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The value of dual-energy
spectral CT in differentiating
solitary pulmonary
tuberculosis and solitary
lung adenocarcinoma

Guojin Zhang1,2*†, Shenglin Li3†, Ke Yang1,2†, Lan Shang1,2†,
Feng Zhang1,2, Zixin Huang1,2, Jialiang Ren4, Zhuoli Zhang5,
Junlin Zhou3, Hong Pu1,2, Qiong Man6* and Weifang Kong1,2*

1Department of Radiology, Sichuan Provincial People’s Hospital, University of Electronic Science
and Technology of China, Chengdu, China, 2Department of Radiology, Chinese Academy of
Sciences Sichuan Translational Medicine Research Hospital, Chengdu, China, 3Department of
Radiology, Lanzhou University Second Hospital, Lanzhou, China, 4Department of Pharmaceuticals
Diagnosis, GE Healthcare, Beijing, China, 5Department of Radiology and BME, University of
California Irvine, Irvine, CA, United States, 6School of Pharmacy, Chengdu Medical College,
Chengdu, China
Background: To explore the value of dual-energy spectral CT in distinguishing

solitary pulmonary tuberculosis (SP-TB) from solitary lung adenocarcinoma

(S-LUAD).

Methods: A total of 246 patients confirmed SP-TB (n = 86) or S-LUAD (n = 160)

were retrospectively included. Spectral CT parameters include CT40keV value,

CT70keV value, iodine concentration (IC), water concentration (WC), effective

atomic number (Zeff), and spectral curve slope (l70keV). Data were measured

during the arterial phase (AP) and venous phase (VP). Chi-square test was used

to compare categorical variables, Wilcoxon rank-sum test was used to

compare continuous variables, and a two-sample t-test was used to

compare spectral CT parameters. ROC curves were used to calculate

diagnostic efficiency.

Results: Therewere significant differences in spectral CT quantitative parameters

(including CT40keV value [all P< 0.001] , CT70keV value [all P< 0.001], l70keV [P<

0.001, and P = 0.027], Zeff [P =0.015, and P = 0.001], and IC [P =0.002, and P =

0.028]) between the two groups during the AP and VP. However, WC (P = 0.930,

and P = 0.823) was not statistically different between the two groups. The ROC

curve analysis showed that the AUC in the AP and VP was 90.9% (95% CI, 0.873-

0.945) and 83.4% (95% CI, 0.780-0.887), respectively. The highest diagnostic
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performance (AUC, 97.6%; 95% CI, 0.961-0.991) was achieved when all

spectral CT parameters were combined with clinical variables.

Conclusion:Dual-energy spectral CT has a significant value in distinguishing

SP-TB from S-LUAD.
KEYWORDS

spectral CT, NSCLC, pulmonary tuberculosis, lung adenocarcinoma, differential
diagnosis
Introduction

Lung cancer (LC) remains the leading cause of cancer-

related death worldwide (1). Non-small cell lung cancer

(NSCLC) accounts for more than 80% of LC cases, of which

lung adenocarcinoma (LUAD) is the most common histological

subtype (2). In clinical practice, some benign lesions have clinical

symptoms and radiological findings that are similar to those of

LC. Therefore, these benign lesions are often misdiagnosed as LC

and receive overtreatment, such as surgical resection or needle

biopsy (3, 4). Pulmonary tuberculosis (TB) is a radiographically

diverse. When it presents as a solitary nodule or mass, it is

difficult to distinguish from solitary LC, especially solitary lung

adenocarc inoma (S-LUAD). There fore , accurate ly

distinguishing solitary pulmonary tuberculosis (SP-TB) and S-

LUAD is a common and challenging issue.

Several imaging techniques, including CT (5), MRI (6), and

PET/CT (7), have been used to differentiate between the two

diseases. However, none of these methods yield satisfactory

results. Currently, histological diagnosis remains the most

accurate method to distinguishing between these two diseases.

However, this method has some limitations. First, histological

examination is an invasive procedure that may cause serious

complications such as pneumothorax (8), hemorrhage (9), and air

embolism (10). Second, needle biopsy increases the risk of TB

dissemination (11). Finally, a small subset of tissues obtained from

histological samples lacks overall information about the lesion (12).

Thus, there is an urgent need for a non-invasive, accurate and

convenient technique to differentiate between SP-TB and S-LUAD.

In recent years, with the widespread application of dual-

energy spectral CT in clinical practice, new perspectives have

been developed to study the internal characteristics of tumors,

especially thoracic tumors. Dual-energy spectral CT uses

instantaneous (<0.05ms) dual kVp (80 kVp and 140 kVp)

switching technology to obtain single-energy images at

different keV levels (40–140 keV). It can not only reflect the

morphological characteristics of lesions but also provide

multiparameter information such as single- spectral CT value,

effective atomic number (Zeff), iodine concentration (IC), and
02
water concentration (WC) of lesions. At the same time, it can

also generate characteristic performance spectral curves and

curve slopes for different lesions and tissues (4, 13). Studies

have shown that spectral CT has achieved good performance in

differentiating benign and malignant thoracic tumors (4),

distinguishing histological subtypes of NSCLC (14), evaluating

NSCLC pathological grades (15), and predicting the efficacy of

chemotherapy for lung cancer (16). Therefore, the purpose of

this study was to effectively distinguish SP-TB from S-LUAD by

using dual-energy spectral CT.
Materials and methods

Patients

We retrospectively screened and collected spectral CT and

clinical data of patients in Lanzhou University Second Hospital

(Lanzhou, China) from January 2018 to March 2021. This

retrospective study was approved by the Institutional Review

Board, and the requirement for informed consent was waived.

Inclusion criteria were as follows (1): histologically confirmed

lung adenocarcinoma or pulmonary TB after surgery or biopsy

(2); For TB patients, positive real-time fluorescence quantitative

polymerase chain reaction test results (3); no relevant treatment

before CT scan (4); presented as solitary nodules or masses on

CT images (5); past dual-phase enhanced spectral CT scans; and

(6) lesions without characteristic calcification or fat density on

CT imaging. The exclusion criteria were as follows (1): history of

other malignancies (2); time interval > 4 weeks between the CT

scan and surgery or biopsy (3); lesions< 10 mm in maximum

diameter (4); viral infections, such as HIV and HBV; and (5)

age< 18 years. Smoking history was defined as non-smokers

(never smoked) and smoking (previously or currently smoked).

If the tumor crosses the fissure, the lobe location is defined as the

lobe in which the tumor predominates.

According to the above criteria, 246 patients (105 females

and 141 males; mean age ± standard deviation [SD], 53.96 ±

12.45 years; median age, 55.0 years) were enrolled, of which 86
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were SP-TB (mean age ± SD, 46.98 ± 12.84 years; median age,

49.5 years) and 160 were S-LUAD (mean age ± SD, 57.71 ± 10.49

years; median age, 59.0 years).
CT scanning protocol

All patients underwent dual-phase contrast-enhanced CT

scans using the Discovery CT750 HD scanner (GE Healthcare,

Milwaukee, WI, USA) in gemstone spectral imaging (GSI) mode.

The CT scan parameters were as follows: tube voltage, 80 kVp

and 140 kVp instantaneous (< 0.5ms) switching; tube current,

375 mA; beam pitch, 0.984:1; rotation time, 0.7 s; matrix,

512×512; scanning field, 50 cm; slice thickness, 5mm; and slice

spacing, 5mm. Scanning range was from lung tip to lung bottom.

The non-ionic contrast agent iohexol (300 mgI/ml, Yangtze

River Pharmaceutical Group, Jiangsu, China) was injected

through the median cubital vein using a high-pressure syringe

(XD8000, Ulrich, Germany) at a dose of 1.3–1.5 mL/kg and an

injection rate of 3.5–4.0 ml/s. Arterial phase (AP) and venous

phase (VP) scans were performed 30 s and 60 s after contrast

injection using automatic tracking technology. Moreover, 60%

ASiR-V iteration was used to reconstruct images at the end of

the scan with a reconstructed slice thickness of 1.25 mm and

reconstructed slice spacing of 1.25 mm.
Image analysis

Raw CT images were transferred to an ADW4.6 image post-

processing workstation (GE Healthcare, Milwaukee, WI, USA).

Two radiologists with 6 and 8 years of experience in thoracic

diagnosis independently analyzed the images and reached a

consensus by discussion in case of disagreement. Both

physicians were blinded to the patients’ clinical information

and pathological findings. All parameters of the AP and VP were

measured using GSI software based on 70 keV monochrome

images. To maintain the accuracy of the measurement results, a

round region of interest (ROI) was manually placed in an area

with uniform enhancement of the lesion, avoiding areas of

calcification, necrosis, and blood vessels that could affect the

measurement results. When the lesion was uniform, the area of

the ROI should be greater than 1/2 of the largest cross-sectional

area of the lesion. When the lesion density was not uniform, the

ROI was placed in the area with the most solid components.

Meanwhile, to accurately reflect the actual situation of the lesion,

the largest cross-section of the lesion and its adjacent layers

above and below were selected for measurement, and the average

value was calculated. Finally, the average of the two doctors’

measurements was averaged again to obtain the final

measurement. In addition, to minimize measurement bias, a

copy-and-paste function was used to maintain the position, size,

and shape of the ROI consistent in each patient’s two-phase (AP
Frontiers in Oncology 03
and VP) images. GSI software was used to automatically

generate IC, WC, Zeff, CT value at 40 keV (CT40keV) and CT

value at 70 keV (CT70keV) , and calculate the spectral curve slope

of the lesion at 70 keV according to the following formula:

l70keV= (CT40 keV–CT70 keV)/70–40)
Statistical analysis

All statistical analyses were performed using R software

(version 3.6.3, https://www.R-project.org ). Continuous and

categorical variables are expressed as mean ± standard deviation

(SD) and percentage, respectively. Wilcoxon rank sum test was

used to compare continuous variables between the SP-TB and S-

LUAD groups. Chi-square tests were used to compare categorical

variables between two groups. A two-sample t-test was used to

compare the quantitative parameters of spectral CT between the

two groups. Two-sided P-value< 0.05 were considered statistically

significant. The receiver operating characteristic (ROC) curve was

used to evaluate the diagnostic performance of different variables,

and the area under the curve (AUC), accuracy, sensitivity,

specificity and 95% confidence interval (CI) were calculated.
Results

Clinical characteristics of the patients

The clinical characteristics of the patients are summarized in

Table 1. There were no significant differences in sex, smoking

history and lobe location between the SP-TB and S-LUAD

groups (P = 0.255 for sex, P = 0.117 for smoking history, and

P = 0.100 for lobe location). Age (P< 0.001) and

carcinoembryonic antigen (CEA) levels (P< 0.001) were

statistically different between the two groups. Multivariate

logistic retrospective analysis showed that age and CEA levels

were statistically different between the two groups.
Quantitative image analysis

Figures 1, 2 show two sets of representative images acquired

using spectral CT for patients with SP-TB and S-LUAD,

respectively. During the AP, the CT40keV (142.30 ± 10.64 HU

vs. 159.75 ± 11.25 HU; P< 0.001), CT70keV (61.35 ± 7.15 HU vs.

66.22 ± 8.50 HU; P< 0.001), l70keV (2.70 ± 0.37 vs. 3.12 ± 0.34;

P< 0.001), Zeff (8.50 ± 0.08 vs. 8.52 ± 0.07; P = 0.015), and IC

(14.70 ± 1.57 100ug/cm3 vs. 15.32 ± 1.08 100ug/cm3; P = 0.002)

of the SP-TB group were significantly lower than those of the S-

LUAD group (all P< 0.05) (Table 2 and Figure 3). In the VP, the

CT40keV (152.08 ± 8.69 HU vs. 142.49 ± 8.23 HU; P< 0.001),

CT70keV (68.33 ± 6.57 HU vs. 61.53 ± 6.95 HU; P< 0.001), l70keV
(2.79 ± 0.31 vs. 2.70 ± 0.32; P = 0.027), Zeff (8.47 ± 0.09 vs. 8.43 ±
frontiersin.org

https://www.R-project.org
https://doi.org/10.3389/fonc.2022.1000028
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhang et al. 10.3389/fonc.2022.1000028
TABLE 1 Clinical characteristics of patients with SP-TB and S-LUAD.

Variable All Patients (n=246) SP-TB (n=86) S-LUAD (n=160) Univariate analysis Multivariate analysis

P value OR (95% CI) P value

Age (years) <0.001 1.064
(1.032-1.100)

<0.001

Mean ± SD 53.96 ± 12.45 46.98 ± 12.84 57.71 ± 10.49

Median (Q1, Q3) 55.0 (46.8, 63.0) 49.5 (37.0, 56.3) 59.0 (50.0, 64.8)

Sex (%) 0.255 NA

Male 141 (57.32%) 54 (62.79%) 87 (54.38%)

Female 105 (42.68%) 32 (37.21%) 73 (45.63%)

Smoking history (%) 0.117 NA

Smoker 72 (29.27%) 31 (36.05%) 41 (25.63%)

No smoker 174 (70.73%) 55 (63.95%) 119 (74.38%)

Lobe location (%) 0.100 NA

RUL 63 (25.61%) 21 (24.42%) 42 (26.25%)

RML 29 (11.79%) 16 (18.61%) 13 (8.13%)

RLL 57 (23.17%) 16 (18.61%) 41 (25.63%)

LIL 54 (21.95%) 21 (24.42%) 33 (20.63%)

LLL 43 (17.48%) 12 (13.95%) 31 (19.38%)

CEA (%) <0.001 19.214
(9.036-45.155)

<0.001

Normal 118 (47.97%) 77 (89.535%) 41 (25.625%)

High 128 (52.03%) 9 (10.465%) 119 (74.375%)
Frontiers in Oncolog
y
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 frontiersin.or
CEA, Carcinoembryonic antigen; LLL, Left lower lobe; LUL, Left upper lobe; RLL, Right lower lobe; RML, Right middle lobe; RUL, Right upper lobe; SD, Standard deviation; S-LUAD,
Solitary lung adenocarcinoma; SP-TB, Solitary pulmonary tuberculosis.
FIGURE 1

Dual-energy spectral CT images and pathological sections of a 51-year-old woman with solitary pulmonary tuberculosis (SP-TB). (A) lung
window; (B, H) 70keV single-energy pseudo-color images; (C, I) iodine concentration (IC) pseudo-color images; (D, J) water concentration
(WC) pseudo-color images; (E, K) effective atomic number (Zeff) pseudo-color images; (F, L) spectral curves and slopes; (G) hematoxylin and
eosin staining (original magnification × 200). (B–F) arterial phase; (H–L) venous phase.
g
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FIGURE 3

Violin plots of dual-energy spectral CT multiparameter for solitary pulmonary tuberculosis (SP-TB) and solitary lung adenocarcinoma (S-LUAD)
in the arterial phase. (A) CT40 keV value; (B) CT70 keV value; (C) effective atomic number (Zeff); (D) iodine concentration (IC); (E) water
concentration (WC); (F) spectral curve slope (l70 keV). *P < 0.05; **P < 0.01; ****P < 0.0001; Ns, No significance.
FIGURE 2

Dual-energy spectral CT images and pathological sections of a 45-year-old man with solitary lung adenocarcinoma (S-LUAD). (A) lung window;
(B, H) 70keV single-energy pseudo-color images; (C, I) iodine concentration (IC) pseudo-color images; (D, J) water concentration (WC)
pseudo-color images; (E, K) effective atomic number (Zeff) pseudo-color images; (F, L) spectral curves and slopes; (G) hematoxylin and eosin
staining (original magnification × 200). (B–F) arterial phase; (H–L)venous phase.
Frontiers in Oncology frontiersin.org05
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0.09; P = 0.001), and IC (14.54 ± 1.55 100ug/cm3 vs. 14.07 ± 1.65

100ug/cm3; P = 0.028) of the SP-TB group were significantly

higher than those of the S-LUAD group (all P< 0.05) (Table 2

and Figure 4). In the AP and VP, WC were not statistically

different between the two groups (P > 0.05).
Diagnostic performance of quantitative
parameters

The ROC curves are presented in Table 3 and Figure 5.

Among all single parameters in the AP, the CT40keV value had

the highest performance in differentiating SP-TB and S-LUAD,

with an AUC, accuracy, sensitivity and specificity of 0.867 (95%

CI, 0.818 – 0.917), 0.821 (95% CI, 0.767 – 0.867), 0.825 (95% CI,

0.656 – 0.887) and 0.814 (95% CI, 0.663 – 0.884), respectively.

When all the single parameters of the AP were combined, the

diagnostic performance was further improved, with AUC,

accuracy, sensitivity and specificity of 0.867 (95% CI, 0.818 –

0.917), 0.821 (95% CI, 0.767 – 0.867), 0.825, respectively (95%

CI, 0.656 – 0.887) and 0.814 (95% CI, 0.663 – 0.884), respectively

(Table 3; Figure 5A). Similarly, when all the single parameters in

the VP were combined, the diagnostic performance was higher

than that of the single parameters, with an AUC, accuracy,

sensitivity and specificity of 0.834 (95% CI, 0.780 – 0.887), 0.764
Frontiers in Oncology 06
(95% CI, 0.706 – 0.816), 0.706 (95% CI, 0.419 – 0.769), and 0.872

(95% CI, 0.662 – 0.919), respectively (Table 3; Figure 5C).

When clinical variables (AUC, 0.872; 95% CI, 0.826 – 0.918)

were combined with all parameters of spectral CT (AUC, 0.942;

95% CI, 0.913 – 0.971), the diagnostic performance was highest,

and the AUC, accuracy, sensitivity and specificity were 0.976

(95% CI, 0.961-0.991), 0.935 (95% CI, 0.897 – 0.962), 0.956 (95%

CI, 0.812 – 0.988), and 0.895 (95% CI, 0.732 – 0.953),

respectively (Table 3; Figure 5C).
Discussion

In this study, we used dual-energy spectral CT to distinguish

solitary pulmonary tuberculosis from solitary lung

adenocarcinoma. Spectral CT parameters combined with

clinical variables showed excellent predictive performance

(AUC, 0.976; 95% CI, 0.961 – 0.991) in identifying these

two diseases.

According to previous reports (17, 18), lung cancer patients

were older than tuberculosis patients, and the expression rate of

CEA in lung cancer patients was higher. This is consistent with

our findings. Pulmonary tuberculosis tends to involve the

posterior apical segment of the upper lobe and the dorsal

segment of the lower lobe of both lungs. However, this trend
ED
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C

FIGURE 4

Violin plots of dual-energy spectral CT multiparameter for solitary pulmonary tuberculosis (SP-TB) and solitary lung adenocarcinoma (S-LUAD)
in the venous phase. (A) CT40 keV value; (B) CT70 keV value; (C) effective atomic number (Zeff); (D) iodine concentration (IC); (E) water
concentration (WC); (F) spectral curve slope (l70 keV). *P < 0.05; ***P < 0.001; ****P < 0.0001; Ns, No significance.
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was not observed in this study. This may be related to our

smaller sample size, or to the type of tuberculosis, which needs

further study.

Some parameters of spectral CT can indirectly reflect the

intrinsic characteristics of the tumor, such as CT value and IC,

which can indirectly reflect the blood supply to the tumor, and

Zeff can reflect the effective atomic number of inorganic

substances in the tumor (4, 19, 20). Therefore, these parameters

can be used as imaging markers for lung tumors. The results of

this study showed that in the AP, the CT40keV value, CT70keV
Frontiers in Oncology 07
value, l70keV, IC, and Zeff of the S-LUAD group were significantly

higher than those of the SP-TB group, whereas during the VP,

these spectral CT parameters were significantly increased in the

SP-TB group. LUAD usually causes new blood vessels and an

abundant vascular network (21), and TB has a relatively

insufficient microvessel density. These changes may have

contributed to the differences in spectral CT parameters

between the two groups. Iodine is the main component of CT

contrast agents, and IC in the tumor reflects its degree of

enhancement, which can indirectly reflect the relative vascular
TABLE 3 ROC curve analysis of spectral CT parameters in distinguishing between SP-TB and S-LUAD.

Parameters AUC (95% CI) Cutoff Accuracy (95% CI) Sensitivity (95% CI) Specificity (95% CI)

AP

CT40keV (HU) 0.867(0.818-0.917) 149.52 0.821(0.767-0.867) 0.825(0.656-0.887) 0.814(0.663-0.884)

CT70keV (HU) 0.669(0.602-0.735) 69.66 0.593(0.529-0.655) 0.412(0.256-0.506) 0.930(0.755-0.965)

l70keV 0.785(0.725-0.845) 2.65 0.785(0.728-0.834) 0.944(0.800-0.981) 0.488(0.349-0.605)

Zeff 0.591(0.514-0.667) 8.45 0.667(0.604-0.725) 0.875(0.731-0.946) 0.279(0.163-0.384)

IC (100ug/cm3) 0.624(0.543-0.706) 14.08 0.724(0.663-0.778) 0.887(0.706-0.938) 0.419(0.256-0.523)

AP_all 0.909(0.873-0.945) 0.61 0.854(0.803-0.895) 0.844(0.669-0.894) 0.872(0.686-0.930)

VP

CT40keV (HU) 0.785(0.728-0.842) 144.91 0.703(0.642-0.760) 0.631(0.481-0.738) 0.826(0.698-0.896)

CT70keV (HU) 0.772(0.708-0.836) 63.23 0.699(0.638-0.756) 0.631(0.331-0.731) 0.826(0.698-0.896)

l70keV 0.594(0.520-0.668) 2.92 0.659(0.596-0.718) 0.819(0.594-0.887) 0.360(0.163-0.454)

Zeff 0.633(0.560-0.706) 8.50 0.691(0.629-0.748) 0.850(0.660-0.931) 0.395(0.276-0.498)

IC (100ug/cm3) 0.590(0.515-0.664) 15.11 0.654(0.591-0.714) 0.806(0.637-0.875) 0.372(0.244-0.477)

VP_all 0.834(0.780-0.887) 0.69 0.764(0.706-0.816) 0.706(0.419-0.769) 0.872(0.662-0.919)

Clinical 0.872(0.826-0.918) 0.65 0.821(0.767-0.867) 0.781(0.531-0.856) 0.895(0.744-0.954)

AP_all + VP_all 0.942(0.913-0.971) 0.70 0.882(0.835-0.920) 0.856(0.500-0.913) 0.930(0.814-0.965)

Combined* 0.976(0.961-0.991) 0.54 0.935(0.897-0.962) 0.956(0.812-0.988) 0.895(0.732-0.953)
AP, arterial phase; AUC, Area under the curve; CI, Confidence interval; IC, Iodine concentration; ROC, Receiver operating characteristic;
S-LUAD, Solitary lung adenocarcinoma; SP-TB, Solitary pulmonary tuberculosis; VP, venous phase; Zeff, Effective atomic number.
* Combined: AP_all + VP_all + ClinicalFigure legends.
TABLE 2 Comparison of spectral CT parameters of SP-TB and S-LUAD in AP and VP.

Parameters SP-TB
(n=86)

S-LUAD
(n=160)

t P-value

AP_CT40keV (HU) 142.30 ± 10.64 159.75 ± 11.25 -11.82 <0.001

AP_CT70keV (HU) 61.35 ± 8.85 66.22 ± 8.50 -4.76 <0.001

AP_l70keV 2.70 ± 0.37 3.12 ± 0.34 -8.65 <0.001

AP_Zeff 8.50 ± 0.08 8.52 ± 0.07 -2.45 0.015

AP_IC (100ug/cm3) 14.70 ± 1.57 15.32 ± 1.08 -3.24 0.002

AP_WC (mg/cm3) 1026.52 ± 10.0 1026.64 ± 10.86 -0.99 0.930

VP_CT40keV (HU) 152.08 ± 8.69 142.49 ± 8.23 8.55 <0.001

VP_CT70keV (HU) 68.33 ± 6.57 61.53 ± 6.95 7.46 <0.001

VP_l70keV 2.79 ± 0.31 2.70 ± 0.32 2.22 0.027

VP_Zeff 8.47 ± 0.09 8.43 ± 0.09 3.37 0.001

VP_IC (100ug/cm3) 14.54 ± 1.55 14.07 ± 1.65 2.21 0.028

VP_WC (mg/cm3) 1032.62 ± 9.03 1032.37 ± 7.64 0.22 0.823
front
AP, arterial phase; IC, Iodine concentration; S-LUAD, Solitary lung adenocarcinoma; SP-TB, Solitary pulmonary tuberculosis; VP, venous phase; WC, Water concentration; Zeff, Effective
atomic number.
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distribution in the tumor (22). The energy spectral curve describes

the attenuation of different tissues under X-ray irradiation at

various energies. Therefore, different tissues have characteristic

energy spectral curves (23). The difference in the energy spectral

curve was evaluated by calculating the slope of the curve. In this

study, CT values at low energies (40 keV and 70 keV) were

selected, and the slope of the curve at 70 keV was calculated. The

results showed that in the AP, the energy spectral curve of the S-

LUAD group was relatively steep and the curve slope was larger,

and the energy spectral curve of the SP-TB group was relatively

flat and the curve slope was smaller, whereas in the VP, the results

were opposite (Figures 1, 2). However, this was inconsistent with

the findings of Hou et al. (24). This may be due to the fact that

they only explored the relationship between inflammatory masses

and lung cancer, and did not make a detailed distinction between

the pathological types of these lesions. Therefore, our study may

be more in line with the clinical practice.

ROC curve analysis showed that the combined diagnostic

performance of all spectral parameters in the AP and VP was

higher than that of other single parameters (Table 3; Figures 5A,
Frontiers in Oncology 08
B). All spectral parameters combined with clinical variables

showed the highest diagnostic performance (AUC = 97.6%) in

distinguishing SP-TB and S-LUAD (Table 3; Figure 5C).

However, the population assessed in this study was based on a

small geographic area, and the stability of the results needs to be

further verified in larger sample sizes and more centers. These

findings suggest that spectral CT has potential clinical value for

differentiating between these two diseases.

Our study had several limitations. First, similar to other

retrospective studies, this study may have an inherent selection

bias. In future studies, more patients should be recruited from

multiple centers to limit bias as much as possible. Second, this

study only discussed the predictive performance of spectral CT

in distinguishing SP-TB from S-LUAD; therefore, the predictive

performance of spectral CT for other lung cancer subtypes

should be further investigated in the future to draw broader

conclusions. Third, more pathological information may provide

experimental pathophysiological rationale for the findings,

however, this study lacks the correlation between spectral CT

parameters and pathological information.
A B

C

FIGURE 5

Receiver operating characteristic curves for spectral CT parameters. (A) arterial phase; (B) venous phase; (C) combined.
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In conclusion, dual-energy spectral CT is a promising

method to distinguish SP-TB from S-LUAD. This preliminary

result should be further validated in a multicenter and large

sample, so that this non-invasive and effective technique can be

applied in clinical practice.
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