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Abstract 

Background: Computed tomography (CT) perfusion was found to be useful in assessing treatment response in 
a variety of cancers through the evaluation in the arterial perfusion changes. We investigated the performance of 
CT perfusion parameters for assessment of hepatocellular carcinoma (HCC) response to radiofrequency ablation 
(RFA) and trans-arterial chemoembolization (TACE). We conducted a prospective diagnostic test accuracy study that 
recruited 70 HCC patients who were scheduled to undergo TACE or RFA. For each dynamic CT scan acquisition, four 
single perfusion CT image maps were generated, including functional maps of blood flow (BF), blood volume (BV), 
mean transit time (MTT), and permeability surface (PS).

Results: In TACE-treated lesions, the BV achieved a sensitivity and specific of 100% and 83.3%, at a cutoff level 
of ≤ 122 ml/min/100 gm, for responders. Likewise, at a  cutoff level of > 10 s, transit time had a sensitivity of 90.5% and 
specificity of 100%. At a cutoff level of ≤ 14 ml/min/100 gm,  the PS had a sensitivity of 100% and specificity of 83.33% 
for responders. In RFA-treated lesions, at a cutoff level of ≤ 170 ml/min/100 gm and ≤ 11 ml/100 gm, the BF and BV 
had a sensitivity of 100% and specificity 100%, respectively, for responders. At a cutoff level of ≤ 11 ml/min/100 gm, PS 
had a sensitivity 77.27% and specificity 80%.

Conclusions: The present study confirms the feasibility of CT perfusion for assessment of response to TACE and RFA 
among patients with HCC.
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Background
Hepatocellular carcinoma (HCC) is the sixth most com-
mon malignancy and a significant cause of mortality 
worldwide. According to recent epidemiological figures, 
the incidence of HCC shows a steady increase, with 
more than 900,000 new cases of HCC diagnosed in 2020; 
besides, nearly 830,000 global deaths were attributed to 
HCC in 2020 [1]. East Asia harbors the largest number of 
HCC cases across the globe, while the lowest incidence is 

reported in South-central Asia [2]. In Egypt, HCC repre-
sents a public health and financial burden and accounted 
for nearly 25,400 cases in 2018, ranking it as the most 
prevalent cancer in the Eastern Mediterranean country 
[3, 4]. HCC is the most common form of hepatic malig-
nancy, and it affects mainly males older than 50  years 
old [5]. The development of HCC is attributed to a wide 
range of risk factors, including chronic hepatitis B and C, 
non-alcoholic steatohepatitis, and autoimmune hepatitis, 
as well as genetic predisposition [6]. While the underly-
ing pathogenesis of HCC has not been fully elucidated 
yet, the cumulative body of evidence has improved 
our understanding of the molecular pathways, such as 
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CCNA2 or CCNE1, involved in the invasive development 
of HCC [7]. Patients with HCC are prone to a wide range 
of complications, whose severity increases proportion-
ally with advanced disease stages, such as liver failure, 
variceal bleeding, treatment-related complications, and 
death [8, 9]. In Egypt, HCC is the most common cause 
of cancer-related deaths (~ 25%), which calls for effective 
surveillance and preventive strategies [4].

Currently, the management of HCC relies mainly in 
disease stages, with ablation and trans-arterial chem-
oembolization offered to patients with early and inter-
mediate stages [10]. According to several clinical trials, 
RFA and TACE had significantly improved the outcomes 
of survival of HCC patients, with manageable safety 
profile [11]. Thus, both techniques are the most com-
mon approaches for HCC management in many centers. 
Nonetheless, assessment of patients’ response to RFA/
TACE is essential step in the management algorithms 
of HCC [2]. While the Response Evaluation Criteria in 
Solid Tumors (RECIST) is the most commonly utilized 
evaluation form in many malignancies, previous reports 
showed that the RECIST has many limitations in the 
setting of HCC [12]. Therefore, several imaging-based 
modalities were proposed for accurate evaluation of 
patients’ response to loco regional treatment.

Recently, computed tomography (CT) perfusion has 
emerged as a useful imaging modality for quantitative 
evaluation of tumor angiogenesis [13]. In the setting of 
HCC, it was found that the changes in the CT perfusion 
dynamic parameters correlated significantly with the 
hepatic pathological changes [14]. Thus, CT perfusion 
demonstrated fair diagnostic accuracy for diagnosis of 
HCC [15]. Moreover, CT perfusion was found to be use-
ful in assessing treatment response in variety of cancers 
through the evaluation in the arterial perfusion changes. 
However, limited data are available regarding the per-
formance of CT perfusion parameters for evaluation of 
HCC response to RFA and TACE. Thus, we investigated 
the performance of CT perfusion parameters for assess-
ment of HCC response to RFA and TACE.

Methods
The present manuscript was approved by the local eth-
ics committee of Cairo University Hospital [D-23-2019] 
and prepared in concordance with the recommendations 
of STrengthening the Reporting of OBservational studies 
in Epidemiology (STROBE) [16].

Study design and patients
We conducted a prospective diagnostic test accuracy 
study that recruited 70 HCC patients who were sched-
uled to undergo TACE or RFA through the period from 
January 2019 to December 2020 at the Cairo university 

hospitals. Adult patients (older than 18  years) were 
included, with no gender restriction, if they had an estab-
lished diagnosis of focal or multifocal HCC diagnosed by 
histopathology or CT findings. Only patients with Child–
Pugh class A or B disease were included. We excluded 
patients with relative or absolute contraindications to 
CT imaging or intravenous (IV) contrast. Patients were 
required to sign written informed consent before the 
study’s initiation.

Data collection and CT perfusion
Eligible patients underwent detailed history and data col-
lection regarding the age, sex, clinical status, stage of liver 
cirrhosis according to Child–Pugh, etiology of HCC, date 
of intervention, type of intervention, size, number and 
location of lesions, laboratory parameters (blood screen, 
bilirubin, transaminase, urea, creatinine, alfa feto protein 
level), extrahepatic spread of the disease.

In patients who underwent TACE, we collected selec-
tiveness of TACE, the use of microcatheter, type and size 
of embolization particles, the dose of chemotherapeutic 
agent, number of TACE procedures, response to treat-
ment according to mRECIST criteria and survival.

All patients underwent multi-detector CT (MDCT) 
and CT perfusion examination 3 ± 1.3  months 
post-intervention.

For MDCT, we utilized a 16-slice MDCT scanner 
(Alexion, Toshiba Medical Systems, Japan), alongside 
with injection of 100–120  mL of non-ionic iodinated 
CM (Ultravist® (brand of iopromide) injection 300; 
Bayer, Berlin, Germany). The scan passed through an 
unenhanced phase, followed by a post-contrast triphasic 
acquisition.

CTP was performed using the same scanner, after 
the multiphase MDCT study. Before injection of CM, 
we selected the appropriate transverse level in order to 
include the maximal diameter of the treated HCC lesion, 
according to the unenhanced scan of the prior CECT 
study. Care was taken to ensure that 2  cm of the target 
lesion was included for the cine acquisition. Both the 
tumor location and anatomic landmarks (such as por-
tal vein and aorta) were used in the decision. In patients 
with multiple lesions who underwent TACE, we chose 
the largest lesion and considered it as the target lesion.

The dynamic image acquisition includes first initial 
phase study and delayed phase study. The first phase 
study is composed of images acquired during the initial 
phase of contrast agent administration within 40–60  s. 
The second delayed phase study is 2–10  min after the 
first phase study. The following CT parameters were 
used to acquire perfusion data: image acquisition for a 
total duration of 40–60 s with one image every 1 s start-
ing 1  s after injection of 40–50  ml of contrast at a rate 
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of 4–7 ml/s with a tube current of 50–100 mAs, delayed 
phase involves acquisition of 1  s images acquired every 
10  s for 2  min. Every patient was clearly instructed to 
breathe normally during images acquisition and to avoid 
a deep breath when experiencing a hot flush sensation, 
commonly associated with the rapid bolus of iodinated 
CM. Moreover, to avoid motion artifacts and images 
mis-registration,

 Data were processed at a workstation (Advantage 
Windows 4.0; GE Medical Systems) with CTP software 
(GE Perfusion 3.0) by 2 radiologists. The parametric map 
images were created using the highest spatial resolution 
pixel-by-pixel calculation technique. Tissue perfusion 
valuation was based on the maximum slope model and 
using deconvolutional analysis as the average slope of the 
tissue enhancement divided by the peak enhancement 
in the aorta. ROIs were drawn, respectively, within sur-
rounding cirrhotic liver parenchyma, trying to avoid arte-
rial and portal vessels. The resulting temporal changes in 
contrast enhancement were then analyzed to quantify a 
range of parameters that reflected the functional status of 
tissue perfusion. For each dynamic CT scan acquisition, 4 
single perfusion CT image maps were generated, includ-
ing functional maps of blood flow (BF), blood volume 
(BV), mean transit time (MTT), and permeability surface 
(PS). To draw region of interest (ROI), the readers manu-
ally drew ROI on each CTP map and corresponding CTP 
parameters (BF, BV, MTT, and PS), values were aver-
aged for all ROIs in each patient. ROI included at least 
two-thirds of the area of the HCC. Functional maps were 
represented in a color-coding scheme in rainbow format 
ranging from blue to red so as to obtain comparable color 
maps as varying shades of blue, green, yellow, and red in 
order of increasing perfusion.

Two hepatic imaging experienced readers evaluated 
CT perfusion data. The readers independently reviewed 
hepatic focal lesion perfusion parameters. Acquisition 
date and participant identification were removed from 
all images. The radiologists were blinded to all clinical 
information.

Study’s outcomes
The primary outcome in the present study was the diag-
nostic accuracy of CT perfusion parameters in assess-
ment of responders to TACE and RFA. The secondary 
outcomes included comparing CT perfusion parameters 
of TACE/RFA responders and recurrent activity between 
ablated lesions and cirrhotic parenchyma.

Statistical analysis
SPSS version 19 (SPSS Inc., Cary, NC) was used for the 
statistical analysis. We described the central tendency 
and variation in age and CT perfusion parameters using 

mean and standard deviation (SD). Frequency tables 
were used for gender and response to TACE/RFA. The 
association between response to TACE/RFA and CT per-
fusion parameters was assessed using an Independent t 
test. Spearman correlation test was used to test the cor-
relation between CT perfusion parameters and age. The 
diagnostic performance of CT perfusion parameters 
to predict TACE/RFA responders was evaluated using 
Receiver Operating Characteristic (ROC) curve analy-
sis. A P-value of less than 5% was considered statistically 
significant.

Results
A total of 70 patients were included with a mean age of 
66.83 ± 5.99  years old and male predominance (91.4%). 
The underlying cause of cirrhosis in the patients was hep-
atitis C-virus. The size of target lesions under assessment 
post-therapy was 3.5 ± 1.4 cm, 54 of which were located 
in the right hepatic lobe different segments; 64 patients 
were investigated after their first locoregional treatment 
session while the rest had several sessions before 3 ± 1.

Of the total patients, 33 patients (47.1%) under-
went TACE, and the rest of the patients underwent 
RFA. Among the 33 patients who underwent TACE, 31 
patients underwent conventional TACE while the other 2 
underwent TACE with drug eluding beads.

Treatment response of the target lesions was described 
according to CT perfusion results as responder and 
recurrent lesion activity based on perfusion parameters, 
and those results were confirmed through correlation 
with four phase CT or MRI studies based on mRECIST 
criteria as well as correlation with tumor markers levels.

Out of the patients who underwent TACE, 21 patients 
(64%) were classified as responders, compared to 59.5% 
of the patients who underwent RFA (Fig. 1A, B).

Among patients who underwent TACE, there was 
statistically significant lower BF in responders versus 
recurrent cases (46.05 ± 39.71 vs. 292.79 ± 150.16  ml/
min/100  gm; p < 0.001) (Figs.  2, 3, 4). Likewise, there 
was statistically significant higher mean transit time 
in responders versus recurrent cases (20.65 ± 10.8 vs. 
6 ± 2.78  s; p < 0.001). Responders had significantly lower 
permeability (5.58 ± 5.67 vs. 23.05 ± 9.5; p < 0.001) and 
higher HU on non-contrast, arterial, and porto-venous 
(p < 0.05). Among patients who underwent RFA, there 
was statistically significant lower BF (61.7 ± 54.5 vs. 
565.8 ± 257.3  ml/min/100  gm; p < 0.001) and lower 
BV (5.5 ± 2.9 vs. 47.5 ± 10.03  ml/100  gm; p < 0.001). 
in responders versus recurrent cases. Likewise, there 
was a statistically significant higher arterial fraction 
in responders versus recurrent cases (0.54 ± 0.23 vs. 
0.34 ± 0.3; p = 0.031). Responders had significantly lower 
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permeability (10.3 ± 9.1 vs/ 24.8 ± 11.9; p < 0.001) and 
higher HU on arterial and porto-venous (p < 0.05), as 
shown in Table 1.

Among responders to TACE, there were statistically 
significant lower BF (p < 0.001), BV (p 0.001), mean tran-
sit time (p < 0.001), PS (p < 0.001), and higher arterial 
fraction (p < 0.001) and HU on non-contrast, arterial, and 
porto-venous (p < 0.05). Among responders to RFA, there 
were statistically significant lower BF (61.7 ± 54.5 versus 
565.8 ± 257.3  ml/min/100gm; p < 0.001) and lower BF 
(p < 0.001), BV (p 0.001), PS (p < 0.001), and higher HU 
on non-contrast, arterial, and porto-venous (p < 0.05), as 
shown in Table 2.

In TACE-treated lesions, the BV achieved a sensitiv-
ity and specificity of 100% and 83.3%, at a cutoff level 
of ≤ 122  ml/min/100  gm, for responders. Likewise, 
at a cut-off level of > 10  s, transit time had a sensitiv-
ity of 90.5% and specificity of 100%. At a cut-off level 
of ≤ 14 ml/min/100 gm,  the PS had a sensitivity of 100% 
and specificity of 83.33% for responders. The HU non-
contrast and arterial also had high sensitivity (100% and 
90.8%, respectively) and specificity (100%) for respond-
ers. Lastly, at a cut-off level of > 98, HU porto-venous had 
a sensitivity of 95.24% and specificity of 100% (Table 3).

In RFA-treated lesions, at a cut-off level of ≤ 170  ml/
min/100  gm and ≤ 11  ml/100  gm, the BF and BV had a 
sensitivity of 100% and specificity 100%, respectively, for 
responders. At a cut-off level of ≤ 11  ml/min/100  gm, 
PS had a sensitivity of 77.27% and specificity of 80%. 

RFA

Responder 40.5

Recurrent 59.5

A

B

TACE

Responder 36

Recurrent
64

Fig. 1 Frequency of responders to TACE (A) and RFA (B)

Fig. 2 69-year-old male patient with liver cirrhosis and right hepatic lobe segment VIII HCC underwent chemoembolization on June 2019. 
Follow-up post-intervention triphasic CT was done on September 2019 and revealed dense injected chemotherapy material “lipidol” showing no 
evidence of pathological enhancement. CTP functional maps showed intra lesional BF of 102 mL/100 g/min compared to 187 mL/100 g/min in the 
hepatic parenchyma. In addition, the mean transit time is almost doubled at the lesion measuring about 6 s

Fig. 3 53-year-old male patient with liver cirrhosis and right hepatic lobe segment VII/VIII HCC underwent radiofrequency ablation on January 
2019. Follow-up post-intervention triphasic CT was done on February 2019 and revealed evident intra-lesional pathological enhancement, 
denoting residual/recurrence activity of this lesion. CTP functional maps showed marked increase in blood flow to the lesion measuring about 
233 mL/100 g/min compared to 67 mL/100 g/min in the rest of hepatic parenchyma. In addition, the mean transit time is reduced to become 6 s
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Likewise, at a cut-off level of ≤ 55, HU arterial had a sen-
sitivity of 100% and specificity of 100%. In RFA -treated 
lesions, at a cut-off level of ≤ 53, HU porto venous had a 
sensitivity of 63.64% and specificity of 80% (Table 3).

Discussion
Despite the critical importance of early identification of 
recurrent HCC lesions after loco regional interventions, 
the currently available imaging modalities are limited by 
low diagnostic performance and unavailability in some 
centers. In this study, we investigated the performance 
of CT perfusion parameters to assess and evaluate HCC 
response to RFA and TACE. Overall, we found that the 
BV, transit time and PS yielded high sensitivities and spe-
cificities for the assessment of response to TACE.

The outcomes of loco regional treatment of HCC 
depend primarily on complete ablation of the focal 
malignant lesions and early identification of residual or 
local recurrence. Late identification of recurrent lesions 
can compromise the retreatment outcomes due to the 
peripheral spread of re-growing lesions [17]. Nonethe-
less, early identification of recurrent lesions is still chal-
lenging, with no standardization across various centers. 
Particularly, the identification of recurrent HCC lesions 
with traditional CT following TACE or RFA can be 
difficult for multiple reasons, including the fact the 
necrosis of malignant cells may not be associated with 
a proportional reduction in the tumor size and the pos-
sible confusion between RFA-induced reactive hyper-
emia and recurrent nodules [18]. Besides, in the case 
of TACE, the identification of HCC recurrence may 
be concealed by the beam hardening artifacts around 
the accumulated lipiodol due to high attenuation 
from the surrounding vasculature or cellular disrup-
tion [19, 20]. Moreover, the recurrent/residual lesions 
can lack enhancement on the traditional CT within 
the first three months after ablation and may be falsely 

interpreted as successful treatment [21]. Thus, CT per-
fusion has emerged as a promising modality for assess-
ing patients’ response to loco regional interventions; it 
is defined as “real” blood flow through a volume of tis-
sue per time.” The CT perfusion can assess the change 
in small vessels through serial density measurements 
[22]. The CT perfusion quantitatively evaluates the 
hemodynamics changes within the malignant tissue. 
Thus, it can accurately reflect the pathological changes 
in the vascular of malignant hepatic tissue [23, 24]. 
Malignant tissues usually show reduced BF, BV, and PS 
immediately after treatment [25].

Our study assessed the potential role of CT perfu-
sion technique in the detection of blood flow changes 
related to the therapeutic effects in HCC lesions treated 
with RFA and TACE. According to our results, perfu-
sion parameters, particularly BF and BV, are higher in the 
residual disease than in the ablated zone. Such findings 
can be attributed to the fact that BF is strongly related to 
the existence of residual or new vessels within the lesions, 
prompting tumor recurrence; thus, increased BF donates 
hyper vascularity [15]. On the contrary, transit time was 
lower in recurrent lesions due to the concurrent reduc-
tion in portal venous branches in the residual viable neo-
plastic tissue. Our results are even consistent with those 
previously reported in other studies.

In 2015, Chen et  al. evaluated changes in perfusion 
parameters before and after TACE and found that per-
fusion parameters, particularly HAP and hepatic arte-
rial fraction, increased after treatment in patients with 
progressive disease.

Our results agree with Mahnken et  al. 2013 who 
reported the usefulness of quantitative volumetric arte-
rial enhancement fraction color mapping for the early 
detection of recurrent tumor after RFA. They observed 
that the tumor arterial perfusion values were signifi-
cantly higher when compared with liver parenchyma.

Fig. 4 71-year-old male patient with liver cirrhosis and right hepatic lobe segment VIII HCC underwent TACE on June 2019. Follow-up 
post-intervention triphasic CT was done on August 2019 and revealed dense injected chemotherapy material “lipidol” showing evidence of 
pathological enhancement at its lower margin, denoting recurrent/residual activity. CTP functional maps of this recurrent lesional pathological 
activity showed evident increase in blood flow measuring about 239 mL/100 g/min compared to 96 mL/100 g/min in the non-ablated hepatic 
parenchyma. In addition, the mean transit time is reduced to become 8 s



Page 6 of 9Osman et al. Egyptian Journal of Radiology and Nuclear Medicine          (2021) 52:281 

Ta
bl

e 
1 

A
ss

oc
ia

tio
n 

be
tw

ee
n 

C
TP

 p
ar

am
et

er
s 

an
d 

TA
C

E/
RF

A
 re

sp
on

se

CT
 p

er
fu

si
on

 (t
re

at
ed

 
le

si
on

s)
TA

CE
P 

va
lu

e
RF

A
P 

va
lu

e

Re
sp

on
de

rs
Re

cu
rr

en
t

Re
sp

on
de

rs
Re

cu
rr

en
t

M
ea

n
SD

M
ea

n
SD

M
ea

n
SD

M
ea

n
SD

BF
 (m

l/m
in

/1
00

gm
)

46
.0

5
39

.7
1

29
2.

79
15

0.
16

 <
 0

.0
01

*
61

.7
3

54
.4

5
56

5.
80

25
7.

33
 <

 0
.0

01
*

BV
 (m

l/1
00

gm
)

11
.2

2
10

.5
1

15
.6

8
5.

69
0.

18
5

5.
50

2.
93

47
.5

0
10

.0
3

 <
 0

.0
01

*

M
ea

n 
tr

an
si

t t
im

e 
(s

ec
)

20
.6

5
10

.8
0

6
2.

78
 <

 0
.0

01
*

11
.0

7
7.

15
7.

53
3.

16
0.

08
1

A
rt

er
ia

l f
ra

ct
io

n
0.

53
0.

26
0.

38
0.

24
0.

13
1

0.
54

0.
23

0.
34

0.
30

0.
03

1*

Pe
rm

ea
bi

lit
y(

m
l/

m
in

/1
00

gm
)

5.
58

5.
67

23
.0

5
9.

51
 <

 0
.0

01
*

10
.2

8
9.

09
24

.7
9

11
.8

5
 <

 0
.0

01
*

H
U

 o
n 

no
n-

co
nt

ra
st

23
0.

52
15

5.
34

53
.5

0
6.

88
 <

 0
.0

01
*

45
.8

2
4.

53
44

.4
0

2.
74

0.
28

7

H
U

 a
t a

rt
er

ia
l

23
0.

90
15

4.
92

83
.1

6
14

.7
3

0.
00

3*
49

.2
7

4.
55

98
.6

7
17

.3
3

 <
 0

.0
01

*

H
U

 a
t p

or
to

 v
en

ou
s

23
2.

09
15

4.
43

75
.7

5
14

.8
3

0.
00

2*
53

.1
8

5.
49

63
.1

3
12

.6
5

0.
00

2*



Page 7 of 9Osman et al. Egyptian Journal of Radiology and Nuclear Medicine          (2021) 52:281  

Ippolito et al. 2014 and Choi et al. 2015 reported that 
CTP parameters obtained 1  week after TACE did not 
help predict future recurrence. The recurrence even-
tually occurred at 4  weeks after TACE. The recurrent 
HCC within TACE-treated areas had significantly higher 
HAP, and HPI than the lipiodolized area or the cirrhotic 
parenchyma.

Ren et al. in 2014 showed the usefulness of CT perfu-
sion for early response assessment following anticancer 
treatment in 100 mice with human colon cancer xeno-
grafts. Blood flow, blood volume, and flow extraction 
product of the tumors were significantly reduced as early 
as 1  day after treatment with either an antiangiogenic 
agent (bevacizumab) or a single radiation treatment. 
Those changes in perfusion parameters occurred signifi-
cantly faster than changes in the tumor volume. These 
data suggest that CT perfusion parameters can be used 
as biomarkers for earlier post-treatment response assess-
ment before overt changes in tumor size occur.

In patients, Xiong et  al. (2010) and Ng et  al. (2011) 
showed a significant decrease in blood flow and/or blood 
volume after one cycle of the antiangiogenic drug SU in 

six patients with liver metastases and as early as 2  days 
following antiangiogenic treatment with bevacizumab in 
24 patients with metastatic carcinoid tumor, respectively.

Following local–regional therapy, Kan et  al. in (2005) 
demonstrated a significant decrease in blood flow, blood 
volume, and permeability, while showing a significant 
increase in MTT immediately and 2  days after TACE 
in 14 rats with liver metastasis (from murine mammary 
cancer cells).

In patients with HCC, Yang et  al. in 2011 demon-
strated a significant decrease in HAP and HPI in HCCs at 
4 weeks after TACE.

These studies show a potential role of perfusion CT for 
more accurate assessment of treatment response com-
pared with traditional morphologic imaging,

Our study does not agree with Spira et  al. 2012 who 
reported that the liver is probably the most challenging 
organ for CTP measurement and interpretation due to 
considerable diaphragmatic movement during breath-
ing, as the motion correction and the application of filters 
allow reconstruction of good-quality images even with 
free-breathing of the patient during scanning.

Table 2 Association between CTP parameters and ablated/cirrhotic lesions

CT perfusion TACE responder P value RFA Responder P value

Ablated lesions Cirrhotic 
parenchyma

Ablated lesions Cirrhotic 
parenchyma

Mean SD Mean SD Mean SD Mean SD

BF (ml/min/100gm) 46.05 39.71 248.84 180.82  < 0.0001* 61.73 54.45 283.05 226.65 0.0002*

BV (ml/100gm) 11.22 10.51 16.71 9.71 0.0213* 5.50 2.93 25.37 12.56  < 0.0001*

Mean transit time (sec) 20.65 10.80 10.98 7.001  < 0.0001* 11.07 7.15 10.23 4.89 0.4270

Arterial fraction 0.53 0.26 0.27 0.21  < 0.0001* 0.54 0.23 0.42 0.24 0.1420

Permeability(ml/min/100gm) 5.58 5.67 23.62 16.23  < 0.0001* 10.28 9.09 29.44 9.77  < 0.0001*

HU on non-contrast 230.52 155.34 51.05 7.20  < 0.0001* 45.82 4.53 53.32 3.30  < 0.0001*

HU at arterial 230.90 154.92 55.62 7.22  < 0.0001* 49.27 4.55 59.32 4.49  < 0.0001*

HU at porto venous 232.09 154.43 86.05 12.33 0.0003* 53.18 5.49 100.18 17.56  < 0.0001*

Table 3 Predictive value of CT perfusion for Response in TACE-/RFA-treated lesions by Receiver Operating Characteristic Curve (ROC)

CT perfusion (treated lesions) TACE RFA

AUC Cut off Sens% Spec% P value AUC Cut off Sens% Spec% P-value

BF (ml/min/100gm) 0.968  ≤ 122 100 83.3  < 0.0001* 1  ≤ 170 100 100  < 0.0001*

BV (ml/100gm) 0.685  ≤ 9 71.43 91.67 0.0691 1  ≤ 11 100 100  < 0.0001*

Mean transit time (sec) 0.933  > 10 90.48 100  < 0.0001* 0.598  > 13.9 36.36 100 0.2977

Arterial fraction 0.671  > 0.4 76.19 50 0.0771 0.703  > 0.2 86.36 66.67 0.0537

Permeability(ml/min/100gm) 0.938  ≤ 14 100 83.33  < 0.0001* 0.806  ≤ 11 77.27 80 0.0001*

HU non contrast 1  > 68 100 100  < 0.0001* 0.618  > 49 36.36 100 0.2017

HU arterial 0.980  > 104 90.48 100  < 0.0001* 1  ≤ 55 100 100  < 0.0001*

HU porto venous 0.998  > 98 95.24 100  < 0.0001 0.773  ≤ 53 63.64 80 0.0005*
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We acknowledge that the present study has some 
limitations. We used the 16-slice CT scanner, which 
allows for 2 cm coverage only for each patients; thus, it 
covers the treated lesion only. Besides, we did not com-
pare the CT parameters with histological evaluation of 
vessel density, the standard reference for evaluation of 
response to TACE and RFA. Our study is also limited 
by the relatively small sample size and being a single-
center experience. Thus, our generalizability is limited 
and our results have to be confirmed by further analysis 
in greater cohorts of patients.

Conclusions
The present study confirms the feasibility of CT per-
fusion for assessment of response to TACE and RFA 
among patients with HCC. We found that the CT per-
fusion parameters, particularly BF, yielded high diag-
nostic performance for prediction of response and early 
recurrence. CT perfusion showed a significant role 
in distinguishing between responding and recurrent 
lesions. Nonetheless, our results have to be confirmed 
by further analysis in greater cohorts of patients.
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