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Correlation between 18F-FDG PET/CT metabolic parameters 
and microvascular invasion before liver transplantation in 
patients with hepatocellular carcinoma
Fan Wua, Guohong Caoa, Jinlan Lub, Shengli Yea,* and Xin Tangc,*

Background  Microvascular infiltration (MVI) before 
liver transplantation (LT) in patients with hepatocellular 
carcinoma (HCC) is associated with postoperative tumor 
recurrence and survival. MVI is mainly assessed by 
pathological analysis of tissue samples, which is invasive 
and heterogeneous. PET/computed tomography (PET/CT) 
with 18F-labeled fluorodeoxyglucose (18F-FDG) as a tracer 
has been widely used in the examination of malignant 
tumors. This study investigated the association between 
18F-FDG PET/CT metabolic parameters and MVI before LT 
in HCC patients.

Methods  About 124 HCC patients who had 18F-FDG 
PET/CT examination before LT were included. The 
patients’ clinicopathological features and 18F-FDG PET/
CT metabolic parameters were recorded. Correlations 
between clinicopathological features, 18F-FDG PET/CT 
metabolic parameters, and MVI were analyzed. ROC curve 
was used to determine the optimal diagnostic cutoff value, 
area under the curve (AUC), sensitivity, and specificity for 
predictors of MVI.

Result  In total 72 (58.06%) patients were detected with 
MVI among the 124 HCC patients. Univariate analysis 
showed that tumor size (P = 0.001), T stage (P < 0.001), 
maximum standardized uptake value (SUV

max
) (P < 0.001), 

minimum standardized uptake value (SUV
min

) (P = 0.031), 
mean standardized uptake value (SUV

mean
) (P = 0.001), 

peak standardized uptake value (SUV
peak

) (P = 0.001), 
tumor-to-liver ratio (SUV

ratio
) (P = 0.010), total lesion 

glycolysis (TLG) (P = 0.006), metabolic tumor volume 
(MTV) (P = 0.011) and MVI were significantly different. 
Multivariate logistic regression showed that tumor size 
(P = 0.018), T stage (P = 0.017), TLG (P = 0.023), and MTV 
(P = 0.015) were independent predictors of MVI. In the 
receiver operating characteristic curve, TLG predicted MVI 
with an AUC value of 0.645. MTV predicted MVI with an 
AUC value of 0.635. Patients with tumor size ≥5 cm, T3-4, 
TLG > 400.67, and MTV > 80.58 had a higher incidence of 
MVI.

Conclusion  18F-FDG PET/CT metabolic parameters 
correlate with MVI and may be used as a noninvasive 
technique to predict MVI before LT in HCC patients. Nucl 
Med Commun 45: 1033–1038 Copyright © 2024 The 
Author(s). Published by Wolters Kluwer Health, Inc.
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Introduction
Liver cancer is the fourth most common cause of  
cancer-related deaths worldwide [1]. Hepatocellular carci-
noma (HCC) accounts for more than 80% of all liver cancers 
worldwide and is one of the most common malignancies 
[2,3]. Chronic hepatitis B or C is the major cause of HCC, 
accounting for 80% of all HCC cases worldwide [4]. The 
main treatment modalities for HCC include local ablation, 
surgical resection, or liver transplantation (LT) [5]. LT is the 
best choice for radical treatment of early HCC [6], but about 
20–30% of patients relapse after LT [7]. Microvascular 

infiltration (MVI) is one of the critical histological features 
of HCC prognosis [8]. MVI refers to microscopic invasion 
of tumor cells into vascular endothelial cells, including the 
microvessels of portal vein, hepatic artery, and lymphatic 
vessels [9]. MVI has been shown to be an independent 
predictor of HCC recurrence [10]. Therefore, assessment 
of MVI before LT in HCC patients has important implica-
tions for the selection of treatment options and efficacy pre-
diction. MVI is mainly detected by immunohistochemistry 
and pathological analysis of postoperative tissue samples 
[11], which is invasive and limited. Moreover, HCC lesions 
are biologically heterogeneous [12].

In recent years, many reports have assessed MVI 
preoperatively by extracting image features. PET/
computed tomography (PET/CT) with 18F-labeled 
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fluorodeoxyglucose (2-fluorine-18-fluoro-2-deoxy-D-
glucose, 18F-FDG) as a tracer is a noninvasive method for 
the detection of malignant tumors based on the Warburg 
effect and helps in the assessment of histological fea-
tures of tumors [13]. 18F-FDG PET/CT has been found 
to be useful in assessing MVI and disease-free survival 
(DFS) in patients with early HCC [14]. However, the 
correlation between metabolic parameters of 18F-FDG 
PET/CT and MVI remains unknown. Therefore, we 
conducted a retrospective study to investigate the cor-
relation between metabolic parameters of 18F-FDG 
PET/CT and MVI before LT in HCC patients, and the 
predictive value of MVI by metabolic parameters of 18F-
FDG PET/CT.

Patients and methods
Patients
In this study, 162 patients with HCC were selected, of 
which 124 patients met the inclusion criteria as follows: 
18F-FDG PET/CT examination before LT; surgical 
specimens confirmed to be HCC by histopathological 
examination; PET/CT images were clear and clinical 
data were complete. Exclusion criteria were as follows: 
18F-FDG PET/CT examination after LT; another malig-
nancy in addition to HCC; incomplete case documenta-
tion. Clinical characteristics and pathological results of 
patients (including gender, age, tumor size, tumor num-
ber, tumor differentiation, T stage, and MVI grade, etc.) 
were retrospectively collected. This study was approved 
by the institutional review board, and the requirement 
for informed consent was waived (KY2022011).

Instruments
In this study, PET/CT (GE discovery PET/CT, USA) 
was used for examination, and the model was Discovery 
PET/CT 710 (64/128 slices). CT scan parameters were as 
follows: tube current 150–250 mA, tube voltage 120 kV, 
pitch 0.8, reconstructed slice thickness 3.75 mm.

Image acquisition and reconstruction
After general preparation, the imaging drug (F18-
fluorodeoxyglucose Injection, Zhejiang Andico Positron 
Emission Technology Co., Ltd.) was routinely injected 
into the contralateral cubital vein of the affected side, 
and the radiochemical purity was ≥95%. Doses were cal-
culated based on the body weight, and the adult dose 
injected was 3.7 MBq 18F-FDG/kg. Image acquisition 
was routinely performed within 60 min after imaging 
agent injection, with the scan range from the cranial 
vault to the upper femur, scanning was performed in 6–7 
beds, and the acquisition time for each bed was generally 
3 min. Image reconstruction routinely uses the ordered 
subset maximum expectation method. Applying CT 
data for attenuation correction, PET images were recon-
structed with an ordered subset maximum expectation 
method iterative algorithm (2 iterations, 24 subsets). The 

maximum intensity projection, transverse, coronal, and 
sagittal CT images, PET images, and PET/CT fusion 
images were obtained after fusion.

Image analysis
The 18F-FDG PET/CT images were reviewed and diag-
nosed by two experienced physicians with senior profes-
sional titles at the Department of Nuclear Medicine. The 
3D reconstructions were performed at AW4.6 workstation 
using computer-assisted reporting software (GE Medical 
Systems S.C.S.283, Buc, France). Volumes of interest 
were drawn to obtain maximum standardized uptake 
value (SUV

max
), minimum standardized uptake value 

(SUV
min

), mean standardized uptake value (SUV
mean

), 
peak standardized uptake value (SUV

peak
), liver SUV

max
, 

and total lesion glycolysis (TLG). Tumor-to-liver ratio 
SUV

ratio
 = primary tumor SUV

max
/liver SUV

max
, and met-

abolic tumor volume (MTV) = TLG/SUV
mean

.

Microvascular infiltration evaluation
The surgically resected liver cancer tissue specimens 
were marked, cut, and fixed in vitro. Different regions 
were selected for sampling, and tissue dehydration, par-
affin embedding, slicing and hematoxylin-eosin staining 
were performed. After microscopy, appropriate tumor tis-
sue wax blocks were selected and sliced into 3–5 inches 
sections. The slices were mounted on clean glue-coated 
slides and kept overnight at room temperature or dried at 
60 °C for 1 h. Thereafter, the section was dewaxed with 
xylene, hydrated with gradient ethanol, and detected 
by automatic immunohistochemical staining. Under the 
microscope, MVI showed a nested mass of cancer cells in 
the vascular lumen lined with endothelial cells. When the 
number of suspended cancer cells in the vascular lumen 
was >50, it was considered as MVI. MVI was evaluated by 
two experienced pathologists with senior titles.

Statistical analysis
SPSS 22 software (SPSS Inc., Chicago, Illinois, USA) was 
used to conduct the statistical analysis. Univariate analysis 
was used to determine correlations between MVI, clinico-
pathological features (gender, tumor size, tumor number, 
tumor differentiation, T stage, etc.), and 18F-FDG PET/
CT metabolic parameters. Based on the results of univar-
iate analysis, parameters predictive of MVI were selected 
for multivariate logistic regression analysis. According to 
the results of multivariate analysis, the receiver operating 
characteristic (ROC) curve for predicting MVI was estab-
lished, and the optimal diagnostic cutoff value, area under 
the curve (AUC), sensitivity, and specificity for predicting 
MVI parameters were calculated.

Results
Patient characteristics
A total of 124 patients were included in this study, the age 
range was 18–72 years, and the median age was 53 years, 
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of which 72 (58.06%) patients were detected with MVI. 
There was a significant difference between tumor size, T 
stage, and MVI (P < 0.05). There was a higher proportion 
of MVI in HCC patients with tumor size ≥5 cm (74.13% 
vs. 43.93%; P = 0.001) and T3-4 (72.85% vs. 38.89%; 
P < 0.001). There was no significant difference between 
other clinicopathological features and MVI (P > 0.05) 
(Table 1).

18F-FDG PET/CT metabolic parameters
There were significant differences between SUV

max
, 

SUV
min

, SUV
avg

, SUV
peak

, SUV
ratio

, TLG, MTV, and MVI. 
The HCC patients with high SUV

max
 (5.67 vs. 4.05; 

P < 0.001), low SUV
min

 (0.45 vs. 0.72; P = 0.031), high 
SUV

mean
 (3.08 vs. 2.51; P = 0.001), high SUV

peak
 (4.61 vs. 

3.36; P = 0.001), high SUV
ratio

 (1.70 vs. 1.29; P < 0.001), 
high TLG (368.03 vs. 115.65; P = 0.006), and high MTV 
(95.94 vs. 41.72; P = 0.011) had a higher proportion of 
MVI (Table 2).

Multivariate analysis
The tumor size, T stage, SUV

max
, SUV

min
, SUV

mean
, 

SUV
peak

, SUV
ratio

, TLG, and MTV were statistically 
analyzed. The results showed that tumor size [odds 

ratio (OR), 0.375; P = 0.018], T stage (OR, 2.876; 
P = 0.017), TLG (OR, 0.998; P = 0.023), and MTV (OR, 
1.009; P = 0.015) were independent predictors of MVI. 
Meanwhile, SUV

max
 (OR, 1.785; P = 0.171), SUV

min
 

(OR, 0.640; P = 0.356), SUV
mean

 (OR, 0.627; P = 0.440), 
SUV

peak
 (OR, 0.890; P = 0.792), and SUV

ratio
 (OR, 1.105; 

P = 0.867) were not independent predictors of MVI 
(Table 3).

Receiver operating characteristic curve
In the ROC curve for predicting MVI based on rele-
vant parameters, the maximum Jordan index was taken 
as the cutoff point. The cutoff value of 18F-FDG PET/
CT metabolic parameter TLG for predicting MVI was 
0.332, and the sensitivity and specificity were 48.61% and 
84.62%, respectively. The cutoff value of MTV for pre-
dicting MVI was 0.292, and the sensitivity and specificity 
were 54.17% and 75.00%, respectively. The incidence 
of MVI was higher in patients with TLG > 400.67 and 
MTV > 80.58 (Table 4, Figs. 1 and 2).

Discussion
We included 124 patients with HCC, and 72 (58.06%) 
patients detected MVI. Univariate analysis showed 
that tumor size (P = 0.001), T stage (P < 0.001), SUV

max
 

(P < 0.001), SUV
min

 (P = 0.031), SUV
mean

 (P = 0.001), 
SUV

peak
 (P = 0.001), SUV

ratio
 (P = 0.010), TLG (P = 0.006), 

and MTV (P = 0.011) were significantly associated with 
MVI. Multivariate analysis showed that tumor size 
(P = 0.018), T stage (P = 0.017), TLG (P = 0.023), and 
MTV (P = 0.015) were independent predictors of MVI. 
Patients with tumor size ≥5 cm, T3-4, TLG > 400.67, and 
MTV > 80.58 had a higher incidence of MVI.

HCC is the leading cause of cancer-related deaths world-
wide. The main risk factors of HCC include hepatitis B 
virus and hepatitis C virus infections, alcoholic liver dis-
ease, cirrhosis, etc. LT is the best choice for HCC treat-
ment, with an interim survival rate of 60–70% [15]. MVI 

Table 1   Correlation between clinicopathological features and microvascular infiltration

MVI

P valueCharacteristics n = 124 Out In

Gender 0.340
 � Male 109 44 65
 � Female 15 8 7
Degree of differentiation 0.124
 � Moderate 102 46 56
 � Poor 22 6 16
Tumor size 0.001
  �≥5 cm 58 15 43
 � <5 cm 66 37 29
T
 � T1-2 54 33 21 <0.001
 � T3-4 70 19 51
Number of tumors
 � Single 49 25 24 0.097
 � Multiple 75 27 48

MVI, microvascular infiltration.

Table 2   Correlation between metabolic parameters of 18F-FDG 
PET/CT and microvascular infiltration

Microvascular invasion

P value
Metabolic 
parameters Out In

SUV
max

4.05 (3. 41–6.02) 5.67 (4.67–7.34) <0.001
SUV

min
0.72 (0.27–1.13) 0.45 (0.24–0.76) 0.031

SUV
mean

2.51 (2. 16–3.22) 3.08 (2. 68–3.92) 0.001
SUV

peak
3.36 (2.87–5.08) 4.61 (3.79–5.83) 0.001

SUV
ratio

1.29 (1.10–1.58) 1.70 (1.32–2.26) <0.001
TLG 115.65 (58.69–286.80) 368.03 (105.57–852.71) 0.006
MTV 41.72 (24.14–107.63) 95.94 (33.57–256.36) 0.011

MTV, metabolic tumor volume; SUV, standardized uptake value; TLG, total lesion 
glycolysis.
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is one of the critical histological features of HCC prog-
nosis and treatment and is a major risk factor for tumor 
recurrence after LT [16,17]. Therefore, the evaluation of 
MVI in patients with HCC has important clinical signifi-
cance for the choice of treatment option, the prediction of 
curative effect, and the improvement of patients’ quality 
of life. Postoperative pathology is the gold standard for 

the diagnosis of MVI, but histopathology requires tissue 
samples, which is invasive, and due to the limitation of 
obtaining samples, the heterogeneity of lesions and their 
multiple metastases cannot be fully reflected and dynam-
ically evaluated [18,19].

Radionuclide molecular imaging is represented by mul-
timodality imaging techniques such as PET/CT and 

Table 3   Multivariate regression analysis between parameters and microvascular infiltration

95% Confidence interval

P valueParameter OR Lower Limit Upper Limit

T 2.876 1.207 6.854 0.017
Tumor size 0.375 0.167 0.843 0.018
SUV

max
1.785 0.779 4.092 0.171

SUV
min

0.640 0.249 1.649 0.356
SUV

mean
0.627 0.192 2.049 0.440

SUV
peak

0.890 0.375 2.112 0.792
SUV

ratio
1.105 0.345 3.538 0.867

TLG 0.998 0.996 1.000 0.023
MTV 1.009 1.002 1.016 0.015

MTV, metabolic tumor volume; SUV, standardized uptake value; TLG, total lesion glycolysis.

Table 4   Receiver operating characteristic curves

Parameter Cutoff AUC Upper Lower Sensitivity% Specificity% P value

TLG 0.332 0.645 0.729 0.554 48.61 84.62 0.004
MTV 0.292 0.635 0.719 0.543 54.17 75.00 0.007

AUC, area under the curve; MTV, metabolic tumor volume; TLG, total lesion glycolysis.

Fig. 1

ROC curve for predicting MVI based on TLG. It shows that the cutoff 
value, AUC value, sensitivity, and specificity for predicting MVI based on 
the TLG model were 0.332, 0.645, 48.61%, and 84.62%, respectively 
(Abscissa represents 100-specificity and ordinate represents sensitiv-
ity). AUC, area under the curve; MVI, Microvascular infiltration; ROC, 
receiver operating characteristic; TLG, total lesion glycolysis.

Fig. 2

ROC curve for predicting MVI based on MTV. It shows that the cutoff 
value, AUC value, sensitivity, and specificity for predicting MVI based on 
the MTV model were 0.292, 0.635, 54.17%, and 75.00%, respectively 
;(Abscissa represents 100-specificity and ordinate represents sensitiv-
ity). AUC, area under the curve; MVI, microvascular infiltration; ROC, 
receiver operating characteristic; MTV, metabolic tumor volume.
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PET/MR. Radionuclide molecular imaging has the 
advantages of noninvasiveness, high sensitivity, and 
efficiency and can achieve in vitro molecular imaging 
[20] from transcriptomics, metabolomics, and proteom-
ics. It not only shows functional and structural changes 
in organ tissues but also aids in the diagnosis of histo-
logical features of tumors [18]. In 18F-FDG PET/CT, 
SUV

max
 is the most widely used parameter to measure 

tumor metabolism, with greater SUV
max

 representing 
higher FDG uptake and higher malignancy in tum-
ors. However, FDG uptake in HCC lesions is low, par-
ticularly in well-differentiated lesions [19]. However, 
FDG uptake in HCC lesions is associated with tumor 
aggressiveness and can be used to predict MVI and 
early recurrence after treatment [21]. There have been 
a series of similar studies in the past. Chun-Yi Lin et 
al. [22] reported the predictive value of 18F-FDG PET/
CT for MVI before LT in HCC patients. The results 
showed that MVI was present in 15 of 65 patients 
(23.08%). It was also found that the ratio of tumor 
SUV

max
/liver SUV

mean
 was an independent predictor 

of MVI (P = 0.04). One of the parameters we included 
was SUV

ratio
 (tumor SUV

max
/liver SUV

max
). In univariate 

analysis, SUV
ratio

 was significantly correlated with MVI. 
But SUV

ratio
 was not an independent predictor of MVI 

in multivariate analysis. The main reason for the differ-
ence was that the sample size was different and the sub-
jects had a certain selection bias. Aida Sabaté-Llobera 
et al. [21] found that HCC patients with SUV

peak
 ≥2.26 

had a higher incidence of MVI. Our study showed that 
the incidence of MVI is higher in HCC patients with 
TLG > 400.67 and MTV > 80.58. TLG and MTV are 
comprehensive parameters of tumor metabolic activity 
and volume, which can reflect the number of tumor cells 
with abnormal metabolism and are more conducive to 
the comprehensive evaluation of tumor activity. Jing Lv 
et al. [23] reported the value of pretreatment 18F-FDG 
PET/CT in predicting pathological features of HCC. 
Statistical results showed that SUV

max
 (P = 0.015) was 

significantly associated with MVI, and the AUC value 
corresponding to predicted MVI was 0.808 (P = 0.005). 
Our results showed that the AUC values of TLG- and 
MTV-predicted MVI were 0.645 (P = 0.004) and 0.635 
(P = 0.007), respectively. SUV

max
 is the most commonly 

used parameter in clinical treatment, but it will be 
affected by the partial volume effect to some extent. 
The SUV

max
 of well-differentiated HCC lesions is usu-

ally close to the background SUV
max

 of the liver and is 
inferior to other poorly differentiated malignant tumors 
in evaluating tumor activity.

In addition, many studies have reported the prognostic 
value of 18F-FDG PET/CT metabolic parameters in 
HCC patients after LT. Bauschke et al. [24] found that 
SUV

ratio
 and tumor grade were independent predictors 

of a 10-year cumulative recurrence rate. Detry et al. [25] 
showed overall and relapse-free survival rates of 80.7% 

and 67.4% at 3 years and 70.6% and 67.4% at 5 years after 
LT, respectively. SUV

max
 could predict relapse-free sur-

vival, and patients with SUV
max

 <1.15 did not relapse. 
The limitations of this study included its retrospective 
design, which may have led to selection bias, and lack of 
survival analysis mainly because of short follow-up dura-
tion. We will continue to follow up on the prognosis of 
these patients and increase the sample size, after which 
a complete survival analysis will be performed. Previous 
studies [26,27] have shown that building a deep learning 
model based on imaging information of tumor regions 
can assess MVI status alone and contribute to the clinical 
management of HCC patients. Accordingly, we will also 
conduct more in-depth deep-learning studies.

Conclusion
18F-FDG PET/CT metabolic parameters were corre-
lated with MVI in HCC patients. Tumor size, T stage, 
TLG, and MTV were independent predictors of MVI, 
with a higher incidence of MVI in patients with tumor 
size ≥5 cm, T3-4, TLG > 400.67, and MTV > 80.58. 18F-
FDG PET/CT imaging may be used as a noninvasive 
technique to predict MVI before LT in HCC patients. It 
will not only provide disease diagnosis and tumor staging 
for clinical diagnosis and treatment but also dynamically 
assess the tumor distribution and heterogeneity charac-
teristics in patients, which has great application value for 
the accurate diagnosis and treatment of HCC.
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