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1. Introduction
Colorectal Cancer (CRC) is the third most common cancer with 
estimated 1000,000 of new cases worldwide each year, ranking 
the third cause of cancer-related death [1]. Peritoneal Metastasis 
(PM) is considered to be a terminal stage of CRC metastasis with 
unfavorable fatal outcome [2, 3]. The incidence of synchronous 
PM is about 5-10% of CRC at the initial diagnosis, while 5% of 
PM are presented with metachronous PM after radical resection, 
and approximately 25-44% of patients occur in recurrent disease 
[2]. Recently, Cytoreductive Surgery (CRS) and hyperthermic in-
traperitoneal chemotherapy (HIPEC) become popular options and 
are widely adopted for treating PM in many centers worldwide and 
the median OS increase to 42 months with this treatment [2,4,5].

Early diagnosis of synchronous PM with a Peritoneal Cancer In-
dex (PCI) < 20 points, can increase the probability of complete 
CRS procedure [2, 4]. If CRS is incomplete, namely palliative sur-
gery in late-stage PM, the median OS is less than 10 months [2, 
6]. Palliative surgery comes with high mortality and substantial 
hospitalizations and limited survival, especially those with poor 
prognostic features like ascites or palpable masses with a median 
survival of 36 days, while early PM with favorable prognostic fea-
tures obtained a median survival of 154 days [3, 7].

The current imaging tools are not sensitive enough to detect mi-

cro PM lesion <5 mm, including contrast-enhanced CT (only 11% 
of sensitivity), MRI (easily affected by breathing movement) and 
PETCT (limited by expensive medical afford) [8]. Many patients 
with PM of gastric or colorectal cancer were firstly diagnosed with 
negative CT scan, but later were confirmed with PM upon lapa-
roscopic exploration [8, 9]. Integrated analysis of extracted PM 
features are still useful for radiologists to increase the diagnostic 
power and avoid to miss micro metastatic sites of PM in high-risk 
patients, such as T4 stage, peritoneal patch shadow and enhanced 
degree of tumor, thickened greater omentum, ascites, pelvic nod-
ules, and distant metastasis site under contrast-enhanced CT scans 
[3, 10]. Recently, Dong et al reported a nomogram of CT pheno-
types including both primary tumor and nearby peritoneum and 
Lauren type for prediction of occult PM in advanced gastric can-
cer. The accuracy of this nomogram yielded an AUC of >0.9 for 
excellent prediction of occult PM [9].

In this study, we have developed a CT-based nomogram for pre-
operative prediction of synchronous PM. Clinical parameters and 
PM-specific features under contrast-enhanced CT scans were ex-
tracted and analyzed by Boruta algorithm [11]. Finally, five PM 
specific features including cT stage, tumor location, distant met-
astatic sites, thickened greater omentum and pelvic nodules were 
enrolled into this CT-based model. This CT-based nomogram pro-
vides a potential noninvasive tool for early detection of PM, which 
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will avoid unnecessary laparoscopic exploration or laparotomy 
and start systemic chemotherapy earlier.

2. Patients and Methods
2.1. Patients

The patients with or without PM of CRC were screened from our 
territory medical center between January 2017 and May 2018. Our 
hospital is a high-volume of gastrointestinal specialized center, 
with more than 3000 colorectal surgeries of cancer every year. 
The clinicopathological parameters and survival data at follow-up 
were collected from one prospective database of CRC, which was 
well-maintained by professional personnel. The contrast-enhanced 
CT images from each patient were extracted by radiologists, which 
were stored in original format in the department of imaging. The 
2009 TNM staging system was used to make radiological and 
pathological staging. The study protocol was approved by local 
ethical committee of the Sixth Affiliated Hospital of Sun Yat-Sen 
University (China). The patient’s informed consent was obtained 
before they were enrolled into the prospective database.

2.2. Inclusion and Exclusion criteria

Inclusion criteria: (1) patients with preoperative contrast-enhanced 
CT scans of primary tumor in our institute, (2) patients with syn-
chronous PM or non-PM of CRC origin were identified by patho-
logical reviews of biopsied specimens during exploration or surgi-

cal resected specimens after CRS procedure.

Exclusion criteria: patients whose original CT scans were not pre-
served or not available in our hospital were excluded.

2.3. The acquisition of PM specific features

All enrolled patients underwent contrast-enhanced CT scans with 
a high-resolution of 640-slice spiral CT scanner in our medical 
center (Toshiba Aquilion ONE) before surgical resection of pri-
mary tumor. The parameters of CT scanner were listed as follows: 
120kV, Auto mA, a matrix of 512 X 512 and a gantry rotation time 
of 0.5s. Nonionic contrast (Ultravist 370, Bayer healthCare) was 
injected through intravenous administration at the rate of 1.5ml/s. 
Arterial and vein phase images were obtained at the 25s and 60s, 
respectively [12].

PM-specific features were extracted from venous phase of preop-
erative contrast-enhanced CT images by two independent radiol-
ogists. Any disagreements were resolved by discussion and con-
sistent consensus was reached. The specific features of PM in CT 
scans include thirteen variables as follows: tumor location (left or 
right sided), cT stage, invasion of adjacent organs (T4b), N status, 
peritoneal patch shadow, enhanced degree of tumor, necrosis, per-
foration, metastatic sites of PM, distant metastasis, ascites, thick-
ened greater omentum, and pelvic nodules (Figure 1). 

Figure 1: The classical features of PM in contrast-enhanced CT scans. A. T4b stage in which tumor invades to local peritoneum; B. Pelvic ascites; C. 
Ovarian metastasis; D, Invasion of urine system in late PM.
2.4. The construction of CT-based model

The flow diagram of the constructions of CT-based model and 
nomogram was shown in Figure 2. Training images were collect-
ed to construct one CT-based model. Boruta algorithm was suita-
ble for high-dimensional data to select PM-specific features with 
non-zero coefficients from 92 cases in the training set [12]. Firstly, 
PM-specific features were selected by Boruta algorithm, including 
tumor location, cT stage, enhanced degree, peritoneal metastatic 
sites, thickened greater omentum and pelvic nodules. A formula 

was then generated by using a linear combination of these PM-spe-
cific features by forward step regression. Akaike Information Cri-
teria (AIC) principles were used to further screen variables. Final-
ly, five variables were enrolled into the CT-based model, includ-
ing tumor location, cT stage, distant metastasis, thickened greater 
omentum and pelvic nodules. The mathematic formula of multi-
variate logistic regression was shown as follows:32.892+1.51* cT 
stage + 1.884* tumor location +20.447* distant metastatic sites– 
19.898 *thickened greater omentum – 20.222* pelvic nodules.
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2.5. The validation of CT-based model

To evaluate the performance of constructed CT-based model, the 
venous phase of CT images in the test set were prepared. Sever-
al criteria were selected to evaluate the accuracy of the CT-based 
model to discriminate PM from non-PM. The accurate rate of CT-
based model was calculated as follows: the number of PM patients 
diagnosed correctly by CT-based model/all CRC patients with PM. 
Sensitivity, specificity, positive predictive value (PPV), and nega-
tive predictive value (NPV) of CT-based model were calculated as 
follows: sensitivity, number of PM patients diagnosed correctly /
all cases with PM; specificity, number of non-PM patients diag-
nosed correctly /all patients with non-PM; PPV, number of PM pa-
tients diagnosed correctly / all patients diagnosed with PM; NPV, 
number of non-PM patients diagnosed correctly / all patients diag-
nosed with non-PM [13].

2.6. The construction and assessment of CT-based nomogram

The CT-based model and clinical parameters were assessed in the 
multivariate logistic regression model in the training set. A CT-
based nomogram was then constructed based on the results of 
multivariate logistic regression model in the training set. A risk 
score was created by the formula of CT-based model to reflect the 
individual risk of PM. The reference level of variable was assigned 
to “0”. The sum of these variables was matched to a risk score of 
PM for each patient [11]. The calibration of CT-based nomogram 
was then assessed by calibration curves in the training set and test 
set. To assess the performance of this nomogram, a radiological 
score was calculated for each patient. Furthermore, to estimate the 
clinical utility of this CT-based nomogram, decision curve analy-
sis (DCA) was created by calculating the net benefits of threshold 

Figure 2: The flow diagram in constructions of CT-based model and nomogram.

probabilities in the combined training and test set [12].

2.7. Statistical Analysis

All continuous variables were compared by Student t test and Chi 
square test was performed for categorial variables. For parame-
ters not normally distributed, non-parametric test was conducted. 
Logistic regression model was constructed and analysis was per-
formed to identify risk factors of PM. A P<0.05 (two-sided) was 
considered to be statistically significant. All of these data were 
analyzed by using R statistical software v3.3.1 [11].

3. Results

3.1. Demographics and Characteristics

After screening of about 3000 CRC patients between January 2017 
and February 2018, 250 cases with synchronous PM (about 8%) 
were identified. After exclusion, 74 PM patients with preoperative 
contrast-enhanced CT scans were enrolled. Another 96 continual 
CRC patients without PM were selected as control. Both PM and 
non-PM patients were divided into training set and test set by the 
time point of February, 2018. The training set consisted of 92 CRC 
(41 PM and 51 non-PM) who conducted CT scans before February 
28, 2018, while the test set consisted of 78 CRC patients (33 PM 
and 45 non-PM) after February 28, 2018. The baseline characteris-
tics of enrolled 170 patients were listed in Table 1. The parameters 
of PM or non-PM patients were compared in the training set and 
test set, respectively. T4 stage, distant metastasis site, increased 
preoperative CEA level, peritoneal patch shadow and enhanced 
degree of tumor, thickened greater omentum and pelvic nodules 
were identified as the risk factors of PM both in the training and 
test sets. Other potential variable didn’t show significant differenc-
es in CRC patients with or without PM (Table 1). 
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Table 1: The baseline characteristics of 170 enrolled CRC patients in the training set and test set.

Characteristic
Training set Test set

PM (n=41) non-PM (n=51) P value PM (n=33) non-PM (n=45) P value
Age    

0.009
   

0.076<50 14 11 12 7
50-69 19 38 18 29
>70 8 2 3 9

Gender (M/F)    
0.396

   
0.282Male 27 30 23 26

Female 13 21 10 19
Location of primary tumor    

0.02
 

0.033
Right sided 20 37 19 15
Left sided 21 14 14 30

Pre-op blood CEA    
0.038

   
0.061>5 ng/ml 24 19 18 15

<5 ng/ml 16 31 15 30
T stage    

<0.001

 

 <0.001
T1 0 1 0 0
T2 0 4 0 7
T3 12 39 6 33
T4a 19 4 19 5
T4b 10 3 8 0

Lymph node metastasis    
0.312

   
0.002positive 26 27 28 23

negative 15 24 5 22
Distant metastasis    

0.003

 

<0.001
no 20 44 15 43

liver 14 5 17 2
lung 1 1 0 0

liver+lung 5 1 1 0
bone 1 0 0 0

Peritoneal patch shadow    
0.005

   
<0.001

 Yes 16 7 25 4
No 25 44 8 41

Enhanced degree of tumor    
<0.001

 
<0.001

 Yes 13 48 17 42
No 28 3 16 3

Necrosis    
0.475

   
<0.001 Yes 3 2 16 5

No 38 49 17 40
Perforation    

0.085
 

- Yes 3 0 0 0
No 38 51 33 45

Thicken greater omentum    
<0.001

   
<0.001

 Yes 19 0 19 0
No 22 51 13 45

Pelvic planted nodes    
<0.001

 
0.003 Yes 16 0 6 0

No 25 51 27 45
Ascites    

0.2
   

0.001 Yes 0 2 14 4
No 41 49 19 41

*P < 0.05 indicates significant difference. PM-peritoneal metastasis; CEA, carcinoembryonic antigen.

3.2. The performance of routine CT by radiologists

We firstly assessed the performance of routine contrast-enhanced 
CT by two independent radiologists. In the total set of 170 patients, 
the AUC of routine CT by one senior radiologist was 0.791 (95% 
CI: 0.716, 0.865) (Figure 3A). The sensitivity at cutoff value of 
0.5 was 58.1% and the specificity was 100%. In the training set of 
92 cases, the AUC was 0.793 (0.692, 0.893). The sensitivity was 
58.5% and the specificity was 100% (Figure 3B). In the test set of 
78 cases, the AUC by senior radiologist was 0.788 (0.675, 0.900). 
The sensitivity was 57.6% and the specificity was 100% (Figure 
3C).

For the performance of junior radiologist, in the total set, the AUC 
of routine CT was 0.780 (0.704, 0.856) (Figure 3D). The sensitivi-

ty at cutoff value of 0.5 was 58.1% and the specificity was 97.9%. 
In the training set, the AUC was 0.787 (0.699, 0.875). The sensi-
tivity was 57.4% and the specificity was 100% (Figure 3E). In the 
test set, the AUC by senior radiologist was 0.750 (0.593, 0.907). 
The sensitivity was 60.0% and the specificity was 90.0% (Figure 
3F).

The main cause of false positive cases (n=32) for senior radiologist 
was stage T4a-b tumors or large size (>5mm). It is misdiagnosed 
with PM for suspicious of invasion to adjacent peritoneum under 
CT scans, but actually no PM was identified during operational 
exploration and postoperative pathological review. The causes of 
false negative cases (n=25) included small metastatic nodules in 
the abdominal wall, intestinal mesentery or greater omentum.
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Figure 3: The performance of routine CT by radiologists. (A)-(C) the performance of senior radiologist;(D)-(F) the performance of junior radiologist.

3.3. The prediction of CT-based model

In the training set, the AUC of CT-based model was 0.929 (95% 
CI: 0.764-0.946). The sensitivity was 73.2% and the specificity 
was 98.3%. The PPV was 82.26%, while the NPV was 100% (Fig-
ure 4A). In the test set, the AUC was 0.855 (0.764-0.946). The 
sensitivity of CT-based model was 72.7% and the specificity was 

93.3%. The PPV was 82.35%, while the NPV was 88.89% in the 
test set (Figure 4B). These results showed superior performance 
of CT-based model than routine contrast CT both by senior radi-
ologist (AUC :0.791) and junior radiologist (AUC: 0.780) in de-
tection of PM.

Figure 4: The ROC shows high predicted power of CT-based model in diagnosis of PC. (A) the AUC in the training set in ROC curve was 0.929（95% 
CI: 0.764-0.946）. (B) the AUC in the test set was 0.855（95% CI: 0.764-0.946.

3.4. The performance of CT-based nomogram

After the construction of CT-based model, we have created a CT-
based nomogram to incorporate these five variables by the formu-
la, which included cT stage, tumor location (right or left sided), 
distant metastatic sites, thickened greater omentum and pelvic 
nodules (Figure 5). Through this nomogram, we can calculate PM 
risks for every patient. For example, if a patient was diagnosed 
with T4a stage (42 points) located in the right colon (0 point). The 
contrast-enhanced CT scan showed hepatic metastasis (8 points) 

and thickened greater omentum (94 points) without pelvic nodules 
(0 point). Then the total score of this patient was 144 points. The 
matched risk of PM was >0.999 and the patient was at very high 
risk of PM.

To evaluate the performance of this CT-based nomogram, we have 
created calibration curves. The results showed the blue lines were 
very closer to the ideal prediction lines (diagonal line) both in the 
training set and test set, especially in test set, which indicated very 
high predicted accuracy of this CT-based nomogram in diagnosis 
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of PM (Figure 6A, C). To further evaluate the diagnostic power of 
this nomogram, DCA curves were created and showed CT-based 

nomogram could add more benefits in PM prediction for clinical 
decisions both in the training set and test set (Figure 6B, D).

Figure 5: The CT-based nomogram for the risk prediction of PC. The referred score of each variable in this nomogram was 100 points. Each down line 
can be matched to scores according to the above reference score. cT stage of 1, 2, 3, 4a, 4b represents 1-5 in the line, respectively; locations of 1 and 
2 represent right and left sided tumor; distant_ metastasis_ sites were classified as no (0), liver (1), lung (2), liver+lung (3), bone (4), and brain (5); the 
status of both thickened greater omentum and pelvic nodules were yes (1) or no (0). The total score was 300 points. The sum of five variables represent 
the score of each patient, which can be matched to the risk of PC.
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Figure 6: The calibration curves and decision curves of CT-based nomogram for the prediction of PC in CRC. (A-D) Calibration curve and decision 
curve of CT-based nomogram in the training set (A-B) and the test set (C-D).  (A, C) The calibration curves describe calibration of CT-based nomogram 
in agreement between predicted risk (x-axis) and real risk (y-axis) of PC. In this study, the blue line very closer to the ideal prediction indicates very 
high prediction accuracy of CT-based nomogram.
(B, D) In the decision curve, the threshold probability is where expected benefit of treatment is equal to expected benefit of avoiding treatment. The 
study shows this CT-based nomogram can add more benefits than treating either all or no patients. The y-axis represents the net benefit, while x-axis 
represents the threshold probability. Red line, CT-based nomogram; gray line, hypothesis that no patients have PC.

3.5. PM with lower PCI score

The PCI scores were also calculated in preoperative CT scans of 
patients with PM by two radiologists. The PCI scores of Sugarbak-
er (range 0-39 of 13 regions) were used to quantify the extent and 
volume of PM under CT scans [14]. 56 of 74 (76%) patients with 
PM had PCI <20, where HIPEC and peritonectomy could provide 
survival benefit [15]. The remaining 18 of 74 (24%) patients with 
PM obtained PCI>20 with more extensive disease. These above 
results indicated that our CT-based nomogram was also reliable for 
detection of PM with lower PCI.

4. Discussion
PM is a well-known negative prognostic factor for CRC patient. 
Although current CRS plus HIPEC is recommended and imple-
mented in many medical centers and have improved the prognosis, 
5-year OS of PM is still less than 10% [11, 16]. Recently, PRODI-
GE-7 trial showed HIPEC did not add additional survival benefit 
(about 41 months) after CRS in PM [5]. In addition, COLOPEC 
trial also found HIPEC can’t improve survival after curative resec-
tion in high-risk or T4 stage of colon cancer [17]. These studies 
doubt the efficacy of HIPEC in PM and indicated the importance 
of complete CRS to extend survival. Early detection of PM in local 
stage, solitary pelvic nodules, or ovarian metastasis in female can 
increase the possibility of complete CRS. If high risk of PM were 
diagnosed preoperatively, these patients are appropriate for neoad-
juvant chemotherapy and may bring survival benefits. However, 
the accuracy of contrast CT scan is not sensitive enough to detect 
small metastatic nodules <0.5 cm, while the sensitivity increased 

to 97% for detection of large tumor size >5cm [8, 18]. MRI with 
diffusion-weighted imaging (DWI) have better detection of inop-
erable distant metastases than CT, but also limited to detect small 
nodules in the abdominal cavity [19].

Dong et al reported a CT nomogram to identify occult PM in ad-
vanced gastric cancer with AUC >0.9 by combination of CT phe-
notypes of primary tumor and nearby peritoneum [9]. Mo et al 
built a clinical nomogram based on tumor site, histological type, 
age and T4 stage with an AUC of 0.777 for prediction of synchro-
nous PM in CRC [20]. Therefore, new predictive models by math-
ematic algorithms for predicting early PM are critical, which will 
be complimentary to current imaging devices.

In this study, we have developed a CT-based model and generated 
a formula through mathematic algorithm of PM specific features, 
which include cT stage, tumor location, distant metastatic sites, 
thickened greater omentum and pelvic nodules. This CT-based 
modelhas shown superior performance (AUC: 0.855) than routine 
contrast CT by radiologists (AUC: 0.791). The nomogram indicat-
ed a very clear stratification between PM and non-PM. This nomo-
gram provides an easy-to-use tool for clinicians to estimate risks of 
PM upon imputed these preoperative parameters for each patient. 
The nomogram shows satisfied performance with good calibration 
curve and DCA curve. Significant benefit of this nomogram was 
observed in a wide range of threshold probabilities to support clin-
ical decision.

There are several strengths of this nomogram in the preoperative 
prediction of PM. The routine contrast-enhanced CT to detect PM 
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is limited with general sensitivity 25%-100% and 78%-100% of 
specificity [8]. In this study, we observed satisfied sensitivity of 
routine CT to detect large nodules of PM. However, small meta-
static nodules in the abdominal wall, cancer nodules in intestinal 
mesentery or greater omentum are usually neglected by routine 
contrast CT scans. These conditions are major causes of false neg-
ative values. PM-specific features of this CT-based nomogram can 
aid for detection of small PM nodules. As for false positive value, 
it usually occurs in a few patients with stage T4a-b or large size 
tumors (>5 mm). It is misdiagnosed with PM for suspicious of 
invasion to adjacent peritoneum under CT scans, but no PM was 
identified during operational exploration and postoperative patho-
logical review. This CT-based nomogram can avoid over diagnosis 
of PM through integration analysis of primary tumor and adjacent 
peritoneum.

This CT-based nomogram consists of five variables including cT 
stage, tumor location, distant metastatic sites, thickened greater 
omentum and pelvic nodules. All of these variables are available 
through routine CT. T4 stage, right-sided CRC, PCI >20, and dis-
tant metastatic sites are known risk factors of PM and predict poor 
prognosis in CRC [10, 21]. Our nomogram serves as one nonin-
vasive tool to predict PM preoperatively, which can avoid current 
invasive procedure of laparoscopic or laparotomic exploration for 
diagnosis of suspicious PM. 

As well as we know, out nomogram is the only one study of pre-
operative model with CT features to predict individual risk of syn-
chronous PM in colorectal cancer. Predictive models for postop-
erative recurrence of PM, or oncological prognosis are reported in 
previous studies [11, 22]. Nagata et al developed a predictive mod-
el of postoperative PM after curative resection with a good dis-
crimination of 0.83, which consisted of cT stage, N stage, number 
of lymph node, CEA and bowel obstruction [11]. We believe the 
estimation of individual risk of PM before CRS is crucial, because 
early detection of PM can increase the possibility of complete CRS 
and avoid unnecessary exploring laparotomy and start systemic 
chemotherapy earlier. Therefore, our nomogram is an easy-to-use 
tool both for clinicians to make surgical plans and patients to select 
appropriate treatments, such as CRS or neoadjuvant chemother-
apy, according to calculated individual risks of PM.

The limitations of this study include lacking of external validation 
test for this CT-based model. As the incidence of synchronous PM 
in CRC is only 5% and the percent of patients with preoperative 
CT scans stored in one medical center is low. Multicenter valida-
tion or even prospective randomized clinical trials to test our nom-
ogram are needed to provide higher evidence. Secondly, the radi-
ologists are initially not blinded to the pathological report, which 
may bring potential bias. We use the test set to minimize the bias. 
In addition, only thirteen PM features of contrast-enhanced CT 
scans were extracted and may miss other important features. A ra-
diomic nomogram to extract more extensive features to construct 

a more accurate model to predict PM before surgery is on the way 
in our further studies. Lastly, surgical PCI scores are not available 
due to the retrospective study and PCI score of CT images was 
obtained in PM, which will bring potential bias.

In conclusion, our CT-based nomogram shows favorable preoper-
ative predictive power for synchronous PM in CRC. It is an easy-
to-use non-invasive tool for clinicians and patients to calculate 
individual risks of PM.
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