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Background: Multi-parameter imaging technology, which is based on substance separation, helps to 
predict the pathological grade of tumors. When using dual-layer spectral-detector computed tomography 
(DLCT) to quantify tumor properties, different methods of placing regions of interest (ROIs) directly impact 
the measurement of parameters, thus affecting the clinical diagnosis of lesions. Consequently, in this study, 
we aimed to compare the performance of 2 different ROI plotting methods on DLCT in differentiating the 
histologic grade of hepatocellular carcinoma (HCC).
Methods: This retrospective study included 48 consecutive patients with pathologically confirmed HCC, 
who underwent DLCT from May 2022 to March 2023. The attenuation value of conventional computed 
tomography (CT), electron density relative to water (EDW), normalized effective atomic number (NZeff), 
and normalized iodine density (NID) were measured by 2 radiologists using the conventional planar 
sketching (PS) method and the volumetric analysis method, respectively. The differences in parameters 
between the arterial phase (AP) and venous phase (VP) were calculated for each parameter (∆CT, ∆EDW, 
∆NZeff, ∆NID). We used 2-sample t-test or Mann-Whitney U test was used to compare the differences in 
parameters between the 2 methods. Spearman correlation analysis was used to determine the correlation 
between each parameter and histologic grade. Receiver operating characteristic (ROC) curve analysis was 
performed to evaluate the diagnostic performance.
Results: The mean values for the spectral quantitative parameters (CTAP, NZeffAP, NIDAP) and the 
difference between the arterial phase and venous phase (AP-VP) of parameters (∆CT, ∆EDW, ∆NZeff) 
measured using the volumetric analysis method were significantly lower than those of the PS method (P<0.05). 
For the ∆NZeff, the volumetric analysis method achieved the highest area under the curve (AUC) with a 
value of 0.918 [95% confidence interval (CI): 0.847–0.988], followed by the PS method (AUC =0.853, 95% 
CI: 0.743–0.963).
Conclusions: The spectral parameters of DLCT provide a novel quantitative method for evaluating 
histological differentiation in patients with HCC, which is worthy of clinical recommendation. Different 
ROI plotting methods significantly impact the measurement of spectral parameters. Therefore, the whole 
tumor region should be covered in the parameter measurement of HCC lesions as much as feasible, which is 
more helpful in predicting the histological grading of tumors before treatment.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most 
common malignant tumors globally and the leading cause 
of death in patients with chronic liver disease (1). Due to 
the rapid disease progression and hidden lesions, most 
patients are diagnosed in the middle and advanced stages (2); 
the overall prognosis remains poor, with an international 
5-year survival rate for liver cancer of only 14.1% (3). 
The pathological differentiation grade is one of the most 
important factors affecting the recurrence and prognosis 
of HCC (4). Therefore, accurate preoperative grading of 
HCC is crucial for predicting the prognosis (5).

Although histopathological or cytological examination 
is considered the gold standard for diagnosing liver cancer, 
the collection of biopsy samples is invasive and carries the 
risk of spreading liver tumors (6). Previous studies have 
demonstrated that non-invasive quantitative parameter 
models, such as the apparent diffusion coefficient (5,7), 
the ratio of enhancement (2), and the tumor stiffness (8), 
can be used to predict the pathological grade of HCC, 
but these studies have been based on magnetic resonance 
imaging. After iterative updates in computed tomography 
(CT) technology, multi-type post-processing imaging of 
spectral CT not only provides improved image contrast and 
reliable tissue enhancement measurement but also enhances 
lesion visibility and the rate of lesion detection (9). The 
multi-parameter imaging technology, which is based on 
spectral single-energy imaging, substance separation, and 
effective atomic number, is also helpful in predicting the 
pathological grade of tumors (10-14) or hepatic fibrosis 
grading (15). At the same time, researchers have shown that 
different methods of positioning region of interest (ROI) 
significantly affect the measurement parameters (5,8,16,17), 
thereby impacting the diagnostic performance of the study. 
As far as we know, in this field of energy CT studies for 
distinguishing liver cancer pathology, the planar sketching 
(PS) method is commonly used to plot and measure the 
lesions. However, few studies have analyzed the entire 
tumor, and even fewer have compared the 2 types of ROI 
plotting methods.

Therefore, the purpose of this study was to compare 
the impact of 2 different ROI plotting methods on data 

measurement and diagnosis, and to investigate functional 
quantitative parameters for distinguishing between poorly 
differentiated and non-poorly differentiated HCC based 
on dual-layer spectral-detector computed tomography 
(DLCT). We present this article in accordance with the 
STARD reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-1753/rc).

Methods

Patients

The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). This retrospective study 
was approved by the Institutional Review Board of Nanfang 
Hospital (No. NFEC-2023-521), and the requirement for 
written informed consent from patients was waived due to 
the retrospective nature of the study.

We reviewed 160 patients diagnosed with liver cancer 
using enhanced abdominal radiography with DLCT at 
our center from May 2022 to March 2023. Based on the 
time limit for continuous use of CT equipment and the 
research deadline of the Ethics Committee of our center, 
our research span was less than 1 year. The inclusion 
criteria were as follows: (I) use of DLCT for abdominal 
contrast-enhanced scanning at our center; (II) diagnosis 
of liver cancer through imaging examination or clinical 
diagnosis. Among them, 112 patients were excluded for 
the following reasons: (I) history of preoperative treatment 
including surgery, transhepatic arterial chemotherapy 
and embolization (TACE), ablation, immunotherapy, 
and radiotherapy (n=29); (II) patients with pathologically 
confirmed non-HCC lesions (n=16); (III) patients without 
pathologic confirmation of HCC from surgical resection 
or biopsy (n=63); (IV) absence or poor image quality that 
prevents identification of the lesions (n=4). 

Dual-layer spectral-detector CT imaging protocol

CT was performed using DLCT (spectral CT 7500; Philips 
Healthcare, Best, Netherlands) with a non-enhanced and 
dual-phase contrast-enhanced scan in the craniocaudal 
direction and the supine position. These patients were 
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intravenously injected with a non-ionic contrast agent 
(Ioversol Injection 350; Jiangsu Hengrui Pharmaceuticals 
Co., Ltd., Lianyungang, China) using a high-pressure 
injector at a rate of 2.5–3.0 mL/s, with a total dose of 60– 
80 mL (1 mL/kg of body weight). The total amount was 
calculated as 0.8–1 mL/kg body weight; 2.5–3.0 mL/s was 
injected into the elbow vein. The patients were scanned 
at 30 seconds and 65 seconds after the injection of the 
contrast agent in the arterial phase (AP) and portal venous 
phase (VP), respectively. The scanning parameters were 
as follows: tube voltage, 120 kVp; automated modulation 
with dose right index 20; pitch, 1.0; rotation time, 0.48 
seconds, collimation, 128×0.625 mm. After scanning, the 
spectral-based image sequence was obtained by spectral 
reconstruction algorithm.

Image generation 

The conventional images and quantitative spectral analysis 
were performed using the IntelliSpace Portal software 
(Version 12.1; Philips Healthcare). The spectral-based 
image sequences were post-processed to generate different 
types of images: (I) conventional CT images; (II) electron 
density relative to water (EDW) images; (III) effective 
atomic number (Zeff) images; (IV) iodine density (ID) 
images. All the images were reconstructed with 1 mm slice 
thickness and 1 mm interval. 

Parameter measurement and quantitative analysis

All reconstructed images were measured by 2 radiologists 
(R1 and R2, with 3 and over 10 years of experience in 
reading CT images, respectively), who were blinded to the 
histopathology results.

We used 2 different ROI plotting methods in the 
measurement: (I) conventional PS: the layer with the 
highest enhancement of the lesion in the arterial and VP 
images were selected, and 3 consecutive ROIs were drawn 
in the uniformly strengthened area. The average was 
then calculated for analysis, while avoiding fat, necrosis, 
vessels, and calcification. The abdominal aorta and normal 
liver tissue were sketched at the same level as the lesion; 
(II) whole tumor volume rendering (WTVR): the smart 
segmentation tool was used to render the volume of tumor 
lesions in ID images or conventional images, and they were 
supplemented or modified at continuous levels to ensure 
that all tumor tissues (including vessels, necrosis, bleeding, 
and avoiding calcification) were included. Subsequently, 

volumetric analysis was conducted using spectral sub-
segmentation, which recorded the tumor volume, 
conventional CT attenuation values, EDW, Zeff, and ID 
based on the delineated tumor section.

To avoid the impact of individualized differences, it is 
necessary to normalize the values of various reconstructed 
images based on the patient’s normal liver tissue and 
abdominal aorta (18). The normalized effective atomic 
number (NZeff) and normalized iodine density (NID) were 
calculated at the AP and VP, respectively, according to the 
following formulas:

( )
( )

tumor liver aorta

tumor liver aorta

NZeff Zeff Zeff Zeff

NID ID ID ID

= −

= −
 [1]

Then, the difference was calculated between AP and VP 
of all spectral parameters of the tumor according to the 
following formula: 

AP VP

AP VP

AP VP

AP VP

CT CT CT
EDW EDW EDW
NZeff NZeff NZeff
NID NID NID

∆ = −
∆ = −
∆ = −
∆ = −

 [2]

Pathologic analysis

All patients underwent pathological examination within 
1 week after the DLCT examination. The pathological 
reports after surgery or biopsy were used as a standard 
of reference. Pathologic grade analysis was based on the 
World Health Organization (WHO) classification of 
digestive system tumors (19). When the evaluated HCC 
had more than 1 grade, the higher pathologic grade was 
recorded. The tumors were allocated to either a non-poorly 
differentiated group (including well differentiated and 
moderately differentiated) or a poorly differentiated group. 

Statistical analysis

Statistical analyses were performed using the software SPSS 
26.0 (IBM Corp., Armonk, NY, USA). All tests were 2-sided, 
and p-values lower than 0.05 were considered statistically 
significant. The continuous variables were described by 
mean ± standard deviation. The categorical variables were 
reported as percentages. First, the intraclass correlation 
coefficient (ICC) was used to assess the reliability between 
2 independent radiologists for each parameter. ICC values 
greater than 0.90 indicated excellent reliability. The normal 
distribution of quantitative variables was assessed using 



Zhang et al. Comparison of two methods for positioning ROI in DLCT3890

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(6):3887-3900 | https://dx.doi.org/10.21037/qims-23-1753

the Shapiro-Wilk test. The average value was measured by 
2 radiologists for the analysis of diagnostic performance. 
We used either 2-sample t-test or Mann-Whitney U test 
to compare the differences in parameters between the 2 
methods, as well as the differences in parameters among 
different histologic grade groups. The classified variables 
were compared between groups using a chi-square test. 
Spearman correlation analysis was utilized to assess the 
correlation between quantitative parameters and the degree 
of pathological differentiation, a correlation coefficient 
rho (r) results were interpreted according to the following 
criteria: less than 0.25, poor relationship; 0.25–0.5, 
moderate relationship; 0.5–0.75, good relationship; and 
0.75–1.00, excellent relationship. The receiver operating 
characteristic (ROC) curve analysis was performed to 
evaluate the diagnostic performance of each spectral 
quantitative parameter for HCC grading and to determine 
the optimal parameters.

Sample size estimation was performed using PASS 15.0 
software (NCSS LLC, East Kaysville, UT, USA). This was 
a retrospective study, with the positive group comprising 
the poorly differentiated group, and the negative group 
comprising the non-poorly differentiated group. The 
observational index of this study was the spectral parameters 
of tumors. Based on the analysis of the ΔCT parameter in 
the pre-experimental results, when using the PS method, 
the mean ΔCT value of the positive group was 9.0±10.3, and 
the mean ΔCT value of the negative group was −3.2±19.7. 
Assuming α = 0.05 and β = 0.20 (2-tailed test), we collected 
positive and negative patients in a 1:3.3 ratio. Using PASS 
15.0 software, the sample size of the positive group was 
calculated to be 13, and the sample size of the negative 
group was calculated to be 43. When using the WTVR 
method, the mean ΔCT value of the positive group was 
−5.0±6.0, and the mean ΔCT value of the negative group 
was −16.5±13.1. Calculated under the same assumptions, the 
sample size for the positive group was 6, and the sample size 
for the negative group was 20. Combining the differences 
between the 2 methods, at least 56 lesions were ultimately 
included.

Results

Patient characteristics

A total of 48 patients (including 44 males and 4 females; 
age 52.06±12.26 years; range, 22–75 years) with 56 
pathologically confirmed HCC lesions were included. 

Among them, 21 patients underwent surgical resection 
and 27 patients underwent biopsies. According to the 
histopathological report, 40 patients with 43 lesions were 
assigned to the non-poorly differentiated group, whereas 
8 patients with 13 lesions were assigned to the poorly 
differentiated group. Figure 1 provides a flowchart showing 
the patient selection process.

The clinical and pathological characteristics of the 
patients across different histologic grades are shown in 
Table 1. There were no significant differences in age, 
maximum tumor diameter, tumor volume, gender, cause, 
cirrhosis, baseline alpha-fetoprotein (AFP) level, and the 
Liver Imaging Reporting and Data System (LI-RADS) (20) 
classification between the poorly differentiated group and 
the non-poorly differentiated group (P>0.05). Patients with 
cirrhosis represented 62.50% of the poorly differentiated 
group compared with 52.50% of the non-differentiated 
group. There was no significant difference in liver cirrhosis 
between the 2 groups (P=0.90).

Interobserver reproducibility

The interobserver reliability of DLCT parameters 
measurement of tumors was excellent (the range of ICC 
was 0.926 to 0.991). Except for the IDlive in AP with an 
ICC value of 0.725, which shows moderate reliability, 
the interobserver reliability of other DLCT parameter 
measurement of normal liver tissue and abdominal aorta 
were excellent (the range of ICC was 0.924 to 0.998). The 
detailed results are shown in Tables S1,S2. 

Comparison of two different ROI plotting methods in 
parameter measurement

In certain parameters in AP (CT, NZeff, NID) and some 
difference parameters (∆CT, ∆EDW, ∆NZeff), the average 
values of the measured data plotted in the WTVR method 
were lower than those in the PS method (Figures 2,3) and 
the difference was statistically significant (R1: P<0.05, R2: 
P<0.05). However, for EDW in AP, the statistical results 
between the 2 sketching methods were inconsistent between 
the 2 observers (R1: P<0.05; R2: P>0.05). In addition, for all 
parameters in VP (CT, EDW, NZeff, NID) and ∆NID, the 
average values of the measured data plotted in the WTVR 
method were lower than those in the PS method, but the 2 
methods did not show a statistically significant difference 
(R1: P>0.05, R2: P>0.05). The detailed results are shown in 
Table 2.

https://cdn.amegroups.cn/static/public/QIMS-23-1753-Supplementary.pdf
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160 patients with liver cancer diagnosed by 

enhanced abdominal radiography with DLCT 

in our center from May 2022 to March 2023

112 subjects were excluded:

• History of preoperative treatment including surgery, transhepatic 

arterial chemotherapy and embolization, ablation, immunotherapy, 

and radiotherapy (n=29)

• Patients with pathologically confirmed non-HCC lesions (n=16)

• Patients without pathologic confirmation of HCC from surgical 

resection or biopsy (n=63)

• Absence or poor image quality that prevents identification of the 

lesions (n=4)

48 HCC patients with pathological confirmed

Histologic grades

Non-poorly differentiated group 

(40 patients with 43 lesions)

Poorly differentiated group  

(8 patients with 13 lesions)

Well differentiated 

(n=5)

Poorly differentiated 

(n=8)

Moderately 

differentiated (n=35)

Figure 1 Flowchart of patient selection. DLCT, dual-layer spectral-detector computed tomography; HCC, hepatocellular carcinoma.

Table 1 Clinical and pathological characteristics of HCC patients

Variables All Non-poorly differentiated Poorly differentiated P value

Age (years) 52.06±12.26 53.40±12.39 45.38±9.64 0.09

Maximum tumor diameter (mm) 67.13±42.16 65.67±40.54 71.95±48.59 0.85

Tumor volume (cm3) 200.99±264.17 186.10±256.97 250.23±292.09 0.66

Gender >0.99

Male 44 (91.67) 36 (90.00) 8 (100.00)

Female 4 (8.33) 4 (10.00) 0 (0.00)

Cause >0.99

HBV 39 (81.25) 32 (80.00) 7 (87.50)

No-HBV 9 (18.75) 8 (20.00) 1 (12.50)

Cirrhosis 0.90

Present 26 (54.17) 21 (52.50) 5 (62.50)

Absent 22 (45.83) 19 (47.50) 3 (37.50)

Baseline AFP level (ng/mL) 0.66

>7 36 (75.00) 29 (72.50) 7 (87.50)

≤7 12 (25.00) 11 (27.50) 1 (12.50)

LI-RADS 0.73

LR-4 6 (10.71) 5 (11.63) 1 (7.69)

LR-5 36 (64.29) 28 (65.12) 8 (61.54)

LR-M 2 (3.57) 1 (2.32) 1 (7.69)

LR-TIV 12 (21.43) 9 (20.93) 3 (23.08)

Data are presented as the mean ± standard deviation or numbers (percentages). A total of 48 patients with 56 lesions were included: the 
non-poorly differentiated group comprised 40 patients with 43 lesions, and the poorly differentiated group comprised 8 patients with 13 
lesions. HCC, hepatocellular carcinoma; HBV, hepatitis B virus; AFP, alpha-fetoprotein; LI-RADS, The Liver Imaging Reporting and Data 
System; LR-M, The Liver Imaging-probably or definitely malignant; LR-TIV, The Liver Imaging-tumor in vein. 
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Figure 2 DLCT images in a 47-year-old man with surgically verified well-differentiated HCC lesion (arrows). In the planar sketching 
method (A-C), the parameters of tumor area of interest (ROI 1) measured in CT image (A), effective atomic number image (B), and iodine 
density image (C) were 92.80 HU, 8.33, and 1.91 mg/mL, respectively. In the whole tumor volume rendering method (D-G), the parameters 
of tumor area of interest (colored parts contained in red and green) measured in CT image (D), effective atomic number image (E), and 
iodine density image (F) were 72.00 HU, 8.01, and 1.28 mg/mL, respectively. (G) The mean parameters (white box) of the whole tumor in 
the volume analysis. HU, Hounsfield unit; ROI, region of interest; Ar, area; Av, average; SD, standard deviation; DLCT, dual-layer spectral-
detector computed tomography; CT, computed tomography.

Diagnostic performance of spectral parameters in 
differentiating HCC histologic grade

In discriminating poorly from non-poorly differentiated 
HCC, only certain parameters showed stat ist ical 
significance. The NZeffVP and NIDVP values of the poorly 

differentiated group were significantly lower than those 
of the non-poorly differentiated group (all P<0.05). The 
∆CT, ∆EDW, ∆NZeff, and ∆NID values of the poorly 
differentiated group were significantly higher than those of 
the non-poorly differentiated group (all P<0.05) (Table 3). 
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Figure 3 DLCT images in a 42-year-old man with surgically proven HCC lesion (arrows) of moderately poorly-differentiated. In the planar 
sketching method (A-C), the parameters of tumor area of interest (ROI 1) measured in CT image (A), effective atomic number image (B), 
and iodine density image (C) were 90.70 HU, 8.24, and 1.72 mg/mL, respectively. In the whole tumor volume rendering method (D-G), the 
parameters of tumor area of interest (colored parts contained in red and green) measured in CT image (D), effective atomic number image 
(E), and iodine density image (F) were 56.50 HU, 7.74, and 0.78 mg/mL, respectively. (G) The mean parameters (white box) of the whole 
tumor in the volume analysis. HU, Hounsfield units; ROI, region of interest; Ar, area; Av, average; SD, standard deviation; DLCT, dual-
layer spectral-detector computed tomography; CT, computed tomography.

Other quantitative parameters show no statistical difference 
in identification, so they cannot be used to evaluate HCC 
grade. 

According to ROC curve analysis (Figure 4), the detailed 
results of the area under the curve (AUC), 95% confidence 

interval (CI), cut-off value, sensitivity, specificity, and 
Youden index are shown in Table 4. The ∆NZeff parameters 
exhibited the best performance for predicting poorly 
differentiated HCC. The ∆NZeff in the PS method, 
the values for AUC, sensitivity, specificity, accuracy, and 
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Table 2 Comparison of quantitative parameter values between two different ROI plotting methods in tumor

Parameter
R1 R2

PS (n=56) WTVR (n=56) P value PS (n=56) WTVR (n=56) P value

AP

CT (HU) 94.235±26.406 70.780±18.486 <0.001 82.532±23.895 69.996±19.350 0.003

EDW (%) 104.590±0.788 104.155±0.635 <0.001 104.333±0.766 104.109±0.684 0.106*

NZeff 0.062±0.032 0.032±0.021 <0.001 0.052±0.029 0.032±0.023 <0.001

NID 0.134±0.081 0.064±0.046 <0.001 0.104±0.074 0.061±0.054 0.001

VP

CT (HU) 90.174±17.078 84.548±15.001 0.061 87.286±16.779 83.925±16.353 0.285*

EDW (%) 104.398±0.705 104.257±0.618 0.220 104.315±0.682 104.220±0.693 0.528

NZeff −0.003±0.025 −0.010±0.021 0.170 −0.005±0.023 −0.011±0.022 0.181*

NID −0.023±0.129 −0.057±0.105 0.254 −0.032±0.121 −0.058±0.109 0.244*

AP-VP

∆CT (HU) 4.061±20.282 −13.768±12.490 <0.001 −4.755±17.971 −13.929±13.292 0.002

∆EDW (%) 0.192±0.471 −0.102±0.214 <0.001 0.017±0.380 −0.111±0.248 0.011

∆NZeff 0.065±0.026 0.042±0.021 <0.001 0.057±0.028 0.043±0.024 0.005*

∆NID 0.156±0.100 0.121±0.091 0.067 0.136±0.101 0.118±0.100 0.355*

Data are presented as the mean ± standard deviation. *, P value for 2-sample t-test. ROI, region of interest; R1, radiologist 1; R2, 
radiologist 2; PS, planar sketching; WTVR, whole tumor volume rendering; AP, arterial phase; CT, attenuation value of conventional 
computed tomography; HU, Hounsfield unit; EDW, electron density relative to water; NZeff, normalized effective atomic number; NID, 

normalized iodine density; VP, venous phase; AP-VP, the difference between the arterial phase and venous phase; AP VPCT CT CT∆ = − ; 

AP VPEDW EDW EDW∆ = − ; AP VPNZeff NZeff NZeff∆ = − ; AP VPNID NID NID∆ = − .

Youden index were 0.853, 0.840, 0.760, 0.786, and 0.614, 
respectively. In the WTVR method, the values for AUC, 
sensitivity, specificity, accuracy, and Youden index were 
0.918, 1.000, 0.810, 0.857, and 0.814, respectively. The 
optimal cut-off value for ΔNZeff in the WTVR method was 
0.054, and in the PS method was 0.071. 

Correlation analysis between spectral parameters and 
pathological differentiation degree

The Spearman corre la t ion analys i s  between the 
histologic grade of HCC (well-differentiated, moderately 
differentiated, and poorly differentiated) and the spectral 
parameters showed that some VP parameters (NZeff and 
NID) were moderately negatively correlated with the 
histologic grade, whereas some parameters (∆CT, ∆EDW, 
and ∆NID) were moderately positively correlated. Detailed 
information such as correlation coefficients is shown in  

Table 5. It is worth noting that ∆NZeff had a good 
correlation (PS: r=0.517, P<0.05; WTVR: r=0.611, P<0.05). 
The lower the degree of differentiation of HCC, the higher 
the difference in blood supply.

Discussion

We found that different ROI plotting methods substantially 
influence the measurement of spectral CT quantitative 
parameters. In this study, the average values of all 
quantitative parameters measured by the WTVR method 
are lower than those measured by the PS method, which is 
similar to the results of Zhong et al. (17). In his comparative 
study of spectral CT volume rendering and planar rendering 
methods, the CT values and effective atomic number were 
lower in volumetric spectral analysis than in conventional 
planar spectral analysis. 

In our study, 2 parameters (NZeff, NID) in VP were 
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Table 3 The values of spectral parameters based on two different methods for the two differentiated HCC groups

Parameter Method Non-poorly differentiated (n=43) Poorly differentiated (n=13) P value

VP

NZeff PS −0.001±0.023 −0.015±0.018 0.045

WTVR −0.007±0.021 −0.023±0.018 0.015

NID PS −0.011±0.122 −0.082±0.096 0.035*

WTVR −0.040±0.104 −0.115±0.090 0.022

AP-VP

∆CT (HU) PS −3.158±19.662 8.951±10.300 0.043*

WTVR −16.510±13.059 −5.042±5.998 <0.001

∆EDW (%) PS 0.037±0.362 0.328±0.434 0.019

WTVR −0.169±0.171 0.100±0.237 0.002

∆NZeff PS 0.054±0.024 0.085±0.017 <0.001

WTVR 0.036±0.020 0.065±0.012 <0.001*

∆NID PS 0.123±0.091 0.223±0.060 <0.001

WTVR 0.096±0.090 0.197±0.051 <0.001

Data are presented as the mean ± standard deviation. *, P value for Mann-Whitney U test. HCC, hepatocellular carcinoma; VP, venous 
phase; NZeff, normalized effective atomic number; NID, normalized iodine density; PS, planar sketching; WTVR, whole tumor volume 
rendering; AP-VP, the difference between the arterial phase and venous phase; CT, attenuation value of conventional computed 

tomography; HU, Hounsfield unit; EDW, electron density relative to water; AP VPCT CT CT∆ = − ; AP VPEDW EDW EDW∆ = − ; 

AP VPNZeff NZeff NZeff∆ = − ; AP VPNID NID NID∆ = − .
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statistically significant for distinguishing between poorly 
differentiated and non-poorly differentiated HCC. A 
comparison study of enhancement patterns and histologic 
differentiation of HCC under contrast-enhanced ultrasonic 
showed that well-differentiated nodules tend to wash out 
late or not at all, whereas poorly differentiated nodules 
tend to wash out rapidly (21). This is consistent with the 
results of our study. The NZeff and NID in VP of poorly 
differentiated HCC are significantly lower than those of 
non-poorly differentiated HCC. This can be explained 
that tumor stain washout becomes faster as the histological 
differentiation of HCC advances.

We initially mentioned the difference between arterial 
phase and venous phase (AP-VP) parameters after 
normalization. These parameters utilize the difference 
between the 2 phases to indicate the relative extent of 
arterial hypervascularity and portal vein phase washout. Li et 
al. (22) used the difference in iodine density (∆ID) between 
AP and VP to distinguish HCC from hepatic hemangioma 
and focal nodular hyperplasia, and ∆ID had higher 
diagnostic performance than conventional ID. Combined 

with previous studies, it has been shown that enhanced 
scanning based on the characteristics of angiogenesis and 
blood supply changes in HCC tumors has a high diagnostic 
value for HCC (23). With an increasing level of malignancy, 
the blood supply to the portal vein and hepatic artery 
decreases, whereas that to the abnormal artery gradually 
increases (24,25). The combined application of AP 
hyperenhancement and washout can improve the diagnostic 
specificity of HCC (26). This can also explain why AP-VP 
parameters (∆CT, ∆EDW, ∆NZeff, ∆NID) show higher 
diagnostic performance in evaluating poorly differentiated 
and non-poorly differentiated of HCC than VP parameters.

It is noteworthy that the ∆NZeff parameters exhibit 
the best diagnostic performance in distinguishing poorly 
differentiated from non-poorly differentiated cases. In 
the spectral parameters, materials composed of different 
elements may have the same CT value, making the 
differentiation and classification of various types of 
tissues extremely challenging (27). ID values can directly 
reflect the iodine contrast concentration in the tissues, 
providing information on perfusion and vascularity. ID 

Table 4 Diagnostic performance of spectral parameters measured by two methods in discriminating HCC pathological grades

Parameter Method AUC 95% CI Cut-off Sensitivity Specificity Accuracy Youden index

VP

NZeff PS 0.692 0.529–0.856 −0.017 0.615 (8/13) 0.791 (34/43) 0.750 0.406

WTVR 0.719 0.564–0.875 −0.023 0.615 (8/13) 0.814 (35/43) 0.768 0.429

NID PS 0.694 0.531–0.857 −0.103 0.538 (7/13) 0.814 (35/43) 0.750 0.352

WTVR 0.703 0.548–0.858 −0.133 0.615 (8/13) 0.791 (31/43) 0.696 0.406

AP-VP

∆CT (HU) PS 0.687 0.549–0.825 −0.300 0.923 (12/13) 0.558 (24/43) 0.643 0.481

WTVR 0.776 0.659–0.894 −13.45 1.000 (13/13) 0.605 (26/43) 0.696 0.605

∆EDW (%) PS 0.694 0.518–0.870 0.375 0.538 (7/13) 0.837 (36/43) 0.768 0.376

WTVR 0.814 0.677–0.951 0.125 0.538 (7/13) 0.953 (41/43) 0.857 0.492

∆NZeff PS 0.853 0.743–0.963 0.071 0.840 (11/13) 0.760 (33/43) 0.786 0.614

WTVR 0.918 0.847–0.988 0.054 1.000 (13/13) 0.810 (35/43) 0.857 0.814

∆NID PS 0.825 0.707–0.943 0.198 0.760 (10/13) 0.814 (35/43) 0.804 0.583

WTVR 0.818 0.709–0.926 0.124 1.000 (13/13) 0.600 (26/43) 0.696 0.605

Data are presented as the values or values (numbers/total number of lesions). HCC, hepatocellular carcinoma; AUC, area under the 
curve; CI, confidence interval; VP, venous phase; NZeff, normalized effective atomic number; NID, normalized iodine density; PS, planar 
sketching; WTVR, whole tumor volume rendering; AP-VP, the difference between the arterial phase and venous phase; CT, attenuation 

value of conventional computed tomography; HU, Hounsfield unit; EDW, electron density relative to water; AP VPCT CT CT∆ = − ; 

AP VPEDW EDW EDW∆ = − ; AP VPNZeff NZeff NZeff∆ = − ; AP VPNID NID NID∆ = − .
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and Zeff changes could be used to indicate the change 
in microcirculation (28), but ID cannot evaluate tissue 
heterogeneity within ROI. The effective atomic number 
describes the nature of interactions of materials or 
compounds with radiation (10), providing a more accurate 
representation of material characteristics compared to 
attenuation in HU (29). In early HCC, tumor cells are 
small and organized into thin beams. In late-stage HCC, 
there is poor differentiation, irregular cell shape, and a 
loose arrangement. Chen et al. (10) showed that in invasive 
colorectal adenocarcinoma, higher Zeff may be attributed 
to increased tumor heterogeneity, where the tumor tissue 
exhibited nuclear pleomorphism and abnormal elemental 
composition. In contrast, regions with lower Zeff imply the 
likelihood of less densely populated cellular structures or 
elements with lower atomic numbers (30). We believe that 
the standardized effective atomic number can better reflect 
the heterogeneity between HCC and may provide new 
markers for assessing poorly differentiated HCC.

For the ∆NZeff parameter, the AUC and Youden index 
were 0.853 and 0.614, respectively, in the PS method, 
and the AUC and Youden index were 0.918 and 0.814, 

respectively, in the WTVR method. Compared to the 
PS method, the WTVR method had a higher AUC and 
Youden index for distinguishing different differentiated 
HCC groups. Zhong et al. (17) showed that volumetric 
quantitative analysis had a significant advantage in the 
whole lesion observation range. Liu et al. (8) also showed 
that the measurement of magnetic resonance elastography 
hardness obtained by the whole tumor volumetric analysis is 
superior to PS ROI-based methods for predicting the grade 
of HCC. All these are consistent with our results. Among 
all the spectral parameters with differential diagnosis, the 
WTVR method was superior to the PS method in terms of 
AUC value and Youden index. This is because the WTV 
method involves the sampling of the whole tumor which 
can effectively reduce the bias caused by sampling errors. 
Furthermore, the intratumor heterogeneity can be better 
captured by using the whole tumor volumetric analysis 
and is better for determining the dominant grade of tumor 
tissue (5). The WTVR method outlines the non-enhanced 
part of the tumor except the enhanced part of the tumor, 
and tumor enhancement with non-enhanced areas is a 
valuable finding on contrast CT in the prediction of poorly 
differentiated HCC (31). These findings suggest that 
volumetric measurement may be a better indicator of tumor 
heterogeneity, so it may be more suitable to evaluate tumor 
pathological differentiation, but these findings need to be 
confirmed in larger studies in the future. 

There are some limitations of our study. First, the 
sample size of this study was small. The combination of 
well-differentiated and moderately differentiated HCC 
was considered as the non-poorly differentiation group, 
whereas the sample size of the poorly differentiated group 
was limited, which resulted in less and uneven data. Second, 
this was a single-center study, and the repeatability of the 
study needs to be verified. Meanwhile, due to sampling 
errors in biopsies, we were unable to determine the 
degree of HCC differentiation in the biopsy results for 
some patients, resulting in their exclusion, which is also a 
limitation of biopsy. Given that this article solely focuses 
on the relationship between the degree of differentiation of 
HCC and spectral parameters, without delving into other 
pathological findings, further research will be conducted 
with sufficient patient data in the future. Finally, the 
measurement parameters in this study were limited to a 
single DLCT, so further verification is needed to determine 
the applicability of the same type of parameter values 
measured by different manufacturers and different dual-
energy CT parameter calculation methods, as well as the 

Table 5 Correlation analysis between spectral parameters and HCC 
histologic grade

Parameters
PS WTVR

r P value r P value

VP

NZeff −0.281 0.036 −0.321 0.016

NID −0.284 0.034 −0.297 0.026

AP-VP

∆CT (HU) 0.273 0.041 0.404 0.002

∆EDW (%) 0.284 0.034 0.460 <0.001

∆NZeff 0.517 <0.001 0.611 <0.001

∆NID 0.475 <0.001 0.464 <0.001

HCC, hepatocellular carcinoma; PS, planar sketching; WTVR, 
whole tumor volume rendering; r, correlation coefficient rho; 
VP, venous phase; NZeff, normalized effective atomic number; 
NID, normalized iodine density; AP-VP, the difference between 
the arterial phase and venous phase; CT, attenuation value 
of conventional computed tomography; HU, Hounsfield unit; 

EDW, electron density relative to water; AP VPCT CT CT∆ = − ; 

AP VPEDW EDW EDW∆ = − ;  AP VPNZeff NZeff NZeff∆ = − ; 

AP VPNID NID NID∆ = − . 
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normalized parameter results.

Conclusions

Volumetric quantitative analysis of DLCT is a valuable 
non-invasive technique for distinguishing the histological 
grading of HCC and deserves clinical recommendation. 
Compared to planar analysis, volumetric analysis yields 
lower spectral parameter measurements, but it enhances the 
performance of quantitative parameters in distinguishing 
histological grades of HCC. Therefore, when quantitatively 
evaluating the pathological grade of HCC using spectral 
parameters, the ROI should include as much of the tumor as 
possible to enhance discrimination efficiency. Additionally, 
the ∆NZeff plotted in the WTVR method has the highest 
diagnostic performance in distinguishing between poorly 
differentiated and non-poorly differentiated HCC.
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