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Abstract: Objective: To explore the value of arterial enhancement fraction (AEF) of CT perfusion in evaluating the 
postoperative treatment efficacy on liver cancer (LC). Methods: Clinical data of 60 patients with LC who were treated 
with transcatheter arterial chemoembolization for LC in our hospital from Jan. 2015 to Jan. 2017 were analyzed 
retrospectively. They underwent CT scanning before and after surgery. The change of arterial enhancement fraction 
(AEF) was analyzed, and its value in efficacy evaluation was assessed. Results: After surgery, the AEF value of the 
effective group decreased greatly (P<0.05) and was significantly lower than that of the ineffective group (P<0.05). 
Alpha fetal protein (AFP) of both groups decreased after surgery, with a significantly lower AFP level in the effective 
group than that in the ineffective group (P<0.05). AEF and AFP were positively correlated. According to the follow-
up results, patients with a low AEF level showed a higher survival rate than those with a high level. Cox regression 
analysis revealed that AEF was an independent factor for patients’ prognosis. Conclusion: CT perfusion imaging 
parameters are of high clinical value for patients with primary LC after therapy and can be used as independent 
factors for their prognosis.
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Introduction

Primary liver cancer (PLC) is a common diges-
tive system cancer worldwide and also the 
most common type of liver cancer (LC) [1]. 
Approximate 90% of the LC patients are PLC, 
and PLC affects about 626,000 new patients 
worldwide each year, ranking the third in can-
cer-associated deaths in Asia-Pacific region 
and the second common cancer after lung can-
cer in China [2, 3]. PLC is dangerous due to 
both high incidence and mortality. According to 
the statistics of the WHO in 2012, its mortality 
in 2012 was approximate 95.4%, and more 
than half of them were in China [4]. The most 
common risk factor of hepatocellular carcino-
ma (HCC) worldwide is chronic infection with 
hepatitis B virus (HBV) or hepatitis C virus (HCV) 
[5]. Additionally, alcoholism, obesity, and type  
2 diabetes mellitus are all correlated with an 
increased risk of HCC [6]. At the current stage, 
surgery is the first option for HCC therapy, but 
PLC is usually ignored by patients due to its 

occult symptoms [7]. Accordingly, patients with 
PLC usually miss the optimal surgery timing at 
the time of diagnosis, and this is probably one 
of the reasons for the increased mortality of 
PLC [8]. Therefore, it is imperative to identify 
specific and sensitive biomarkers for early diag-
nosis of LC.

At the current stage, PLC is mainly treated by 
surgery to control its development [9]. However, 
not all patients are suitable for surgical treat-
ment. Transcatheter arterial chemoemboliza-
tion (TACE) is a primary treatment for patients 
not suitable for hepatectomy [10]. However, if 
patients’ lesions are not completely necrotic 
after TACE, there will be residual lesions or 
tumor blood vessel re-formation, inducing tu- 
mor recurrence again [11]. Thus, it is of pro-
found importance to search for a quick and 
accurate index to evaluate residual lesions and 
tumor blood supply for a better treatment in the 
future. The curative effect after surgical tre- 
atment is mainly evaluated through imaging 
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examination (CT and MRI) in clinical practice 
[12]. However, because of the irregular diffu-
sion of lipiodol deposition, the evaluation of 
curative effect after tumor therapy according to 
modified Response Evaluation Criteria in Solid 
Tumors (mRECIST) depends on radiologists’ 
experience and subjective judgment to a great 
extent [13]. The functional characteristics of 
tumors change earlier than morphological fea-
tures. Therefore, routine CT perfusion imaging 
(CTPI) is adopted to obtain arterial enhance-
ment fraction (AEF) reflecting the ratio of arte-
rial and venous blood supply in clinical practice. 
With it, the survival of HCC patients treated by 
TACE before and after surgery can be evaluated 
without increasing the external radiation dose 
[14].

In this study, we retrospectively analyzed the 
evaluation and prognostic value of AEF com-
bined with AFP in PLC treatment for the first 
time to provide reference for clinical treatment 
and prognosis observation.

Methods and materials

Clinical data

A total of 60 patients (40 males and 20 fe- 
males, 60.5±7.2 years old) with PLC confirmed 
in our hospital from Jan. 2016 to Jan. 2018 
were selected for retrospective study. All of 
them received TACE therapy. All patients sign- 
ed the informed consent form. This study was 
approved by the ethics committee of our hospi-
tal, with approval number of HN2020 (review) 
LL014.

Inclusion and exclusion criteria

The inclusion criteria: Patients confirmed with 
PLC by pathological imaging examination; pa- 
tients meeting TNM staging criteria (version 8) 
[15]; patients who had received anti-tumor 
therapy before this treatment, and received 
treatment for the first time; and patients with 
detailed case data and follow-up records.

The exclusion criteria: Patients with other co- 
morbid tumors, liver diseases, kidney diseases, 
malignant tumors, severe cardiovascular or ce- 
rebrovascular diseases, severe inflammation or 
severe immunodeficiency.

Therapeutic regimen

All the patients were treated with TACE. 
Specifically, the patient was ordered to lie flat 

on a DSA bed, with the skin of bilateral groin 
area disinfected routinely and a sterile towel 
laid and given local anesthesia. Then a small 
incision about 5 mm was cut on the skin,  
followed by implementation of the improved 
Seldinger puncture to the right femoral artery. 
The patient was also given chemotherapeutic 
drugs including 80-100 mg oxaliplatin (Qilu 
Pharmaceutical Co., Ltd., China, State Food 
and Drug Administration (SFDA) approval no.: 
H20093167), 10-20 mg epirubicin (Pfizer Phar- 
maceuticals Limited, China, SFDA approval no.: 
H20000497), 0.5-1.0 g 5-fluorouracil (Hainan 
Changan International Pharmaceutical Co., 
Ltd., China, SFDA approval no.: H20050981), 
and 5-30 ml iodipin as embolic agent, at doses 
determined according to the patient’ tumor 
size, body surface area, and tumor blood sup-
ply. After surgery, extubation and compression 
dressing were conducted.

CT detection and data analysis

The patient was scanned with a Siemens 
Definition Flash 64-slice CT (Siemen, Germany) 
scanner from head to foot and from diaphragm 
to anterior superior iliac spine. First, the patient 
was given conventional plain scan, and injected 
with 100-120 ml contrast agent ultravist (320 
mgI/ml, 2 ml/kg weight) through the median 
cubital vein at an injection rate of 3 ml/s. After 
28 h, the delayed arterial phase scanning was 
performed. After 30 s, the portal pulse scan 
was performed. The scanning parameters were 
as follows: tube voltage of 120 kV, tube current 
of 250 mAs, Caredose4D, conventional scan-
ning layer of 5 mm, and reconstruction layer of 
5 mm. The collected data were imported into 
CT Kinetics (Siemen, Germany) workstation. 
The abdominal aorta and portal vein were 
selected to fit the arterial input function (AIF) of 
dual blood supply to liver, and the region of 
interest (ROI) was selected by two radiologists 
with more than 5-year experience in abdominal 
imaging diagnosis. The parenchymal part of 
liver tumor was selected from the site without 
cystic degeneration and necrosis not near the 
vascular area, and the largest slice of lesion 
area was selected as ROI for calculation of the 
distribution of AEF in the ROI.

Outcome measures

Primary outcome measures: The clinical effica-
cy of patients after treatment was evaluated 
according to the New Response Evaluation 
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Criteria in Solid Tumors (RECIST). Patients with 
complete remission (CR) and those with partial 
remission (PR) were assigned to the effective 
group (n=47), and patients with stable disease 
(SD) and those with progressive disease (PD) 
were assigned to the ineffective group (n=23). 
The two groups were compared in AEF value 
before and after therapy. Additionally, ROC 
curves were drawn to analyze the evaluation 
value of AFE.

Secondary outcome measures: 5 mL of periph-
eral blood samples from patients were collect-
ed before and after treatment and centrifuged 
at 1500 g for 10 min to collect serum for the 
detection of the changes of alpha-fetoprotein 
(AFP), using automatic chemiluminescence im- 
munoassay. Pearson test was used to analyze 
the correlation between AEF and AFP, and Cox 
regression was used to analyze the prognostic 
factors of patients.

Statistical analyses

The collected data were statistically analyzed 
using SPSS20.00, and the figures were ren-
dered using Graph Pad 8. The Kolmogorov-
Smirnov (K-S) test was adopted for data distri-
bution analysis, and those in normal distribu-
tion were analyzed via the t test and compared 
between groups via the independent-samples  
t test. Paired t test was used for comparison 
within groups. Additionally, the Kplan-Meier 
and log-rank tests were adopted to analyze 
patients’ survival, and ROC curves were used  
to analyze the diagnostic value of AEF in pa- 
tients with PLC. Area under the curve (AUC) 

>0.5 denotes a diagnostic value. Cox regres-
sion was conducted to analyze the prognostic 
factors of patients. Univariate analysis was 
conducted by the forward method, and multi-
variate analysis was conducted by the back-
ward LR method. P<0.05 suggested a statisti-
cally significant difference.

Results

Clinical baseline data of patients

The enrolled patients consisted of 40 males 
and 20 females with a mean age of 60.5±7.2 
years. There were 33 patients with tumor size 
≥4 cm and 27 patients with tumor size <4 cm, 
16 patients in stage II, 18 patients in stage III, 
and 26 patients in stage IV, 28 patients in 
grade A and 32 patients in grade B in ChildPugh 
classification.

Changes of AEF value and AFP level in patients 
with PLC before and after therapy

We compared the changes of serum AFP and 
AEF of CT in patients with PLC before and after 
TACE treatment, and found that AEF value and 
AFP concentration in patients after treatment 
were both lower than those before treatment 
(Figure 1A and 1B, both P<0.05).

Changes of AEF value and AFP level before 
and after treatment in the effective group and 
the ineffective group

According to the clinical efficacy in patients 
after treatment, the patients were assigned to 
the effective group or ineffective group. We fur-

Figure 1. Changes of AEF value and AFP level in patients with PLC before and after treatment. A. Changes of AEF 
value in patients with PLC after treatment. B. Changes of AFP level in patients with PLC after treatment. Note: 
***P<0.001. The data were compared between groups by the paired-samples t test.
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ther compared the changes of AEF value and 
AFP level before and after treatment between 
the two groups, and found that there was no 
difference between them in AEF value and AFP 
level before surgery (P>0.05), and the AEF 
value and AFP level in the effective group were 
greatly lower than those in the ineffective group 
(Figure 2A, 2B, P<0.05).

Evaluation value of AEF and AFP in the treat-
ment efficacy 

For the purpose of further determining the eval-
uation value of AEF and AFP in the treatment 
efficacy, we drew ROC curves according to each 
index after treatment (Table 1). According to 
the results, AEF value had an AUC of 0.778 and 
a cut-off value of 0.385 (Figure 3A), AFP level 
had an AUC of 0.679 and a cut-off value of 
523.13 (Figure 3B), and combination of the two 
had an AUC of 0.821, and a cut-off value of 
0.340 (Figure 3C).

Evaluation value of AEF in the overall survival 
(OS) rate of patients

We divided the patients into high and low 
expression groups according to the cut-off 

value of AEF in ROC curve. Analysis of the OS 
rate of patients revealed that the OS rate in the 
low expression group was notably higher than 
that in the other group (Figure 4, P=0.009).

Cox regression analysis

Lastly, we collected clinical data of patients 
and analyzed the prognostic factors. According 
to Univariate Cox regression analysis, clinical 
stage, ChildPugh grade, AFP level, and AEF 
value all impacted the prognosis of patients 
(Table 2, P<0.05). According to multivariate an- 
alysis, clinical stage, AFP level, and AEF value 
were all independent prognostic factors (Table 
3, all P<0.05).

Discussion

PLC is a common malignant tumor worldwide. 
According to the data published by American 
Cancer Society, LC ranks the fifth among com-
mon cancers in incidence, and the third am- 
ong malignant tumors in mortality, showing an 
annually growing incidence [16]. TACE is cur-
rently recognized as an effective non-surgical 
treatment for patients without surgical indica-
tions and those refusing to undergo surgical 

Figure 2. Changes of AEF value and AFP level in the effective and ineffective groups before and after treatment. A. 
Changes of AEF value in the effective group and ineffective group before and after treatment. B. Changes of AFP 
level in the effective group and ineffective group before and after treatment. Notes: *indicates P<0.05 and **indi-
cates P<0.01. The data were compared between groups by the paired-samples t test, and compared without groups 
using the paired t test.

Table 1. ROC parameters
Index AUC 95% CI P-value Sensitivity Specificity Youden index Cut-off
AEF 0.778 0.662-0.894 0.003 78.26 67.56 45.83 >0.385
AFP 0.679 0.538-0.821 0.020 39.13 91.89 31.02 >523.13
Combination of the two 0.821 0.717-0.925 <0.001 82.60 75.67 58.28 >0.340
Note: AUC: area under curve; 95% CI: confidence interval.
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resection of LC [17], but it can hardly complete-
ly inactivate tumors. According to one study 
[18], only 15-55% of patients had local res- 
ponse after TACE. Accordingly, it is imperative 
to search for a timely and accurate assess- 
ment scheme. However, each inspection has 
both advantages and limitations.

CT perfusion is to transport blood into a unit 
volume of tissue per unit time, which usually 
means to transport blood in capillaries [19]. 
According to prior research, the time-density 
curve of ROI in a specific slice can be obtained 
by continuously scanning the slice with bolus 
intravenous injection of contrast agent. Various 
concerned parameters can be obtained by  
calculating curves with different mathematical 
models [20]. AEF is a quantitative parameter 
that reflects the ratio of blood supply to arteri- 
es and veins [21]. In this study, the AEF value  
of patients increased significantly after treat-
ment. After TACE, stenosis and occlusion of the 
internal and peripheral arteries of the tumor 
trigger a decrease in the flow velocity of the 

proper hepatic artery. For tumors sensitive to 
chemotherapy that can obtain favorable embo-
lization effect, the decrease in the flow velocity 
of the proper hepatic artery is consistent with 
the decrease or disappearance of the internal 
blood flow of the tumor, which can be explain- 
ed by perfusion parameters [22]. In addition, 
according to comparison of groups with differ-
ent efficacy, the effective group showed a lower 
AEF value than the ineffective group after treat-
ment. It can be explained by the fact that areas 
with tumor blood vessels and those with abun-
dant blood flow are often areas with strong 
tumor growth and metabolism [23]. After oper-
ation, patients have sparse lipiodol deposition, 
high hepatic artery perfusion according to AEF, 
and still blood flow area, which indicate incom-
plete embolism that may be the basis of tumor 
recurrence and metastasis, and also indicate 
the requirement for further treatment [24]. We 
also found a positive correlation between AEF 
and AFP through correlation analysis, which 
indicated that AEF value can be used as a refer-
ence index to evaluate TACE efficacy in patients 
with PLC. In order to determine the evaluation 
value of AEF, we drew a corresponding ROC 
curve of AEF after treatment. The ROC curve 
showed that with the help of AEF value, AFP can 
better help evaluate the efficacy in patients, 
which further supports the evaluation value of 
AEF.

At the end of the study, we followed up the 
patients and collected their clinical data for Cox 
regression analysis. According to Cox regres-
sion analysis, clinical stage, AFP level, and AEF 
value were independent risk factors affecting 
the patients’ prognosis. Liu et al. [25] have 
revealed that AEF value can be used as an eval-
uation index for the survival of patients with 

Figure 3. Evaluation value of AEF and AFP in the treatment efficacy of patients. A. ROC curve of AEF value in efficacy 
evaluation of patients. B. ROC curve of AFP level in efficacy evaluation of patients. C. ROC curve of AEF combined 
with AFP in efficacy evaluation of patients. Note: ROC-based analysis was adopted.

Figure 4. Evaluation value of AEF in the OS rate of 
patients. Note: The K-M test was adopted.
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PLC. In the present study, we have confirmed 
this point through research. Compared with 
their research, our study had a much larger 
sample size, so it can more strongly confirm  
the value of AEF in evaluating TACE efficacy in 
patients with PLC.

We have verified the evaluation value of AEF in 
treatment efficacy among patients with PLC 
after TACE through a retrospective study. How- 
ever, this study still has some limitations. First 
of all, in our retrospective study, patients co- 
uld not be grouped like randomized controlled 
studies, so the data may be biased. Second, at 
the current stage, most of the clinical treat-
ment schemes are combined treatment, which 
leads to the low guiding significance of our 
research results to clinical practice. Therefore, 
we hope to carry out a randomized controlled 
experiment in the follow-up study to observe 
the value of AEF in evaluating the postopera- 
tive efficacy in patients with PLC after different 
treatment schemes.

To sum up, CT perfusion imaging parameters 
are of high clinical value for patients with PLC 
after therapy and can be used as independent 
factors for their prognosis.
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