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SUMMARY

VALUE OF DUAL-ENERGY COMPUTED 
TOMOGRAPHY IN THE ASSESSMENT OF 
PRIMARY LUNG CANCER
Do Dang Khanh*, Nguyen Van Thi**, Doan Van Hoan*, 
Dinh Hoang Viet**, Ngo Le Lam**, Cao Van Chinh***, 
Ngo Xuan Thang*, Nguyen Thai Hung*

Objective: This study aims to observe the value of the dual-energy 
computed tomography (DECT) technique in the assessment of primary 
lung cancer. Compare the difference in density of lung tumors on the true 
non-contrast (TNC) and virtual non-contrast (VNC) images. Investigate 
the iodine concentration value of lung tumors in differentiating malignant 
and benign lesions as well as adenocarcinoma and squamous carcinoma 
in lung cancer.

Methods: We conducted a cross-sectional descriptive study in 42 patients 
with solitary pulmonary nodules proved by pathology underwent double-
phase enhanced CT scan at the Diagnostic Imaging Center of K Hospital, 
Hanoi. Process dual-energy CT data into virtual monoenergetic and virtual 
non-contrast images, comparing with true non-contrast images. Compare 
the iodine concentration of malignant and benign lesions, adenocarcinoma, 
and squamous cell carcinoma lung cancer. The slope rate was calculated 
from the spectral curve. Patients were divided into an inflammatory group, 
a malignant group, and a tuberculosis group. The Kruskal–Wallis test and 
Nemenyi test were performed to compare quantitative parameters among 
the three groups.

Results: The study comprised 42 patients (34 males). The mean age of 
patients was 56 ±11. 23/42 right lung tumors (accounted for about 55%), 
13/33 left lung tumors (about 40%). Pathological results showed that 
73.8% (31/42) of the lesions were malignant, and 26.2% were benign. The 
density of lung tumors on the true non-contrast (TNC) and virtual non-
contrast (VNC) images is 43,81 ± 10,90 and 43,32 ± 11,15 HU (p=0,147). 
The contrast-noise ratio of lung tumors has the highest value in the virtual 
monochrome image at 65 keV. The iodine concentration of malignant 
tumors was 0,37±0,15mg/ml, higher than benign lesions. The normalized 
iodine concentration (nIC) of lung tumors can differentiate malignant 
from benign lesions with an area under the curve of 0,748, with a best 
cut-off point of 0,27 mg/ml having a sensitivity is 74,2%, specificity of 
81,8%. The normalized iodine concentration (nIC) of lung tumors can 
also differentiate adenocarcinoma from squamous cell carcinoma with an 
area under the curve of 0,835, with a best cut-off point of 0,36 mg/ml 
having a sensitivity is 76,5%, specificity of 100%. The mean slope rate for 
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the inflammatory group was 2,51 ± 0,25, significantly higher than these 
parameters for the malignant group (p < 0.05), and the parameters for the 
malignant group were significantly higher than the tuberculosis group (p 
< 0.05).

Conclusion: Virtual non-contrast images can replace the role of true 
non-contrast images. In virtual monoenergetic, the 65 keV sequence has 
the best Contrast to Noise Ratio (CNR). Quantitative analysis of iodine 
concentration in lung tumors can help differentiate malignant and benign 
lung lesions, adenocarcinoma, and squamous cell carcinoma. HU slope 
rate showed statistically significant differences, which is helpful in the 
differential diagnosis among inflammatory, malignant, and tuberculosis 
lesions.

Keywords: primary lung cancer, DECT, virtual non-contrast images, 
iodine concentration, virtual monochromatic.

I. INTRODUCTION

Lung cancer is one of the most common cancers in the 
world. According to GLOBOCAN 2020, lung cancer ranks 
second among the most common cancers in the world as 
well as Vietnam. Lung cancer is also one of the leading 
causes of death among cancers [1]. Despite progress, 
many challenges remain in determining the effectiveness 
of lung cancer diagnosis and treatment.

Many imaging techniques have been used to detect, 
diagnose, and follow lung cancer, but computed 
tomography (CT) is still the main method because it 
provides high-resolution anatomical images. Recently, 
the most stage-of-the-art CT techniques allowed the use 
of contrast agents to evaluate vascular proliferation and 
other imaging features of the tumor. In particular, the 
dual-energy CT (DECT) technique is based on a dual-
source CT system or a fast kV-switching DECT system, 
taking advantage of the material decomposition theory, 
while providing virtual non-contrast images and Iodine 
maps from a single contrast injection [2]. In Vietnam, 
there are still only a few studies on the application of data 
obtained from dual-energy CT in lung cancer assessment. 
Therefore, we conducted this study to evaluate the value 
of dual-energy CT in diagnosing primary lung cancer and 
differentiating between benign and malignant lesions as 
well as some subtypes of lung cancer.

II. METHODS

Subjects

42 patients with lesions suspected of lung cancer 
underwent dual-energy CT scans at K Hospital Diagnostic 
Imaging Center, Hanoi from March 2022 to February 
2023 and were pathologically confirmed from the core-
needle biopsy and/or post-operative specimens.

Methods

The study was conducted using a cross-sectional descriptive 
method, collecting retrospective and prospective data with 
convenient model selection. Patients who meet the criteria: 
have lesions suspected of lung cancer, have dual-energy 
CT scan with proper technique, and have pathology results 
from core-needle biopsy specimens and/or after surgery. 
The patients were taken by a Revolution HD (GE) 128-slide 
dual-energy CT scanner at K Hospital Diagnostic Imaging 
Center, Hanoi. Process images using GSI Volume Viewer 
software (AW 4.7). Use Iodine dehydration imaging to 
analyze Iodine-based materials, measuring HU parameters 
and Iodine concentration (using quantitative analysis). We 
set ROI to measure the Iodine concentration parameter in 
the lesion (IC: mg/ml) during the venous phase: measure 
the largest diameter of the lesion on the Axial plane. 
Place the ROI in the position with the highest contrast 
enhancement and copy it to the normal parenchyma. 
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Place the ROI on the aorta and calculate the nIC value 
according to the formula nIC=IC/ICaorta (with ICaorta as the 

iodine concentration measured in the thoracic aorta during 
the same venous phase).

Measuring the density of the lesion on monochromatic 
images at different energy levels from 40-140 keV, we 
constructed an HU spectrum curve. Calculate the slope 
index HU according to the formula with HU40keV being the 
primary mass density measured at an energy level of 
40keV, HU100keV being the primary mass density measured 
at an energy level of 100keV:

 

Processing and analyzing data

Commercial statistical packages SPSS (version 26.0, 
Chicago, Ill) were used.

Qualitative variables are described by frequency and 
percentage. The results were expressed as mean 
standard ± deviation. The average values are taken to 
two decimal places and compared pairwise using the 
T-test if the distribution is normal, and the Wilcoxon non-
parametric test if the distribution is skewed. Tests are 
considered statistically significant when p-value ≤ 0.05. 
Use Kruskal–Wallis and Nemenyi tests to quantitatively 
compare HU slopes among 3 groups (inflammation, 
tuberculosis, and cancer) and each pair of 2 groups.

III. RESULTS

Characteristics of research subjects and lung cancer 
images with dual-energy CT

42 patients with suspected lung cancer undergoing dual-
energy CT scans from March 2022 to February 2023 
met the study’s selection criteria, including 34 men and 
8 women (male: female ratio is 4.25:1). Pathology results 
included 31 cancer patients and 11 non-cancer patients. 
The patient group had an average age of 55.6 years, 
ranging from 22 to 76 years. The average lesion size 
was 43.3±21.6mm (including 38 solid lesions, 4 part-solid 
lesions, and 0 ground-glass lesions). The research model 
shows that lung tumors are located on the right side more 
than on the left side (accounting for 23/42 patients), of 
which the largest proportion is in the right upper lobe of 
the lung, with ratios illustrated in Graph 1.

 
 

Figure 1. Iodine CNR of virtual 
monochromatic CT images at 

energies ranging from 40 keV to 140 
keV. 

 
 

Figure 2.  Example image of IC 
measurements: ROI in thoracic 

aorta and lesion 

 
 

Figure 3. Construct spectral 
HU Curve ranging from 40 keV 

to 140 keV. 
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the primary mass density measured at an energy level of 40keV, HU100keV being the primary mass density 
measured at an energy level of 100keV: 

 
HU40keV − HU100keV
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Graph 1. Distribution of lesions  

The optimal monochromatic energy level based on calculating the CNR (Contrast to Noise Ratio) is 65 
keV. 
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p-value 
 

Lesion density (HU) 43,81 ± 10,90 43,32 ± 11,15 0,147 
Table 1. Lesions density in true and virtual non-enhanced images  

The p-value for comparisons between 2 groups using the T-test. 

Lung tumor density between virtual non-enhanced images and true non-enhanced images has no 
statistically significant difference (p > 0.05). 
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parameters 
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value 
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Normalized iodine 
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0,24 ± 
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0,37 ± 
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Table 2. Iodine concentration between cancer and non-cancer 
patients 
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Graph 2. The ROC curves of IC and 
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The optimal monochromatic energy level based on calculating the CNR (Contrast to Noise Ratio) is 65 keV.

Table 1. Lesions density in true and virtual non-enhanced images 

True non-enhanced images Virtual non-enhanced images p-value

Lesion density (HU) 43,81 ± 10,90 43,32 ± 11,15 0,147

The p-value for comparisons between 2 groups using the T-test.

Lung tumor density between virtual non-enhanced images and true non-enhanced images has no statistically significant 
difference (p > 0.05).

Evaluating the value of dual-energy CT scan in diagnosing lung cancer

The value of IC and nIC indexes in differentiating benign and cancerous lesions

Table 2. Iodine concentration between cancer and non-cancer patients

Iodine concentration parameters
Cancer Non-cancer Total p-value

n=11 n=31 n=42

Iodine concentration (IC) 0,99 ± 0,58 1,41 ± 0,58 1,30 ± 0,60 0,05

Normalized iodine concentration (nIC) 0,24 ± 0,15 0,37 ± 0,15 0,34 ± 0,16 0,02

The p-value for comparisons between 2 groups using the 
T-test.

Graph 2. The ROC curves of IC and nIC values for 
distinguishing 

between benign and cancerous lesions.

Iodine concentration and normalized Iodine concentrations 
between the two groups (cancer or non-cancer) had 
statistically significant differences. According to the study, 
the area under the curve for venous IC and nIC values were 

0.711 and 0.748, respectively. If we take the nIC threshold 
value of 0.27mg/ml (the cutoff point has the Youden’s index 
= 0.56), we have sensitivity and specificity in diagnosing 
lesions that are cancerous or non-cancerous, respectively 
74.2% and 81.8%.

The value of IC and nIC parameters in differentiating 
between lung 

squamous carcinoma and adenocarcinoma
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Normalized 
iodine concen-

tration (nIC)
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(n=17) 1,60 ± 0,56 0,41 ± 0,14

Squamous car-
cinoma (n=5) 1,01 ± 0.30 0,27 ± 0,06

p-value 0,04 0,04

The p-value for comparisons between 2 groups using the 
T-test.
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Graph 3. The ROC curves of IC and nIC values for 
distinguishing between lung squamous carcinoma 

and adenocarcinoma.
There is a statistically significant difference in the IC 
and nIC parameters between the adenocarcinoma and 
squamous carcinoma patient groups. The area under 
the curve for IC and nIC values were 0.824 and 0.835, 
respectively. If we take the nIC cutoff point of 0.36mg/ml, 
the sensitivity and specificity are 76.5% and 100%.

The value of the HU curve in differentiating 
inflammatory lesions, tuberculosis, and cancer

Table 4. HU slope rate parameter among 3 groups of 
patients during the venous phase

Cancer Inflammatory 
lesions

Tuberculosis p

Slope rate
 (venous 
phase)

1,73±
0,55

2,51 ± 
0,25

0,44 ± 
0,07

<0,001
Kruskal–

Wallis test

The HU slope rate among patients in the three groups 
of cancer, inflammation, and tuberculosis is shown in 
Table 4, which are 1.73±0.55, 2.51±0.25, and 0.44±0, 
respectively. There was a significant difference between 
the HU slope rate among the three groups (p < 0.05).

Table 5. HU slope rate between each of the 2 groups 
within the three groups

Groups p-value
Cancer and inflammatory lesions 0,01
Cancer and tuberculosis <0,001
Inflammatory lesions and tuberculosis <0,001

p-value compared among 3 groups by Nemenyi test.

Table 5 compares the HU slope rate between each of the 
2 groups in the three groups. It can be seen that the HU 
slope rate is highest in the inflammation group, followed 
by the cancer group and the lowest is the tuberculosis 
group, the difference is significant ( p < 0.05).

IV. DISCUSSION

The study was conducted on a rapid-switching kVp dual-
energy computed tomography scanner (Revolution HD 
(GE) system). The energy level for optimal monochrome 
imaging is based on calculating the CNR (Contrast to 
Noise Ratio) of 65 keV. This is similar to the research 
of Zegadło et al [3] (suggesting that the optimal energy 
level is in the range of 40-80 keV) and author Zhang [4] 
(suggesting that monochrome images are reproduced at 
an energy level of 65 keV). -75keV reduces noise and 
increases contrast-to-noise ratio (CNR). The average 
lung tumor density is 43.81 ± 10.90 and 43.32 ± 11.15 
HU in the true non-enhanced images and virtual non-
enhanced images, respectively. There was no statistically 
significant difference, proving that virtual non-enhanced 
images have tissue density without difference from the 
true non-enhanced images, this is similar to the study 
of Le Tan Khiem [5]. This shows that a series of virtual 
non-enhanced images can replace true non-enhanced 
images, helping to reduce 55.56% [6] of radiation dose to 
the patient as well as save CT performing time.

Iodine is a common contrast agent material substance in 
CT scans. Spectral CT images are particularly sensitive to 
Iodine so they can accurately and objectively reflect the 
Iodine concentration parameter through Iodine and water 
deletion images [7], [8]. An in vivo study compared iodine 
concentrations via IC spectroscopic imaging with actual 
in vitro concentrations and reported relative errors of less 
than 10% [9]. IC is not only closely related to the blood 
supply of the lesion but is also affected by many different 
factors such as total dose of contrast agent, flow rate, 
and blood circulation, or patient factors such as height, 
weight, and blood pressure. Therefore, the nIC parameter 
normalized from IC was used in this study. Our results show 
that the iodine concentration as well as the normalized 
iodine concentration in the tumor vein have statistically 
significant differences between cancer patients (n = 31). 
and non-cancer patients (n=11). This result is similar to the 
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study of Odisio [10] as well as the study of Xiao et al [11] 
when it was found that the iodine concentration value at 
the tumor center of cancer lesions was higher than that 
of benign. Our research results also show that the iodine 
concentration parameter of adenocarcinoma is higher 
than that of squamous carcinoma, which is similar to the 
research of Zhang Z [12] and Le Tan Khiem [5]. This can 
be explained by some studies that in adenocarcinoma, 
the microvessel density (MVD) of adenocarcinoma is 
higher than that of squamous carcinoma. In normal lung 
parenchyma, endothelial cells are responsible for binding 
iodine to prevent it from escaping into the interstitial space. 
When microvascular density is higher in cancerous lung 
parenchyma due to increased angiogenesis, capillary 
endothelial cells have loose connections with intact 
basement membranes, allowing iodine to escape into the 
interstitial space [13], [14].

The spectral curve is the energy attenuation curve of 
X-rays when passing through a certain substance. 
Studies have shown that the spectral curve changes 
when X-rays pass through tissues with different chemical 
compositions, so this curve can be used to differentiate 
tissues [15], [16]. Previous studies have suggested 
that conventional chest CT and perfusion CT can also 
differentiate malignant and tuberculosis groups like 
spectral CT but fail to differentiate malignant nodules and 
inflammatory lesions. In this study, the HU slope rates 
of three groups of cancer, inflammation, and tuberculosis 
were 1.73±0.55, 2.51±0.25 and 0.44±0.07, respectively. 
During the venous phase, there is a statistically significant 

difference, this result is quite similar to the study of author 
Lin et al [17]. The difference in the spectral curves between 
the three groups can be explained by the different blood 
supply and the different histological nature of each type 
of lesion. More specifically, the blood supply of the tumor 
in lung cancer is mainly from the bronchial artery. The 
blood vessels are often curved and have an increased 
diameter, the distance between endothelial cells is 
widened, contributing to increased vascular permeability. 
Therefore, tumors will receive blood supply slowly for a 
long time after contrast injection. Inflammatory lesions are 
often supplied with blood from both the pulmonary artery 
and the bronchial artery . Meanwhile, tuberculosis lesions 
are often poor vascular lesions, so they often have poor 
enhancement or only enhance the edges. According to 
some studies, inflammatory lesions often enhance faster 
and peak faster than cancerous lesions. The lower the 
energy level, the greater the tissue attenuation value, 
increasing the difference between the three groups.

V. CONCLUSION

Virtual non-enhanced images can be used to replace the 
role of true non-enhanced images. Optimal monochrome 
image quality can be evaluated at the monoenergy level 
of 65 keV. Quantifying iodine levels can help differentiate 
between benign and malignant lesions as well as 
differentiate between adenocarcinoma and squamous 
carcinoma. The HU slope rate during the venous phase 
can help differentiate between inflammatory, tuberculosis, 
and malignant groups.
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