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Background: The usefulness of a dual-energy spectral computed tomography (DESCT)-based nomogram 
in discriminating between histological grades of colorectal adenocarcinoma (CRAC) is unclear. This study 
aimed to develop such a nomogram and assess its ability to preoperatively discriminate between histological 
grades in CRAC patients.
Methods: Primary tumors monochromatic CT value, iodine concentration (IC) value, and effective atomic 
number (Eff-Z) in the arterial (AP) and venous phases (VP) were retrospectively compared between patients 
with high-grade (n=65) and low-grade (n=108) CRAC who underwent preoperative abdominal DESCT. 
Univariate analysis was used to compare the DESCT parameters and clinical factors between these two 
patient groups. Statistically significant features in the univariate analysis were included in the multivariate 
logistic regression model to identify the indicators for building a nomogram that could discriminate between 
histological grades in CRAC patients. The clinical usefulness of the nomogram and its value for predicting 
overall survival were statistically evaluated.
Results: The logistic regression analysis showed that age, clinical T stage, clinical N stage, and IC values 
in AP and VP were significant independent predictors for high-grade CRAC. A quantitative nomogram 
developed based on these predictors showed excellent performance for discriminating between the 
histological grades, with an area under the curve (AUC) of 0.886 and excellent agreement in the calibration 
curve. The Kaplan-Meier curve for overall survival showed that our nomogram identified a significant 
difference between the high- and low-risk groups [hazard ratio (HR), 2.188; 95% CI, 1.072–4.465; P=0.027).
Conclusions: This study presents a nomogram that incorporates DESCT parameters and clinical factors 
and can potentially be used as a clinical tool for individual preoperative prediction of CRAC histological 
grade.
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Introduction

Colorectal adenocarcinoma (CRAC) is the most common 
histological type of colorectal cancer (CRC) (1,2). Previous 
studies have shown that the histological differentiation is 
one of the most significant factors for CRC prognosis (3,4). 
In clinical practice, the histopathological report of CRC 
routinely includes the histological grade. CRC tumors are 
classified as well (G1), moderately (G2), and poorly (G3) 
differentiated according to the gland formation rate (3).  
However, well and moderately differentiated tumors 
exhibit similar biological behaviors, causing inconsistency 
among observers in differentiating them. Thus, the World 
Health Organization recommended using a two-tier 
classification system to replace the traditional one; this 
new classification defines low-grade CRC as the merge of 
well and moderately differentiated tumors; and classifies 
poorly differentiated tumors as high-grade (4). High-grade 
CRAC has a higher risk of recurrence and poorer prognosis 
than low-grade CRAC after tumor resection. Preoperative 
radiotherapy or chemoradiotherapy improves the prognosis 
and lowers recurrence rate in high-grade CRAC patients 
(5,6). However, neoadjuvant therapy has also been reported 
to have serious side effects (7). Therefore, it is essential 
to correctly identify and treat patients at a high risk of 
recurrence, while also avoiding unnecessary side effects 
caused by preoperative overtreatment to low-grade CRAC 
patients.

A colonoscopic biopsy is a common clinical diagnostic 
method of CRC that can provide information of histological 
grade. However, it is an invasive examination that might 
cause some side effects, such as bleeding and colon 
perforation (8). Moreover, biopsy has some disadvantages, 
including poor orientation, intratumoral heterogeneity, 
and poor sample quality. As a result, inconsistency might 
occur in the evaluation of histological grade between biopsy 
and surgical specimens (4). Therefore, a noninvasive, 
easily repeatable method to identify the histological grade 
of tumors is highly desirable for more individualized and 
accurate treatment of CRC patients.

The National Comprehensive Cancer Network 
guidelines recommend computed tomography (CT) as 
the clinically preferred imaging examination for CRC (9).  
However, conventional CT techniques have obvious 
limitations in evaluating the CRAC histological grades 
as it cannot be observed by the naked eye. Dual-energy 
spectral CT (DESCT) provides information on various 
parameters that could be used as indicators for quantitative 

analysis (10). Moreover, DESCT has been widely used in 
clinical practice to identify and malignant lymph nodes, 
evaluate the response to neoadjuvant treatment, and 
evaluate microsatellite instability status in patients with 
CRC (11-14). Previously published studies have also 
demonstrated the value of energy spectrum CT in other 
abdominal tumors, including pathological grading of clear 
cell renal cell carcinoma (15), differential diagnosis of 
chromophobe renal cell carcinoma and papillary renal cell 
carcinoma (16), risk classification of gastrointestinal stromal 
tumor (17), distinguishing between gastric schwannomas 
and gastrointestinal stromal tumors (18), and identifying 
liver cancer and hepatic focal nodular hyperplasia (19). 
Nomograms have been widely used to quantify the risk 
factors of CRC biological characteristics (20-22). Previous 
studies (21,23,24) have shown that a combination of clinical 
factors and CT parameters could effectively improve 
nomogram performance in tumor diagnosis. However, 
to date, no study has shown the ability of a nomogram, 
which combines DESCT parameters and clinical factors, 
to discriminate between CRAC histological grades. 
Further, the correlation between such a nomogram-based 
histological grade prediction and prognosis is unclear. 
Therefore, this study aimed to develop a nomogram 
that incorporates both DESCT parameters and clinical 
factors and can be used for preoperative individualized 
discrimination of CRAC histological grade. We also aimed 
to assess the ability of such nomogram to predict the overall 
survival of CRAC patients.

We present the following article in accordance with the 
STARD Checklist (available at http://dx.doi.org/10.21037/
jgo-20-368).

Methods

The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). This retrospective study 
was approved by our institutional review board Lanzhou 
University Second Hospital Medical Ethics Committee (No. 
2020A-189), and the informed consent requirement was 
waived owing to the retrospective nature of the study. 

Patients 

We retrospectively evaluated 173 CRAC patients who 
underwent preoperative abdominal DESCT between April 
2016 and August 2019. The inclusion criteria were as 
follows: (I) pathologically diagnosed CRAC; (II) a definite 

https://cdn.amegroups.cn/static/public/7-STARD-2015-Checklist.pdf
http://dx.doi.org/10.21037/jgo-20-368
http://dx.doi.org/10.21037/jgo-20-368
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postoperative tumor histological grade; (III) complete 
clinical information; and (IV) available overall survival 
data. The exclusion criteria were as follows: (I) history of 
any anti-cancer therapy; (II) target lesion invisible on CT 
images; and (III) poor image quality. Figure 1 shows the 
patient recruitment flowchart. 

Clinical characteristics, outcomes, and follow-up details

Data on the patients’ clinical and pathological characteristics 
were collected from their medical records. Baseline clinical 
characteristics included age, sex, and tumor location. 
Laboratory analysis consisted of carcinoembryonic antigen 
(CEA; threshold, 5 ng/mL), carbohydrate antigen 125 
(CA125; threshold, 35 U/mL), and carbohydrate antigen 
199 (CA199; threshold, 37 U/mL). 

The prognostic value of the DESCT-based prediction 
model was evaluated using the overall survival data. Overall 

survival was defined as the time from CT examination to 
death or the last follow-up, whichever came first. Patients 
were monitored every 3–6 months during the first two 
years after surgery, and then, every 6–12 months over the 
subsequent 3–5 years. Follow-up was right-censored on 
October 30, 2019. The patients were followed up for a 
mean of 21.8 months (range, 1.4–41.6 months).

The histological grade status was evaluated by trained 
pathologists using the surgical specimens. Two histological 
grade categories were used: low- and high-grade CRAC. 
Well or moderately differentiated tumors were considered 
low-grade CRAC, and poorly differentiated tumors were 
considered high-grade CRAC. 

Dual-energy spectral computed tomography (DESCT) 
imaging 

All patients underwent standard bowel preparation. 

Figure 1 A flow diagram of patient recruitment. CRAC, colorectal adenocarcinoma.
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Contrast-enhanced abdominal dual-energy CT scans were 
performed on a Discovery CT750 HD system (GE Medical 
Systems, GE Healthcare, Waukesha, WI, USA), with the 
patients in a supine position. Patients were intravenously 
injected with iodixanol (1 mL/kg) using a high-pressure 
dual-cylinder injector. Arterial (AP) and venous phases 
(VP) imaging were performed, respectively, 25–30 s and 
60–70 s after the contrast agent was administered. Other 
CT scanning parameters were as follows: fast tube voltage 
switching, between 70–140 kVp; tube current, 350 mA; 
pitch, 0.984:1; rotation time, 0.75 s; reconstructed layer 
thickness, 1.25 mm. 

Image post-processing and analysis

Raw CT images were transferred to a GE ADW 4.6 
workstation (GE Healthcare, Milwaukee, WI, USA). 
Gemstone Spectral Imaging (GSI) viewer software in this 
workstation was used to quantitatively evaluate virtual 
monochrome images with a default of 70 keV, iodine-based 
decomposition images and effective atomic number images. 
Two radiologists with more than 5 years’ of experience 
in gastrointestinal radiology analyzed the images. Both 
radiologists were blinded to the patient’s clinicopathological 
data. The maximum tumor thickness was defined as the 
maximum diameter perpendicular to the long axis on the 
cross-sectional image. The tumor gross pattern (TGP) 
was classified as polypoid or non-polypoid according to 
the presence of a polypoid appearance. Pericolorectal 
fat invasion (PFI) was defined as the extension of the 
primary tumor beyond the muscularis propria and into 
the pericolorectal fat. Clinical tumor stage (cT stage) and 
clinical node stage (cN stage) were evaluated following to 
the 8th edition of the American Joint Committee on Cancer 
Staging system (25). The regions of interest (ROIs) were 
uniform circles, with an average area of 97.27 mm2. ROIs 
were placed over the high-enhancement areas of the tumor. 
Vessels, calcification, cystic degeneration, and necrosis 
were carefully avoided. The monochromatic CT values, 
effective atomic number (Eff-Z), and iodine concentration 
(IC) in the AP and VP were generated using the GSI viewer 
software package after loading the AP and VP images to 
the workstation. All measurements were performed three 
times to minimize bias, and the average of the three values 
was taken as the final value. Figure 2 shows a representative 
DESCT image and the quantitative measurement of the 
DESCT parameters using the ROI in high- and low-grade 
CRAC patients. 

Statistical analysis

All data analyses were performed using an R software 
package (Version 3.6.3; http://www.Rproject.org). We 
first built a logistic regression model that could generate a 
nomogram to discriminate between low- and high-grade 
CRAC. Second, we also compared the survival between 
pathological grading, logistic model predicts grading and 
cox model direct predict low- and high-risk group. The 
intra-class correlation coefficient (ICC) was used to evaluate 
interobserver consistency between the radiologists. The 
Student’s t-test or Mann-Whitney U test and the Chi-
square test or Fisher’s exact test were used to compare the 
DESCT parameters and clinical factors between the high- 
and low-grade CRAC. Statistically significant features in 
the univariate analysis were entered into a multivariate 
logistic regression model to identify the key indicators for 
histological grade discrimination in CRAC patients.

A backward stepwise selection was applied, in which the 
stopping rule was based on the likelihood-ratio test with 
Akaike’s Information Criterion. A quantitative and easy-
to-use nomogram, designed to discriminate high-grade 
CRAC from low-grade CRAC, was then built based on 
the final regression coefficient. A ROC curve analysis was 
used to evaluate the nomogram’s diagnostic capabilities. 
We calculated the area under the curve (AUC) and its 95% 
CI, sensitivity, and specificity with respect to our reference 
standard (pathological grading). Calibration curves assessed 
the goodness fit of the nomogram. To verify the clinical 
usefulness of the nomogram, we quantified the net benefit 
at different threshold probabilities in the dataset using 
decision curve analysis (DCA) curves. Kaplan-Meier (KM) 
survival analysis and log rank test were performed to 
evaluate the prognostic value of nomogram. Additionally, 
we used Cox regression to analyze the correlation between 
statistically significant predictors and the survival, and 
assess the discrimination ability between the ground truth 
of histological grade and the nomogram. The maximally 
selected rank statistics was used to find cutoff point to 
distinguish low- and high-groups (26). All statistical 
tests were two sided, and a P value <0.05 was considered 
statistically significant.

Results

Interobserver agreement

There was a good consistency between the two radiologists 
in their evaluation of the five general CT features and six 

http://www.Rproject.org
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Figure 2 Example of DESCT images with ROIs for evaluating quantitative measurements in a 39-year-old women who was pathologically 
confirmed high-grade rectal adenocarcinoma (A,B,C,D,E,F) and 52-year-old man who was pathologically confirmed low-grade rectal 
adenocarcinoma (G,H,I,J,K,L), respectively. ROIs were placed in the arterial phase (A,G) and venous phase (D,J) of the 70 keV 
monochromatic images. At the same time, ROIs were copied to the arterial phase (B,H) and the venous phase (E,K) of iodine-based material 
decomposition images; the arterial phase (C,I) and the venous phase (F,L) of the effective atomic number images. DESCT, dual-energy 
spectral computed tomography; ROI, regions of interest.
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DESCT features evaluated by the two radiologists. The 
ICC values for the evaluated parameters were as follows: the 
maximum tumor thickness, 0.884; TGP, 0.838; PFI, 0.922; 
cT stage, 0.855; cN stage, 0.796; 70 keV monochromatic 
CT value in the AP (CTAP, 0.904) and VP (CTVP, 0.900); IC 
values in the AP (ICAP, 0.934) and VP (ICVP, 0.927); Eff-Z in 
the AP (Eff-ZAP, 0.825) and VP (Eff-ZVP, 0.802).

Clinical and CT imaging characteristics 

The average patient age was 57.67±13.43 years, and  
95 patients (54.9%) were men. Of the 173 patients, 65 had 
pathologically confirmed high-grade and 108 had low-grade 
CRAC. The high-grade CRAC group had significantly 
higher CA125, CA199, PFI, and cT and cN stages than the 
low-grade CRAC group (all P<0.05; Table 1). The high-
grade CRAC group also had significantly higher values of 
ICAP, ICVP, Eff-ZAP, and Eff-ZVP, and a significantly lower 
age (all P<0.05; Table 1). The other clinical and CT imaging 
characteristics were not significantly different between the 
two groups (all P>0.05).

Development of individualized prediction model for high-
grade CRAC 

Statistically significant indicators in the univariate analysis 
were included in the multivariate logistic regression model. 
Finally, age, cT stage, cN stage, ICAP, and ICVP were 
identified as independent predictors of high-grade CRAC. 
A quantitative nomogram was constructed for individualized 
discrimination between CRAC histological grades based 
on these parameters (Figure 3). The ROC curves (Figure 4) 
showed that the nomogram had an excellent discriminating 
capability, with an AUC of 0.886 (95% CI, 0.834–0.938). 
The sensitivity and specificity were 0.862 and 0.704, 
respectively. The calibration curve of the nomogram showed 
favorable agreement between prediction and observation for 
in discriminating between the different CRAC histological 
grades (Figure 5A). The DCA curve of the nomogram also 
showed that the nomogram added greater benefit than a 
treat-all or treat-none schemes; this was due to the favorable 
discrimination between CRAC histological grade of CRAC 
when the threshold probability of a patient or doctor ranged 
between 10% and 90% (Figure 5B).

Survival analysis

We stratified the patients into the high- and low-risk 

groups based on the nomogram score cut-off value. The 
KM curve for overall survival showed that our nomogram 
identified a significant difference between the high- and 
low-risk group (HR, 2.188; 95% CI, 1.072–4.465; log-rank 
P=0.027; Figure 6A). This difference was similar to that 
identified by the histological grading as the ground truth 
(HR, 2.617; 95% CI, 1.407–4.867; log-rank P=0.0016; 
Figure 6B). Cox multivariate regression analysis showed that 
histological grade and ICAP were independent predictors for 
overall survival in CRAC patients. A model that combined 
the histological grade and ICAP also showed significantly 
different overall survival between the high- and low-
risk groups (HR, 2.617; 95% CI, 1.407–4.867; log-rank 
P=0.0016; Figure 6C). The log-rank test yielded similar 
results of the three KM curves indicating that histological 
grade was the primary prognostic factor.

Discussion

No study has previously evaluated the usefulness of a 
DESCT-based nomogram for discriminating between 
CRAC histological grades.  This study found that 
incorporating the DESCT features and clinical factors into 
a nomogram helps to preoperatively discriminate between 
histological grades in CRAC patients. The nomogram 
comprised five preoperatively obtainable parameters (age, 
cT stage, cN stage, ICAP, and ICVP) and showed a high 
discriminative performance between CRAC histological 
grades. The calibration and DCA curves also showed 
excellent model stability and actual benefit. Further, the 
nomogram was promising in the prediction of overall 
survival. 

High-grade CRAC patients in our study were younger 
than those in the low-grade group, and age was an 
independent predictor for CRAC histological grade. Several 
studies defined young CRC patients as those aged <50 years 
and found that young CRC patients were more likely to 
have poorly differentiated tumors (27-29). Moreover, we 
found that cT and cN stages in high-grade CRAC patients 
were higher than that in low-grade CRAC patients. This 
finding is consistent with previous studies that showed an 
association between high-grade CRAC and more aggressive 
biological behavior, including an advanced tumor stage 
(30,31). cT and cN stages were also identified as independent 
predictors of CRAC histological grade in our study. These 
are qualitative parameters that can be easily obtained in 
CT imaging and used as a noninvasive tool for histological 
grade of CRAC. 
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Table 1 Clinical characteristics and DESCT parameter values of CRAC patients

Variables Low grade (n=108)  High grade (n=65) P value

Clinical characteristics

Age (years), mean ± SD 59.54±11.52 54.57±15.72 0.018

Gender, No. (%) 0.923

Female 49 (45.4) 29 (44.6)

Male 59 (54.6) 36 (55.4)

CEA level, No. (%) 0.081

Normal 58 (53.7) 26 (40.0)

Abnormal 50 (46.3) 39 (60.0)

CA125 level, No. (%) <0.001

Normal 103 (95.4) 51 (78.5)

Abnormal 5 (4.6) 14 (21.5)

CA199 level, No. (%) 0.036

Normal 84 (77.8) 41 (63.1)

Abnormal 24 (22.2) 24 (36.9)

Tumor location, No. (%) 0.324

Left 68 (63.0) 36 (36.9)

Right 40 (37.0) 29 (44.6)

Maximum tumor thickness (mm), mean ± SD 24.06±11.55 22.40±8.89 0.324

TGP, No. (%) 0.102

Non-polypoid 76 (70.4) 53 (81.5)

Polypoid 32 (29.6) 12 (18.5)

PFI, No. (%) 0.005

No 42 (38.9) 12 (18.5)

Yes 66 (61.1) 53 (81.5)

cT stage, No. (%) <0.001

T1 6 (5.6) 1 (1.5)

T2 21 (19.4) 2 (3.1)

T3 68 (63.0) 37 (56.9)

T4 13 (12.0) 25 (38.5)

cN stage, No. (%) <0.001

N0 72 (66.7) 25 (38.5)

N1 23 (21.3) 9 (13.8)

N2 13 (12.0) 31 (47.7)

Table 1 (continued)
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Tumor angiogenesis is closely associated with tumor 
growth, progression, and metastasis (32,33). A high rate 
of angiogenesis in CRC is correlated with aggressive 
histopathological features, including a higher tumor 

histological grade (11,34,35). IC can reflect the degree 
of tumor vascularization by quantitatively indicating the 
deposition of iodine in the tissue (36). In the present study, 
we found significantly higher IC values in the AP and VP 

Table 1 (continued)

Variables Low grade (n=108)  High grade (n=65) P value

DESCT parameters

CTAP (HU), mean ± SD  83.98±13.87 82.67±12.69 0.534

CTVP (HU), mean ± SD  76.39±8.07  77.81±11.94 0.400

ICAP (100 ug/cm3), mean ± SD 18.62±4.53 21.96±4.01 <0.001

ICVP (100 ug/cm3), mean ± SD 16.88±2.69 18.78±2.50 <0.001

Eff-ZAP, mean ± SD 8.78±0.13 8.84±0.11 0.002

Eff-ZVP, mean ± SD 8.60±0.15 8.70±0.14 <0.001

CEA, carcinoembryonic antigen; TGP, tumor gross pattern; PFI, pericolorectal fat invasion; cT stage, clinical tumor stage; cN stage, 
clinical node stage; DESCT, dual energy spectral CT; AP, arterial phase; VP, venous phase; Eff-Z, effective atomic number; IC, iodine 
concentration. 

Figure 3 A DESCT based nomogram for discrimination of histological grade in CRAC patients. The nomogram was constructed based 
on multivariate logistic regression and consisted of the significant independent predictors: age, cT stage, cN stage, ICAP and ICVP. DESCT, 
dual-energy spectral computed tomography; CRAC, colorectal adenocarcinoma; IC, iodine concentration; ICAP, IC values in the arterial 
phase; ICVP, IC values in the venous phase.
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of the high-grade CRAC group, suggesting a greater blood 
supply to these tumors. Our findings are consistent with 
those reported by Gong et al. (35). 

Previous imaging studies have evaluated diverse 
modalities, including magnetic resonance imaging (MRI), 
dual-energy spectral CT, and CT-based radiomics, for 
their ability to differentiate between CRC histological 
grades. Akashi et al. (37) evaluated the correlation between 
tumor histopathologic parameters and apparent diffusion 
coefficient (ADC) values in rectal cancer. They found that 
tumors with a higher histological grade had lower mean 
ADC (P<0.05). Other studies that investigated the value 
of dual-energy spectrum CT for differentiating between 
high- and low-histological grade CRC tumors also found 
significantly higher IC values in high-grade tumors 
(11,35). Huang et al. (4) developed a CT-based radiomics 
model to discriminate between high- and low-grade CRC. 
Their model showed excellent discriminatory capability 
in both the training and validation datasets. In our study, 
the ROC curve showed that our model had an excellent 
discriminating performance, with an AUC of 0.886. Our 

Figure 4 The ROC curve of the DESCT based nomogram for 
discrimination of histological grade in CRAC patients. ROC, 
receiver operating characteristic; DESCT, dual-energy spectral 
computed tomography; CRAC, colorectal adenocarcinoma. 

Figure 5 The calibration curve and decision curve of the DESCT based nomogram. For the calibration curve (A), the diagonal dotted 
line indicates an ideal evaluation, while the solid line represents the bias-corrected accuracy of the nomogram, with a closer fit to the 
diagonal dotted line representing a better evaluation. For the decision curve (B), the y-axis represents the net benefit, which is calculated by 
expected benefit (gaining true positives) and subtracting expected harm (deleting false positives). The higher curve at any given threshold 
probability is the optimal prediction to maximize net benefit. The solid blue line represents the DESCT based nomogram. The solid gray 
line represents the assumption that all patients were high-grade CRAC. The solid black line represents the assumption that no patients were 
high-grade CRAC. DESCT, dual-energy spectral computed tomography; CRAC, colorectal adenocarcinoma.
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model had a higher AUC than that used by Yang et al. (11),  
suggesting that a combination of DESCT parameter 
and clinical factors could improve its histological grade 
discrimination performance in CRAC. Our study has several 
limitations. First, there was an inevitable selection bias due 
to the retrospective study design. This should be addressed 
by future prospective studies with external validity. Second, 
the number of patients was limited and, thus, the results 
should be validated by studies with a larger number of 
patients. Other commercially available DESCT platforms 
should also be evaluated. Finally, signet ring cell carcinoma 
and undifferentiated carcinoma were not included in our 
study due to the rarity of these tumors. Future studies are 
expected to use DESCT to differentiate between these rare 
differentiated tumors and adenocarcinomas.

Conclusions

We developed a nomogram that incorporates both 
DESCT parameters and clinical factors to discriminate 
preoperatively between CRAC histological grades. The 
nomogram could help to develop more reasonable and 
effective therapeutic strategies for CRAC patients.
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