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Objective: To investigate the spectral and perfusion computed tomography (CT) findings
of peripheral lung cancer (PLC) and focal organizing pneumonia (FOP) and to compare the
accuracy of spectral and perfusion CT imaging in distinguishing PLC from FOP.

Materials and Methods: Patients who were suspected of having lung tumor and
underwent “one-stop” chest spectral and perfusion CT, with their diagnosis confirmed
pathologically, were prospectively enrolled from September 2020 to March 2021. Patients
who were suspected of having lung tumor and underwent “one-stop” chest spectral and
perfusion CT, with their diagnosis confirmed pathologically, were prospectively enrolled
from September 2020 to March 2021. A total of 57 and 35 patients with PLC and FOP
were included, respectively. Spectral parameters (CTiokevs CT7okevs CT1ookev, i0dine
concentration [IC], water concentration [WC], and effective atomic number [Zeff]) of the
lesions in the arterial and venous phases were measured in both groups. The slope of the
spectral curve (K;orev) Was calculated. The perfusion parameters, including blood volume
(BV), blood flow (BF), mean transit time (MTT), and permeability surface (PS), were
measured simultaneously in both groups. The differences in the spectral and perfusion
parameters between the groups were examined. Receiver operating characteristic (ROC)
curves were generated to calculate and compare the area under the curve (AUC),
sensitivity, specificity, and accuracy of both sets of parameters in both groups.

Results: The patients’ demographic and clinical characteristics were similar in both
groups (P > 0.05). In the arterial and venous phases, the values of spectral parameters
(CTaokevs CT7okev, Spectral curve Kzowey, IC, and Zeff) were greater in the FOP group than
in the PLC group (P < 0.05). In contrast, the values of the perfusion parameters (BV, BF,
MTT, and PS) were smaller in the FOP group than in the PLC group (P < 0.05). The AUC of
the combination of the spectral parameters was larger than that of the perfusion
parameters. For the former imaging method, the AUC, sensitivity, and specificity were
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0.89 (95% confidence interval [Cl]: 0.82-0.96), 0.86, and 0.83, respectively. For the latter
imaging method, the AUC, sensitivity, and specificity were 0.80 (95% CI: 0.70-0.90), 0.71,
and 0.83, respectively. There was no significant difference in AUC between the two

imaging methods (P > 0.05).

Conclusion: Spectral and perfusion CT both has the capability to differentiate PLC and
FOP. However, compared to perfusion CT imaging, spectral CT imaging has higher
diagnostic efficiency in distinguishing them.

Keywords: spectral CT imaging, perfusion CT imaging, peripheral lung cancer, focal organizing pneumonia,

differential diagnosis

INTRODUCTION

Focal organizing pneumonia (FOP) is a subtype of organizing
pneumonia, accounting for approximately 10-15% of organizing
pneumonia cases (1). It often presents as a solitary nodule or
mass on chest computed tomography (CT) and is associated with
atypical symptoms and imaging findings that overlap with those
of peripheral lung cancer (PLC) (2). In fact, FOP is often
misdiagnosed as PLC and overtreated with procedures such as
surgical resection and puncture biopsy, which increase the
distress levels of patients, the likelihood of complaints, and the
overall cost of treatment (3). In addition, needle biopsy may
cause the risk of pneumothorax, bleeding, and even tumor
metastasis, and the small tissue biopsy sample obtained for
organizing pneumonia is often insufficient to rule out
malignant lung tumors, which often coexist with inflammation
(3, 4). Therefore, a method that allows to non-invasively
distinguish PLC from FOP before surgery is required.

CT is the preferred imaging method for lung lesions.
However, traditional CT can only provide information about
the morphology of the lesion and its relationship with adjacent
tissues. 18F-deoxyglucose positron emission tomography can
provide more information about the functional metabolism of
the lesion, but its use in clinical practice is limited due to its
high cost and excessive radiation dose (5, 6). In recent years, with
the rapid development of CT functional imaging, spectral
and perfusion CT imaging have shown advantages in the
diagnosis and differentiation of lung tumors (7-9). Spectral
CT imaging can provide a variety of imaging parameters,
such as single-energy image, spectral curve, effective atomic
number (Zeff), and basic material image, which has potential
value in the qualitative analysis of lesions and determination
of tumor grade and origin (10, 11). Perfusion CT achieves
a relatively non-invasive dynamic observation of the tissue
blood perfusion state from the capillary level in the living
body and more intuitively reflects the rich blood supply,
blood supply characteristics, and hemodynamic changes of the
lesion (12, 13). Yu et al. (14) evaluated the use of spectral CT to
image malignant tumors and inflammatory masses; they found
that the area under the curve (AUC) of the CT value, slope of
spectral curve, and normalized iodine concentration (IC) values
were all greater than 80%, and the sensitivity and specificity
values of the venous phase with normalized IC were 86% and

100%, respectively. Yuan et al. (15) showed that the perfusion
index has the highest diagnostic efficiency in distinguishing
benign from malignant pulmonary nodules, with sensitivity
and specificity of 95% and 83%, respectively. Taken together,
this evidence suggests that spectral or perfusion CT imaging is
used to distinguish benign from malignant lung masses.
However, no previous study has compared the accuracy of
spectral and perfusion CT imaging in the differential diagnosis
of benign and malignant lung tumors. In this study, we
prospectively enrolled patients who underwent “one-stop”
spectral and perfusion CT to compare the diagnostic accuracy
of these CT modalities in the differential diagnosis of PLC
and FOP.

MATERIALS AND METHODS

General Information

We prospectively enrolled 92 patients with clinically suspected
lung tumors, presenting at our hospital between September 2020
and March 2021. The patients underwent “one-stop” chest
spectral and perfusion CT; their diagnosis was confirmed
pathologically. There were 57 patients with PLC (31 males and
26 females, mean [+ standard deviation, SD] age, 58.61 + 10.95
[range, 31-74] years) and 35 patients with FOP (22 males and 13
females, mean [+ SD] age, 56.09 + 12.11 [range, 20-76] years).
Patients were eligible for the present study if they met the
following inclusion criteria: (1) aged > 18 years and able and
willing to provide consent; (2) chest CT showing solitary nodules
or masses with lesions measuring > 1 cm; (3) no history of
hypersensitivity to iodine contrast agents; (4) no severe cardiac,
pulmonary, or renal insufficiency; and (5) diagnosis confirmed
histopathologically. The exclusion criteria were as follows: (1)
treated with an anti-tumor or anti-inflammatory agent before
undergoing CT, (2) incomplete clinical data, (3) period between
the operation and spectral and perfusion CT scan > 2 weeks, and
(4) poor quality of chest CT images (including respiratory
motion artifacts or body surface metal artifact). Figure 1
presents the flowchart of the inclusion and exclusion criteria.
The study was approved by the Institutional Review Board and
Ethics Committee of the Lanzhou University Second Hospital
(Lanzhou, China). Written informed consent was obtained from
all patients.
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(1) Aged > 18 years;

(2) Solitary nodules or masses with lesions
measuring > 1 cm;

(3) No history of hypersensitivity to iodine
contrast agents;

(4) No severe cardiac, pulmonary, or renal
insufficiency;

(5) Diagnosis confirmed histopathologically.

included
«— | excluded
—

Patients with clinically suspected lung tumors underwent
“one-stop” chest spectral and perfusion CT

£ i :
[ (1) Treated with anti-tumor or anti-

inflammatory agent before CT scan;
(2) incomplete clinical data;

(3) period between the operation and
spectral and perfusion CT scan > 2 weeks;
(4) poor quality of chest CT images )

_4

.

Eligible patients included in the
study (n=92)

|

Peripheral lung
cancer (n=57)

FIGURE 1 | Flowchart of inclusion and exclusion criteria.

|

Focal organizing
pneumonia(n=35)

Instruments and Methods

All patients underwent imaging using 256-slice Revolution CT
scanner (GE Healthcare, Milwaukee, WI, USA). First, the
patients underwent a routine chest CT, with the scanning
range from the thoracic entrance to the costal diaphragmatic
angle level. The location and scope of the lesion were determined
according to the plain scan image, and the chest “one-stop”
spectral and perfusion CT was performed with the largest level of
the lesion as the center. We used a deconvolution algorithm to
compute quantitative perfusion CT data, which is based on the
convolution model. Perfusion scanning parameters were as
follows: tube voltage, 80-100 kVp; tube current, 100 mA; pitch,
0.984:1; tube rotation time, 0.5 s; scanning field of view, 50 cm;
collimation width, 128 x 0.625 mm; Asir-V, 40%; and scanning
layer thickness and layer spacing, 5 mm. Spectral scanning
parameters were as follows: 80 kVp tube voltage and 140 kVp
instantaneous switching; the tube current was automatically
modulated, and other parameters were the same as those
for CT perfusion. A total of 50-80 mL (1.3 mL/kg body
weight) non-ionic iodine contrast agent (Ultravist 300, Bayer
Pharma, Berlin, Germany) was injected into the anterior cubital
vein with a high-pressure syringe (XD8000, Ulrich, Germany) at
a flow rate of 4-5.5 mL/s (<50 kg, 4 mL/s; 50-69 kg, 4.5 mL/s;
70-89 kg, 5 mL/s; >90 kg, 5.5 mL/s) (13, 16). Scanning began 2 s
after the contrast agent was injected, and images were
collected every 2 s (exposure time, 0.5 s; interval, 1.5 s), for
a total of 14 times during the inflow period; during the
outflow period, images were collected every 3 s (exposure time,
0.5 s; interval, 2.5 s), five times. A total of 21 images were
collected during the entire perfusion process. A two-phase
spectral enhancement was performed 30.2 s and 52.6 s after
the injection of a contrast agent. Moreover, 60% Asir-V iteration
was used to reconstruct the two-phase spectral-enhanced
image horizontally at the end of the scan; layer thickness

and spacing remained at 1.25 mm. The radiation dose
parameters of perfusion and spectral CT (arterial and venous
phase) scan sequences were systematically collected.

Computed Tomography Image Analysis

All images were examined by two radiologists with 4 and 8 years
of experience diagnosing chest tumors, respectively; both
radiologists were blinded to patient data. The perfusion images
were corrected using the CT Dynamic Registration software in
GE AW4.7 workstation and then analyzed using the CT
Perfusion 4D software. The thoracic aorta was selected as the
input artery, and the pulmonary artery was used as the output
artery to place the region of interest (ROI). The area of the ROI
was approximately 1/2-2/3 of the cross-sectional area of the
blood vessel. The time-density curve (TDC) of the thoracic
aorta-pulmonary artery was generated automatically, and
pseudo-color maps of various perfusion parameters were
obtained. The ROI was manually outlined on three consecutive
levels, including the largest level of the lesion and its adjacent
upper and lower levels. The ROI was delineated to avoid
calcification, blood vessels, cavities, atelectasis, and necrotic
cysts that may affect measurements. Take the average of three
measurements for each case. Then the average value obtained
from the measurements of the two radiologists was then
calculated again as the mean value. the scores from the
assessing radiologists were also averaged. The perfusion
parameters were as follows: blood volume (BV), blood flow
(BF), mean transit time (MTT), and permeability surface (PS).
The GSI Viewer software was used to analyze the spectral image
with the same ROI measurement method. The CT values at a
single-energy level of 40-140 keV (interval of 10 keV), IC, water
concentration (WC), and Zeff values were obtained, and the
slope of the spectral curve was calculated. The formula used to
calculate the slope was K;¢ rev = (CTygrev-CT7okev)/ (70-40).
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Statistical Analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences version 23.0 (International Business
Machines Corporation, Armonk, NY, USA). Enumerative data
are expressed as percentages, and quantitative data are expressed
as mean + SD. The distributions of sex, smoking history, and
clinical characteristics were compared between the groups using
the  test and Fisher’s exact test. Between-group differences in
quantitative variables were compared using the two-sample t-test
or Mann-Whitney U test. The intraclass correlation coefficient
(ICC) was used to evaluate the repeatability of the measurement
results of two radiologists. The receiver operating characteristic
(ROC) curve was created for the variables that were significantly
different between the groups, and the AUC was calculated to
evaluate the diagnostic efficacy of the two imaging methods. The
DeLong test was used to compare whether the efficiency
difference between the two methods was statistically significant.

TABLE 1 | Demographic and clinical features of patients with PLC and FOP.

RESULTS

A comparison of the clinical features of PLC and FOP is shown
in Table 1. There was no between-group difference in the
distributions of sex, age, smoking history, or symptoms
between the PLC and FOP groups (P > 0.05).

The estimates of spectral parameters and their comparisons
between the PLC and FOP groups are presented in Table 2.
The two radiologists had strong consistency in differentiating
PLC from FOP. The ICC values were all > 0.80. In the arterial
and venous phases, the values of the spectral parameters
(CTaokev> CT7okevs K70 keV, IC, and Zeff) were greater in the
FOP group than in the PLC group, and the difference was
statistically significant (P < 0.05). There was no between-group
difference in the values of WC or CT gokev (P > 0.05). The
estimates of perfusion parameters and their comparisons
between the PLC and FOP groups are presented in Table 3.

Variable PLC(n=57)
Sex (%)

Male 31(54.4%)
Female 26(45.6%)
Age(years)

Mean + SD 58.61 + 10.95
Median/Range 59 (37-81)
Smoking history (%)*

Yes 28(49.1%)
No 29(50.9%)
Symptoms (%)

Asymptomatic 12(11.2%)
Cough 30(28.0%)
Sputum 27(25.2%)
Dyspnea 11(10.3%)
Hemoptysis 8(7.5%)
Chest pain 12(11.2%)
Fever 7(6.5%)

FOP(n=35) 2t P

0.64 0.43
22(62.9%)
13(37.1%)
-1.03 0.31
56.00 + 12.11
56(20-76)
0.05 0.83
18(51.4%)
17(48.6%)
3.71- 0.73
8(20.0%)
9(22.5%)
7(17.5%)
3(7.5%)
4(10%)
5(12.5%)
4(10%)

FOP, Focal organizing pneumonia; PLC, Peripheral lung cancer; SD, Standard deviation. *Smoking history is defined as follows: Yes, former and current smokers; No, never smoked.

-* Fisher’s exact test.

TABLE 2 | Comparison of spectral quantitative parameters of PCL and FOP in AP and VP.

Parameter PLC(n=57) FOP(n=35) t P

AP
CTaoev (HU) 187.67 = 17.41 202.51 + 15.73 -4.11 <0.001
CT7okev (HU) 78.71+7.25 82 +5.94 -2.27 0.03
CT1ookev (HU) 50.39 + 6.44 50.68 + 5.33 -0.22 0.83
K7okev 3.63 +0.43 4,02 +0.40 -4.27 <0.001
IC (100pg/cm? 19.31£2.28 21.35+2.15 -4.27 <0.001
WC (mg/cma3) 1028.50 + 6.93 1026.49 + 6.06 1.42 0.16
Zeff 8.73+0.12 8.84 + 0.1 -4.28 <0.001

VP
CTaokev (HU) 173.05 + 19.78 191.565 + 25.38 -3.68 0.001
CT7okev (HU) 73.89 + 8.26 78.37 +11.08 -2.07 0.04
CT1ookev (HU) 48.46 + 6.76 48.98 + 7.98 -0.34 0.74
K7okev 3.31 +0.45 3.77 + 0.51 -4.62 <0.001
IC (100pg/cm® 17.48 + 2.36 20.04 + 2.71 -4.77 <0.001
WC (mg/cma3) 1028.65 + 6.58 1026.24 + 6.30 1.73 0.09
Zeff 8.63 + 0.13 8.77 +0.14 -4.68 <0.001

AP, Arterial phase; FOP, Focal organizing pneumonia; HU, Hounsfield; IC, iodine concentration; PLC, Peripheral lung cancer; VP, Venous phase; WC, water concentration; Zeff, effective

atomic number.
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TABLE 3 | Comparison of perfusion parameters of PCL and FOP.

Parameters PLC (n=57)
BV (mL/100 g-min) 7.48 £1.48
BF (mL/100g) 94.66 + 42.17
MTT (s) 10.58(8.10-12.01)
PS (mL/100 g-min) 22.39 + 2.99

FOP (n=35) t/z P
6.33 + 1.54 3.54 0.001
81.71 + 12.38 2.17 0.03

5.78(4.68-9.26) 3.89 <0.01
20.58 + 4.23 2.21 0.03

FOP, Focal organizing pneumonia; PLC, Peripheral lung cancer; BF, Blood flow; BV, Blood volume; MTT, Mean transit time; PS, permeability surface.

The estimates of the perfusion parameters (BV, BF, MTT, and
PS) were all greater in the PLC group than in the FOP group
(P < 0.05). Figures 2 and 3 present examples of PLC and
FOP, respectively.

The ROC curve findings are presented in Table 4 and
Figure 4. The AUC of the spectral parameters was 0.89, and
the corresponding sensitivity, specificity, and accuracy estimates
were 0.86, 0.83, and 0.84, respectively. Moreover, the AUC of the
perfusion parameters was 0.80, and the corresponding
sensitivity, specificity, and accuracy estimates were 0.71, 0.83,

21.05 100 pg/cm?®, respectively). (J, O) The histogram of Zeff.

and 0.78, respectively. The AUC and accuracy estimate of the
spectral parameters in the venous phase (0.81, 0.73) were larger
than those in the arterial phase (0.75, 0.70). The DeLong test
showed that there was no significant difference in AUC between
the two imaging methods and the spectral parameters of the two
phases (P > 0.05).

The dose-length product and volume CT dose index estimates
of the perfusion CT were 320.78 + 1.21 mGy-cm and 20.04 mGy,
respectively; the corresponding values for spectral CT were
622.63 + 51.13 mGy-cm and 15.9 mGy, respectively.

Histogram

Histogram

FIGURE 2 | Focal organizing pneumonia. (A-D, F) Perfusion computed tomography (CT) fusion pseudo-color map; (E) Hematoxylin and eosin staining (original
magnification x200); (G-J) Spectral CT images of arterial phase (AP); (K) Lung window; (L-0) Spectral CT images of venous phase (VP). (A-D) Blood flow, blood
volume, permeability surface, and average transit time values of the lesions were 63.74 mL/100 g-min, 10.29 mL/100 g, 25.06 mL/100 g-min, 16.09 s, respectively.
(G, L) 70 keV single-energy pseudocolor image (CT number of 70 keV were 79.27 HU and 75.9 HU, respectively). (H, M) The effective atomic numbers (Zeff)
pseudocolor image (Zeff were 8.93 and 8.81, respectively). (I, N) The iodine-based material decomposition image (iodine concentration were 22.98 100ug/om3 and
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16.98 100 pg/cm?®, respectively). (J, O) The histogram of Zeff.

Histogram

Histogram

FIGURE 3 | Peripheral lung cancer (PLC). (A-D, F) Perfusion computed tomography (CT) fusion pseudo-color map; (E) Hematoxylin and eosin staining (original
magnification x100); (G=J) Spectral CT images of arterial phase (AP); (K) Lung window; (L=0) Spectral CT images of venous phase (VP). (A-D) Blood flow, blood
volume, permeability surface, and average transit time values of the lesions were 73.52 mL/100 g-min, 12.3 mL/100 g, 28.89 mL/100 g-min, 15.57 s, respectively.
(G, L) 70 keV single-energy pseudocolor image (CT number of 70 keV were 76.03 HU and 71.03 HU, respectively). (H, M) The effective atomic numbers (Zeff)
pseudocolor image (Zeff were 8.88 and 8.61, respectively). (I, N) The iodine-based material decomposition image (iodine concentration were 20.84 100ug/cm?® and

TABLE 4 | ROC curve analysis of spectral and perfusion parameters.

Parameters AUC (95%Cl) YIl
Spectral parameters
Ap 0.75 (0.64-0.85) 0.43
VP 0.81 (0.71-0.83) 0.52
Ap + VP 0.89 (0.82-0.96) 0.68
perfusion parameters 0.80 (0.70-0.90) 0.54

Sensitivity (%) Specificity (%) Accuracy (%)

0.74 0.68 0.70
0.89 0.63 0.73
0.86 0.83 0.84
0.71 0.83 0.78

AP, Arterial phase; AUC, Area under cure; VP, Venous phase; Yl, Youden index.

DISCUSSION

In this study, our findings suggest that both spectral and
perfusion CT imaging are associated with diagnostic efficiency
at distinguishing PLC from FOP. However, spectral CT imaging
has some advantages over perfusion CT imaging.

Our results suggest that spectral imaging is associated with
greater diagnostic efficiency than perfusion imaging in
distinguishing PLC from FOP, with sensitivity, specificity, and

accuracy estimates of 86%, 83%, and 84%, respectively. The
diagnostic efficiency of spectral imaging was higher in the
venous phase (AUC, 81%) than in the arterial phase (AUC,
75%), and the diagnostic efficacy of the combination of arterial
and venous phases was particularly high (AUC, 89%). These
findings are consistent with those of a previous study (17). This
may be because the contrast agent cannot completely enter the
capillaries and intercellular spaces in the arterial phase; thus, the
parameters of the venous phase can better reflect the histological
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Sensitivity

ROC Curves
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FIGURE 4 | Receiver operating characteristic (ROC) curves for CT spectral parameters in arterial (AP) and venous (VP) phases in the peripheral lung cancer (PLC)
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and focal organizing pneumonia (FOP) groups (A). The ROC curves of spectral and perfusion imaging for the PLC and FOP groups (B).

characteristics of the lesion (18). Moreover, we found that the
spectral parameters of FOP in the arterial and venous phase are
greater than those of PLC. This may be due to the
pathophysiological basis of the two and the difference between
the two imaging methods. FOP is stimulated by inflammatory
factors to cause vasodilation and increased microvascular
permeability (2). However, the microvascular arrangement
formed by PLC is intricate and tortuous, and the contrast
agent flows slowly in the tumor tissue (19). However, the
perfusion parameters of PLC are greater than those of FOP.
Some of the requirements of CT perfusion analysis are to select
the blood vessel supplying the lesion, obtain the TDC by placing
the ROI on the blood supply vessel, and then compare it with the
TDC of the lesion to obtain the lesion characteristics of blood
supply (13). The lung is supplied by both pulmonary and
bronchial arteries, and there are differences between the main
blood supply vessels of PLC and FOP (15). Moreover, with the
circulation of blood, the parameters measured at different times
will be different, which may cause the inconsistency between the
spectral and the perfusion parameters. In addition, perfusion
imaging showed good efficacy in differentiating PLC from FOP
in the present study (AUC, 80%). This is broadly consistent with
the results of previous studies (15, 20). Although the
performance of the results of these studies is different, it shows
that it is feasible to distinguish benign from malignant lung
tumors by CT perfusion. However, these studies only identified
benign and malignant pulmonary nodules and did not further
classify these nodules. In clinical practice, it is difficult to
distinguish PLC from FOP, and FOP is often misdiagnosed as
a malignant tumor and thus overtreated. Therefore, the benign
lesions in our study only included patients with FOP, these cases
are all lesions of the same nature, and the differences between
groups will be smaller. In this study, compared with perfusion

imaging, spectral imaging showed a higher diagnostic efficiency
in distinguishing PLC from FOP, but there was no statistical
significance between the two. This may be related to our small
sample size, which needs to be further expanded for verification
in the future.

With the rapid development of spectral and perfusion CT
imaging technology, it is widely used in clinical settings. Spectral
CT imaging can obtain single-energy images and base material
density values at different keV levels and calculate the Zeff value
of the lesion based on the obtained spectral curve. Spectral CT
imaging provides various quantitative parameters and tools for
lesion analysis, which may support qualitative analysis and
treatment assessment of lesions (21, 22). CT perfusion imaging
can reflect the structural and functional differences between
normal vessels and neovascularization in different tissues (23—
25). However, CT perfusion imaging is associated with some
limitations. First, it requires the acquisition of multiple
consecutive scans of the lesion, which increases patients’
exposure to radiation. Second, CT imaging perfusion
parameters are affected by factors such as the kinetic model of
perfusion imaging, contrast agent concentration, and contrast
injection rate (23, 26, 27). In conclusion, perfusion CT involves a
net increase in patient’s radiation exposure, and its findings
could be highly variable based on ROI selection and the
computational model used to process CT perfusion data,
whereas spectral CT would at least not require any additional
radiation exposure and could be more robust and easier to use/
interpret. In addition, some studies have shown a good
correlation between spectral and perfusion parameters in many
types of tumors (28-30). Moreover, the growing workload
increases radiologists’ stress and may affect diagnostic
performance. Therefore, proper imaging examinations for
patients can reduce unnecessary imaging examinations and can
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minimize the waste of medical resources (31). Overall, this
evidence suggests that spectral CT is the first-line approach for
evaluating tumor hemodynamics in patients with poor
respiratory function and in those requiring a low radiation dose.

To the best of our knowledge, this is the first study to use
“one-stop” spectral and perfusion scanning and to compare the
diagnostic effectiveness of these two imaging methods. Both
spectral and perfusion CT imaging types can distinguish
benign from malignant tumors (32), especially chest tumors
(14, 15, 19, 33, 34). However, previously reported estimates of
diagnostic efficacy have been inconsistent, and the conclusions
remain subject to debate. In our study, the “one-stop” approach
to spectral and perfusion scanning helped obtain multiple
quantitative parameters for both imaging types within a single
scan; this combined approach yielded comprehensive information
on tumor histological characteristics. Further, this “one-stop”
approach required a single injection of the contrast agent,
allowing to maintain its use to the minimum while reducing
patients’ exposure to radiation. We also used Asir-V, which
indirectly allows lowering radiation dose by reducing the higher
noise derived from lower dose scans (35). Most importantly,
through a single scan, the spectral and perfusion data obtained
are consistent in space and time, which makes our research results
more accurate.

This study has some limitations. First, this was a preliminary
study with a small sample size, and the results may thus be
overestimated. However, we indicated that our results are aligned
with those previously published. Future studies should validate
the present findings using larger samples. Second, we only
measured these parameters at the largest level of the lesion
rather than based on the volume of the entire lesion; thus, the
effect of spatial heterogeneity was ignored when measuring the
lesion. However, due to current technical limitations, we can
only perform measurements on a two-dimensional level. Finally,
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