
Am J Transl Res 2021;13(12):13516-13523
www.ajtr.org /ISSN:1943-8141/AJTR0138271

Original Article
Diagnostic and prognostic value of  
CT perfusion parameters in patients  
with advanced NSCLC after chemotherapy 

Guangyao Lin, Yuan Sui, Yiming Li, Wenqi Huang

Medical Imaging Center, The First People’s Hospital of Shangqiu City, Shangqiu 476100, Henan Province, China

Received August 13, 2021; Accepted October 25, 2021; Epub December 15, 2021; Published December 30, 
2021

Abstract: Objective: To determine the short-term prognostic value of Computed Tomography (CT) perfusion param-
eters in patients with advanced non-small cell lung cancer (NSCLC) after chemotherapy. Methods: A total of 60 
patients with NSCLC who received concurrent radiotherapy and chemotherapy were enrolled. Before therapy, CT 
perfusion imaging was conducted to scan their local lesions. Then, the CT perfusion-associated parameters were 
recorded, and evaluated. According to the Response Evaluation Criteria in Solid Tumors (RECIST), 42 out of 60 pa-
tients had remission after chemotherapy. The blood flow (BF), blood volume (BV), and permeability surface (PS) of 
the two groups were analyzed before therapy, and factors and parameters affecting the efficacy of concurrent radio-
therapy and chemotherapy were discussed. Results: After chemotherapy, patients with remission showed lower BF, 
BV, and PS levels in pulmonary lesions than those without remission (all P<0.05). According to the 1-year follow-up 
results, 33 cases survived, and 27 cases died, and the survivors showed lower BF and PS levels than the dead (both 
P<0.05). Conclusion: Patients with lower BF and PS in CT perfusion parameters obtained better chemotherapy ef-
ficacy, so BF and PS can be adopted to predict the survival of patients.
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Introduction

Lung cancer (LC) is a malignant tumor of the 
respiratory system, with the highest mortality 
and morbidity among all cancers worldwide. It 
mainly falls into small cell (SCLC, approximate 
10%-15%) and non-small cell lung cancer 
(NSCLC, approximate 85%-90%) [1]. The latter 
includes two subtypes: adenocarcinoma and 
squamous cell carcinoma [2]. The early diagno-
sis rate of LC is low, and over 75% of the pa- 
tients have already entered a locally advanced 
or metastatic stage at the time of diagnosis [3]. 
Usually, surgical resection is selected to treat 
tumors at early stage, which can greatly impro- 
ve the survival of patients with LC [4]. However, 
not all patients with LC are suitable for surgery. 
Patients with advanced LC can only be treated 
with chemotherapy, targeted therapy, and che-
motherapy-immunotherapy, as these patients 
have missed the optimal surgical timing due to 
metastasis [5, 6]. Even if there is a treatment 

for advanced LC, the recovery rate is still terri-
bly low [7]. Accordingly, evaluating efficacy and 
judging prognosis in time are of profound signifi-
cance for clinical decision-making.

Currently, the response evaluation criteria in 
solid tumors (RECIST) is a widely adopted meth-
od for efficacy evaluation of chemotherapy and 
radiotherapy. It may reflect the effect of radio-
therapy and chemotherapy through the change 
of tumor size before and after therapy. However, 
there are enormous limitations for RECIST [8]. 
For example, it is hard to objectively evaluate 
the early efficacy of patients undergoing target-
ed therapy [9]. The tumor after therapy may be 
covered with scar and edema, which compro-
mises the evaluation effectiveness of RECIST 
[10]. Therefore, it is of particular importance to 
search for effective evaluation indexes. Com- 
puted tomography (CT) perfusion imaging is a 
novel functional imaging technology, in which, 
intravenous contrast agent is quickly injected 
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into patients, and operators scan the region of 
interest (ROI) of the image with continuous CT, 
and then drew corresponding time-density 
curve of perfusion tissues that can reflect the 
concentration change of contrast agent in the 
tissues. Finally, the dynamic perfusion value of 
the tissues can be obtained [11, 12]. Therefore, 
CT perfusion imaging can accurately reflect the 
blood perfusion of tumors.

In this study, we detected the survival rate of 
NSCLC patients based on CT perfusion param-
eters for the first time, and provided potential 
imaging markers for predicting and evaluating 
the curative effect of these patients after 
chemotherapy. 

Methods and materials

Clinical data

A total of 60 patients with advanced LC treated 
in our hospital from May 2018 to May 2020 
were analyzed retrospectively, including 33 
males and 27 females, with a mean age of 
65.4±7.4 years old. The study was approved by 
the Ethics Committee of our hospital with ethi-
cal approval number of LL2019(5)8, and was in 
strict accordance with the Declaration of 
Helsinki, and all participants were informed of 

the study [13]. See Table 1 for detailed clinical 
data of patients. 

Inclusion and exclusion criteria

The inclusion criteria: Patients who were diag-
nosed with lung adenocarcinoma by pathologi-
cal examination and imaging examination, and 
met the staging criteria for NSCLC of the 8th edi-
tion of Union for International Cancer Control 
(UICC) [14], patients with completed case data, 
and patients who were willing to cooperate with 
treatment and follow-up. 

The exclusion criteria: Patients with severe liver 
or kidney dysfunction; patients with other 
malignant tumors; pregnant women; lactating 
women; patients with severe cardiovascular or 
cerebrovascular diseases; patients who had 
received radiotherapy or chemotherapy before 
treatment; patients whose estimated survival 
time was less than 3 months; and those who 
were intolerant of the treatment plan.

Therapeutic regimen

All patients were treated by both radiotherapy 
and chemotherapy. Radiotherapy: The patient 
was treated by intensity modulated radiation 
therapy (IMRT) in the tumor radiotherapy 
department of our hospital, with a linear accel-
erator at 6 MVX-ray and 2 Gy/d, 5 times a week, 
with a total dose of 40-60 Gy. Chemotherapy: 
The patient received chemotherapy from the 
first day of radiotherapy. The chemotherapy 
regimen consisted of platinum drugs combined 
with docetaxel (DP regimen): DOC (75 mg/m2) 
was applied on the first day and cisplatin (DDP, 
75 mg/m2) was applied in three days. Each 
cycle spanned 28 days, and the patient was 
given 2 cycles of chemotherapy during radio- 
therapy.

Determination methods

Firstly, a Siemens SOMATOM sensation 64-slice 
spiral CT machine was adopted to scan the 
whole lung of each patient. With the largest 
cross section of tumor tissue as the central 
slice of perfusion scanning, a randomly config-
ured scanning software was adopted to contin-
uously and dynamically scan the selected 
lesions: 120 KV; 100 mAs; matrix: 512×512; 
slice thickness: 2.4 mm; acquisition slice: 1.2 
mm×24 slices; field of view (FOV): 380 mm; 

Table 1. Clinical data
Factors n
Gender
    Male 33
    Female 27
Age (Y)
    ≥65 35
    <65 25
Tumor size
    ≥3 cm 45
    <3 cm 15
Clinical staging
    III 40
    IV 20
Differentiation
    Moderate + high differentiation 27
    Low differentiation 33
Pattern of organization
    Squamous cell carcinoma 25
    Adenocarcinoma 35
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effective scanning range: 28 mm; scanning 
delay: 6 s; data acquisition time: 30 s; spiral 
time: 1 s. A total of 360 images were obtained 
after 30 scanning cycles. After targeted thera-
py, the slice selected before therapy was used 
as reference for another CT perfusion imaging 
scanning. Non-ionic contrast agent (370 mgI/
mL iohexol) was injected into each patient via 
elbow vein with a high-pressure syringe at a 
rate of 4-6 ml/s and a dose of 50 mL, and 25 
mL normal saline was injected into the patient 
at the same rate before and after enhan- 
cement.

Data processing

The 360 images generated by perfusion imag-
ing were processed in a sensation 64 worksta-
tion, and the lung tumor item in randomly con-
figured syngo Body PCT software was adopted 
to analyze the lesion. After motion correction, 
the layer displaying the maximum diameter of 
the lesion was selected, and aorta on the same 
layer (if there was no aorta on the layer, the 
common carotid artery, brachiocephalic artery 
or subclavian artery could be used for the upper 
lung, and the left ventricle could be used for the 
lower lung) was selected as the reference blood 
vessel. The ROI of the mass was delineated 
using the hyperperfusion region mean method. 
Two experienced senior physicians specialized 
in chest radiological diagnosis (engaged in 
imaging for more than 10 years) were arranged 
to conduct measurement, and their obtained 
values were averaged. The perfusion parame-
ters including blood flow (BF), blood volume 
(BV) and permeability surface (PS) were 
obtained.

Outcome measures

Primary outcome measures: The changes of CT 
perfusion parameters of each patient before 
and after therapy were evaluated. The CT perfu-
sion parameters of the remission group and the 
non-remission group before therapy were com-
pared. In addition, the value of CT perfusion 
parameters in predicting the 1-year survival of 
patients after chemotherapy was evaluated 
(The follow-up was conducted through outpa-
tient review of pathological system and 
telephone).

Secondary outcome measures: Observe the 
predictive value of CT perfusion parameters 

before treatment on the patient’s remission 
after treatment, and evaluate the use of ROC 
curve to assess its clinical value.

Efficacy assessment

The efficacy can be classified into four grades: 
Complete remission (CR), partial remission 
(PR), stable disease (SD) and progressive dis-
ease (PD). CR: The complete disappearance of 
tumor lesions, and no enhancement in the arte-
rial phase; PR: A decrease in diameters of 
tumor lesion >30%, and no enhancement in the 
arterial phase; SD: no enhancement in the arte-
rial phase of tumor lesions, and a decrease in 
the diameters of lesion ≤20%, or an increase 
<20%; PD: no enhancement in the arterial 
phase of tumor lesions, and an increase in the 
diameters of lesion ≥20% or the number of new 
lesions ≥1. Patients with CR and those with PR 
were counted as patients with remission after 
chemotherapy, while those with SD and those 
with PD as patients without remission after 
chemotherapy.

Statistical analyses

Our study adopted GraphPad 7 for data analy-
sis and data visualization. Data in normal distri-
bution were expressed as Mean ± SD, and the 
inter-group comparison was conducted using 
independent-samples T test, and the intra-
group comparison was conducted using the 
paired t test. Additionally, the K-M survival 
curve was drawn to observe the total survival of 
patients, and the Log-rank test was conducted 
for survival analysis. P<0.05 indicated a signifi-
cant difference.

Results

Changes of CT perfusion parameters before 
and after therapy

According to comparison of BF, BV and PS in 
patients before and after therapy, these param-
eters in patients decreased significantly after 
therapy (Figure 1A-C, P<0.01).

Predictive value of pre-treatment CT perfusion 
parameters on the remission of patients 

The patients were divided into a remission 
group (n=42) and a non-remission group (n=18) 
according to clinical efficacy after therapy. Their 
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BF, BV and PS before therapy were compared. 
According to the comparison results, the remis-
sion group showed significantly lower BF, BV 
and PS levels than the non-remission group 
before therapy (Figure 2A-C, all P<0.05). In 
order to more deeply determine the predictive 
value of pre-treatment CT perfusion parame-
ters on the remission of patients, we drew 
receiver operator characteristic (ROC) curves of 
BF, BV and PS in prediction of remission. The 
analysis results revealed that BF, BV, and PS 
were good predictors when their areas under 
the curves (AUCs) were larger than 0.7. The 
results show that BF, BV and PS can be used as 

The predictive value of BF, BV and PS in the 
remission of patients with advanced LC after 
therapy was confirmed in this study, but wheth-
er these indexes could be used as evaluation 
indexes of remission remains unclear. There- 
fore, we analyzed their evaluation value on 
patients’ remission after therapy. According to 
the results, the remission group showed signifi-
cantly lower BF and PS levels than the non-
remission group (Figure 4A-C, P<0.05), and 
had no significant difference with the non-
remission group in BV (P>0.05). Then, we fur-
ther analyzed the evaluation value of each 
index by ROC curve. According to the results, 

Figure 1. Changes of CT perfusion parameters before and after therapy. A. Comparison of BF in patients before and 
after therapy (the paired t test, n=60). B. Comparison of BV in patients before and after therapy (the paired t test, 
n=60). C. Comparison of PS in patients before and after therapy (the paired t test, n=60). **P<0.01, ***P<0.001.

Figure 2. Comparison of CT perfusion parameters between the remission group and non-remission group before 
therapy. A. Comparison of BF between the remission group (n=42) and non-remission group (n=18) before therapy 
(the independent-samples T test). B. Comparison of BV between the remission group (n=42) and non-remission 
group (n=18) before therapy (the independent-samples T test). C. Comparison of PS between the remission group 
(n=42) and non-remission group (n=18) before therapy (the independent-samples T test). **P<0.01, ***P<0.001.

Table 2. ROC curve parameters

Parameter index AUC Specificity 
(%)

Sensitivity 
(%)

Youden 
index (%) Cut-off

BF 0.733 88.89 57.14 46.03 <82.97
BV 0.718 44.44 92.85 37.30 <6.00
PS 0.806 100.00 66.67 66.67 <16.55

reference indicators for predicting 
patient remission (Table 2 and 
Figure 3A-C, P<0.05).

Evaluation value of CT perfusion 
parameters on the remission of 
patients after therapy
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Figure 3. Predictive value of CT perfusion parameters before treatment on remission of patients. A. AUC of BF in 
patients’ remission. B. AUC of BV in patients’ remission. C. AUC of PS in patients’ remission.

Figure 4. Comparison of CT perfusion parameters between the remission group and non-remission group after 
therapy. A. Comparison of BS between the remission group (n=42) and non-remission group (n=18) after therapy 
(the independent-samples T test). B. Comparison of BV between the remission group (n=42) and non-remission 
group (n=18) after therapy (the independent-samples T test). C. Comparison of PS between the remission group 
(n=42) and non-remission group (n=18) after therapy (the independent-samples T test). **P<0.01, ***P<0.001.

Table 3. ROC curve parameters

Parameter index AUC Specificity 
(%)

Sensitivity 
(%)

Youden 
index (%) Cut-off

BF 0.753 61.11 76.19 37.30 <65.04
PS 0.796 100.00 54.76 54.76 <12.94

the AUCs of BF and PS were both >0.7, and the 
AUC of joint detection of them was similar to 
that of a single index (Table 3 and Figure 5A, 
5B).

Value of CT perfusion parameters in short-term 
prognosis of patients after chemotherapy

We followed up 60 patients for 1 year and 
found that their survival rate was 55%. The 
patients were divided into a survival group 
(n=33) and a death group (n=27) according to 
their survival condition. According to compari-
son results, the survival group showed signifi-

cantly lower BF and PS levels than 
the death group (Figure 6A-C, 
P<0.05), and the two groups 
showed no significant difference 
in BV level (P>0.05). In addition, 
the ROC curve-based analysis 
revealed that BF and PS were 

favorable indicators of clinical prognosis 
because their AUCs in prediction of patients’ 
short-term prognosis were 0.630 and 0.655, 
respectively (Table 4 and Figure 7A, 7B).

Discussion

Surgery can be the first choice of clinical thera-
py for LC, with a variety of specific operation 
manners [15, 16]. However, a small number of 
patients with LC have already entered the 
advanced stage and misssed the optimal surgi-
cal therapy timing [17]. and the prognosis of 
advanced patients is rather unsatisfactory. 
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According to previous study, early intervention 
can improve the survival of patients [18, 19]. 
One recent study has found the significance of 
observing the biological indicators of patients 
before therapy for the evaluation of patients’ 
condition and prediction of efficacy [20]. In this 
study, we compared the changes of CT perfu-
sion parameters in patients after therapy of DP 
regimen. CT perfusion imaging is a crucial 
imaging examination method in recent years 
[21]. We intravenously injected contrast agent 
into patients and carried out repeated and 
rapid CT scanning to selected slices. Then we 
drew the time-density curve of the slice image. 

microvessels in tumors, and help quantitatively 
evaluate the physiological conditions, density 
distribution and metabolic function of tumor 
microvessels [22, 23]. BF is the amount of 
blood flowing through a certain tumor tissue 
per unit time, and BV reflects the amount of 
blood contained in certain tumor tissues. The 
blood vessels in malignant tumors are interwo-
ven into a network, so the running length of dif-
ferent blood vessels in unit tumor tissue is dif-
ferent. PS refers to the unidirectional transmis-
sion rate of contrast agent into the intercellular 
space through capillary endothelium [24]. In 
our study, similar to the results obtained by 

Figure 5. Predictive value of CT perfusion parameters after treatment on remission of patients before treatment. A. 
AUC of BF in patients’ remission. B. AUC of PS in patients’ remission. 

Figure 6. Value of CT perfusion parameters in short-term prognosis of patients after chemotherapy. A. Comparison 
of BF between the survival group (n=33) and death group (n=27) before therapy (the independent-samples T test). 
B. Comparison of BV between the survival group (n=33) and death group (n=27) before therapy (the independent-
samples T test). C. Comparison of PS between the survival group (n=33) and death group (n=27) before therapy (the 
independent-samples T test). * indicates P<0.05.

Table 4. ROC curve parameters

Parameter index AUC Specificity 
(%)

Sensitivity 
(%)

Youden 
index (%) Cut-off

BF 0.630 81.84 42.42 23.90 <81.16
PS 0.655 51.72 75.75 27.48 <18.70

The concentration change of con-
trast agent in tissues indirectly 
reflected the changes of blood flow 
and blood flow velocity in tissues 
and organs. CT perfusion imaging 
is of great clinical value, because it 
can fully reflect the changes of 
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Zhao et al. [25], BF, BV, and PS in tumor tissues 
of patients decreased greatly after therapy. The 
results further indicate that these indexes are 
promising clinical observation indexes for 
patients with advanced LC after chemo- 
therapy.

For the purpose of further verifying the correla-
tions of BF, BV and PS with treatment efficacy 
in patients, we assigned the patients to an 
remission group and a non-remission group 
according to treatment efficacy after therapy. 
According to further observation results, the 
remission group showed significantly lower BF, 
BV, and PS than the non-remission group. 
According to ROC curve-based analysis, BF, BV 
and PS had certain value in predicting the effi-
cacy improvement in patients. In addition, we 
further compared the value of BF, BV and PS in 
evaluating the efficacy on patients after thera-
py. The results showed that the remission group 
showed notably lower BF and PS than the non-
remission group, and the AUCs of them for effi-
cacy evaluation was both larger than 0.7, but 
BV demonstrates no value in efficacy evalua-
tion of patients. We believed that chemothera-
py would induce the apoptosis of tumor cells in 
patients and thus give rise to a decrease in 
blood content in tumor tissues. According to 
the obtained data after chemotherapy, the 
blood content in tumor tissues of patients was 
not high, so BV is not likely to be an index for 
efficacy evolution on patients. At the end of the 
study, we made a further comparison according 
to the patients’ survival within one year. The 
analysis results indicate that BF and PS are 

promising indexes for evaluation of the survival 
of patients, but ROC curve-based analysis 
reveals that the two have clinical value only 
when their AUCs are >0.6. One study by Fraioli 
et al. [26] has revealed that CT perfusion 
parameters can help fully evaluate the changes 
triggered by therapy in NSCLC, and perfusion 
parameters are correlated with the treatment 
response evaluation using RECIST standard. In 
our study, CT perfusion parameters demon-
strated both predictive and evaluative value for 
the clinical efficacy in patients with advanced 
NSCLC, which further confirmed the clinical 
value of CT perfusion imaging in LC prognosis.

The present study has determined the short-
term prognostic value of CT perfusion parame-
ters in patients with advanced NSCLC after 
chemotherapy, but it still has some limitations. 
For example, this study is not a prospective 
study, and the sample size is small. In addition, 
this study didn’t carry out subgroup analysis on 
patients with different types of LC, which needs 
more research in the future.

To sum up, patients lower BF and PS in CT per-
fusion imaging obtained better chemotherapy 
efficacy, so BF and PS can be adopted to pre-
dict the survival of patients.
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Figure 7. Predictive value of CT perfusion parameters on patients’ death before therapy. A. AUC of BF for prediction 
of patients’ survival. B. AUC of PS for prediction of patients’ survival.
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