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Background: Few studies about the association between computed tomography (CT) perfusion imaging 
parameters and invasiveness in lung adenocarcinoma (LUAD) have been conducted using low dose spectral 
CT perfusion imaging. The purpose of this study was to investigate application of spectral revolution CT 
low-dose perfusion imaging in the differential diagnosis of different pathological subtypes of LUAD. 
Methods: This was a cross-sectional study based on historical data from January 2018 to May 2019 in 
Peking University Cancer Hospital & Institute. A total of 62 cases were enrolled, including 2 cases of atypical 
adenomatous hyperplasia (AAH), 3 cases of adenocarcinoma in situ (AIS), 4 cases of minimally invasive 
adenocarcinoma (MIA), and 53 cases of invasive adenocarcinoma (IAC), all confirmed with pathology. 
The inclusion and exclusion criteria were regulated. Using Revolution low-dose CT perfusion imaging 
(GE, USA), the CT perfusion parameters of hemodynamics were obtained: blood flow (BF), blood volume 
(BV), impulse residue function time of arrival (IRF TO), maximum slope of increase (MSI), mean transit 
time (MTT), permeability surface area product (PS), positive enhancement integral (PEI), and maximum 
enhancement time (Tmax). Univariate analysis of variance (ANOVA) or Kruskal-Wallis test was used to 
compare the differences of CT perfusion quantitative parameters among AAH, AIS, MIA, and IAC. Mann-
Whitney test was used to compare the difference of CT perfusion imaging parameters between preinvasive 
lesions (AAH and AIS) and invasive lung cancer (MIA and IAC). 
Results: Statistically significant differences in IRF TO were observed in LUAD with different invasiveness, 
namely, among AIS, MIA, and IAC groups (0.56±0.74 vs. 0.54±1.08 vs. 4.39±2.19, P=0.004). Statistically 
significant differences in IRF TO were also observed between pre-invasive lesions group (AAH and AIS) 
and invasive lung cancer group (MIA and IAC) (1.12±1.27 vs. 3.75±2.79, P=0.031), and between AAH + AIS 
+ MIA groups and IAC group (0.83±1.13 vs. 4.12±2.69, P<0.001). There were no statistically significant 
differences in other CT perfusion parameters of hemodynamics among different pathological subtypes of 
LUAD (P>0.05). 
Conclusions: The low-dose perfusion parameter IRF TO of revolution CT has the potential to be 
employed in the differential diagnosis of different pathological subtypes of LUAD.
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Introduction

Lung cancer is the most prevalent malignant tumor 
with the highest morbidity and mortality rates in adults 
worldwide (1-3). Lung adenocarcinoma (LUAD) is the 
most common histological type of lung cancer, which is 
divided into precursor glandular lesions, minimally invasive 
adenocarcinoma (MIA), and invasive adenocarcinoma (IAC), 
according to the 2011 International Association for the 
Study of Lung Cancer (IASLC), American Thoracic Society 
(ATS) and European Respiratory Society (ERS), and 2021 
World Health Organization (WHO) new classification 
of LUAD (4,5). Precursor glandular lesions are further 
divided into atypical adenomatous hyperplasia (AAH) and 
adenocarcinoma in situ (AIS). The invasiveness, clinical 
treatment, and prognosis differ among different pathological 
types. The overall survival rate has been reported at almost 
100% for both precursor glandular lesions and MIA with 
complete resection; however, the prognosis of IAC is poor, 
with a 5-year survival rate of 49–84% (6,7). Traditional 
chest computed tomography (CT) can be used to evaluate 
the invasiveness of LUAD or the prognosis based on the 
morphology of the lesion edge (such as burr, lobulation), 
ground-glass density ratio, solid component size, and so 
on (8). The hemodynamic alterations of pulmonary lesions 
can be evaluated with non-invasive functional CT perfusion 
imaging techniques (9,10). The perfusion parameters 
include blood flow (BF), blood volume (BV), impulse 
residue function time of arrival (IRF TO), maximum slope 
of increase (MSI), mean transit time (MTT), permeability 
surface area product (PS), positive enhancement integral 
(PEI), time to peak (TTP), and maximum enhancement 
time (Tmax). To evaluate the hemodynamic characteristics 
of pulmonary nodules objectively, a new CT mode was 
established through quantitative multi-parameter analysis, 
which provides an alternative to evaluate invasive LUAD (4). 
Previous studies have mainly focused on the differentiation 
of benign and malignant pulmonary nodules,  the 
differentiation of different pathological types of lung cancer, 
and the efficacy evaluation of LUAD. There is no available 

study on the relationship between CT perfusion parameters 
and different subtypes of LUAD (11-13).

The purpose of this study was to investigate the value of 
low dose CT perfusion imaging parameters (BF, BV, IRF 
TO, MSI, MTT, PS, PEI, TTP, and Tmax) to differential 
diagnosis of different pathological subtypes of LUAD. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-23-487/rc).

Methods

Subjects

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Medical Ethics Committee of Peking 
University Cancer Hospital & Institute (No. 2021KT04), 
and written informed consent was provided by all patients.

This was a cross-sectional study based on historical data. 
In this study, a total of 62 cases were enrolled in Peking 
University Cancer Hospital & Institute from January 2018 
to May 2019. The inclusion criteria were as follows: (I) aged 
over 18 years, males or female; (II) diameter of the lesion 
greater than 6 mm; and (III) the diagnosis was confirmed 
with surgical pathology and biopsy. The exclusion criteria 
were as follows: (I) history of contrast agent allergy; (II) 
severe liver and renal insufficiency, thyroid toxicity; and (III) 
pregnant and lactating women. The detailed inclusion and 
exclusion criteria for patient selection are shown in Figure 1. 

Preparation before examination

Before spectral CT perfusion scanning, the cases were 
informed of the specific examination process, precautions, 
and potential complications. After removing all foreign 
bodies that may interfere the chest scan, a blue indwelling 
needle was placed in the right anterior elbow vein of the 
patient. The chest and abdomen were fixed with a belt, 
and the subject was instructed to breathe calmly to reduce 

Keywords: Spectral; computed tomography (CT); lung adenocarcinoma (LUAD); perfusion; quantitative analysis 

Submitted Apr 12, 2023. Accepted for publication Nov 10, 2023. Published online Jan 02, 2024.

doi: 10.21037/qims-23-487

View this article at: https://dx.doi.org/10.21037/qims-23-487

https://qims.amegroups.com/article/view/10.21037/qims-23-487/rc
https://qims.amegroups.com/article/view/10.21037/qims-23-487/rc


Chen et al. LUAD with spectral CT perfusion imaging816

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(1):814-823 | https://dx.doi.org/10.21037/qims-23-487

respiratory motion artifacts on the image. 

Scan technique

Revolution Xtream CT (GE Healthcare, Waukesha, WI, 
USA) was used. Cases were scanned from the apex of the 
lung to the diaphragm at the bottom of the lung in direction 
from head to foot. A routine chest scan was performed 
first before CT perfusion imaging scanning was taken. 
The technical parameters of the CT scans were as follows: 
tube voltage 120 kVp, automatic milliampere technology, 
pitch 0.984, noise index 9.00, rotation time of X-ray tube 
ball 0.6 s per circle, scan field of view (SFOV) =500 mm, 
collimator width 40 mm, layer thickness 5 mm, and matrix 
512×512. The group injection method was used in the right 
elbow median vein. At 5 seconds after injection of contrast 
medium, a continuous dynamic scanning of the local target 
lesion was performed, with a range of 16 mm and a duration 
of 40 seconds, and the dynamic perfusion basic image was 
obtained. Non-ionic iodine contrast agent iohexol Injection 
(300 mgI/mL) was used as contrast agent, and the injection 
flow rate and injection dosage were determined based on 
previous studies (12,14), with adjustment for the Chinese 
population. For cases with a body weight equal to or less 

than 70 kg, a dosage of 40 mL and an injection rate of  
5 mL/s were used; for cases with a body weight more 
than 70 kg, a dosage of 50 mL and an injection rate of  
6 mL/s were used. This was followed by a 30 mL 
physiological saline injection at the same rate, which is 
conducive to reflecting the blood perfusion state of lesions. 

Image post-processing

The original basic image of dynamic perfusion imaging 
was transmitted to GE AW4.7 workstation for image post-
processing. Perfusion images of pulmonary nodules were 
analyzed by two senior radiologists with Perfusion 4 analysis 
software (GE Healthcare). The aorta or main branch at the 
same level was selected as the feeding artery, and the region 
of interest (ROI) of pulmonary nodules and aorta were drawn 
respectively. The ROI was placed on the maximum cross 
section of the lesion, with an area of 1/3–2/3 of the lesion, 
avoiding liquefaction, necrosis, bleeding, calcification, and 
pulmonary vessels and bronchus. All tumors were assessed 
twice with an interval of 1 week, and the average value was 
calculated. The following CT perfusion imaging parameters 
of pulmonary nodule were obtained: BF, BV, IRF TO, MSI, 
MTT, PS, PEI, TTP, and Tmax. 

Patients with lung nodules undergo low dose 

spectral CT perfusion imaging followed by 

surgical resection at Peking University Cancer 

Hospital & Institute

(n=141) (Jan. 2018–May 2019)

Exclude 13 patients with suboptimal 

quality of remaining images

Lung precursor glandular lesions, micro-

invasive adenocarcinoma and invasive 

adenocarcinoma enrolled in this study (n=62)

Exclude 66 patients with a final diagnosis of 

non adenocarcinoma: 

•	 Squamous cell carcinoma (n=5)

•	 Small cell carcinoma (n=5)

•	 Mucinous adenocarcinoma (n=1)

•	 Large cell carcinoma (n=1)

•	 Sarcomatoid carcinoma (n=1)

•	 Metastasis (n=4)

•	 Benign nodule (n=6)

•	 Pneumonia (n=27) 

•	 Granulomatous (n=15)

•	 Sclerosing pneumocytoma (n=1)

Figure 1 Detailed inclusion and exclusion criteria for patient selection. CT, computed tomography.
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Pathology evaluation

Biopsied lesion specimens were fixed with 10% neutral 
formalin, routinely embedded in paraffin, continuously sliced 
with 4 μm thickness, and stained with hematoxylin and eosin 
(HE). After HE staining, two senior pathologists (Wei Sun, 
MD and Xin Yang, MD, both with 12 years of experience 
in pathological diagnosis of lung cancer) confirmed the 
diagnosis without any information regarding the patients. 
The histological morphology was evaluated according to 
the 2011 IASLC/ATS/ERS LUAD standard and the 2021 
WHO histological classification of lung tumors, and a 
comprehensive histological classification was performed. 
The lesions with diameter ≤3 cm and tumor cells growing 
on alveolar wall without interstitial, vascular, and pleural 
infiltration were defined as AIS. The lesions with diameter 
≤3 cm, tumor cells adherent to the alveolar wall, interstitial 
infiltration range ≤5 mm, and no vascular and pleural 
infiltration were defined as MIA. The range of interstitial 
infiltration >5 mm was classified as IAC (5). Concurrently, 

immunohistochemical envision two-step method was used to 
detect antibodies P40, TTF-1, Napsin A, and Ki67.

Statistical analysis

The measurement data were expressed as mean ± standard 
deviation. Intraclass correlation coefficients (ICCs) were 
used to assess the reliability of perfusion parameters. ICCs 
less than 0.5, between 0.5 and 0.75, between 0.75 and 0.9, 
and greater than 0.90 are indicative of poor, moderate, 
good, and excellent reliability, respectively (15). Parameters 
with ICC ≥0.75 were included for further analysis. The 
quantitative parameters BF, BV, IRF TO, MSI, MTT, PS, 
PEI, TTP, and Tmax of spectral CT perfusion imaging 
of LUAD nodules in three groups (AIS, MIA, IAC) were 
compared by one-way analysis of variance (ANOVA) or 
Kruskal-Wallis test. Comparison was made between groups 
using Bonferroni method. The P value was corrected by 
Bonferroni method for multiple comparisons between 
groups. Mann-Whitney test was used to compare the 
parameters of CT perfusion imaging between the two 
groups of LUAD: precursor glandular lesions (AAH and 
AIS) and invasive lung cancer (MIA and IAC). All P values 
were two-sided. A P value <0.05 was considered statistically 
significant. All data analyses were performed using the 
software SPSS 18.0 (IBM Corp., Chicago, IL, USA).

Results

Clinical results

Thus, a total of 62 patients including 26 men and 36 women 
[median age 60 years ,  interquart i le  range (IQR)  
42–81 years] were enrolled, including 23 cases of solid 
density and 39 cases of ground-glass density (Table 1). 
Pathological results showed AAH in 2 cases (3.2%), AIS in 
3 cases (4.8%), MIA in 4 cases (6.5%), and IAC in 53 cases 
(85.5%). All lung cancers were confirmed by biopsy or 
surgical pathology.

Comparison of quantitative parameters of AIS, MIA, and 
IAC of lung cancer in spectral CT perfusion imaging

All the perfusion parameters were highly reliable (ICCs 
≥0.75). The comparison results of spectral CT perfusion 
imaging parameters of AIS, MIA, and IAC are shown in 
Tables 2-4 and Figures 2-4. For the quantitative parameters 
of spectral CT perfusion imaging among AIS, MIA, and 

Table 1 Basic information of the 62 patients with lung adenocarcinoma 
with different invasiveness

Clinical features Number

Age (median, years) 60

Sex, n (%)

Female 36 (58.1)

Male 26 (41.9)

Smoking, n (%)

Yes 20 (32.3)

No 42 (67.7)

Density, n (%) 

Pure GGN 5 (8.1)

Mixed GGN 34 (54.8)

Solid 23 (37.1)

Pathological classification, n (%) 

AAH 2 (3.2)

AIS 3 (4.8)

MIA 4 (6.5)

IAC 53 (85.5)

GGN, ground-glass nodule; AAH, atypical adenomatous 
hyperplasia; AIS, adenocarcinoma in situ; MIA, micro-invasive 
adenocarcinoma; IAC, invasive adenocarcinoma.
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IAC, there were significant differences in IRF TO value 
among the three groups (0.56±0.74 vs. 0.54±1.08 vs. 
4.39±2.19 s, P=0.004). It was gradually increased in AISs or 
MIAs, compared with IACs (Table 2, Figures 2-4). There was 
no missing data for each variable of interest.

In the precursor glandular lesions (AAH + AIS) and 
lung invasive carcinomas (MIA + IAC) cohort, 5 precursor 
glandular lesions and 57 lung invasive carcinomas were 
assessed. Raw variables for differentiating AAH + AISs from 
MIA + IACs are shown in Table 3.

The quantitative parameters of IRF TO between AAH 
+ AISs and MIA + IACs were (1.12±1.27 vs. 3.75±2.79 s, 
P=0.031), IRF TO of AAH + AISs was faster than that of 
MIA + IACs. 

In the 100% disease-specific survival (DSS) lesions (AAH 
+ AIS + MIAs) and IACs cohort, 9 DSS 100% lesions and 
53 IACs were assessed (Table 4). These raw variables for 
differentiating AAH + AIS + MIAs from IACs are shown 
in Table 4. The IRF TO value of group AAH + AIS + MIAs 
was also significantly shorter than that of IACs (0.83±1.13 

Table 2 Comparison of CT perfusion parameters among AIS, MIA, and IAC

Parameters AAH (n=2) AIS (n=3) MIA (n=4) IAC (n=53) P value

BF (mL/min/100 g) 11.92 91.63±80.16 74.55±90.06 55.27±42.42 0.703

BV (min/100 g) 0.15 2.98±2.64 2.38±2.88 2.49±2.18 0.629

IRF TO (s) 2.79 0.56±0.74 0.54±1.08 4.39±2.19 0.004

MSI (%) 6.63 6.23±2.13 17.98±14.81 12.98±7.95 0.440

MTT (s) – 2.41±0.22 2.63±0.90 5.43±3.46 0.437

PS (mL/min/100 g) 1.05 14.92±5.01 16.86±19.64 14.13±18.45 0.563

PEI (HU) 25.95 0.07±0.08 0.10±0.13 0.34±0.43 0.642

Tmax (s) 0.12 1.83±1.88 3.68±6.37 6.26±3.28 0.225

TTP (s) 9.54 12.77±11.36 17.35±9.96 17.75±7.96 0.905

The data are presented by mean ± SD. CT, computed tomography; AIS, adenocarcinoma in situ; MIA, micro-invasive adenocarcinoma; 
IAC, invasive adenocarcinoma; AAH, atypical adenomatous hyperplasia; BF, blood flow; BV, blood volume; IRF TO, impulse residue 
function time of arrival; MSI, maximum slope of increase; MTT, mean transit time; PS, permeability surface area product; PEI, positive 
enhancement integral; HU, Hounsfield units; Tmax, maximum enhancement time; TTP, time to peak; SD, standard deviation. 

Table 3 Comparison of CT perfusion parameters between AAH + AISs and MIA + IACs

Parameters MIA + IACs (n=57) AAH + AISs (n=5) P value

BF (mL/min/100 g) 62.94±63.15 71.71±76.63 0.985

BV (min/100 g) 2.68±2.53 2.27±2.58 0.699

IRF TO (s) 3.75±2.79 1.12±1.27 0.031

MSI (%) 11.83±8.99 6.33±1.75 0.183

MTT (s) 4.16±3.07 1.95±0.80 0.201

PS (mL/min/100 g) 13.25±16.16 10.24±12.60 0.602

PEI (HU) 0.36±0.96 0.09±0.07 0.900

Tmax (s) 5.16±4.06 4.40±4.64 0.787

TTP (s) 17.64±10.41 13.63±9.66 0.826

The data are presented by mean ± SD. CT, computed tomography; AAH, atypical adenomatous hyperplasia; AIS, adenocarcinoma in 
situ; MIA, micro-invasive adenocarcinoma; IAC, invasive adenocarcinoma; BF, blood flow; BV, blood volume; IRF TO, impulse residue 
function time of arrival; MSI, maximum slope of increase; MTT, mean transit time; PS, permeability surface area product; PEI, positive 
enhancement integral; HU, Hounsfield units; Tmax, maximum enhancement time; TTP, time to peak; SD, standard deviation.
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vs. 4.12±2.69 s, P<0.001).
There was no significant difference in BF, BV, MSI, 

MTT, PS, PEI, TTP, and Tmax among different types of 
LUAD (P>0.05).

Discussion 

According to the 2011 IASLC/ATS/ERS classification 

of LUAD, the prognosis of LUAD is mainly affected by 
its pathological invasiveness. At present, it is difficult to 
obtain the preoperative pathological diagnosis of ground-
glass nodules. High-resolution chest CT is often used to 
estimate the invasiveness of ground-glass nodules, and 
corresponding treatment measures are formulated. Previous 
traditional chest CT studies have suggested that the density 
of nodules, solid components, CT value, ground-glass 

Table 4 Comparison of CT perfusion parameters between AAH + AIS + MIAs and IACs

Parameters IACs (n=53) AIS + AAH + MIAs (n=9) P value

BF (mL/min/100 g) 61.75±61.25 73.13±77.42 0.813

BV (min/100 g) 2.71±2.53 2.33±2.53 0.461

IRF TO (s) 4.12±2.69 0.83±1.13 <0.001

MSI (%) 11.22±8.23 12.11±1155 0.857

MTT (s) 4.24±3.12 2.23±0.81 0.138

PS (mL/min/100 g) 12.89±16.03 13.55±15.68 0.860

PEI (HU) 0.38±1.00 0.09±0.10 0.968

Tmax (s) 5.27±3.93 4.04±5.00 0.361

TTP (s) 17.67±10.96 15.49±9.30 0.374

The data are presented by mean ± SD. CT, computed tomography; AAH, atypical adenomatous hyperplasia; AIS, adenocarcinoma in situ; 
MIA, micro-invasive adenocarcinoma; IAC, invasive adenocarcinoma; BF, blood flow; BV, blood volume; IRF TO, impulse residue function 
time of arrival; MSI, maximum slope of increase; MTT, mean transit time; PS, permeability surface area product; PEI, positive enhancement 
integral; HU, Hounsfield units; Tmax, maximum enhancement time; TTP, time to peak; SD, standard deviation.

Figure 2 A 67-year-old female with right middle lobe AIS was examined by spectral CT perfusion imaging. (A) The CT image of the 
patient. (B) The pathology image of the patient. (A) Axial CT image at the lung window showed a pure ground-glass opacity in the right 
middle lobe (arrow). (B) The diagnosis of AIS (red arrowheads) was confirmed by pathology (H&E staining at ×400 magnification). CT 
perfusion parameter IRF TO was 1.43 s, which was correlated with the pathological diagnosis of AIS. AIS, adenocarcinoma in situ; CT, 
computed tomography; H&E, hematoxylin and eosin; IRF TO, impulse residue function time of arrival.
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Figure 3 A 52-year-old female with MIA in the left upper lung was examined by spectral CT perfusion imaging. (A) The CT image of the 
patient. (B) The pathology image of the patient. (A) Axial CT image at the lung window revealed a pure ground-glass opacity in the left 
upper lobe (arrow). (B) The pathological specimen revealed MIA (red arrowheads) (H&E staining at ×400 magnification). The IRF TO 
value of this lesion was 2.61 s, which was correlated with the pathological diagnosis of low-invasive or non-invasive lesion. MIA, micro 
invasive lung adenocarcinoma; CT, computed tomography; H&E, hematoxylin and eosin; IRF TO, impulse residue function time of arrival.

A B

Figure 4 A 65-year-old female with IAC in the right upper lung was examined by spectral CT perfusion imaging. (A) The CT image of the 
patient. (B) The pathology image of the patient. (A) Axial CT at the lung window demonstrate a sub-solid nodule in the right upper lung 
(arrow). (B) IAC was confirmed by pathology (red arrowheads) (H&E staining at ×400 magnification). CT perfusion parameter IRF TO was 
6.24 s. The IRF TO value was long, which indicated the diagnosis of invasive lesion. IAC, invasive lung adenocarcinoma; CT, computed 
tomography; H&E, hematoxylin and eosin; IRF TO, impulse residue function time of arrival.
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density ratio, edge burr, lobulation, bronchial gas phase, 
and pleural traction, among others, can be used to estimate 
the invasiveness of LUAD (7,16-18). A previous study used 
texture analysis of high-resolution CT images to distinguish 
AIS, MIA, and IAC (19). It was possible to differentiate AIS-
MIA from IAC using the 90th percentile CT numbers and 
entropy. Currently, although a few trials have studied the 
pathological invasion of LUAD using spectral CT imaging, 
there are no studies that have investigated CT perfusion 
imaging in the evaluation of pathological invasiveness of 
LUAD (20,21). It was postulated that the net enhancement 
value of CT or iodine-based map at a single energy level 
can be used to evaluate the invasiveness of LUAD (20,21). 
The net enhancement value of CT or iodine-based image 
is directly related to the distribution of intravascular and 
extracellular space in the tumor, which reflect the changes 
of tumor hemodynamics. Due to the vasculature differences 
between benign and malignant tumors, the CT parameters 
related to enhancement of these tumors also reflect the 
tumor invasiveness. Therefore, enhanced CT value was 
used to differentiate pulmonary nodules traditionally (22).

Studies of CT perfusion imaging showed that the 
spectral CT perfusion imaging was superior to that of the 
traditional CT enhancement value in evaluating the blood 
perfusion status and the invasiveness of pulmonary nodules. 
The sensitivity, specificity, and accuracy were 79–91%, 
81–96%, and 80–96% respectively, for the differentiation 
of malignant from benign nodules (9,10). In this study, we 
discovered that IRF TO value of CT perfusion imaging 
was significantly different in AIS, MIA, and IAC (P=0.004). 
Histopathological study of LUAD also found that the 
microvessel density of different pathological subtypes of 
LUAD was different, and the microvessel density of solid 
LUAD was higher than that of non-solid LUAD (23). 
With the aggravation of the invasion of LUAD, the solid 
components gradually increased from AIS or MIA to IAC, 
which may be accompanied by the increase of microvessel 
density in the tumor. Our results show that there were no 
significant differences in BF, BV, MSI, MTT, PS, PEI, TTP, 
and Tmax among AIS, MIA, and IAC. The CT perfusion 
parameter IRF TO reflects the different changes of 
invasiveness exactly. The results of this study revealed that 
IRF TO increases with the increment of the invasiveness of 
LUAD. This may be attributed to the distinctive vascular 
distribution among different subtypes of LUAD, and 
quantitative study of microvessel density is warranted to 
investigate this issue.

For AIS, MIA, and IAC, IRF TO may indirectly 

reflect the potential tumor angiogenesis and vasculature 
distribution, and further indicates the differences of 
invasiveness of LUAD. In addition, the results of our 
study suggest that IRF TO contributes to differentiating 
precursor glandular lesions (AAH and AIS) from invasive 
LUAD (MIA and AIS) (Tables 2-4), the difference between 
which was statistically significant. Furthermore, a study had 
shown that the prognosis of solid LUAD was poor (24). 
Furthermore, MIA was separated from IAC and according 
to different prognosis, and combined AAH, and AIS as one 
group. The IRF TO of this group was significantly lower 
than that of IAC (P<0.001). These results may indicate 
that the quantitative parameter IRF TO of spectral CT 
perfusion imaging may be used to evaluate the prognosis of 
LUAD, which should be investigated in future studies.

There were some limitations in this study. The sample 
size, especially the number of AIS cases was too small, 
which could be attributed to the disease detection rate and 
the medical treatment rate. The correlation between the 
parameters of spectral CT perfusion imaging and the ratio 
of ground-glass component of LUAD was not analyzed in 
this study. The growth pattern of LUAD, such as adherent 
type, acinar type, papillary type, or solid growth, may also 
affect the outcomes, which was not examined in this study. 
Therefore, further studies should incorporate a larger 
sample size and more comprehensive pathological subtypes.

Conclusions

Spectral CT perfusion imaging has a potential application in 
the evaluation of the invasiveness of LUAD. The IRF TO 
value of spectral CT perfusion imaging increased with the 
increment of pathological invasiveness of adenocarcinoma, 
which may help to distinguish between AIS, MIA, and IAC. 
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