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Early rectal neoplasm in dual-layer spectral detector computed 
tomography: dual-layer spectral computed tomography (CT) 
images improve tumor detection and staging
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Background: Early rectal neoplasms can be treated endoscopically with good prognosis, yet usually present 
with unspecific or an absence of signs and symptoms and are detected largely by invasive endoscopy with 
less compliance to screening. The purpose of this cross-sectional study was to explore the diagnostic value of 
dual-layer spectral detector computed tomography (DSCT) imaging for early rectal neoplasm.
Methods: Patients who underwent DSCT for evaluation of rectal lesion or routine examination between 
September 2022 to September 2023 at West China Hospital were prospectively included and identified 
as group A (control, n=76), group B (rectal advanced adenomas and ≤T1 rectal cancer, n=59), and group 
C (≥T2 staging rectal cancer, n=74). Lesion visualization was graded to assess image quality. Spectral 
quantitative measurement, such as Hounsfield unit (HU)40 keV, HU70 keV, iodine concentration (IC), effective 
atomic number (Zeff), and the slope of spectral curve (λ), was analyzed and compared. Receiver operating 
characteristic (ROC) curves were generated to evaluate the diagnostic efficacy of spectral parameters. A 
comparison of ROC curves was applied to test the significance of differences between the area under the 
curves (AUCs).
Results: Compared to poly-energetic images (PEIs), the multiple parameters from DSCT were of greater 
capability to recognize rectal lesions. There were significant differences in HU40 keV (208.01±43.60 vs. 
255.53±45.16), HU70 keV (87.06±18.55 vs. 100.78±18.26), IC [1.91 (1.71, 2.28) vs. 2.58±0.49], Zeff [8.33 (8.25, 
8.50) vs. 8.61±0.20], and λ [3.80 (3.41, 4.52) vs. 5.16±1.00] between the early neoplastic lesions in rectum and 
the advanced rectal cancer (P<0.001). Significant correlations were found between the DSCT parameters 
and tumor staging (P<0.001). Furthermore, the AUCs of IC, Zeff, λ, and HUPEI were all above 0.90 for early 
rectal neoplasm detection, with additional capability of discriminating early rectal neoplasm from advanced 
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Introduction

As the third most common cancer worldwide and the 
second leading cause of cancer death (1), colorectal cancer 
(CRC) has made up a large proportion of the mortality 
rate and healthcare costs. Approximately 15–30% of CRC 
patients present with synchronous metastases, and 20–50% 
of patients with initially localized CRC will develop 
metastases (2), which usually leads to worse outcomes 
despite surgical resection or chemoradiotherapy. Thus, 
early detection is essential for accurate selection of patients 
with early neoplastic lesions in the rectum. 

Early rectal neoplasms usually present with unspecific 
or an absence of signs and symptoms; detection is largely 
dependent on invasive endoscopic examination, which is 
associated with reduced patient compliance (3). There is an 
urgent need for a non-invasive screening tool. Biomarker 
detection is a patient-friendly approach which improves 
patient compliance to CRC screening, although the method 
currently has low specificity and accuracy (4,5). Despite its 
high spatial resolution, computed tomography (CT) has 
yielded a high rate of missed superficial and minimal early 
neoplasms, due to the rather thin and tortuous intestinal 
wall, usually combined with motion artifacts and the 
interference of content (6). Technological advancements 
have improved the opportunity to detect cancer early, 
increasing the prospects for treatment and curative intent. 
Dual-layer spectral detector CT (DSCT) has emerged as 
a novel and promising imaging modality, which uses two 
detector layers and an X-ray tube. The two measurement 
projection data in DSCT scanning are perfectly matched 
in temporal and spatial co-registration. Another benefit 
of DSCT is that the energy spectrum scanning is realized 
simultaneously as conventional scanning without any 
additional steps or contrast media (7). Recent studies have 
demonstrated the ability of DSCT to improve image 
quality, diagnostic accuracy of histological type, staging, 
and risk stratification with its virtual monochromatic and 

quantitative material decomposition images (8-11), but 
data showing its ability to detect early rectal neoplasms 
are scarce. The purpose of this study was to evaluate the 
diagnostic efficacy of DSCT in the detection of early rectal 
neoplasm. We present this article in accordance with the 
STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-24-769/rc).

Methods

Patients

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This 
prospective study was approved by West China Hospital 
Institutional Review Board (No. 2024-378) and informed 
consent was provided by all individual participants. 
During September 2022 to September 2023, patients at 
West China Hospital who were initially diagnosed with 
untreated neoplastic lesions in the rectum (advanced 
adenomas or rectal cancer) confirmed by pathological or 
clinical information were suggested to receive intravenous 
contrast-enhanced abdominal DSCT scanning for further 
preoperative evaluation. The exclusion criteria included 
history of preoperative therapy, such as endoscopic mucosal 
resection, endoscopic submucosal dissection, radiotherapy, 
or chemotherapy, metal abdominal implants, severe artifacts 
on CT images, and incomplete clinical data. Stratified by 
postoperative pathology, patients with rectal advanced 
adenomas and ≤T1 rectal cancer were labelled as group B 
(endoscopically-amenable group), whereas patients with 
≥T2 rectal cancer were labelled as group C (advanced 
rectal cancer group). At the same time, patients at the West 
China Hospital without any rectal malignancy, as confirmed 
by endoscopy and follow-up, who underwent abdominal 
DSCT scanning for examination were also recruited as 
controls, labelled as group A, the benign group; these 
patients are also adhered to the exclusion criteria. All the 

rectal cancer. 
Conclusions: DSCT improved tumor conspicuity and the detection of the early rectal neoplastic lesion, 

suggesting that it is a promising screening tool in clinical practice.
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included patients completed the entire CT scanning and 
there were no artifacts in their images.

Imaging protocol 

CT scans were performed on a Spectral CT 7500 (Philips 
Healthcare, Best, The Netherlands) scanner with no 
rectal contrast or distension applied. The helical scan 
range was determined by a scout scan, and included 
the entire abdomen from the diaphragms to the pubic 
symphysis. Following the scout scan, CT scan parameters 
were as follows: tube voltage, 120 kV; tube current, 
automated exposure modulation; detection collimation,  
128×0.625 mm; rotation time, 0.4 s; and helical pitch, 1.1. 
Patients were then injected with a total dose of 70–100 mL 
(1.0–1.2 mL per kilogram of body weight) of nonionic 
iodinated contrast material (Iopamidol 370 mg/mL; Bracco 
Sine Phamaceutical Co., Ltd., Shanghai, China) at a rate 
of 2.5–3 mL/s using a power injector. Bolus tracking was 
utilized with the region of interest (ROI) placed in the 
aorta, and image acquisition started 7 seconds after the 
signal attenuation reached the predefined threshold of  
100 Hounsfield units (HU) for the arterial phase. A 
30-second delay was utilized as the venous phase. Contrast-
enhanced CT scans of the pelvic area were performed in 
the venous phase. All the images were reconstructed with 
2 mm slice thickness and 2 mm interval for axial images, 
with iDose4 algorithm for poly-energetic images (PEIs) 
and spectral reconstruction (level 4) for spectral images, 
respectively.

Image generation

The PEIs and quantitative spectral analysis were performed 
by IntelliSpace Portal software (Version 12.0; Philips 
Healthcare). The spectral-based image data were post-
processed to generate different image types, including 
iodine concentration (IC) images (iodine map), effective 
atomic number (Zeff) images, and virtual mono-energetic 
images (40 and 70 keV). 

Objective image analysis

All the images were shuffled and analyzed independently 
by two radiologists with more than 10 years of experience 
in abdominal radiology (X.P and J.Z.), who were blinded to 
the clinical and pathological information. 

First, the 40 keV images were evaluated to localize and 

identify tumor. Second, a freehand ROI was placed at the 
40 keV images on the normal bowel wall (group A, Bbowel wall 
and Cbowel wall) or the lesion (group Btumor and Ctumor, diameter 
of about one to two-thirds of the lesion size), avoiding 
regions of necrosis, calcification, and artifacts caused by the 
gas and liquid interface, as the ROI then would be copied to 
other images. Image slices containing the maximum cross-
section for the tumor and the slice above and below were 
chosen for measurement. The average values of all the ROIs 
were calculated to minimize the measurement bias. Third, 
measurements were performed on both the lesion and the 
normal bowel wall, recording CT values at 40 keV, 70 keV 
and PEI image, IC value at iodine map, and Zeff value at 
Zeff images (Figure 1).

The slope of the spectral curve (λ) (8) and tumor 
contrast (12) were calculated according to the following 
formulas:

 ( )40 keV 70 keVλ 30HU HU= − ∕ 	 [1]

 Tumor contrast tumor bowel wallHU HU= − 	 [2]

Subjective image analysis

The aforementioned two radiologists reviewed the virtual 
monochromatic images and PEIs. A 3-point Likert scale 
was used to rate rectal neoplasm conspicuity: Grade 1: not 
visualized; Grade 2: nondiagnostic due to blurring lesions; 
Grade 3: clearly and entirely visualized) (Figure 2) (12). 

Statistical analysis

Statistical analysis was performed using the software SPSS 
27.0 (IBM Corp., Armonk, NY, USA), GraphPad Prism 
version 8.0.2 (GraphPad Software, Inc, Boston, MA, USA), 
and MedCalc® Statistical Software version 19.2.6 (MedCalc 
Software Ltd., Ostend, Belgium). 

The kappa coefficient (κ) was used to measure the inter-
reader agreement of the tumor conspicuity (κ=0.81–1.00 
excellent; 0.61–0.80 substantial; 0.41–0.60 moderate;  
0.21–0.40 fair; 0.00–0.20 poor) (13-15). 

Data distribution was assessed by the Shapiro-Wilk 
test. Continuous variables were presented as mean ± 
standard deviation (SD) or median [interquartile range 
(IQR)]. Tumor contrast was compared by paired t-test or 
Wilcoxon test. The differences in the average values of 
HU40 keV, HU70 keV, HUPEI, λ, IC, and Zeff among groups 
were statistically analyzed using independent/paired t-test, 
Mann-Whitney U test, or Wilcoxon test. The relationship 
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Iodine concentration Mono40keVPEI

Group A

Group B

Group C

A B C

D E F

G H I

Figure 2 Likert scale for rectal neoplasm visualization. (A,D,G) PEIs of three groups scored (A) 1, (D) 2, (G) 3, respectively. (B,E,H) Iodine-
based decomposition images of three groups scored (B) 1, (E) 3, (H) 3, respectively. (C,F,I) Mono40keV images of three groups scored (C) 1, 
(F) 3, (I) 3, respectively. Lesion (blue arrows). PEI, poly-energetic image; Mono40keV, mono-energetic images of 40 keV. 

of lesion staging and spectral parameters was analyzed 
using Kendall’s tau. Receiver operating characteristic 
(ROC) curves were calculated to evaluate the diagnostic 
values of each parameter in lesion visualization and 
discriminating advanced and early rectal neoplasms. 
A comparison of ROC curves was applied to test the 
significance of differences between the area under the 
curves (AUCs). Statistical significance was defined as 
P<0.05 (2-sided). 

Results

Patients

Finally, a total of 209 patients who underwent DSCT from 
September 2022 to September 2023 were prospectively 
enrolled with a mean age of 59.0 (53.0, 68.0) years and 
47.8% men (n=100), with 76 patients in group A, 59 in 

group B, and 74 in group C. There were 77 lesions in group 
B and 74 lesions in group C (Figure 3).

Lesion detection

The two radiologists showed moderate agreement in regard 
to the rectal neoplasm visualization grading (κ=0.509). 
Tumor conspicuity was rated best on mono40keV and IC 
images compared to that of PEI regardless of grouping, 
whereas no significant difference was found between 
mono40keV images and IC images (Figure 4A-4F, Table 1). 
Tumor contrast was higher in mono40keV images than the 
PEIs [Group B+C, 121.50 (98.30, 158.50) vs. 44.53±23.41, 
P<0.001; Group B, 104.90 (90.55, 134.40) vs. 43.02±22.45, 
P<0.001; Group C, 148.04±46.09 vs. 46.11±24.42, P<0.001], 
whereas that of the mono70keV images was not statistically 
significant in Group B+C (45.09±20.71 vs. 44.53±23.41, 
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P=0.385) and Group B (42.29±20.36 vs. 43.02±22.45, 
P=0.415) (Figure 4G-4I). 

DSCT findings of different groups

The HU40 keV, HU70 keV, IC, Zeff, and λ were significantly 
higher for the rectal lesion than the benign bowel wall 
(P<0.001), and also for the advanced rectal cancer than the 
early rectal neoplasms (P<0.001), whereas most parameters 
showed no significant differences among benign groups 
(P>0.05, Table 2, Figure 5). As for HUPEI, there were 
statistically significant differences between Bbowel wall and 
Btumor (44.50±13.99 vs. 86.68±19.87, P<0.001), Cbowel wall and 
Ctumor (53.70±13.64 vs. 99.73±20.53, P<0.001), whereas no 
significant difference between Btumor and Ctumor (86.68±19.87 
vs. 99.73±20.53, P=0.79) (Table 2, Figure 5).

The trend of DSCT parameters in rectal tumor progression

The Kendall’s tau correlation analysis results demonstrated 
significant correlations between the DSCT parameters 
and tumor staging (IC, r=0.709, P<0.001; Zeff, r=0.706, 
P<0.001; λ, r=0.709, P<0.001; HU40 keV, r=0.704, P<0.001), 
which suggests DSCT variables correspond to the rectal 
neoplasm progression to some degree. 

Diagnostic accuracy of spectral values in detecting rectal 
neoplasm

The ROC curves and AUC values of IC, Zeff, λ, and HUPEI 

for the advanced and early rectal neoplasms are shown on 
Figure 6A,6B and Table 3, of which DSCT showed a higher 
ability to detect rectal lesion (P=0.002).

Diagnostic accuracy of spectral values in discriminating 
the early rectal neoplasm and advanced rectal cancer

T h e  A U C  v a l u e s  o f  I C ,  Z e f f ,  λ ,  a n d  H U P E I i n 
discriminating the early rectal neoplasm from advanced 
rectal cancer were 0.80 (0.73, 0.88; P<0.001), 0.78 (0.71, 
0.86; P=0.002), 0.81 (0.74, 0.88; P<0.001), and 0.67 
(0.58, 0.75), respectively (Figure 6C, Table 3). Of note, λ 
demonstrated the greatest ability in discriminating staging 
of rectal neoplasm, whereas HUPEI showed the lowest. 
The optimal cut-off values of IC, Zeff, λ, and HUPEI were 
2.05, 8.43, 4.10, and 85.55, respectively. The sensitivities 
of IC, Zeff, λ, and HUPEI were 0.62, 0.66, 0.64, and 0.51, 
respectively; whereas the specificities were 0.89, 0.84, 0.89, 
and 0.76, respectively.

Discussion

Currently, PEI shows high rate of missed superficial and 
minimal early colorectal neoplasms. In this study, we 
evaluated the diagnostic value of DSCT in early neoplastic 
rectal lesions. The present study demonstrates that DSCT 
has improved ability to detect early rectal cancer and to 
distinguish early rectal neoplasm from the advanced rectal 
cancer.

Detection of early rectal cancer from non-endoscopic 

Patients with pathologically confirmed rectal cancer or 
advanced adenomas or without rectal malignancy from 

September 2022 to September 2023 (n=227)

Poor image quality or severe 
artifacts on images (n=5)

Incomplete information (n=5)

Unable to follow up (n=8)

Group A (n=76)
Group B (n=59)

rectal advanced adenomas or  
≤T1 rectal cancer (n= 77)

Group C (n=74)
≥T2 staging rectal 

cancer (n=74)

Figure 3 Flowchart of patient selection. Group A, the benign group; Group B, the endoscopically-amenable group; Group C, the advanced 
rectal cancer group. 
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Figure 4 Lesion conspicuity. Bar chart displaying the results of the qualitative reading (A-F). Tumor contrast based on different CT images 
of all lesions (G), group B (H), and group C (I). ***, P<0.001; **, P<0.01; *, P<0.05; ns, not significant. Group A, the benign group; Group 
B, the endoscopically-amenable group; Group C, the advanced rectal cancer group. PEI, poly-energetic image; IC, iodine concentration; 
Mono40keV, mono-energetic images of 40 keV; Mono70keV, mono-energetic images of 70 keV; CT, computed tomography. 

examinations has remained an unsolved problem with 
little useful and effective methods available. Endoscopy is 
an effective tool to examine the digestive system clearly 
and thoroughly, but its invasiveness reduces patient 

acceptance, which can lead to early neoplasms remaining 
undetected. Contrast-enhanced CT remains the imaging 
modality of choice of advanced cancer evaluation. However, 
conventional mixed CT images limit image interpretation 
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at various energy levels from a single CT examination, 
negating any potential advantages in early neoplasm 
detection. DSCT, a multi-parameter imaging mode, 
acquires a set of virtual monochromatic images of tissues 
with X-ray at two different energy levels with routine 
scanning protocol and no more scanning time. DSCT 
makes it possible to distinguish between materials with 
different atomic numbers using their energy-dependent 
attenuation, even if those materials show similar density at 
PEIs. Besides, post-processing techniques enable further 
research, including iodine maps, virtual mono-chromatic 
images, or Zeff images, without increasing radiation 
dose (16,17). The median dose-length product value of 
contrast-enhanced abdominal CT for three phases on 
DSCT was 1,321.00 (1,213.00, 1,460.00) mGy·cm, which 
is much lower than the Chinese diagnostic reference level  
(790.00 mGy·cm for one phase). Spectral parameters 
provide more clinical and function-related information, 
proving their  potent ia l  in  tumor detect ion (18) , 
differentiation, and staging (19), extending the capabilities 

of conventional CT. 
Previous research has shown that DSCT can improve 

tumor staging accuracy for early rectal carcinoma, of which 
most of the enrolled lesions are of pT2 staging (79.10%, 
53/67) (12). To our knowledge, this is the first study to 
explore the possibility to apply DSCT in detection of early 
rectal cancer and advanced adenoma. By semiquantitative 
grading, our results demonstrated that DSCT, especially 
the images of IC and 40 keV, showed better ability to 
detect rectal neoplasm especially those superficial and 
minimal early neoplastic lesions (Figure 4), such as advanced 
adenomas and ≤T1 staging rectal cancer, which have a better 
prognosis with timely treatment. IC reflects vessel density 
and blood volume in different tissue regions. Moreover, a 
high consistency between spectral CT-measured IC and 
actual IC has been reported. Several studies have shown 
the performance of quantitative IC measurement in gastric 
cancer (20,21), hepatocellular carcinoma (22,23), thyroid 
cancer (24), and other cancer types. Due to the increased 
angiogenesis during tumor development, the neoplasm was 
more evident on the iodine maps. Lesions were located on 
the IC images and the ROC was placed and then copied to 
other spectral images and PEIs, which made it possible to 
obtain measurement of PEIs. 

Quantitative parameters enable further opportunity to 
diagnose rectal tumors using DSCT. In our study, there 
were statistically significant differences in the DSCT-
specific parameters among groups, of which HU40 keV, 
HU70 keV, IC, Zeff, and λ values were significantly higher in 
advanced rectal cancer than that of early rectal neoplasm 
and benign bowel wall, and a significant association was 

Table 1 Tumor conspicuity based on qualitative reading

Group PEI IC Mono40keV

B+C 3 [2, 3] 3 [3, 3] 3 [3, 3]

B 2 [1, 2] 3 [3, 3] 3 [3, 3]

C 3 [3, 3] 3 [3, 3] 3 [3, 3]

Data are presented as median [interquartile range]. Group B, the 
endoscopically-amenable group; Group C, the advanced rectal 
cancer group. PEI, poly energy images; IC, iodine concentration; 
Mono40keV, mono-energetic images of 40 keV.

Table 2 Comparison of CT assessment

Variable
Group

A (n=76) Bbowel wall (n=77) Btumor (n=77) Cbowel wall (n=74) Ctumor (n=74)

HU40 keV 100.28±16.24 95.63±18.01 208.01±43.60 107.49±16.96 255.53±45.16

HU70 keV 49.83±10.61 45.13±11.15 87.06±18.55 52.78±11.27 100.78±18.26

HUPEI 51.85 (42.85, 57.95) 44.50±13.99 86.68±19.87 53.70±13.64 99.73±20.53

Iodine concentration (IC, mg/mL) 0.85 (0.73, 0.99) 0.84±0.18 1.91 (1.71, 2.28) 0.95 (0.79, 1.02) 2.58±0.49

Effective atomic number (Zeff) 7.80±0.10 7.80±0.12 8.33 (8.25, 8.50) 7.84±0.11 8.61±0.20

λ 1.69 (1.41, 1.95) 1.68±0.38 3.80 (3.41, 4.52) 1.82±0.36 5.16±1.00

Data are presented as mean ± standard deviation or median (interquartile range) based on the normality. Group A, the benign group; 
Group Bbowel wall, the normal bowel wall of the endoscopically-amenable group; Group Btumor, the lesion of the endoscopically-amenable 
group; Group Cbowel wall, the normal bowel wall of the advanced rectal cancer group; Ctumor, the lesion of the advanced rectal cancer group. 
CT, computed tomography; HU, Hounsfield unit; IC, iodine concentration; Zeff, effective atomic number; λ, the slope of the spectral curve.
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Figure 5 Differences in HU40 keV, HU70 keV and HUPEI (A), IC (B), Zeff (C), λ (D) among groups. ***, P<0.001; *, P<0.05; ns, not 
significant. HU, Hounsfield unit; Mono40keV, mono-energetic images of 40 keV; Mono70keV, mono-energetic images of 70 keV; PEI, 
poly-energetic image; IC, iodine concentration; Zeff, effective atomic number; λ, the slope of spectral curve.  

found between the spectral parameters and the tumor 
progression, which can be explained by the differences in 
tumor angiogenesis. Although the results of mono70keV 
images show a similar pattern to that of PEIs, they are not 
the same, since PEIs are of mixed energy. With quantitative 
measurement, DSCT has highly advantages in detecting 
early rectal neoplastic lesions.

Our study had several limitations. First, although 
prospective, this investigation reflects our preliminary 
experience of DSCT on early rectal tumors with a small 
number of patients. More clinical trials should be carried 
out to validate our results. Second, due to the limited 
number of cases, we did not differentiate patients with 
advanced adenoma from those with ≤T1 rectal cancer; 
it is difficult to distinguish them on CT and both could 
be ideally treated by endoscopic resection. Detailed 
evaluation can be implemented under endoscopic 
examination. Third, we set rectal cancer as the object of 
our study since the rectum is only of 15 cm long, making 
it easy to identify. Further investigation could be made on 
other locations of the gastrointestinal tract, such as the 
esophagus and stomach, to fully explore the potential of 

DSCT. Fourth, the agreement between readers on rectal 
tumor conspicuity was low in our study. Since a 3-point 
Likert scale was applied, it was not easy to assess the early 
rectal neoplasm accurately, especially on the PEIs, which 
might be rated as nondiagnostic due to blurring lesions, 
Grade 2, in most cases, leading to the low agreement 
between two readers. Moreover, although the performance 
of the PEIs was comparable to the spectral assessment, 
the ROIs of PEIs were generated and copied from the IC 
images. The inevitable selection bias inflates the outcome 
of the conventional CT, which could be indirectly reflected 
by its lower lesion detection rate and tumor contrast. PEIs 
are more likely to miss or misdiagnose in clinical practice. 
Lastly, even though multiple DSCT parameters were 
generated from the single scan, individual parameters were 
used separately for evaluation in our study. Further study 
is needed to evaluate the potential of multiple parameters 
to improve the diagnostic power.

In conclusion, DSCT can be used to detect rectal 
neoplasm, especially the early ones with enhanced image 
quality. Spectral imaging parameters allow for the detection 
and differentiation of neoplastic lesions in the rectum, 
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Figure 6 ROC curves for IC, Zeff, λ, and PEI. The ROC curves between advanced rectal cancer and benign rectal wall group (A), early 
rectal neoplasms and benign rectal wall group (B), and early rectal neoplasm and advanced rectal cancer (C). Spectral parameters have higher 
AUC value than the conventional one of which ROIs were copied from IC images. Group A, the benign group; Group B, the endoscopically-
amenable group; Group C, the advanced rectal cancer group. HU, Hounsfield unit; Zeff, effective atomic number; IC, iodine concentration; λ, 
the slope of spectral curve; ROC, receiver operating characteristic; AUC, area under the curve; ROI, region of interest.

Table 3 The ROC curves of spectral and poly energetic assessment

ROC IC Zeff λ HUPEI

Group A vs. Group C

AUC (95% CI) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 0.99 (0.97–1.00)

Comparison of ROC curves (spectral CT vs. PEI), P 0.094 –

Group A vs. Group B

AUC (95% CI) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 0.93 (0.89–0.98)

Comparison of ROC curves (spectral CT vs. PEI), P 0.002 –

Group B vs. Group C 

AUC (95% CI) 0.80 (0.73–0.88) 0.78 (0.71–0.86) 0.81 (0.74–0.88) 0.67 (0.58–0.75)

Comparison of ROC curves (spectral CT vs. PEI), P <0.001 0.002 <0.001 –

Group A, the benign group; Group B, the endoscopically-amenable group; Group C, the advanced rectal cancer group. ROC, receiver 
operating characteristic; IC, iodine concentration; Zeff, effective atomic number; λ, the slope of the spectral curve; HU, Hounsfield unit; 
PEI, poly-energetic image; AUC, area under the curve; CI, confidence interval; CT, computed tomography.
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which are also highly related to tumor progression.
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