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Summary
Background: The selection of appropriate rectal cancer treatment is a complex multi-criteria deci-
sion making process, in which clinical decision support systems might be used to assist and enrich 
physicians’ decision making.
Objective: The objective of the study was to develop a web-based clinical decision support tool for 
physicians in the selection of potentially beneficial treatment options for patients with rectal 
cancer.
Methods: The updated decision model contained 8 and 10 criteria in the first and second steps re-
spectively. The decision support model, developed in our previous study by combining the Analytic 
Hierarchy Process (AHP) method which determines the priority of criteria and decision tree that 
formed using these priorities, was updated and applied to 388 patients data collected retrospec-
tively. Later, a web-based decision support tool named corRECTreatment was developed. The com-
patibility of the treatment recommendations by the expert opinion and the decision support tool 
was examined for its consistency. Two surgeons were requested to recommend a treatment and an 
overall survival value for the treatment among 20 different cases that we selected and turned into 
a scenario among the most common and rare treatment options in the patient data set.
Results: In the AHP analyses of the criteria, it was found that the matrices, generated for both deci-
sion steps, were consistent (consistency ratio<0.1). Depending on the decisions of experts, the con-
sistency value for the most frequent cases was found to be 80% for the first decision step and 
100% for the second decision step. Similarly, for rare cases consistency was 50% for the first deci-
sion step and 80% for the second decision step.
Conclusions: The decision model and corRECTreatment, developed by applying these on real pa-
tient data, are expected to provide potential users with decision support in rectal cancer treatment 
processes and facilitate them in making projections about treatment options.
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1. Introduction
Colorectal cancer treatment has recently gained a particular significance due to an increase in the 
observed number of new cases and deaths related to this disease causing it to rise to fourth place in 
cancer specific mortality [1–5]. Over 50.000 deaths are expected in the USA in 2014 due to colorec-
tal cancer which is the second prevalent cancer type in women and the third one in men [1, 5].The 
five years survival rate of patients with colorectal cancer, which is generally observed in developed 
countries and thought to be due to Western dietary habits, is higher in women than men, while the 
incidence of cancer in women is lower when compared to men [5, 6].

Rectal and colon cancers are treated differently due to epidemiological and etiological differences 
[7]. This study deals with rectal cancer only. Involving different treatment options, patients with rec-
tal cancer are sometimes treated with surgery, chemotherapy or radiotherapy; however, in some 
cases different combinations of these methods are used. We thought that a decision support tool for 
surgeons and oncologists would help them determine the correct methods for treatment.

The selection of the most appropriate method among different treatment options is closely re-
lated to the surgeon’s experience and the patient’s characteristics and preferences [8, 9]. However, as-
sessing numerous criteria related to tumor type, to patient and to surgeon is mostly challenging in 
the selection of the optimum rectal cancer treatment for a patient [7, 9–13]. In our previous study on 
the selection of an appropriate method in rectal cancer treatment, the treatment decision process, 
the criteria affecting this process and the levels of these criteria were defined and then the priorities 
of these criteria were determined using the Analytical Hierarchy Process (AHP) which is one of the 
decision making techniques used in operations research. In the AHP method, developed by Saaty in 
the 1970s, expert opinion is obtained via a questionnaire using pair wise comparison scale and con-
sidering the personal purposes of the decision makers, numerous criteria are compared by means of 
pair wise comparisons [14]. The reason for determining the priorities of the criteria used in the deci-
sion making process is the intention of assessing the process starting with the criterion with the 
highest priority when assessing numerous criterion in the decision support algorithm. In a complex 
decision process such as rectal cancer treatment, which depends on various criteria, the AHP 
method is an appropriate approach in providing decision support since it can straightly be adapted 
to the natural decision making processes of the decision maker [15]. In the present literature, it is 
possible to run across studies on priority determining use of the AHP for rectal cancer screening 
methods, but there is not any study, yet, on treatment methods using the AHP method [16–20].

Although there are many applications of decision trees in the medical domain, another method 
in providing decision support, very few of these studies are related to colorectal cancer. Present deci-
sion tree studies on colorectal cancer are mostly focused on cost-effectiveness analysis [21–26]. For 
example, Lee et al. developed a model using data mining methods for estimating the hospital cost of 
colorectal cancer patients [27]. In addition, Liu et al. devised a decision tree for modeling the colo-
rectal cancer diagnosis using the serum proteins of the patients [28]. Minsky et al. also formed a 
consensus based decision tree making recommendations on rectal cancer treatment, and Vasen et al. 
devised a decision model which estimated and assessed the life expectancies of patients with familial 
adenomatous polyposis [29, 30].

In this study, we aimed to search the usability of a web-based decision support tool for rectal 
cancer treatment that utilizes the AHP and a decision tree made with the help of retrospectively col-
lected patient data. The decision model for the selection of the most appropriate rectal cancer treat-
ment method, which was developed in our previous study by combining the AHP method and deci-
sion tree approaches, was applied on patient data collected retrospectively [31]. For this purpose, the 
criteria, criteria levels and priorities were updated and a living web-based decision support tool 
named corRECTreatment built on patient data was formed.
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2. Methods

2.1. Collection and Analysis of Patient Data
The decision support model developed in our previous study was applied to real patient data in this 
study [31]. The model applied to 565 cases, which were treated for rectal cancer between 1988 and 
2010 at Dokuz Eylül University, School of Medicine, General Surgery Department, and the data on 
the criteria pertaining to these decisions were extracted manually from patient records retrospec-
tively. The records with missing data were excluded and 388 of the remaining patient records were 
used in the study. Patients in our data set were staged with the TNM system, with the help of im-
aging studies. CT, ERUS and high resolution pelvic MRIs were performed due to their availability. In 
recent years high resolution pelvic MRI, with phased array coils, was the only preoperative staging 
imaging option available in our institute.

It was found that not all of the criteria in the decision model, developed in the previous study 
were included in the data set comprising of the 388 patient records. Therefore, the priority determi-
nation using the AHP method was repeated for the decision model, which was updated with refer-
ence to the criteria in the patient data set, and the criteria priorities were recalculated. To check the 
consistency of the AHP analyses for both steps, the consistency ratios were computed. Saaty (14) 
suggests that the consistency ratio is acceptable when it does not exceed 0.10. While the consistency 
ratio is equal or lower than 0.10, the matrix is consistent and the expert’s judgments are acceptable. 
Later, by means of the decision tree formed using these priorities, the recommended treatment 
methods, with regard to the determined criteria levels, and the probabilities of the treatment meth-
ods were designated. In the analysis of priority determination, the Expert Choice 2000 second edi-
tion software, developed especially for the AHP method applications, was used. The drawing of 
decision tree was performed with the Smart Draw 2008 software. Next, the treatment method or 
methods, to be recommended to each patient with the determined criteria levels, were listed from 
the highest probable one to the lowest one. In addition, the average overall survival values for the 
treatment method to be recommended by the decision support tool were calculated from the patient 
data. Lastly, frequency tables pertaining to all patient records were formed. IBM SPSS Version 20.0 
software package was used to form frequency tables.

2.2. Development of the Decision Support Tool
A decision support tool we called CorRECTreatment was developed with PHP scripting language 
(version 5.3.10) and MySQL database (version 5.5.31) on Apache (version 2.2.4) Linux Server 
(http://php.net, http://www.mysql.com/). The user interfaces were created using HTML, and the 
basic operations of decision support tool were coded in PHP. Furthermore, the user interfaces of 
CorRECTreatment were made as easy to use as possible with the addition of Javacript and JQuery 
UI elements (http://jqueryui.com/). Patient records, treatment decisions, and criteria were stored in 
MySQL database. The communication between the user interfaces of CorRECTreatment and 
MySQL database was performed with PHP scripts.

In order to examine the consistency of the treatment recommendations obtained after applying 
the decision model, developed via the AHP method, on the patient data set, two different general 
surgeons were consulted, at Dokuz Eylül University, School of Medicine, General Surgery Depart-
ment, who had not played a role in forming the decision model, and who had not participated in the 
decision steps in the data set. Both surgeons were requested to state the most appropriate treatment 
methods they would recommend in scenarios created for 20 different cases, common (10 cases) and 
rare (10 cases) in the patient data set. The possible first treatment and the additional treatment op-
tions were presented to the experts, and they were asked to confine their treatment and average 
overall survival values for the treatment recommendations within these treatment options (scenar-
ios and the list of treatment options are available at http://webb.deu.edu.tr/tb/dsrct/sources.php). 
Later, treatment recommendations for the same cases were obtained from the decision support tool. 
Lastly, the compatibility of the treatment recommendations by the expert opinion and the decision 
support tool were examined for their consistency.
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3. Results

3.1. Decision Model and Data Set
There were 11 criteria in the first decision step of the decision model developed in our previous 
study and there were 14 criteria in the second step [31]. However, it was observed in the 388 patient 
records which were collected retrospectively, that the patient’s performance level-ASA, the patient’s 
attitude and the presence of rectal hematokesia criteria were not present in the first decision step and 
the location of the tumor, the coexisting disease and pathology, the efficacy level of treatment, the 
patient’s performance level-Karnovsky, and the surgeon’s experience criteria were not present in the 
second decision step. Therefore, the eight criteria that were not available in the patient data were not 
included in the newly formed decision model. The levels of the criteria coexisting disease or pathol-
ogy in the first decision step and the pathologic prognostic factors in the second decision step were 
re-created as in ▶ Table 1. Also, the level of the stage of the disease criterion in the second decision 
step was redefined as upstage, stable and downstage. The final version of the model, updated with 
regard to the patient data collected, can be seen in ▶ Table 1.

In the AHP analyses of the criteria, updated according to present patient data, it was found that 
the matrices, generated for both decision steps, were consistent (consistency ratio<0.1). While “the 
presence of perforation” criterion was found having the highest relative priority value, 0.331, for the 
first decision step, the same criterion was the fifth with its 0.087 relative priority level in the second 
decision step (▶ Figure 1). The criterion with the lowest priority value, 0.024, in the first decision 
step was the “coexisting disease or pathology”. While “resection margin status” had the highest 
relative priority level, 0.214, in the second decision step; “patient’s age” was the one with the lowest 
relative priority level, 0.037. After creating the decision tree using the criteria ordered according to 
the priorities determined via the AHP method, a model was obtained that could recommend appro-
priate treatment method based on the patient records data and according to the criteria levels. Since 
the decision tree drawn had a very complex branch structure, unfortunately, it could not be pres-
ented here.

The frequency tables pertaining to the criteria calculated based on patient data were examined, 
and shown at ▶ Table 2 and ▶ Table 3. The frequencies pertaining to the preoperative and the adju-
vant treatment recommendations and the types of surgical operation techniques for the model cre-
ated from patient data were presented in ▶ Table 4.

3.2. Usage and Evaluation of the Decision Support Tool
After developing the decision model here and its application to real patient data, a web-based deci-
sion support tool we called corRECTreatment, which could provide decision support to potential 
users based on real data, and the interfaces for this tool were prepared (▶ Figure 2). By means of the 
interface prepared here, access was provided to rectal cancer treatment recommendations, depend-
ing on the criteria selected, and the information about the average overall survival time for these rec-
ommendations.

Depending on the parameters selected by the user in the first step of the tool created here, the 
treatment methods, possible to administer to the patients, are listed in the first decision step. In ad-
dition, the user, optionally, could survey the possible treatment methods to be administered to the 
patient in the second decision step. After making appropriate selections for the 10 different criteria 
in the second decision step, the combinations of treatments at both the first and second steps, and 
their average survival time are presented in table format.

For instance, when a surgeon, who does at least 20 rectal interventions per year, wishes to deter-
mine the possible treatment options for a particular patient with no perforation, obstruction, in-
vasion of adjacent organs and fistulas, with a T3N0M0 stage, the tumor being in the middle part of 
the rectum and who had no coexisting disease or pathology, five different methods were recom-
mended by the tool. When the recommended methods were ordered from the most frequent to the 
least, “Low anterior resection + without preoperative chemoradiotherapy” with a 0.33 probability, 
“Preoperative chemoradiotherapy + low anterior resection” with 0.26, “Preoperative radiotherapy + 
low anterior resection” with 0.20, “Preoperative chemoradiotherapy + very low anterior resection” 
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with 0.13, and “Preoperative chemoradiotherapy + abdominal perineal resection” with a 0.06 prob-
ability stand out.

In the next step, this patient, with a first treatment decision, was assumed to have additional ex-
aminations, his resection margin status to be R0, the stage of the disease to be stable, invasion of ad-
jacent organs not to be present and the patient not to have any lymph, perineural or vascular in-
vasion. In addition to these, in a situation where there is not any perforation and obstruction in the 
patient after the first step, the patient is younger than 80, and the treatment is available in hospital 
conditions, the tool offers two separate treatment recommendations as additional treatments, “Adju-
vant chemotherapy + adjuvant RT” and “Only adjuvant chemotherapy” with a probability of 0.50. 
As a result, the first and second step treatment decisions recommended by the tool is the “Low an-
terior resection + without preoperative chemoradiotherapy, then Adjuvant chemotherapy + adju-
vant radiotherapy” with 178 months of survival, and “Low anterior resection + without preoperative 
chemoradiotherapy, then only adjuvant chemotherapy” with a 23 months survival. On the other 
hand, if a patient record matching the selected criteria is not present in the database, a warning is 
presented on the user screen and an average overall survival time is not presented.

When the treatment decisions and the average overall survival times recommended by the tool 
we developed here, and the expert opinions obtained from experts which did not participate in the 
study were assessed in order to test their consistencies, the consistency value for the most frequent 
cases was found to be 80% for the first decision step and 100% for the second decision step. Simi-
larly, for rare cases, consistency was 50% for the first decision step and 80% for the second decision 
step.

4. Discussion and Conclusion
In this study, an approach, devised in our previous study using AHP and decision tree methods, was 
applied to real patient data collected retrospectively. In addition, a web-based decision support tool, 
based on decision model and real patient data, was developed and formed the basis for an extend-
able and sustainable system that would facilitate the potential users’ decision steps.

While obtaining the expert opinions via AHP method used for creating the decision model for 
patient-specific treatment options, equal contribution of the experts was ensured. On the other 
hand, there are approaches in which experts, performing the decision making, contributed to the 
study in different rates [15]. Even though there are different applications of AHP method in the 
medical domain, our study is original, since it both addresses rectal cancer treatment and applies the 
AHP combined decision tree method on real patient data [16, 17, 20, 32, 33].

In our study, the classification and regression tree (C&RT or CART) and C5.0 classification algo-
rithms, consulted methods in data mining, were applied to the patient data. In recent years these 
techniques have been applied in a wide variety of life sciences related studies, including molecular 
genetics, risk assessment, early detection of heart failure and prediction of diabetes or prediabetes 
[34–38]. However, since the models developed here and their results of cross-validation are not fa-
vorable, the results of these methods were not included in the study. Besides, although multivariate 
statistical methods could also be used for devising a statistical model, it was found that these could 
not develop a model that would make treatment recommendations matching our data set.

The patient data, on which the decision model was applied, did not include all the criteria deter-
mined in our previous study. Therefore, the model based on the real patient data uses fewer criteria 
than the decision model developed in our previous study [31]. However, there is not any significant 
difference between the priorities obtained after the AHP analyses of both models, for which appli-
cations were conducted using real patient data. For instance, in both models, the one devised in our 
previous study and the one updated after obtaining patient data, the criterion with the highest prior-
ity was “the presence of perforation” for the first decision step; but it was not the same for the second 
decision step. In the first model, the highest priority criterion for the second step was “the surgeon’s 
experience”, while it was “resection margin status” for the updated model after removing “the sur-
geon’s experience” criterion.

Because of the late-stage diagnosis of rectal cancer patients and the inherent aggressive biological 
behavior of distal rectal carcinomas, the combination of ”preoperative chemoradiotherapy” and “ab-
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dominal perineal resection” treatment modalities were the most frequent treatment of the first deci-
sion step. For the same reasoning, “only adjuvant chemotherapy” was the most frequent therapeutic 
option for the second decision step in the locally advanced lymph node positive distal rectal tumors.

Lack of patient data corresponding to all cases under all branches of the decision tree of the 
model developed here or corresponding to treatment recommendations may be thought as a limi-
tation of this study. The tool prepared here could not offer treatment recommendations if there is 
not any patient data corresponding to the criteria selected by the user, and shows a warning that pa-
tient data corresponding the selected criteria could not be found. However, with the extendable 
structure of the patient record data base, which would allow the addition of new patient data, it is 
possible to enrich the database with new patient data collected retrospectively and/or prospectively. 
Thus, some of the unusable branches of the decision tree could be used and it would be possible to 
obtain treatment options and average survival values pertaining to these branches. Besides, con-
sidering that the patient data was only collected from the General Surgery Department at Dokuz 
Eylul University, it is of great importance for the wide usability of the approach devised here, to add 
patient data collected by different institutions. Additionally, the tumor related factor, the pathologi-
cal factors, and surgeon-related factor that is the resection margin status are not at hand at the initial 
treatment status. In retrospective analysis, we preferred to include these strong prognostic factors in 
the study. However, for the prospective usage of this tool, we will plan to use these two criteria at 
each time point a decision needs to be made. Our onging study, which aims to develop a prospective 
approach that will continuously learn and redesign its algorithm, with the additional patient data 
will provide a more dynamic decision support system.

While there are various cost-effectiveness analysis studies on lifetime cost estimation, cost-effi-
ciency of diagnostic methods and screening methods in colorectal cancer the cost-efficiency of dif-
ferent treatment options for the same disease has not been studied before in detail. Therefore, a 
study on the cost-effectiveness of different treatment options with regard to the health institution, 
patient and physician is considered as a future study and it is planned to integrate this study into the 
decision support system developed here.

When the consistency of the recommendations offered, by the web-based tool developed here, for 
each decision step for various cases and the recommendations of the two experts, not participating 
in the study, for the same cases examined, it can be thought that the results for such a newly de-
signed decision support system is promising. The consistency in the recommendations by the tool 
and the experts also indicates that the decision model, obtained after being updated with patient 
data, can be acknowledged as valid and useful in ensuring consistency. Also, if the tool, which could 
also be used in intern training, is integrated to the hospital information system it could be run in full 
with the prospectively collected patient data. It is possible to freely access the tool developed here 
from http://webb.deu.edu.tr/tb/dsrct/ .

In conclusion, the decision model and the web-based clinical decision support tool, developed by 
applying these criteria on real patient data, are expected to provide potential users with decision 
support in rectal cancer treatment processes and facilitate them in making projections about treat-
ment options.

Clinical Relevance
In this research a web-based clinical decision support tool we called corRECTreatment was devel-
oped for physicians such as surgeons or oncologists to provide decision aid in the selection of po-
tentially appropriate treatment methods in rectal cancer. The tool, based on a two-step decision 
model, allows its users to view (i) the beneficial treatment option(s) recommended in the first and 
second decision steps separately, (ii) the combination(s) of treatment options in both the first and 
second steps and (iii) their expected average overall survivals depending on the user defined pa-
rameters and available patient data. 
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these decisions were extracted from patient records retrospectively. Ethics approval for the study 
was obtained from Dokuz Eylul University, Ethics Committee for Non-invasive Clinical Research 
(project ethics number: 2013/07–22, see project web site http://webb.deu.edu.tr/tb/dsrct/indiv/
EthicsCommitteeApproval.pdf for the copy of the ethics approval). The study was performed in 
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Fig. 1 The priority values of the model created from patient data via AHP method.
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Fig. 2 The screenshot of the 
first decision step of corRECTreat-
ment.
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Fig. 3 The screenshot of the tool 
offering treatment recommen-
dation and presenting expected 
survival times.
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Table 1 The criteria used in the decision 
steps of the model formed with patient data 
and their levels.

The First Decision Step

1) Stage of the disease (TNM)*

2) Location of the tumor

3) Coexisting disease or pathology

4) Invasion of adjacent organs

5) Surgeon’s experience

6) Presence of perforation 

7) Presence of obstruction

8) Presence of fistula 

 T1 N0 M0
 T2 N0 M0
T3 N0 M0
 T4 N0 M0
T1 N1 M0
 T2 N1 M0
T3 N1 M0
 T4 N1 M0
 T1 N2 M0
T2 N2 M0
 T3 N2 M0
 T4 N2 M0
 T1 N0 M1
T2 N0 M1
T3 N0 M1
T4 N0 M1
 T1 N1 M1
 T2 N1 M1
 T3 N1 M1
 T4 N2 M1
T1 N2 M1
 T2 N2 M1
 T3 N2 M1
T4 N2 M1

 Lower
 Middle
 Upper

Present
• DMa

•  DM+HTb

• DM+CADc

•  DM+CAD+HT+Other
•  DM+COPDd

• DM+COPD+HT
• HT
•  HT+Other
• HT+CLFe

• CAD
•  CAD +HT
•  CKFf 
•  COPD
•  COPD+HT
• COPD+CAD
•  CLF 

• Other
Absent

Present
Absent

 Lower than 20
 Equal or upper than 20

Absent

Absent

Absent
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The Second Decision Step

1) Stage of disease 

2) Invasion of adjacent organs

3)  Lymph invasion

4)  Perineural invasion

5)  Vascular invasion

6) Patient’s age 

7) Resection margin status

8) Presence of perforation

9) Presence of obstruction

10) Availability of treatment

*TNM is an international staging system for cancer. The grade of 
T expresses tumor size and extensions, N stands for the level of 
nodal invasion, M stands for the presence or absence of meta-
stases.
aDM: Diabetes mellitus; bHT: Hypertension; cCAD: Coronary ar-
tery disease; dCOPD: Chronic obstructive pulmonary disease; 
eCLF: Chronic liver failure; fCKF: Chronic kidney failure; 

 Upstage
Stable
Downstage

 Present
 Absent

Present
Absent
Nonassessable

 Positive
 Negative
 Nonassessable

Present
 Absent
Nonassessable

 0–80
 Above 80

 R0
 R1
 R2

Absent

Absent

Accessible

Research Article
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Table 2 Frequency table for criteria in the 
first decision step of the model created from pa-
tient data and their levels.

Criteria

Stage of disease

T1N0M0

T1N2M0

T2N0M0

T2N0M1

T2N1M0

T2N2M0

T3N0M0

T3N0M1

T3N1M0

T3N1M1

T3N2M0

T3N2M1

T3N3M1

T4N0M0

T4N0M1

T4N1M0

T4N1M1

T4N2M0

T4N2M1

T4N3M0

T4N3M1

Location of the tumor

Lower

Middle

Upper

Coexisting disease or pathology

Present

• DMa

• DM+HTb

• DM+CADc

• DM+CAD+HT+Other

• DM+COPDd

• DM+COPD+HT

• HT

• HT+Other

• HT+CKFe

• CAD

• CAD +HT

• CKF

• COPD

Frequency

11

1

28

2

11

3

58

7

68

11

52

8

1

28

1

39

2

42

13

1

1

153

153

82

121

17

13

4

1

1

1

44

2

2

9

3

4

12

Percent

2.8

0.3

7.2

0.5

2.8

0.8

14.9

1.8

17.5

2.8

13.4

2.1

0.3

7.2

0.3

10.1

0.5

10.8

3.4

0.3

0.3

39.4

39.4

21.1

31.2

4.4

3.4

1.0

0.3

0.3

0.3

11.3

0.5

0.5

2.3

0.8

1.0

3.1

Research Article
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Criteria

• COPD+HT

• COPD+CAD

• CLFf

• Other

Absent

Invasion of adjacent organs

Present

Absent

Surgeon’s experience

Lower than 20

Equal or upper than 20

Presence of perforation

Present

Absent

Presence of obstruction

Present

Absent

Presence of fistula

Present

Absent

aDM: Diabetes mellitus; bHT: Hypertension; cCAD: Coronary ar-
tery disease; dCOPD: Chronic obstructive pulmonary disease; 
eCKF: Chronic kidney failure; fCLF: Chronic liver failure

Frequency

2

1

1

4

267

46

342

43

345

0

388

0

388

0

388

Percent

0.5

0.3

0.3

1.0

68.8

11.9

88.1

11,1

88,9

0

100.0

0

100.0

0

100.0

Research Article
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Table 3 Frequency table for criteria in the second decision 
step of the model created from patient data and their levels.

Criteria

Stage of disease

Upstage

Stable 

Downstage

Invasion of adjacent organs

Present

Absent

Pathologic prognostic factors

Lymph invasion

Present

Absent

Nonassessable

Perineural invasion

Present

Absent

Nonassessable

Vascular invasion

Present

Absent

Nonassessable

Patient’s age

0–80

Above 80

Resection margin status

R0

R1

R2

Presence of perforation

Present

Absent

Presence of obstruction

Present

Absent

Availability of treatment

Accessible

Not accessible

Frequency

36

131

221

14

374

106

208

74

94

218

76

67

245

76

364

24

368

18

2

0

388

0

388

388

0

Percent

9.3

33.8

57.0

3.6

96.4

27.3

53.6

19.1

24.2

56.2

19.6

17.3

63.1

19.6

93.8

6.2

94.8

4.6

0.5

0

100.0

0

100.0

100.0

0
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Table 4 Frequency table 
pertaining to treatment rec-
ommendations for the model 
created from patient data.

Treatment Options

Preoperative CRTa

Present

Absent

Preoperative RTb

Operation Technique

APRc

ARd

Hartmann operation

LARe

Palliative treatment

TEMf

VLARg

ISRxh

CAAi

Adjuvant CTj

Present

Absent

Adjuvant RTk

Present

Absent

Treatment combination for the first decision step

Preoperative RT + APR

Preoperative RT + AR

Preoperative RT + Hartmann operation

Preoperative RT + LAR

Preoperative RT + VLAR

Preoperative CRT + APR

Preoperative CRT + Hartmann operation

Preoperative CRT + ISRx

Preoperative CRT + LAR

Preoperative CRT + CAA

Preoperative CRT + VLAR

APR + without preoperative CRT

AR + without preoperative CRT

Hartmann operation+without preoperative CRT

LAR + without preoperative CRT

Palliative treatment+without preoperative CRT

TEM + without preoperative CRT

VLAR + without preoperative CRT

Frequency

231

129

28

113

19

10

146

3

1

94

1

1

287

101

52

336

12

8

1

6

1

82

3

1

68

1

76

19

11

6

72

3

1

17

Percent

59.5

33.2

7.2

29.1

4.9

2.6

37.6

0.8

0.3

24.2

0.3

0.3

74.0

26.0

13.4

86.6

3.1

2.1

0.3

1.5

0.3

21.1

0.8

0.3

17.5

0.3

19.6

4.9

2.8

1.5

18.6

0.8

0.3

4.4
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Treatment Options

Treatment combination for the second decision step

Adjuvant CT + adjuvant RT

Only adjuvant CT

Only adjuvant RT

No adjuvant treatment

aCRT: Chemoradiotherapy; bRT: Radiotherapy; cAPR: Abdominal perineal resec-
tion; dAR: Anterior resection; eLAR: Low anterior resection; fTEM: Transanal en-
doscopic microsurgery; gVLAR: Very low anterior resection; hISRx: Intersphinc-
teric resection; iCAA: Colo-anal anastomosis; jCT: Chemotherapy; kRT: Radiother-
apy

Frequency

48

239

4

97

Percent

12.4

61.6

1.0

25.0

Research Article
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