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Abstract
Objective To investigate the diagnostic value of early dynamic 18F-FDG PET/CT(ED 18F-FDG PET/CT) combined with 
conventional whole-body 18F-FDG PET/CT(WB 18F-FDG PET/CT) in hepatocellular carcinoma (HCC), as well as the dif-
ference of early dynamic blood flow parameters and maximum standardized uptake value (SUVmax) in HCC patients with/
without liver cirrhosis or microvascular invasion (MVI).
Methods Twenty-two consecutive patients (mean age 57.8 years) with 28 established HCC lesions (mean size 4.5 cm) 
underwent a blood flow study with an 18F-FDG dynamic scan divided into 24 sequences of 5 s each and a standard PET/
CT scan. On the ED PET/CT study, an experienced PET/CT physician obtained volumes of interest (VOIs) where three 
blood flow estimates (time to peak [TTP], blood flow [BF], and hepatic perfusion index [HPI]) were calculated. On the WB 
PET/CT study, a VOI was placed on the fused scan for each HCC and maximum standardized uptake value (SUVmax) was 
obtained. Comparison of blood flow estimates, SUVmax, and tumor/background ratio (TNR) was performed among HCCs 
with and without angioinvasion, as well as HCCs in cirrhotic and non-cirrhotic liver.
Results Compared with WB 18F-FDG PET/CT alone, ED combined with WB 18F-FDG PET/CT can significantly increase 
the detection rate of moderately differentiated and poorly differentiated HCCs (both P < 0.05). HPI was higher in HCCs in 
patients with liver cirrhosis than those without liver cirrhosis (P = 0.044). There was no significant difference in TTP, BF, 
SUVmax, or TNR between HCCs in patients with liver cirrhosis and those without liver cirrhosis. There was no significant 
difference in blood flow estimates or SUVmax in background liver parenchyma between patients with and those without 
cirrhosis. TTP was shorter in HCCs with MVI than without MVI (P = 0.046). There was no significant difference in BF, HPI, 
SUVmax, or TNR between HCCs with MVI and without MVI. There was no significant difference in blood flow estimates 
or SUVmax in background liver parenchyma between patients with and those without MVI.
Conclusion ED combined with WB 18F-FDG PET/CT can significantly increase the detection rate of moderately differenti-
ated and poorly differentiated HCCs. HPI was significantly higher in HCCs in patients with liver cirrhosis than those without 
liver cirrhosis. TTP was significantly shorter in HCCs with MVI than without MVI.
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Introduction

Hepatocellular carcinoma (HCC) accounts for the majority 
of the primary liver cancers. Globally, HCC is the fourth 
leading cause of cancer-related deaths and the sixth in the 
number of new cases. The morbidity and mortality caused 
by HCC in China rank the first in the world. Most HCC 
occurs in patients with underlying liver disease. Cirrhosis 

of any cause will increase the risk of HCC. The annual inci-
dence of HCC in patients with cirrhosis is 2–4% [1]. Con-
ventional 18F-fluorodeoxyglucose (FDG) positron emission 
tomography (PET)/CT imaging has obvious advantages in 
HCC staging, restaging, and prognostic evaluation. For the 
diagnosis of HCC, the positive detection rate is only about 
50%; therefore, false-negative results are prone to appear, 
especially for the diagnosis of better differentiated HCC [2]. 
18F-FDG PET/CT early dynamic (ED) imaging essentially 
reflects the blood perfusion at the initial stage of 18F-FDG 
entering the human tissue structure through the vein. It can 
be used to evaluate the blood perfusion characteristics of 

Beilei Li and Hongcheng Shi have equally contributed to this work.

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s00261-023-03986-y&domain=pdf
http://orcid.org/0000-0003-1922-1359


3128 Abdominal Radiology (2023) 48:3127–3134

1 3

HCC lesions [3–5] and can be used as an alternative exami-
nation method for HCC patients with contraindications in 
enhanced CT or other enhanced imaging examinations [6]. 
Microvascular invasion (MVI) is defined as the presence of 
micrometastatic HCC emboli in hepatic vessels. Among a 
variety of prognostic factors, it is increasingly recognized 
that the presence of MVI can reflect the enhanced abil-
ity of HCC local infiltration and distant metastasis and is 
a key determinant of early recurrence and survival. How-
ever, at present, MVI can only be identified by histopatho-
logical studies on the excised surgical specimens [7, 8]. In 
this study, taking the postoperative pathology as the “gold 
standard,” we investigated the diagnostic value of 18F-FDG 
PET/CT of early dynamic hepatic perfusion combined with 
whole-body PET/CT imaging in the diagnosis of HCC, as 
well as the difference of early dynamic blood flow parame-
ters and the maximum standardized uptake value (SUVmax) 
in HCC patients with/without liver cirrhosis or MVI.

Materials and methods

Patients

From May 2015 to April 2017, there were 22 HCC patients 
(mean age 57.8 ± 9.7 years; range 34–74 years; 19 males 
and 3 females), with a total of 28 cancer foci. Among them, 
21 patients were new cases and 1 patient was postoperative 
recurrence; 17 patients had a single lesion, 4 patients had 2 
lesions, and 1 patient had 3 lesions. Twenty patients had a 
history of hepatitis B, one patient had hepatitis C, and one 
patient had no clear history of hepatitis. All pathological 
results of lesions were obtained after partial hepatectomy, 
liver transplantation, or liver puncture, and the pathological 
diagnoses were confirmed as HCCs. Among them, the path-
ological diagnosis of 1 lesion in a patient with liver punc-
ture in our hospital only indicated the tumor differentiation 
and did not provide information on MVI and cirrhosis. The 
pathological results of the 3 cancer foci of the 2 patients 
were obtained in other hospitals and none of them provided 
information on tumor differentiation, MVI, or cirrhosis. The 
average maximum diameter of all lesions was 4.5 ± 3.2 cm 
(1.0–13.0 cm). This study was approved by Ethics Commit-
tee of Zhongshan Hospital, Fudan University.

Imaging protocol

18F-FDG was provided by Shanghai Atom Kexing Pharma-
ceutical Co., Ltd, China, with radiochemical purity of > 95%. 
All the examinations were performed on an integrated PET/
CT scanner (Discovery ST, GE Healthcare, USA). The pro-
tocol included two PET/CT acquisitions: an ED PET PET/
CT acquisition and a conventional WB PET/CT scan.

After the patient fasted for more than 6 h and the blood 
glucose was verified (< 11.0 mmol/L), a low-dose CT scan 
(120 kV, 80 mA) was performed, including a single bed 
position and centering on the liver. Then an ED 18F-FDG 
PET scan (continuing for 120 s, consisting of 24 sequential 
frames of 5 s each) and the 18F-FDG bolus were simulta-
neously performed. 18F-FDG (4.44 MBq/kg) was manually 
administered in a 2-mL bolus in 0.9% saline as soon as pos-
sible and was followed by rinsing with 10-mL 0.9% saline.

The WB 18F-FDG PET/CT scanning region encompassed 
the base of the skull to the proximal thigh. Parameters for 
helical CT image acquisition were as follows: tube voltage, 
120 kV; modulated tube current–time product, 140 mAs; 
section thickness, 3.75 mm; and pitch, 0.516. The PET 
scan was performed for 2 min in each bed position, usually 
including 6–8 beds. CT data were used to perform attenua-
tion correction on PET images. Datasets from PET images 
were reconstructed iteratively using a row-action maximum 
likelihood algorithm, including segmented correction for 
attenuation using the CT data. The images were recon-
structed and displayed in three dimensions (axial, sagittal, 
and coronal).

Data processing and analysis

ED 18F‑FDG PET/CT

The 18F-FDG PET images of all patients were fused with 
the liver-enhanced MRI or enhanced CT images performed 
in our hospital within the previous week by Matlab 2014a 
software (Mathworks Inc., USA). An experienced PET/CT 
physician outlined the volume regions of interest (VOI) of 
HCC, liver background, spleen, and abdominal aorta on the 
fusion images.

Reference to the literature [3], time–activity curves were 
generated from the mean activities for each VOI. Three 
blood flow parameters (i.e., time to peak [TTP], blood flow 
[BF], and hepatic perfusion index [HPI]) related to the first-
pass delivery of FDG were derived for the HCC lesion and 
the background liver parenchyma, and TTP and PI were cal-
culated for the spleen parenchyma.

Gamma-variate fit was used to correct for arterial recircu-
lation and to locate the tissue peak of activity for noisy sam-
ples. The basic gamma-variate function is defined as follows:

It can be shown that this expression is equivalent to the 
following:

y(t) = At� exp

(

−
t

�
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where A = ymaxtmax
−�exp(�) , � = tmax∕� , and ymax are the 

maximum values and tmax is the time for the maximum.
If the function begins at t = t0(0 ≤ t0 < tmax) , we will 

obtain the following:

Time to peak (TTP)

HCCs are mainly nourished by arterial blood. During the 
first pass, the arterial flow reaches its peak before the por-
tal flow. Therefore, the TTP is a discriminative quantity 
between HCCs and liver background tissue. The follow-
ing equations were used: TTP = tmax − ta , tmax is the time 
at which the region of interest reaches its peak, and ta is the 
time of the aorta peak.

First‑pass model for measurement of blood flow (BF)

The concept of measuring tumor blood flow from the first 
pass of 18F-FDG is based on the first-pass model of Mullani 
et al. [3, 9, 10]. This model is based on the hypothesis that 
during the first transit of a bolus of activity through an organ 
(or a tumor), there exists a period during which the tracer 
has not left the region of interest, so that the venous con-
centration of the tracer is extremely small. This delay time 
is longer with highly extracted tracers. Thus, on the base of 
this assumption, the tissue blood flow can be estimated using 
the following equation:

where Q(T) is the residual amount of the tracer in sampled 
tissue at any time T, Ca(t) is the arterial concentration of the 
tracer, and E(T) is the extraction fraction.

Mullani et al. [3, 9, 10] compared the extraction frac-
tion of 18F-FDG in tumor tissue with the extraction fraction 
of the gold standard tracer 15O-water. They found that 18F-
FDG extraction in tumors was close to 15O-water extraction, 
averaging only 14% less. Thus, assuming that the first-pass 
extraction fraction of 18F-FDG is close to 1, the expres-
sion for tumor blood flow estimates can be simplified as 
following:

y(t) = ymax

(
t

tmax

)𝛼

exp

[

𝛼

(

1 −
t

tmax

)]

, t > 0

y(t) = ymax

(
t − t0

tmax − t0

)𝛼

exp

[

𝛼

(

1 −
t − t0

tmax − t0

)]

, t > 0

BF =
Q(T)

E(T) ⋅ ∫ T

0
Ca(t)dt

BF =
Q(T)

∫ T

0
Ca(t)dt

A typical selection of T is when the tissue reaches peak 
intensity (PI). Tumor blood flow was then calculated in mL/
min/g of tumor.

Hepatic perfusion index (HPI)

HPI is the percentage of arterial supply in the total liver 
blood supply [11]. It can be measured using the arterial first-
pass slope, dCart (t) , and portal first-pass slope, dCport (t) , as 
follows:

The PI of the spleen was used to distinguish between the 
arterial and the portal flows.

WB 18F‑FDG PET/CT

An experienced PET/CT physician outlined the VOI of 
HCCs and liver background on the PET/CT fusion image, 
measured SUVmax, and calculated the tumor/background 
ratio (TNR).

Pathological analysis

Tumor specimens were fixed in 4% formalin, embedded in 
paraffin, and sliced into 4-μm-thick serial sections. Slices 
were analyzed by hematoxylin–eosin (H&E) staining to 
assess liver cirrhosis, tumor differentiation, and tumor MVI. 
MVI was classified into three grades according to the num-
ber and distribution of MVI: M0, no MVI; M1 (the low-risk 
group), ≤ 5 MVI in adjacent liver tissue ≤ 1 cm away from 
the tumor;  andM2 (the high-risk group), > 5 MVI or MVI 
in liver tissue > 1 cm away from the tumor [7, 12]

Statistical analysis

The data were computed using SPSS 22.0 software (SPSS 
Inc., Chicago, IL, USA). Data were expressed as the aver-
age ± standard deviation. Two independent sample t tests 
were used for statistical analysis for comparison between 
groups. A p-value of less than 0.05 was considered statisti-
cally significant for all the analyses.

Results

Visual analysis

Among 28 HCCs, 11 lesions showed high 18F-FDG perfu-
sion and metabolism (Fig. 1), 10 lesions only showed high 

HPI =

dCart (t)

dt

||
|tmax

dCart (t)

dt

|
|
|tmax

+
dCport (t)

dt

|
|
|tmax
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18F-FDG perfusion without significant 18F-FDG metabo-
lism increase (Fig. 2), 1 lesion showed only high 18F-FDG 
metabolism but no significant increase in 18F-FDG perfusion 
(Fig. 3), and 6 lesions had no significant increase in 18F-FDG 
perfusion or metabolism.

Among the 11 moderately differentiated HCCs, the pos-
itive rates of ED 18F-FDG PET/CT, WB 18F-FDG PET/
CT, and ED + WB 18F-FDG PET/CT were 72.7% (8/11), 

36.4% (4/11), and 72.7% (8/11). Among the 14 poorly dif-
ferentiated HCCs, the positive rates of ED 18F-FDG PET/
CT, WB 18F-FDG PET/CT, and ED + WB 18F-FDG PET/
CT were 71.4% (10/14), 42.9% (6/14,) and 78.6% (11/14). 
Compared with WB 18F-FDG PET/CT alone, ED + WB 
18F-FDG PET/CT can significantly increase the detection 
rate of moderately differentiated and poorly differentiated 
HCC (both P < 0.05).

Fig. 1  A 61-year-old woman with HCC in the right lobe of the liver. 
The postoperative pathological diagnosis was HCC (grade III), MVI 
(M0), and non-cirrhosis. Axial-fused ED 18F-FDG PET/CT sequen-
tial blood flow images during a early arterial phase, b late arterial 
phase, and c venous phase and d MIP image show preferential arte-
rial supply to HCC (arrow) versus background liver parenchyma. 

For HCC and background liver parenchyma, TTPs were 30.31 and 
58.16 s, respectively; BFs were 0.74 and 0.69 mL/min/g, respectively; 
and HPIs were 0.57 and 0.49, respectively. WB PET/CT: axial CT, f 
fused PET/CT, and g PET MIP of the tumor (arrows) show increased 
FDG uptake in the HCC versus the background liver parenchyma 
(SUVmax = 6.4, TNR = 2.2)

Fig. 2  A 67-year-old man with HCC in the right lobe of the liver. 
The postoperative pathological diagnosis was HCC (grade II), MVI 
(M0), and non-cirrhosis. Axial-fused ED 18F-FDG PET/CT sequen-
tial blood flow images during a early arterial phase, B late arterial 
phase, and c venous phase and d MIP image show preferential arte-
rial supply to HCC (arrow) versus background liver parenchyma. 

For HCC and background liver parenchyma, TTPs were 18.11 and 
59.51 s, respectively; BFs were 0.86 and 0.49 mL/min/g, respectively; 
and HPIs were 0.77 and 0.45, respectively. WB PET/CT: axial e CT, 
f fused PET/CT (arrows), and G PET MIP of the tumor show no 
increased FDG uptake in the HCC versus the background liver paren-
chyma (SUVmax = 4.2, TNR = 1.2)
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Quantitative analysis

TTP was shorter in HCC than in background liver 
(34.99  s ± 16.52 vs 54.09  s ± 15.36; t = − 4.184, 
P < 0.001) and HPI was higher in HCC than in back-
ground liver parenchyma (0.62 ± 0.15 vs 0.51 ± 0.10; 
t = 2.993, P = 0. 004), but there was no significant differ-
ence in BF between HCC and background liver paren-
chyma (0.60 mL/min/g ± 0.22 vs 0.51 mL/min/g ± 0.10; 
t = 0.405, P = 0.687). TTP was shorter in spleen than 
in HCC (12.19 s ± 3.97 vs 34.99 s ± 16.52; t = − 7.050, 
P < 0.001) and BF was higher in spleen than in HCC 
(1.09 mL/min/g ± 0.30 vs 0.60 mL/min/g ± 0.22; t = 6.655, 
P < 0.001). SUVmax was significantly higher in HCCs 
than in background liver parenchyma (4.5 ± 2.9 vs 
2.8 ± 0.5; t = 2.855, P = 0.008) (Table 1). The TNR value 
of HCC was 1.6 ± 1.1.

HPI was higher in HCCs in patients with liver cirrhosis 
than those without liver cirrhosis (0.66 ± 0.16 vs 0.54 ± 0.08; 
t = 2.211, P = 0.044). There was no significant difference in 
TTP, BF, SUVmax, or TNR between HCCs in patients with 
liver cirrhosis and those without liver cirrhosis. There was 
no significant difference in blood flow estimates and SUV-
max in background liver parenchyma between patients with 
and those without cirrhosis (Table 2).

In 24 HCCs, the presence of MVI (including M1 and 
M2) was confirmed histopathologically in 8 HCCs. 
TTP was shorter in HCCs with MVI than without MVI 
(28.00 s ± 13.69 vs 42.13 s ± 16.23; t = − 2.110, P = 0.046). 

There was no significant difference in BF, HPI, SUVmax, 
or TNR between HCCs with MVI and without MVI. There 
was no significant difference in blood flow estimates and 
SUVmax in background liver parenchyma between patients 
with and those without MVI (Table 3).

Discussion

HCC is usually considered to be a blood-rich lesion and its 
occurrence is closely related to the increase of arterial blood 
supply, mainly related to tumor-related arterial neovascu-
larization. The main blood supply of HCC comes from the 
hepatic artery and part of the blood supply comes from the 
portal vein; conversely, the blood supply of normal liver 
tissue comes mostly from the portal vein and a small part 
comes from the hepatic artery. At the same time, in the first 
pass, the time of peak arterial blood supply is before the 
portal vein. Therefore, TTP is a quantitative indicator that 
reflects the difference between liver lesions and liver back-
ground. Consistent with the results of previous studies [3], 
our data show that the TTP of HCC is shorter than the TTP 
of the background liver. HPI represents the percentage of 
arterial blood supply to the total liver blood flow. Compared 
with the background liver, the HPI of HCC is significantly 
higher. Our data also confirmed that the hepatic artery pref-
erentially supplies HCC, suggesting that 18F-FDG blood 
flow parameters may estimate the angiogenesis of liver can-
cer. In addition, our research also shows that the BF of HCC 

Fig. 3  A 51-year-old man with HCC in the left lobe of the liver. 
The postoperative pathological diagnosis was HCC (grade III), MVI 
(M2), and cirrhosis. a Axial enhanced MRI showed mild enhance-
ment of the left lobe of liver tumor in the arterial phase (arrow). 
Axial-fused ED 18F-FDG PET/CT sequential blood flow images 
during b early arterial phase, c late arterial phase, and d venous 
phase show no preferential arterial supply to HCC (arrow) ver-

sus background liver parenchyma. For HCC and background liver 
parenchyma, TTPs were 10.42 and 48.57  s, respectively; BFs were 
0.33 and 0.51  mL/min/g, respectively; and HPIs were 0.90 and 
0.48, respectively. WB PET/CT: axial e CT, f fused PET/CT, and g 
PET MIP (arrows) of the tumor show increased FDG uptake in the 
HCC versus the background liver parenchyma (SUVmax = 15.4, 
TNR = 6.2)
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is higher than the background liver and the SUVmax of HCC 
is higher than that of background liver.

It is known that liver cirrhosis can affect and alter liver 
vascularisation and hepatic circulation can differ with vary-
ing grades of cirrhosis [13]. The results of this study show 

that there is no significant difference in BF between cirrhosis 
and non-cirrhosis background liver, which is consistent with 
Sørensen’s conclusion [14]. The results of this study show 
that the HPI value of HCC in cirrhotic patients is higher 
than that of HCC in non-cirrhotic patients, but there is no 

Table 1  18F-FDG blood flow estimates and SUVmax in HCC, background liver, and spleen

Bold values indicate statistically significant (p < 0.05)

HCC
(n = 28)

Background liver
(n = 22)

Spleen
(n = 22)

P value

HCC vs liver HCC vs spleen Liver vs spleen

TTP 34.99 ± 16.52 
(10.42–69.64)

54.09 ± 15.36
(20.48–77.76)

12.19 ± 3.97
(4.00–20.35)

 < 0.001  < 0.001  < 0.001

BF 0.60 ± 0.22
(0.16–0.97)

0.58 ± 0.17
(0.32–0.83)

1.09 ± 0.30
(0.71–1.78)

0.687  < 0.001  < 0.001

HPI 0.62 ± 0.15
(0.46–0.94)

0.51 ± 0.10
(0.42–0.91)

0.004

SUVmax 4.5 ± 2.9
(1.7–15.4)

2.8 ± 0.5
(1.6–3.5)

0.008

Table 2  18F-FDG blood flow estimates and SUVmax of HCC and background liver in patients with and those without liver cirrhosis

Bold value indicates statistically significant (p < 0.05)

HCC Background liver

Liver cirrhosis (n = 11) Non-liver cirrho-
sis (n = 13)

P value Liver cirrhosis (n = 10) Non-liver cirrhosis (n = 9) P value

TTP 36.21 ± 20.85
(10.42–69.64)

38.44 ± 12.74
(18.12–62.32)

0.761 55.30 ± 14.67
(31.39–77.76)

56.84 ± 11.84
(28.88–71.95)

0.806

BF 0.54 ± 0.21
(0.16–0.88)

0.64 ± 0.22
(0.34–0.97)

0.626 0.54 ± 0.18
(0.32–0.79)

0.59 ± 0.16
(0.38–0.83)

0.555

HPI 0.66 ± 0.16
(0.49–0.94)

0.54 ± 0.08
(0.46–0.77)

0.044 0.50 ± 0.04
(0.43–0.56)

0.49 ± 0.06
(0.42–0.62)

0.563

SUVmax 4.8 ± 3.7
(2.4–15.4)

4.0 ± 2.5
(1.7–11.3)

0.524 2.9 ± 0.3
(2.5–3.3)

2.9 ± 0.6
(1.6–3.5)

0.872

TNR 1.7 ± 1.5
(0.9–6.2)

1.4 ± 0.8
(0.8–3.6)

0.439

Table 3  18F-FDG blood flow 
estimates and SUVmax of HCC 
and background liver in patients 
with and those without MVI

Bold value indicates statistically significant (p < 0.05)

HCC Background Liver

M1 + M2
(n = 8)

M0
(n = 16)

P value M1 + M2
(n = 8)

M0
(n = 11)

P value

TTP 28.00 ± 13.69
(10.42–53.28)

42.13 ± 16.23
(18.12–69.64)

0.046 57.46 ± 13.55
(31.39–71.95)

55.00 ± 13.25
(28.88–77.76)

0.697

BF 0.58 ± 0.18
(0.33–0.88)

0.60 ± 0.24
(0.16–0.97)

0.817 0.59 ± 0.17
(0.34–0.80)

0.54 ± 0.17
(0.32–0.83)

0.554

HPI 0.68 ± 0.18
(0.51–0.94)

0.56 ± 0.08
(0.46–0.77)

0.087 0.49 ± 0.03
(0.42–0.91)

0.50 ± 0.06
(0.43–0.62)

0.681

SUVmax 6.6 ± 4.4
(2.3–15.4)

3.3 ± 1.0
(1.7–6.4)

0.068 2.7 ± 0.6
(1.6–3.3)

3.0 ± 0.3
(2.7–3.5)

0.238

TNR 2.5 ± 1.7
(1.4–6.2)

1.1 ± 0.3
(1.0–2.8)

0.060
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significant difference in TTP between them. Kwee et al. 
found no statistically significant difference in tumor SUV-
max or TNR between cirrhotic and non-cirrhotic patients 
[15], which is consistent with the results of our study.

Our research shows that there are significant differences 
in TTP between HCC lesions with and without MVI, but the 
background liver blood parenchyma perfusion parameters 
are similar between the two groups. Huang et al. found large 
tumor size, irregular tumor margin, and peritumor enhance-
ment in preoperative Gd-EOB-DTPA-dynamic enhanced 
MRI could predict the presence of MVI in HCC [16]. The 
irregular circumferential peritumor enhancement might rep-
resent a direct tumor-related hemodynamic change in the 
corona enhancement and/or the tumorous AP shunt [17]. It is 
likely due to the compensatory arterial hyperperfusion that 
occurred in the areas of decreased portal flow secondary to 
minute portal branch occlusion from tumor invasion [16]. 
Our data show that the SUVmax and TNR values of HCC 
with MVI are higher than those without MVI, but there is 
no statistical difference. The results of Hyun SH in Euro-
pean nuclear medicine showed that 76 of 158 HCC patients 
had MVI (48.1%). Multivariate logistic regression analysis 
showed that TNR, serum alpha-fetoprotein (AFP) levels, and 
tumor size were significantly correlated with the presence 
of MVI (P < 0.001). There was no significant correlation 
between multinodularity and MVI (P = 0.563) [18].

In the study, we found that the 6 lesions that were sig-
nificantly enhanced in enhanced MRI or CT were not visu-
ally observed to have obvious FDG uptake in FDG dynamic 
imaging. The 6 lesions were 3 cases of moderately differen-
tiated HCC and 3 cases of poorly differentiated HCC, with 
diameters ranging from 1.5 to 3 cm. The reason may be 
related to the following factors. (1) The resolution of the 
detector. Small lesions may be ignored; (2) the degree of 
tumor differentiation. Asayama proposed that HCC showed 
significantly different hemodynamic patterns between differ-
ent histological grades [19]. Whether in radiology or pathol-
ogy, the vascular distribution of poorly differentiated HCC is 
less than that of moderately differentiated HCC.

Our study has certain limitation. According to the litera-
ture, the average radioactivity of each time point of each 
VOI is fitted by the Gamma variable to generate a time radia-
tion curve. Because the maximum radioactivity at each time 
point is relatively discrete, it is not easy to use the Gamma 
variable to fit the time–activity curve, so the average radio-
activity is used. However, the use of average radioactivity 
may underestimate the peak time of tumor radioactivity, 
delay TTP, and reduce the BF value [4]. Technical develop-
ments in dynamic PET/CT such as 194-cm-long total-body 
PET/CT scanner (uEXPLORER) will enable estimations of 
tumor blood flow in the ED phase [20].

Conclusion

TTP was shorter in HCC than in background liver, HPI 
was higher in HCC than in background liver parenchyma, 
and ED combined WB 18F-FDG PET/CT can significantly 
increase the detection rate of moderately differentiated and 
poorly differentiated HCC. HPI was significantly higher in 
HCCs in patients with liver cirrhosis than those without liver 
cirrhosis. TTP was significantly shorter in HCCs with MVI 
than without MVI.
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