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Abstract

Background Lung cancer continues to pose a serious risk to human health. With a high mortality rate, non-small

cell lung cancer (NSCLC) is the major type of lung cancer, making up to 85% of all cases of lung cancer. Lung
adenocarcinoma (AC), and lung squamous cell carcinoma (SC) are the two primary types of NSCLC. Determining the
pathological type of NSCLC is important in establishing the most effective treatment method. Dual-energy computed
tomography (DECT) multi-parameter imaging is an imaging technology that provides accurate and reliable disease
diagnosis, and its uses are utilized for the combined diagnostic efficacy of AC and SC. The purpose of this study was
to investigate the diagnostic value of spectral parameters of DECT in efficacy to AC and SC, and their combined
diagnostic efficacy was also analyzed.

Methods We conducted a retrospective analysis of clinical and imaging data for 36 patients diagnosed with SC
and 35 patients with AC. These patients underwent preoperative DECT chest scans, encompassing both arterial
and venous phases, at our hospital from December 2020 to April 2022. The tumor diameter, water concentration
(WQ), iodine concentration (IC), normalized iodine concentration (NIC), Z effective (Zeff), and slope of the curve (K)
in lesions were evaluated during two scanning phases in the two separate pathological types of lung cancers. The
differences in parameters between these two types of lung cancers were statistically analyzed. In addition, receiver
operating characteristic (ROC) curves were performed for these parameters to distinguish between SC and AC.

Results In a univariate analysis involving 71 lung cancer patients, the results from Zeff, IC, NIC, and K from the AC'’s
arterial and venous phase images were more elevated than those from the SC (P<0.05). In contrast, the WC results
were lower than those from SC (P<0.05). The area under the ROC curve (AUC) for multi-parameter joint prediction
typing was 0.831, with a corresponding sensitivity of 63.9% and specificity of 94.3%.
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Conclusion It is possible to distinguish between central SC and AC using the spectrum characteristics of DECT-
enhanced scanning (Zeff, IC, NIC, K, WC, and tumor diameter). Diagnostic effectiveness can be greatly improved when

multiple variables are included.

Keywords Energy spectrum CT, Lung adenocarcinoma, Lung squamous cell carcinoma

Background

Lung cancer is one of the world’s most prevalent and a
major contributor to cancer-related mortality [1, 2]. The
most pervasive pathological forms of lung cancer are
lung adenocarcinoma (AC) and squamous cell carcinoma
(SC), and each has a unique therapeutic treatment strat-
egy, with notable variations in chemotherapy regimens
[3-5]. The identification of the pathological type of lung
cancer before beginning therapy might therefore aid
in the development of precise treatment strategies and
prognostication. The majority of pathological diagnoses
of lung cancer currently depend on cytological analy-
sis, fiberoptic bronchoscopy, or fine needle aspiration
biopsy [6]. Certain tumors, particularly those located
deep within the lung tissue or near major blood vessels
and bones, can be challenging to obtain a tissue sample
from due to their anatomical position. This makes biopsy
procedures more complex and potentially risky, thus ren-
dering the above methods unsuitable [7]. A non-invasive,
safe, and economical technique is an essential tool to
assist in identifying the histological type of malignancies.

At present, conventional Computed tomography (CT)
is a commonly used method for diagnosing lung cancer,
but due to the beam hardening effect caused by mixed
energy X-rays, it can affect the accuracy of CT value
measurement and easily lead to misdiagnosis or missed
diagnosis [8, 9]. The PET-CT can not only determine the
exact location of lesions, but also measure tumor meta-
bolic activity, but these modalities are associated with
excessive radiation doses and high costs [10]. MRI have
been used to detect lesions in lung in recent years, but
the bad effect of faint signals and breathing motion arti-
facts need to overcome [11, 12]. Various pathological
types of lung cancer exhibit distinct biological behaviors
and pathological features and therefore require effective
and sensitive modalities for diagnosis.

Dual-energy CT (DECT) significantly increases the
precision and reliability of disease diagnosis by not only
offering images of anatomical morphology but also
enabling the conversion of single-parameter diagnos-
tic modes to multi-parameter diagnostic modes [7, 13].
Furthermore, it can reveal additional biological details
about lesions and differentiate between various tissue
components [14—17]. Fehrenbach et al. [18]considered
that only standardized iodine concentration (NIC) in
the arterial phase (AP) was significant for the differential
diagnosis of NSCLC. In contrast, Li et al. [19]showed that
venous phase (VP) of IC can differentiate SC from AC

by reflecting tumor microvessel density. Problems, such
as single-phase scanning and single spectral parameters,
have caused a lot of controversies. This study improves
the above issues. This study aims to explore the diagnos-
tic value of DECT parameters in distinguishing AC and
SC diagnosis, and analyze their combined diagnostic
efficacy.

Methods

Patients

The Ethics Committee of Shaanxi Province’s Baoji Cen-
tral Hospital approved this study, and the experimental
protocol was executed according to the approved guide-
lines. Informed permission was waived in view of the
study’s retrospective nature. Seventy-one patients with
pathologically confirmed AC and SC who had preop-
erative energy spectrum CT chest scans performed at
the Baoji Central Hospital in Shaanxi Province between
December 2020 and April 2022 had their clinical and
imaging data retrospectively analyzed. There were 35
cases of AC and 36 cases of SC, of whom 34 were males
and 37 were females. Inclusion criteria: (1) Preoperative
chest energy spectrum CT scan was performed, and the
CT image could clearly display the lesion; (2) Pathologi-
cal confirmation of non-small cell lung cancer through
puncture biopsy, fiberoptic bronchoscopy, or surgical
resection. Exclusion criteria: (1) Acceptance of radiation
and chemotherapy before CT examination or biopsy,
fiberoptic bronchoscopy, or surgical resection; (2) Miss-
ing or incomplete imaging and clinical data; (3) Cases
where the lesion was too small or had too much liquefac-
tion necrosis; (4) Cases where the lesion was not clearly
displayed due to obstructive atelectasis, pneumonia,
pleural effusion, etc. Figure 1 illustrates the flow diagram
of the presentation study.

CT examination

Plain and three-phase enhanced scans using 256-row sin-
gle source dual energy CT (GE, Revolution CT Xstream
Edition) were performed. The scanning range spanned
from the apex of the lungs to the lower edge of the liver.
The gemstone spectral imaging (GSI) mode was adopted.
The parameters of the conventional sequence included
instantaneous switching of tube voltage between 80 kVp
and 140 kVp, tube current of 200-400 mA, layer thick-
ness and spacing of 5 mm, reconstruction layer thick-
ness of 1.25 mm, detector width of 80 mm, tube rotation
time of 0.5 s, pitch of 0.992:1, FOV of 35 cmx35 cm. The
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Patients enrolled for this study (n=110)

xclusion (n=39)

® acceptance of radiation and chemotherapy before CT]
examination or biopsy, fiberoptic bronchoscopy, or

surgical resection (n=30)

® Missing or incomplete imaging and clinical data (n=9)

71 NSCLC patients were recruited for study

Fig. 1 Flowchart for the inclusion and exclusion of patients

contrast agent for enhanced scanning was iodohexanol
(300 mgl/mL, dose of 1.2 mL/kg body mass), injected
through the anterior elbow vein at a rate of 3.0-3.5 mL/s.
Arterial (AP), venous (VP), and delayed phase images
were obtained after contrast agent injection for 30's, 60s,
and 120 s, respectively.

Imaging analysis
Scanned and reconstructed data was transferred to the
post-processing workstation (GE, AW 4.6), and arte-
rial and venous phase images were generated using GSI
Viewer analysis software. Dual-energy datasets for arte-
rial and venous phases for post-processing were selected.
Select three consecutive image slices containing the max-
imum cross-section of the tumor and adjacent upper and
lower levels for measurement; Manually draw a circular
or elliptical region of interest (ROI) as large as possible
(close to half to two-thirds of the lesion area), avoiding
the edges, blood vessels, calcification, and necrotic areas
of the tumor. The measurement methods and parameters
for arterial and venous lesions are consistent.
Quantitative parameter measurement included: (1) The
calculation of the slope of the energy spectrum attenu-
ation curve (k)=(HU40keV HU100keV)/(100—40); (2)
Effective ordinal number (Zeff); (3) The measurement
of the iodine concentration (IC) of arterial phase lesions
and the iodine value of the aorta at the same level as the
lesion using Iodine substance map, and the calculation of
the standardized iodine concentration (NIC). The stan-
dardized iodine concentration is equal to the iodine value
of the lesion/the iodine value of the aorta at the same
level. (4) Measurement of the water concentration (WC).
(5) Measurement of the maximum thickness of the larg-
est layer of the lesion axis map (measured sample thick-
ness in this study).

Histochemical examination

A pathologist with ten years of expertise in immuno-
histochemical staining examined tumor specimens.
The pathologist numbered, assessed, and documented
each section’s pathological nature without having access
to clinical data or spectral CT scan results. The World
Health Organization Classification of Lung Tumors was
followed in the application of the histopathological crite-
ria for diagnosis.

Statistical analysis

SPSS 25.0 was used to perform statistical analysis. The
classification count data was reported as a percentage of
the total number of cases, and x2 test was used to com-
pare the two groups.

The measurement data undergoing normality testing
and data that followed a normal distribution were pre-
sented as meantstandard deviation (£SD). To compare
the two groups, two independent sample t-tests were
employed. The median (quartile) was used for present-
ing data that did not fit into a normal distribution, and
the Mann-Whitney U test was used to compare the two
groups. Logistic regression was used to integrate the
spectral CT parameters with statistically significant dif-
ferences between the two groups based on the weight-
ing coefficient, and the diagnostic efficacy of quantitative
parameters was analyzed using ROC curves. A P-value of
<0.05 indicates a statistically significant difference.

Results

Clinical data and routine imaging data of patients

The findings from the study showed that the clinical
characteristics of the two patient groups—including
age, gender, and smoking history—did not differ sta-
tistically significantly (£>0.05). The maximum diam-
eter of squamous cell carcinoma was larger than that of
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Table 1 Summary of clinical and routine imaging data

Characteristics AC (n=35) SC(n=36) P-value
Age (years) 657141044 64.19+7.06 0476
Gender 0.901
Female 19 (54) 18 (50)

Male 16 (46) 18 (50)

Smoking history 0.921
No 15 (43) 14 (39)

Yes 20(57) 22 (61)

Speculation sign 0.118
No 12 (34) 20 (56)

Yes 23 (66) 16 (44)

Lobulation sign 0478
No 3(9) 6(17)

Yes 32(91) 30(83)

Pleural indentation 0.188
No 13(37) 20 (56)

Yes 22 (63) 16 (44)

Tumor size (cm) 2.8 (2.05,4.05) 5(3.5,6.62) <0.001"
Tumor location 0.138
Right upper lobe 16 (46) 7 (19)

Right lower lobe 6(17) 11@31)

Right middle lobe 0(0) 1(3)

Left upper lobe 8(23) 10 (28)

Left lower lobe 5(14) 7(19)

*P<0.05

adenocarcinoma [5 (3.5, 6.62) cm and 2.8 (2.05, 4.05) c¢m,
P<0.05]. However, there was no statistically significant
difference (P>0.05) in the comparison of conventional
imaging features such as hair prick sign, lobulation sign,
pleural traction, and tumor location. Table 1 illustrates
the clinical data.

Comparison of CT parameters of different energy spectra
between AC and SC groups

As shown in Tables 2 and 3; Figs. 2 and 3, the Zeff, IC,
NIC, and K obtained from AP and VP images in the
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AC patients were all higher than those in SC patients
(P<0.05), whereas the WC was comparatively lower than
that in SC (P<0.05).

ROC curve analysis and display of diagnostic efficiency of
spectral CT parameters

Logistic regression was used to integrate the spectral
CT parameters with statistically significant differences
between the two groups based on the weighting coef-
ficient, as seen in Table 4; Fig. 4. The regression model
was:11.465-3.727*VP_(Intercept) + 0.014*VP_Zeff-
0.19*VP_water base value+10.275*VP_IC-1.875*VP_
NIC-0.112*VP_K+0.004*AP_Zeff+0.042* AP_water base
value —16.286* AP_ IC+3.028* AP_NIC+0.318* AP_K-
3.727* tumor diameter. The AUC of the ROC curve was
0.831, with sensitivity of 63.9% and specificity of 94.3%.

Discussion

The histological classification of lung cancer has been
proven to be an independent prognostic indicator. Due
to significant differences in biological behavior, treatment
strategies, and prognosis evaluation among different
pathological subtypes of lung cancer, AC and SC are the
two main types of NSCLC. Determining the pathological
type of NSCLC is crucial for establishing the most effec-
tive treatment methods [4, 20]. Therefore, the treatment
methods for lung cancer patients with different patholog-
ical subtypes have certain reference value, which can help
reduce mortality, prolong survival time, and improve
quality of life.

In addition to identifying and classifying tumor dis-
orders based on their physical features, DECT can also
provide insight into the underlying biology of the tumor
by analyzing its various stages [13, 21-23]. Although
the parameters of VP were left out of the study, Wang et
al. [20] demonstrated the diagnostic value of the spec-
tral curve slope of 40 to 70 kev in the AP-K and IC in

Table 2 Comparison of energy spectrum parameters in arterial phase of CT enhanced scanning between lung adenocarcinoma and

squamous cell carcinoma patients

Group Zeff wcC IC NIC K

AC 8.53(8.2,873) 1023.20 (1009, 1029.78) 15.70 (9.56, 20.53) 0.16 (0.11,0.2) 1.76 (1.1,2.42)
SC 8.25(7.98,843) 1027.84 (1023.83, 1033.75) 10.52 (6.4, 13.6) 0.13(0.08,0.16) 1.27 (0.75,1.7)
P-value <0.01* 0.03* <0.01* 0.05* 0.01*

*P<0.05. AC: adenocarcinoma; SC: Squamous cell carcinoma; WC: water concentration; IC: iodine concentration; NIC: normalized iodine concentration; Zeff: Z

effective; K: slope of the curve

Table 3 Comparison of energy spectrum parameters in venous phase of CT enhanced scanning between lung adenocarcinoma and

squamous cell carcinoma patients

Group Zeff wcC IC NIC K

AC 853+0.35 1023.60 (1014.26, 1029.65) 15.77+6.13 0.41(0.32,0.52) 1.84+0.71
SC 8.23+0.31 1029.28(1024.18, 1033.75) 11.05+5.83 0.34(0.2,047) 1.24+0.59
P-value <0.01 0.02 <0.01 0.03 <0.01

*P<0.05. AC: adenocarcinoma; SC: Squamous cell carcinoma; WC: water concentration; IC: iodine concentration; NIC: normalized iodine concentration; Zeff: Z

effective; K: slope of the curve
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Histogram

Spectral HU Curve

Spectral HU Curve

G

Fig. 2 (1) Quantitative parameters of arterial (A-D) and venous phases (E-H) in 70 year old male patients with AC. lodine concentration images (A, E);
Water concentration mages (B, F); Slope of the curve (C, G); Z effective images (D, H); In the arterial phase, IC, NIC, WC, Kand Zeff are 11.38,0.15, 1029.72,
1.32 and 8.19. In the venous phase, IC, NIC, WC, K and Zeff are 12.38, 0.40, 1033.56, 1.53 and 8.38

Spectral HU Curve Histogram

Spectral HU Curve Histogram

G H

Fig. 3 (1) Quantitative parameters of arterial (A-D) and venous phases (E-H) in 61 year old male patients with SC. lodine concentration images (A, E);
Water concentration mages (B, F); Slope of the curve (C, G); Z effective images (D, H); In the arterial phase, IC, NIC, WC, Kand Zeff are 10.66, 0.12, 1034.50,
1.15 and 8.13. In the venous phase, IC, NIC, WC, Kand Zeff are 11.06, 0.30, 1040.17, 1.20 and 8.22. (WC: water concentration, IC: iodine concentration, NIC:

normalized iodine concentration, Zeff: Z effective; K: slope of the curve)

distinguishing between SC and AC. By expressing tumor
microvessel density, on the other hand, Li [19] demon-
strated that VP-IC can distinguish between SC and AC
by utilizing dual-energy spectral CT scanning technology
to investigate the function of dual-phase scanning in lung
cancer subtypes, the problems above were addressed, and
improved.

Comparison of spectral CT quantitative parameters
between AC and SC

The term “energy spectrum curve” describes the curve
that shows how the energy level of an X-ray affects the
CT value of various lesions or tissues. The chemical
molecular structure of different substances will change,
and different molecules will attenuate energy differently
[24]. Therefore, subgroups of lung cancer can be identi-
fied using the K of the energy spectrum curve. Accord-
ing to the research both domestically and internationally,
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Table 4 Performance indicators of arterial and venous phase DECT parameters and their combined predictive classification
Parameter AUC Sensitivity (%) Specificity (%) Threshold 95% CI

AP

Zeff 0.70 0.861 0514 8525 0.577~0.823
WC(mg/cm3) 0.65 0.639 0.657 1026.305 0.517~0.78
IC(mg/cm?) 0.70 0.806 0.571 14475 0.565~0.815
NIC(mg/cmS) 0.64 0.778 0514 0.162 0.506~0.766
K 0.68 0.750 0.571 1.698 0.549~0.802
VP

Zeff 0.70 0.861 0514 8525 0.577~0.823
WC(mg/cm?) 0.65 0.639 0.657 1026.305 0.517~0.780
IC(mg/cm3) 0.69 0.806 0.571 14475 0.565~0.815
NIC(mg/cm3) 0.64 0.778 0514 0.162 0.506~0.766
K 0.68 0.75 0.571 1.698 0.549~0.802
Tumor size 0.73 0.694 0.743 3.95 0.605~0.853
Combined diagnosis 0.83 0.639 0.943 0.60 0.736~0.926

*P<0.05.AC: adenocarcinoma; SC: Squamous cell carcinoma; AP: Arterial phase; VP: venous phase. WC: water concentration, IC:iodine concentration, NIC: normalized

iodine concentration, Zeff: Z effective; K: slope of the curve
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Fig. 4 Identification of ROC curves between lung adenocarcinoma
and squamous cell carcinoma using combined energy spectrum CT
parameters

the K value of AC was greater than that of SC [25]. This
could be connected to the different material makeup or
metabolic processes of lung cancer. However, the single
energy node of K in this study is not completely consis-
tent with that in the study of Zhang et al. [7]. The sin-
gle energy nodes of K in Zhang’s study are 40 keV and
110 keV; however, in this investigation, the CT values in
the single energy 40~ 100 keV between the two groups
are significantly different, leading to the final selection
of 40 keV and 100 keV as the single energy nodes of K.
In this investigation, the Zeff, IC value, and NIC value
were successfully measured in addition to the CT value
of any level within the 40-190 keV range using the soft-
ware. The Zeff is the atomic number of elements with
the same decay coefficient as compounds or mixtures,
which can be utilized to determine the tissue composi-
tion of substances, particularly in substances with the

same CT values. It is a quantitative index comprising
many substances [26, 27]. The values of Zeff, IC, and NIC
were measured in addition to obtaining the CT value
of any level in the 40-190 keV range. The findings from
our study indicated that the Zeff of AC was higher than
that of SC. This difference may be caused by the primary
characteristics of AC, which include unclear cell bound-
aries, solid blocks or strips, and a tendency to form an
adenoid structure supported by a fibrous matrix and
secreting mucus. Whereas, the internal structure of SC is
closely arranged and exhibits the formation of keratiniza-
tion and keratinized beads (also known as cancer beads)
and a unique intercellular bridge structure. The two have
different Zeff because of their differing chemical compo-
sition and densities [28]. Comparatively, adenocarcinoma
grows in diversification, with rich stroma, relatively few
tumor cells per unit volume, and low water content; as
a result, its water content (WC) was lower than that of
SC. Most SC, on the other hand, grows in aggregation,
with more tumor cells per unit volume and greater water
content. These results were confirmed by a pathologi-
cal study conducted by Zhong et al. [29], where 50 can-
cer patients (including 35 cases of adenocarcinoma and
22 cases of squamous cell carcinoma) were analyzed.
The study found that the Zeft (7.9010.14) and IC of AC
were higher than those of SC, while the WC in AC was
substantially lower compared to that in SC. The find-
ings of this investigation align with the findings of other
researchers.

The quantitative analysis of iodine content reflects the
intravascular blood flow distribution and vascular sta-
tus. However, many factors influence it, including the
patient’s cardiac output and blood volume, the concen-
tration and flow rate of the contrast agent, and the injec-
tion dose and rate. The NIC is the ratio of tumor IC to
aortic or subclavian artery IC at the same level.
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According to various studies, NIC can reduce the effect
of variations in individual circulation variability in the
iodine content of tumors, improving the accuracy of the
lesions’ blood supply. The sources of tissue vary among
clinical forms of lung cancer, and iodine concentrations
are influenced by tumor angiogenesis [30, 31]. During
growth, SC has a relatively weak internal blood sup-
ply and expand slowly, whereas AC tends to form an
abundance of ethmoid capillaries [32]. Thus, following
increased scanning, the iodine concentration of AC was
higher than that of SC, which was in line with Zhong’s
findings. Furthermore, this study found that IC and NIC
in VP were higher than those in AP, which may be due
to the fact that the contrast agent in AP was not filled
with microvessels, while the contrast agent in VP was
filled with microvessels and penetrated the basement
membrane into the intercellular space. For spectral CT
scanning, Mu et al. [25] collected 127 patients with pul-
monary AC and 70 patients with pulmonary SC verified
by histology. According to the study, vein IC and NIC
were higher than arterial phase NIC, and the spectrum
parameters of AC were increased compared to those of
SC. These parameters may offer a specific benchmark for
the categorization of lung cancer. Nonetheless, we dis-
covered that IC was more effective in AP and VP than
NIC when comparing AC to SC, which was in line with
Li et al’s findings [19]. This suggests that NIC is depen-
dent on the degree of lesion and aortic enhancement and
that NIC deviation may result from changes in aortic
diameter.

Study on the efficacy of quantitative parameters in
differentiating AC from SC

A ROC curve was drawn to assess the value of the single
parameter index and joint prediction of lung cancer cat-
egorization according to the findings of the quantitative
parameter analysis. In this study, the AUC of the ROC
curve predicted by a single parameter was 0.65-0.73.
This indicated that when only a certain spectral quantita-
tive parameter of lung cancer is considered, its evaluation
value is limited in most cases. To increase prediction effi-
ciency, this study will jointly analyze meaningful quanti-
tative parameters while carefully taking into account the
distribution characteristics of iodine concentration and
tumor heterogeneity. The findings of this investigation
showed that the AUC of the ROC curve was 0.83 when
multiple quantitative parameters were combined. This
indicates a potential clinical application and significantly
raises the prediction accuracy of lung cancer subtypes.

Limitations and prospects of the study

This study has the following limitations: (1) A small
sample size; thus, a larger number of subjects in future
research for more robust validation is required. (2)
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Research indicates that the synergistic application of
PET/CT and spectral CT can leverage their respec-
tive strengths, thereby enhancing the diagnostic accu-
racy for lung diseases, this should be explored in future
research [33, 34]. Additional research is required to verify
the model across a larger number of cases and to com-
pare it with PET/CT characteristics. (3) The relationship
between lung cancer classification and prognosis, as well
as the influence of various classifications on patient out-
comes, is significant. Currently, the subtypes identified
are SC and AC. Further investigation is required into
small cell lung cancer and less common subtypes, includ-
ing large cell carcinoma.

In conclusion, the quantitative examination of spec-
tral CT parameters was determined to be useful in
identifying lung cancer subtypes and offers important
information for assessing prognosis and clinical treat-
ment options. For future studies, the sample size will be
extended, examine more pathological types will be exam-
ined, and the research will be applied to tumors in other
organs and diseases.

Abbreviations
cT computed tomography

AC adenocarcinoma

SC Squamous cell carcinoma
AP Arterial phase

VP venous phase

WC water concentration

IC jodine concentration

NIC normalized iodine concentration
Zeff  Z effective
K slope of the curve
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