predict the
occurrence of SSI based on 25 covariates. Data from 730 and
100 patients were used in the learning and validation models,
respectively. The ROC curve for the AI model is shown in
Figure 2. The AUC value was 0.731, which was comparable
to that of the previously reported model derived through
conventional statistical analysis. Prediction One was used to
calculate the IOV of each factor in predicting SSI
occurrence. The IOV values are presented in Table II. The
following are the factors with IOV 20.020 presented in
decreasing order of the IOV values: hospitalization (0.0816),
blood loss (0.0453), LMR (0.0408), insulin use (0.0407),
differentiation (0.0390), laparoscopy (0.0351), emergency
surgery (0.0336), tumor size (0.0334), lymphatic invasion
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(0.0296), CAR (0.0267), operative time (0.0254), CA19-9
(0.0249), and smoking status (0.0245).

Discussion

This study involved a preliminary evaluation of an Al-based
SSI prediction model that included various clinicopathological
factors observed in patients with colon cancer. In previous
models based on conventional statistical analysis, all the
reported values for the AUC and C-index were approximately
0.75 (10, 11, 13, 14). The accuracy of our Al model, with an
AUC value of 0.731, was as good as that of the previously
reported models. Moreover, the AI model uses easily
obtainable data on simple clinicopathological factors, and the
cost of constructing the model is low.

Postoperative infections contribute to poor survival (1, 2).
SSI is one of the most important complications of colorectal
surgery (3, 4). Therefore, the identification of SSI predictors,
which can be used in clinical practice, is a pressing issue. A
cancerous state often activates a systemic inflammatory
reaction, and inflammation in turn reduces immunity (7). In
addition, impaired nutrient intake is occasionally seen during
the perioperative period in patients with colorectal cancer,
which leads to an immunocompromised state (8). Therefore,
nutritional management is indispensable for the success of
colorectal surgery. Although various systemic inflammatory
and nutritional scores have been used to predict
postoperative complications (9), no useful SSI predictors
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Figure 2. Receiver operating curve of the artificial intelligence model for surgical site infection incidence. AUC: Area under the curve.

have been reported for colon cancer. In this study, LMR and
CAR were ranked high in terms of IOV using Prediction
One. This finding suggests that inflammatory and nutritional
scores are significantly associated with SSI.

The use of machine learning has become widespread in
clinical research. The types of learning used by computers
are subclassified into categories, such as supervised and
unsupervised learning. Supervised learning begins with the
prediction of a known output or target. Therefore, it is often
used for the estimation of risk in medical research (15, 16).
In deep learning, unsupervised learning is initially used to
identify robust features, and subsequently, these features are
refined and can ultimately be used as predictors in the final
supervised model. Deep neural networks (DNNs), also
known as deep learning networks, are used in many Al
applications (17). Multiple or multivariate logistic regression
fits multiple parameters in prediction models by assuming
that predictors are linearly and additively related to an
outcome. However, nonlinear problems commonly occur
when these models are applied in the field of human
physiology because of complex interactions. Therefore,
linear models might not be capable of adequately predicting
outcomes, which may explain the differences observed in
predictive accuracy between the multivariate and AI models.

In general, conventional statistical analysis involving a
conventional linear model focuses on explaining data and is
said to be inferior to Al in terms of its predictive ability.
Although AI is useful for prediction, there are important
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Table I1. The importance of variables.

Variable 10V
Duration of hospitalization days 0.082
Blood loss 0.045
Lymphocyte to monocyte ratio 0.041
Insulin use 0.041
Differentiation (Well/Mode/others) 0.039
Surgical procedure (open/laparoscopic) 0.035
Surgery (emergency/normal) 0.034
Tumor size (cm) 0.033
Lymphatic invasion 0.030
C-reactive protein to albumin ratio 0.027
Operative time 0.025
Carbohydrate antigen 19-9 0.025
Smoking 0.025
Controlling Nutritional Status Score 0.019
Sidedness (left/right) 0.018
Carcinoembryonic antigen 0.018
T-stage 0.015
Stage II/1IT 0.014
Sex 0.013
Modified Glasgow Prognostic Score 0.012
Prognostic Nutritional Index 0.011
Age, years 0.011
N-stage 0.010
Body mass index 0.006
Venous invasion 0.006
Well: Well differentiated adenocarcinoma; moderately

differentiated adenocarcinoma; IOV: importance of variables.
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concerns owing to the opaque, black-box nature of most Al
algorithms. Building prediction models with explainable Al
mechanisms is a powerful and transparent alternative to black-
box Al models (18). In the present study, Prediction One
calculated not only the accuracy of the model but also the
contribution of each factor to the outcome, thereby enabling a
better understanding of the model and its constituents. The
IOV values and independent risk factors identified through
multivariate analysis do not exactly correspond, but IOV is an
informative variable for describing the model.

This study has several limitations worth noting. First, this
was a retrospective, single-center study. Second, we did not
determine whether the patients had hematological or
autoimmune disorders, which may have influenced the
preoperative laboratory data. Third, our data did not
distinguish between superficial and deep-incision infections.
Given that this is the first study of its kind that used
Prediction One, SSI was defined broadly in order to improve
prediction accuracy. Fourth, external validation was not
performed. Prospective studies and external validation are
needed to improve the performance of the Al model.

In conclusion, based on our preliminary analysis, the Al
model was found to be useful for predicting SSI in patients
with stage II-1II colon cancer. In this study, SSI was found
to be associated with worse oncological outcomes; therefore,
the prediction of SSI occurrence is important in colon cancer.
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