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18Correlation among maximum standardized F-FDG 

uptake and pathological differentiation, tumor size, and 

Ki67 in patients with moderately and poorly differentiated 

intrahepatic cholangiocarcinoma          

Abstract
Objective: To investigate the correlation among the maximum standardized uptake value (SUVmax) on 

18�uorine-18-�uorodeoxyglucose ( F-FDG) positron emission tomography/computed tomography (PET/CT) 
and tumor di�erentiation, size, and Ki67 in patients with moderately and poorly di�erentiated intrahepatic 

18cholangiocarcinoma (ICC). Materials and Methods: The F-FDG PET/CT imaging data of 116 patients with 
single ICC lesions con�rmed by pathology were retrospectively evaluated. Pathological characteristics of the 
tumor such as the largest tumor diameter, di�erentiation, Ki67 expression, SUVmax of the primary tumor, and 
the tumor to normal background ratio (TNR) were recorded. Results: Among the 116 lesions, 45, 51, and 20 
lesions were classi�ed into the moderately di�erentiated, moderately-poorly, and poorly di�erentiated gro-
ups, respectively. There were signi�cant di�erences in the SUVmax (P=0.033) and TNR (P=0.044) among the 
three groups. Maximum SUV was signi�cantly correlated with di�erentiation (r=0.244, P=0.008). When the 
cases were categorized according to the tumor size (group 1, ≤3cm, n=14; group 2, >3 and ≤5cm, n=37; gro-
up 3, >5 and ≤10cm, n=52; group 4, >10cm, n=13), there were signi�cant di�erences in the SUVmax (P< 
0.001) and  TNR (P<0.001) among the four groups. Maximum SUV was signi�cantly correlated with tumor size 
(r=0.481, P<0.001). Among the 116 lesions, 38 lesions and 78 lesions were classi�ed into the low Ki67 and high 
Ki67 expression groups, respectively. There were signi�cant di�erences in the SUVmax (P=0.028) and TNR (P= 
0.007) between the two groups. Maximum SUV was signi�cantly correlated with Ki67 expression (r=0.242, P= 
0.009). Conclusion: In moderately and poorly di�erentiated ICC, the SUVmax and TNR are signi�cantly asso-
ciated with tumor di�erentiation, size, and Ki67 expression.
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Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most common primary hepatic 
malignancy after hepatocellular carcinoma (HCC), accounting for about 5%�30% of 

18primary hepatic cancers [1]. Fluorine-18-�uorodeoxyglucose ( F-FDG) positron emis-
sion tomography/computed tomography (PET/CT) has obvious advantages in the diag-

18nosis, staging, re-staging, and prognosis evaluation of ICC [2-7]. For tumor diagnosis, F-
18 18FDG PET/CT is based on the degree of F-FDG uptake and the degree of F-FDG uptake 

in ICC lesions has a certain relationship with tumor size and di�erentiation [8]. The deg-
ree of tumor di�erentiation is negatively correlated with the degree of malignancy. Ki67, 
as a marker of tumor cell proliferation activity, often re�ects the number of tumor cell 
proliferation and demonstrates the malignancy of the tumor. The purpose of this study 
was to investigate the correlation among the maximum standardized uptake value 

18(SUVmax) of F-FDG PET/CT imaging of low and moderately di�erentiated ICC and tu-
mor size, degree of pathological di�erentiation, and Ki67 expression.

Materials and Methods

Patients
All patients included in this study were suspected of having a space-occupying lesion in 
the liver and were those in which the �rst preoperative PET/CT examination was perfor-
med for diagnosis and staging. Patients who had not undergone further surgical resec-
tion because of a de�nitive diagnosis on preoperative biopsy and those who had a clear
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previous history of malignancy, including a history of HCC or 
other malignancies were excluded. Based on the inclusion and 
exclusion criteria, a retrospective analysis was performed on 
116 patients (60 male, 56 female; age range 29-79 years, mean 
age: 59.8±9.3 years) with primary ICC lesions, who underwent 
18F-FDG PET/CT imaging at the Department of Nuclear Medi-
cine, Zhongshan Hospital, Fudan University.

PET/CT scan
Imaging and data acquisition was performed on a combined 
PET/CT system (Discovery VCT 64, GE Medical Systems, Mil-
waukee, WI, USA; or uMI 510, United Imaging Healthcare Co., 
Ltd. Shanghai, China). Patients were instructed to fast for at le-

18ast 6h before the intravenous injection of 4.44MBq/kg F-
FDG. Six to eight-bed positions from the base of the skull to 
midthighs were imaged. For each position, the emission ima-
ge was acquired for 2min. The PET images were reconstruc-
ted by using �ltered back projection. Computed tomography 
data were acquired without IV or oral contrast agents. The CT 
scan data were collected with 120Kv, 140mA. All CT scans we-
re obtained by using 3.75-mm-thick axial slices. Computed 
tomography data was used to attenuate PET images. CT ima-
ges were reconstructed with a thickness of 1.25mm and a 
512×512 matrix.

Data analysis
Positron emission tomography/CT results were analyzed and 
interpreted by two experienced nuclear medicine physicians. 
For semi-quantitative analysis, the SUVmax and tumor-to-
normal liver tissue ratio (TNR) were analyzed. Maximum SUV 
of a normal liver was acquired and regions of interest (ROI) 
were drawn on the right lobe of the normal liver. Each ROI was 
measured as a circle with a diameter of 1.5cm.

Pathology
All patients underwent tumor resection to obtain a patholo-
gical diagnosis. The size of the lesions was measured from 
the pathological specimens and if there were multiple lesi-
ons, only the largest lesion per patient was selected for in-
clusion in this study. Tumors were divided into 4 groups 
(group 1: ≤3cm, group 2:>3 and ≤5cm, group 3:>5 and ≤
10cm, and group 4:>10cm) according to the maximum dia-
meter of tumors measured by pathological specimens. Ac-
cording to the degree of tumor pathological di�erenti-
ation, tumors were divided into three groups (moderately 

di�erentiated, moderately-poorly di�erentiated, and the 
poorly di�erentiated). Ki67 expression levels were graded as 
shown: <10% (-), 10�25% (+), 26�50% (++), 51�70% (+++), 
and >75% are (++++); low expression group: (-) and (+); high 
expression group: (++), (+++) and (++++) group are classi-
�ed as [9].

Statistical Analysis
SPSS 22.0 software for Windows (IBM Corporation, Armonk, 
NY, USA) was used for statistical analysis. P<0.05 indicates a 
signi�cant di�erence. Quantitative data for the normal dis-
tribution are expressed as mean±SD, and quantitative data 
for skewed distribution are expressed as median and quar-
tile range.

First, the di�erences of SUVmax and TNR among di�erent 
groups of the tumor pathological di�erentiation, the tumor 
maximum diameter, and Ki67 expression lesions were com-
pared. Analysis of variance was used to compare the quantita-
tive data that satis�ed normality and homogeneity of variance. 
The Kruskal�Wallis rank-sum test was used to compare the qu-
antitative data that did not meet normality or homogeneity of 
variance.

Then, the relationship among tumor size and SUVmax, 
tumor di�erentiation and SUVmax, and Ki67 expression level 
and SUVmax were analyzed. Pearson's correlation analysis was 
used for the quantitative data of normal distribution, and Spe-
arman correlation analysis was used for the quantitative data 
of skewed distribution.

Results

Among the 116 lesions, 45 lesions were classi�ed into the 
moderately di�erentiated group, 51 lesions into the mode-
rately-poorly di�erentiated group, and the remaining 20 
lesions into the poorly di�erentiated group. There were sig-
ni�cant di�erences in the SUVmax (P=0.033) and TNR (P=0 
.044) among the three groups (Table 1). As tumor di�erenti-
ation decreases, SUVmax and TNR gradually increase.

When the cases were categorized according to tumor size 
(group 1: ≤3cm, n=14; group 2:>3 and ≤5cm, n=37; group 3: 
>5 and ≤10cm, n=52; group 4:>10cm, n=13), there were sig-
ni�cant di�erences in the SUVmax (P<0.001) and  TNR (P< 
0.001) among the four groups (Table 2). As the maximum tu-

Table 1. Comparison of  SUVmax and TNR among groups with di�erent degrees of di�erentiation.

Group
SUVmax TNR

median quartile range P value median quartile range P value

moderately differentiated (n=45） 7.80 6.40～10.10 0.033 2.56 2.11～3.70 0.044

moderately-poorly differentiated (n=51) 9.60 6.40～12.90 3.17 2.37～4.57

poorly differentiated  (n=20） 11.10 7.83～14.63 3.76 2.99～4.19
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mor diameter increases, SUVmax and TNR gradually increase.
Among the 116 lesions, 38 lesions were classi�ed into the 

low Ki67 expression group and the remaining 78 lesions were 
classi�ed into the high Ki67 expression group. There were sig-
ni�cant di�erences in the SUVmax (P=0.028) and TNR (P= 
0.007) between the two groups. As the Ki67 expression incre-
ased, SUVmax and TNR also increased gradually (Table3).

Maximum SUV was signi�cantly correlated with di�erenti-
ation (r=0.244, P=0.008), tumor size (r=0.481, P<0.001), and 
Ki67 expression (r=0.242, P=0.009) by Spearman correlation 
analysis. The poorer the degree of di�erentiation, the larger 
the tumor, and the higher the expression of Ki67, the higher 

18the degree of F-FDG uptake (Figure 1).

Discussion

18In the diagnosis of tumors, F-FDG PET mainly uses the degree 
18of uptake of F-FDG by tumor cells. Fluorine-18-FDG is a glu-

cose analog that competes with glucose for transporting into 
cells by the GLUT 1 and 3 transporters. After becoming phos-

18phorylated by hexokinase, F-FDG-phosphate cannot under-
go glycolysis and is e�ectively trapped in cells. Thus, PET ima-

18ging showed that F-FDG uptake is enhanced. Fluorine-18-
FDG PET has low detection sensitivity for primary liver cancer 

lesions, mainly due to the low detection rate of HCC (40� 
63.1%) [10-12]. Hepatocellular carcinoma can be imaged with 
18F-FDG PET owing to the high levels of phosphatase, which 

18dephosphorylates F-FDG and allows it to di�use out of cells. 
18Studies by Iwata et al. (2000) [13] show that F-FDG PET/CT 

has a sensitivity of 92% for patients with ICC, and most of the 
18lesions show high F-FDG uptake. The results of this study 

show that for moderately and poorly di�erentiated ICC, as the 
degree of di�erentiation is worse, the higher the degree of ma-
lignancy, the higher the SUVmax and TNR of the tumor cells; 
further, the SUVmax is signi�cantly related to the degree of tu-

18mor cell di�erentiation, indicating that the degree of F-FDG 
uptake and the malignancy of ICC were positively correlated. 
The result is similar to related studies showing that the uptake 

18of F-FDG is signi�cantly related to the degree of HCC di�eren-
tiation [14, 15].

There was a signi�cant correlation between the semi-quan-
titative index of SUVmax and TNR, which may both be able to 
re�ect the characteristics of ICC such as the pathological di�e-
rentiation and tumor size [8, 16]. This study showed signi�cant 
di�erences in the SUVmax and TNR groups among the di�e-
rent groups of maximum tumor diameters. Moreover, SUVmax 
was signi�cantly related to the maximum tumor diameter. It 

18shows that the uptake of F-FDG by large ICC, especially huge 
18ICC, is signi�cantly higher than that of small ICC, and F-FDG 

PET/CT is relatively easier to detect. It is therefore hypothesi-
18zed that high F-FDG uptake directly re�ects the level of meta-

bolic activity of a lesion, and a metabolically active lesion will 
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Table 2. Comparison of  SUVmax and TNR among groups with di�erent tumor size.

Group
SUVmax TNR

median quartile range P value median quartile range P value

≤3cm（n=14）  6.50 4.70～8.45 <0.001 2.50 1.71～2.93 <0.001

>3cm and ≤5cm（n= 37）  7.70 6.10～10.40 2.53 2.01～3.95

>5cm and ≤10cm（n= 52）  10.35 8.40～14.55 3.45 2.89～4.43

>10cm（n=13 ） 12.10 8.60～13.35 3.90 3.01～5.80

Table 3. Comparison of  SUVmax and TNR between groups with di�erent Ki67 expression levels

Group

SUVmax TNR

median quartile range P value median quartile range P value

low Ki67 expression (n=38) 7.65 5.08～11.13 0.028 2.45 1.77～3.87 0.007

high Ki67 expression (n=78) 9.30 7.48～12.43 3.29 2.55～4.35
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grow at a faster rate. As already suggested by Ishita et al. [17], 
such an indication may eventually lead us to consider earlier 
or more active monitoring and intervention.

As a tumor marker, the Ki-67 antigen has been widely used 
to determine the level of proliferation of tumor cells in some 
malignant tumors [18-21]. The Ki-67 antigen encodes two 
isoform proteins with molecular weights 345kDa and 395kDa 
initially identi�ed by Scholze and Garden in the early 1980s. 
This protein appears in all active phases of the cell cycle, na-
mely G1, S, G2, and M, but does not appear in the G0 phase 
[22, 23]. Ki-67 is at a low level in the G1 and S phases and re-
aches a peak at the beginning of the mitotic phase, but in the 
next phase of mitosis, there is a decrease in Ki-67 levels. The 
expression of Ki-67 that appears in the cell cycle will be 
governed by the right balance between synthesis and deg-
radation, which is characterized by a short Ki-67 half-life, i.e., 
1-1.5h. The Ki-67 expression is associated with the prolifera-
tive activity of intrinsic cell populations of malignant tumors; 
thus, these markers can be used to assess the tumor aggres-
siveness [24]. The results of this study show that the SUVmax 
and TNR of the Ki67 high expression group are signi�cantly 
higher than those of the Ki67 low expression group, and the 

SUVmax is signi�cantly related to tumor Ki67 expression, 
18further suggesting that the higher the degree of F-FDG 

uptake, the poorer the di�erentiation degree and the faster 
the cell proliferation of ICC.

18In conclusion, the degree of F-FDG uptake in moderately 
and poorly di�erentiated ICC is signi�cantly related to tu-
mor size, di�erentiation, and Ki67 expression. The poorer the 
degree of di�erentiation, the larger the tumor, and the hig-

18her the expression of Ki67, the higher the degree of F-FDG 
uptake, and the faster the cell proliferation.
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Figure 1. A. A 74-year-old male with moderately di�erentiated intrahepatic cholangiocarcinoma (ICC) in the left lobe of the liver. The lesion size was about 2.0cm×2.0cm 
and the corresponding maximum standardized uptake value (SUVmax) was 5.0; B. A 59-year-old man with moderately-poorly di�erentiated ICC in the right lobe of the 
liver. The lesion size was 5.0cm×4.0cm and the corresponding SUVmax was 7.7; C. A 53-year-old woman with poorly di�erentiated ICC in the left lobe of the liver. The lesion 
size and SUVmax of the lesion were 7.0cm×6.0cm and 14.7, respectively; D. A 61-year-old woman with moderately di�erentiated ICC in the right lobe of the liver. The lesion 
size and SUVmax of the lesion were 12.0cm×8.0cm and  31.5.
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