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<ABSTRACT> 

Gadoxetic acid-enhanced Hepatobiliary Phase MR imaging of 

Hepatocellular carcinoma (HCC): Correlation with Histological 

Characteristics 

 

Jin-Young Choi 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Myeong-Jin Kim) 

 

PURPOSE: The purpose of this study was to assess whether gadoxetic acid-

enhanced hepatobiliary phase magnetic resonance (MR) imaging could predict the 

histologic factors of the HCCs. 

 

MATERIALS AND METHODS:  

Fifty three HCCs histopathologically proved by surgery in 51 patients were 

retrospectively evaluated. All patients underwent gadoxetic acid-enhanced MR 

imaging prior to surgical resection. The differences of contrast enhancement ratio 

(CERs) of lesion and liver and CNR ratio between histologic grades of the HCC 

were compared by using an analysis of variance test. Pearson test was performed to 

determine the correlation among CERs, CNR ratio of the tumor, cell density ratio, 
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antihepatocyte antibody (Hep Par 1), keratin 7 (K7), and keratin 19 (K19).  

 

RESULTS: 

Of 53 HCCs, 50 HCCs showed low signal intensity on hepatobiliary phase. The 

CNR ratio of well-differentiated HCC were significantly different from that of 

moderately and poorly-differentiated HCCs (P=0.032). There was no statistical 

significance between CER of the tumors and histologic grade (P=0.414). The CER 

of the tumor were significantly lower in K19 positive group than K19 negative 

group (P= 0.015). There was no significant correlation among CER, CNR ratio of 

the tumors, Hep Par 1 positivity, cell density ratio, and K7 (P>0.05). 

 

CONCLUSION:  

Tumor-to-liver CNR on gadoxetic acid-enhanced hepatobiliary phase MR imaging 

can be helpful for differentiating well-differentiated HCCs from moderate and 

poorly differentiated HCCs. The CER was significantly lower in K19 positive 

HCCs.  

 

 

 

 

 

 

Key words: hepatocellular carcinoma, magnetic resonance imaging, contrast agent 
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Ⅰ. INTRODUCTION 

 

 Hepatocellular carcinoma (HCC) is the fifth most common tumor in the 

world and the incidence of HCC has risen rapidly especially in the western 

countries 
1-2

. Imaging diagnosis of HCC is essential for treatment planning and 

management. Contrast-enhanced ultrasound, contrast-enhanced computed 

tomography (CT), and magnetic resonance imaging (MRI), have made it possible to 

detect and characterize HCC accurately. Among them, MR imaging has been 

reported to be an excellent imaging modality due to its high tissue contrast and use 

of tissue specific contrast agents 
3-9

. Various liver-specific MR contrast agents have 

been introduced to increase the accuracy of hepatic imaging. Superparamagnetic 

iron oxide (SPIO) is taken up by cells of the reticuloendothelial system, resulting in 
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signal intensity loss on T2-weighted MR imaging due to susceptibility effects of 

iron 
10

. Hepatobiliary contrast agents are T1 contrast agents that are partially taken 

up by hepatocytes, excreted through the biliary system, and produce positive 

enhancement of normal hepatic tissue 
11

.  

 Recently, gadoxetic acid disodium (gadolinium-ethoxybenzyl-

diethylenetriamine pentaacetic acid [Gd-EOB-DTPA], Primovist; Bayer-Schering 

Pharma, Germany) has been approved for hepatic imaging and used in clinical 

practice 
12-18

. Gadoxetic acid has the property of both extracellular and hepatobiliary 

contrast agents. It is taken up by functioning hepatocytes and excreted into bile up 

to 50% 
14, 16, 19-21

. It is well known that not only normal hepatocytes, but also 

hepatocyte-derived tumor cells, take up gadoxetic acid. Therefore, gadoxetic acid-

enhanced MRI has been shown to be useful for the detection and characterization of 

HCC 
12, 22

. The majority of HCC lacking normally functioning hepatocytes are 

imaged as a defect of hepatocyte-selective enhancement in the hepatobiliary phase 

compared with surrounding hepatic parenchyma 
14

. However, some HCCs may 

show uptake of gadoxetic acid and are recognized as iso-or hyperintense lesions in 

the hepatobiliary phase, compared with surrounding hepatic parenchyma 
15, 22

. It is 

still uncertain which factors affect the degree of enhancement of HCCs during 

hepatobiliary phase. Some investigators reported that the degree of tumor 

enhancement by hepatobiliary contrast agents correlated with the histologic grades 

of the HCCs, however, other researchers disputed this assertion 
15, 23-25

. It would be 

important implication whether the degree of tumor enhancement on hepatobiliary 
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phase correlates with the histologic grades because the histologic grade of the HCCs 

is one of the important prognostic factors. Therefore, the aim of this was study to 

assess whether the hepatobiliary phase MR imaging could predict the histologic 

factors of the HCCs.  

 

II. MATERIALS and METHODS 

Patients Population 

This study was approved by institutional review board and informed consent for this 

retrospective study was not required. By searching the radiologic reports of the 

Department of Radiology, between May 2007 and June 2008, a total of 120 patients 

who underwent gadoxetic acid enhanced MR imaging for preoperative evaluation of 

HCC was found. Of them, 51 patients (46 men, 5 women; range 34-81 years, mean 

age 56 years) underwent hepatic resection. The criteria of exclusion were patients 

with prior history of transarterial chemoembolization (TACE) or radiofrequency 

ablation (RFA), or mixed-type malignancy (hepatocellular and cholangiocellular 

carcinoma). All lesions were confirmed by histopathology. The severity of liver 

cirrhosis was based on the Child-Pugh classification with all patients classified as 

Child-Pugh class A. Total bilirubin levels were within normal range (0.2-1.2 mg/dL) 

in 48 patients. The bilirubin level was slightly elevated in three patients (1.6, 1.4, 

and 1.3 mg/dL).    

 

MR Imaging 
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All MRI examinations were performed using a 3-T imaging system (MAGNETOM 

Tim Trio, Siemens Healthcare sector, Erlangen, Germany), equipped with a phased-

array coil (Erlangen, Germany). Antiperistaltic agents or oral contrast agents were 

not used. 

 The parameters of MRI are shown in Table 1. The MRI protocol consisted 

of a breath-hold transverse T1-weighted in- and out-of-phase 2D gradient echo 

(GRE) sequence (TR/in-phase TE, 150/2.4 msec; out-of-phase TE = 1.2 msec; flip 

angle, 65°; field of view, 32–38 × 25–29 cm; matrix, 256 × 256; section thickness, 6 

mm; slice spacing, 1.2 mm; one signal acquired; number of slices=30); a single slice 

turbo spin echo (TR/TE, 466/148; field of view, 32–36 × 25–29 cm; matrix, 288 × 

230; section thickness, 4 mm; slice spacing, 1 mm) with spectral fat suppression 

technique; and a breath-hold transverse 3D-GRE (TR/TE, 2.5/0.9 msec; flip angle, 

13°; field of view, 32–36 × 25–36 cm; matrix, 320 × 224; section thickness, 2 mm; 

no gap; acquisition time, 23 sec). 
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Table 1. The parameters of magnetic resonance imaging 

 Sequence 
TR 

(msec) 

TE 

(msec) 
Matrix 

flip 

angle 

(°)  

slice 

thickness 

(mm) 

Unenhanced 

imaging 

T2-weighted 

TSE 

466 148 288×230  4  

T1-weighted 

IP 

150 2.4 256×256 65 6  

T1-weighted 

OP 

150 1.2 256×256 65 6  

Gadoxetic 

acid-

enhanced 

imaging 

three-

dimensional 

gradient echo 

(GRE) 

2.5 0.9 320×224 13 2  

Note. TSE= turbo spin echo, TR= repetition time, TE= echo time, IP= in-phase, 

OP= opposed-phase 
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 Contrast-enhanced MRI was performed using a breath-hold 3D-GRE 

sequence after an intravenous bolus of 0.025 mL/Kg of body weight of gadoxetic 

acid (Primovist; Bayer-Schering Pharma, Berlin, Germany) at an injection rate of 2 

mL/sec followed by a saline flush of 30 mL. To determine the optimal timing for the 

hepatic arterial phase, fluoroscopic bolus detection technique was used in all 

patients (CareBolus, Siemens, Germany). Portal venous, hepatic venous and 

equilibrium phase images were obtained approximately 20 – 30 seconds after the 

acquisition of the prior phase images. Hepatobiliary phase was obtained at 20 

minutes after infusion of contrast. An automatic infusion system (Sonic shot 50, 

Nemoto Kyorindo Co., Ltd., Tokyo, Japan) was used. The actual pulse sequence 

was started manually when the fluoroscopic sequence revealed that the contrast 

material bolus had reached the abdominal aorta.  

 

Image Analysis 

Two experienced radiologists reviewed the images on hepatobiliary phase by 

consensus. Radiologists recorded the degree of the HCCs’ enhancement with 

respect to the adjacent hepatic parenchyma without knowledge of quantitative 

image analysis. Relative signal intensity of HCCs compared with that of 

surrounding liver parenchyma was recorded as low signal intensity, iso signal 

intensity, and high signal intensity equivalent to adjacent hepatic parenchyma. 

 For quantitative image analysis, signal intensity of the lesions were 
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measured using an operator-defined region of interest (ROI). Average of three 

regions of interest (ROIs) were placed in the solid portion of HCCs corresponding 

to the enhancing portion identified on contrast-enhanced T1-weighted GRE images. 

For heterogeneous lesions, the lesions of interest were chosen in more 

homogeneous areas. Regions of interest were electronically drawn with areas larger 

than 256 mm
2
 in the liver and 50 mm

2
 in the lesions. In cases of non-visualized 

lesions, the measurement location was determined with anatomical structure such as 

vasculatures. The liver parenchyma adjacent to the lesion was measured using an 

ROI that excluded artifacts and blood vessels. The background noise was measured 

using the largest possible ROI located ventrally to the patient’s abdomen in the 

direction of the phase-encoding gradient, in an area without phase shift artifacts. 
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Figure 1. Methods to measure the signal intensity of the lesions using an operator-

defined region of interest (ROI). Average of three regions of interest (ROIs) were 

placed in the solid portion of HCCs corresponding to the enhancing portion 

identified on contrast-enhanced T1-weighted GRE images. The liver parenchyma 

adjacent to the lesion was measured using an ROI that excluded artifacts and blood 

vessels. The background noise was measures using the largest possible ROI located 

ventrally to the patient’s abdomen in the direction of the phase-encoding gradient, in 

an area without phase shift artifacts. 
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Signal-to-noise ratios (SNR) of the liver and the lesion on unenhanced and 

gadoxetic acid-enhanced MR images were calculated with the following formulas: 

SNRliver= signal intensity (SI)liver/ standard deviation of background noise (NSD) 

SNRtumor=SItumor/NSD 

The contrast enhancement ratios (CER) and CNR ratio of the tumor and that of the 

liver parenchyma were calculated with the following formula: 

CER (%)=(SNRpost-SNRpre)/(SNRpre)×100 

CNR ratio=CNRpost-CNRpre/ CNRpre 

 

Pathologic Analysis 

Whole specimens of HCCs were retrieved and all tissue sections were fixed in 10% 

buffered formaldehyde solution and paraffinized. According to the general rules for 

the study of primary liver cancer by the KOREAN LIVER CANCER STUDY 

GROUP, the histopathologic factors were assessed for each tumor; these factors 

included nuclear grade, size of the tumor, grow type, histologic type, cell type, the 

cell density ratio of the tumor to the adjacent parenchyma, the percentage of the 

immunopositive areas on immunostaining for monoclonal hepatocyte antibody 

(hepatocyte paraffin 1, Hep Par 1), keratin 7 (K7), and keratin 19 (K19). 

 Using a basic hematoxylin and esosin (H&E) technique, the tumor grade of 

the HCCs was classified according to the nuclear grading scheme by Edmondson-

Steiner, as I, II, III, and IV 
26

. When different tumor grades coexisted within a tumor, 

the major part represented the tumor grade. The tumor size was defined as the 
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largest diameter of the tumor specimen. The growth type was defined as either 

nodular expanding, nodular with perinodular growth, multinodular-confluent, or 

infiltrative; histologic type was defined as either trabecular, pseudoglandular, 

compact, or scirrhous; cell type was defined as hepatic, clear, giant, or spindle.  

 Image Pro Plus 4.0 (Media Cybernetics Inc, Silver Spring, USA) software 

was used for image acquisition. Three random areas were selected from each tumor 

and one area from surrounding non-neoplastic liver tissue in high-power fields 

(×200). Then, individual nuclei were counted per 120,000 µm
2
 using manual count. 

Cell density ratio was calculated with the following formula: 

Cell density ratio=mean cell density tumor/cell density liver 

Immunohistochemical staining was carried out for Hep Par 1, K7, K19 
27

. A 

commercially available monoclonal antibody, Hep Par 1 (DAKO, Glostrup, 

Denmark), was used at a dilution of 1:25. The monoclonal antibodies against K7 

(DAKO) and K19 (DAKO) were used at dilution of 1:15. Immunoreactivity was 

quantitated as the percent of the area positive for each marker. 

Immunohistochemical reactivity for Hep Par 1 was also semiquantitatively 

classified into four categories; - <5%, + 5-10%, ++ 10-50%, and +++ >50% of 

tumor cells. Immunoreactivity for K7 and K19 were classified into two categories; - 

<5%, + ≥5% of tumor cells. 

 

Statistical Analysis 
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For statistical analysis, analysis of variance (ANOVA) or unpaired t-test was used to 

compare enhancement of HCC on hepatobiliary phase with the various clinical and 

histologic factors. Student-Neuman-Keuls test was used for all pairwise 

comparisons. Pearson’s correlation was used to determine correlations among cell 

density ratio, CER, histologic grade, Hep Par 1, K7, K19. A P value less than 0.05 

was considered to indicate a statistically significant difference. 

 

III. RESULTS 

Of 53 HCCs, 50 HCCs showed low signal intensity on hepatobiliary phase. Three 

HCCs showed high signal intensity on hepatobiliary phase compared to surrounding 

liver parenchyma. The SNR of HCCs (mean ± standard deviation) increased from 

47.2 ± 30.2 to 79.9 ± 75.7 (mean CER of all HCCs = 74.0 %, mean CER of 

hyperintense HCCs on hepatobiliary phase = 235.0 %, mean CER of hypointense 

HCCs on hepatobiliary phase = 64.4 %), whereas the SNR of the liver increased 

from 64.8 ± 42.3 to 150.2 ± 122.4 (mean CER of the liver = 145.7 %).  

 There were 8 HCCs with grade I (well-differentiated), 35 with grade II 

(moderately differentiated), 10 with grade III (poorly differentiated) (Table 2). The 

size of the tumors ranged from 0.8 to 9.5 cm (mean 4.1 cm). Twenty-four HCCs had 

nodular expanding growth patterns, 5 were of the nodular type with perinodular 

growth, 20 were of the multinodular-confluent type, 2 infiltrative type, and 2 

vaguely nodular type. The histologic types consisted of 26 trabecular, 1 compact, 

and 26 mixed types (20 trabecular and pseudoglandular, 4 trabecular and compact, 1 
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pseudoglandular and compact, 1 trabecular, pseudoglandular and compact). The cell 

types consisted of 40 hepatic and 13 mixed types (9 hepatic and clear, 3 hepatic and 

giant, and one hepatic, clear, and giant).  

 

Table 2. Pathologic features of hepatocellular carcinomas 

Pathologic features subtypes 
number of 

lesions 

Nuclear grade grade I 8 

 grade II 35 

 grade III 10 

Growth pattern  nodular expanding growth 24 

 nodular with perinodular growth 5 

 multinodular-confluent type 20 

 infiltrative 2 

 vaguely nodular 2 

Cell type hepatic 40 

 Mixed type (9 hepatic and clear, 3 

hepatic and giant, and one hepatic, 

clear, and giant )  

13 
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 The relationship between liver-to-lesion (tumor) CNR ratio and histologic 

grade is shown in Fig. 2. The mean CNR ratio of well-differentiated HCC were 

significantly lower than that of moderately and poorly-differentiated HCCs 

(P=0.032). The relationship between CNR of the precontrast images and histologic 

grade is shown in Fig. 3. The CNR of the precontrast images was not significantly 

different according to the histologic grades (P=0.051).  

 

Figure 2. The relationship between liver-to-lesion CNR ratio and histologic grades. 
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Figure 3. The relationship between CNR of precontrast images and histologic 

grades. 
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The relationship between the degree of tumor enhancement and histologic grade is 

shown in Fig. 4. Well-differentiated HCC showed higher enhancement on HBP 

compared with moderately differentiated and poorly-differentiated HCCs, but the 

difference were not statistically significant (P=0.414). 

 

Figure 4. The relationship between contrast enhancement ratio (CER) of the tumor 

and histologic grades. 
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The ratios of the cell densities of the HCC to nonneoplastic liver tissue are shown in 

Fig. 5. Pearson correlation coefficient of CER and cell density ratio was -0.520 

(P=0.711).  

 

Figure 5. The relationship of the ratios of the cell densities of the HCC to 

nonneoplastic liver tissue and contrast enhancement ratio (CER).  
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Hep Par 1 was positive in 52 HCCs (98.1%). 42 HCCs (79.2%) had strong 

positivity on immunohistochemical staining for Hep Par 1. There was no 

significant correlation between CER of HCC and Hep Par 1 positivity 

(P=0.504) (Fig. 6-a). K7 was positive in 34 HCCs (64.2 %) and K19 was 

positive in 9 HCCs (16.9 %). The CER of HCC at hepatobiliary phase 

images was not significantly associated with the expression of K7 in the 

tumor (P=0.784) (Fig. 6-b). The CER of HCC were significantly lower in 

K19 positive HCC than K19 negative group (P=0.015) (Fig. 6-c). There were 

no significant correlations between Hep Par 1 positivity and the histologic 

grades, the histologic grades and cell density ratio, or Hep Par 1 positivity 

and cell density ratio (Fig. 7). There was no significant correlation among 

CNR ratio of the tumors, Hep Par 1 positivity, cell density ratio, K7, and K19 

(P=0.758, 0.170, 0.559, 0.829, respectively). 
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Figure 6. The relationship of contrast enhancement ratio (CER) of HCC and 

immunoreactivity to Hep Par 1, K7, and K19. 

(a) The relationship of CER of HCC and immunoreactivity to Hep Par 1 
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Figure 6-(b) The relationship of CER of HCC and immunoreactivity to K7 
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Figure 6-(c) The relationship of CER of HCC and immunoreactivity to K19 
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Figure 7. A 37-year-old woman with grade II HCC showed low signal intensity on 

hepatobiliary phase with gadoxetic acid. Three dimensional gradient echo images 

before and 20 minute after gadoxetic acid administration showed a mass in the right 

lobe of the liver with low signal intensity on hepatobiliary phase. Quantitatively, 

CER of the tumor was 43%. A nuclear grade II trabecular HCC with hepatic cells 

was proven. Immunoreactivity of Hep Par 1 was strongly positive. The cell density 

ratio was 1.6. K7 and K19 were (+). 
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IV. DISCUSSION 

The present study showed that well-differentiated HCCs tended to present lower 

tumor-to-liver CNR values on gadoxetic acid-enhanced hepatobiliary phase images 

than HCCs of higher histologic grades. In well-differentiated HCC, the uptake of 

hepatobiliary contrast agent by tumor cells may be preserved to a certain degree and 

may show relatively lower CNR values on the hepatobiliary phase images compared 

to moderately or poorly differentiated HCCs
11

. The CNR ratio may be affected by 

hepatic function, however, all patients in this study was classified as Child-Pugh 

class A and most patients had normal range of bilirubin levels. Therefore, the effect 

of hepatic function to the enhancement of hepatic parenchyma on hepatobiliary 

phase would be negligible. 

 The CER of the tumor was not correlated with histologic grades in this 

study. The relationship between the degree of hepatobiliary contrast agent uptake 

and the histologic grades of HCCs has been a controversial issue 
18, 22, 24, 28-29

. The 

results of the present study, as well as those of other reports, indicate that most 

HCCs, irrespective of grade, retain a small amount of the hepatobiliary contrast 

agent but are predominantly hypointense relative to the surrounding liver 

parenchyma in the hepatobiliary phase images 
15, 30

. This finding implies that 

hepatobiliary phase imaging is useful for the detection of all grades of HCC. On the 

other hand, degree of tumor enhancement or CER cannot be used for noninvasive 

differentiation of tumor grades. It would be more important to measure CNR ratio 
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of the tumors than enhancement ratio for differentiation of tumor grades. Grazioli et 

al.
31

 found a tendency of greater enhancement of moderately differentiated HCCs 

over well-differentiated lesions on gadobenate dimeglumine-enhanced hepatobiliary 

phase images 
31

. However, in the present study, moderately and poorly differentiated 

HCCs tended to show lesser enhancement over well-differentiated lesions. The 

different results may be related to the different kinds of hepatobiliary contrast 

agents, a wide range of enhancement of moderately differentiated HCCs, and 

different population. 

 In the present study, 3 of 53 HCCs (5.6%) with moderate differentiation 

exhibited an exceeding uptake in comparison to the surrounding liver parenchyma 

in the hepatobiliary phase. Narita et al. 
29

 reported that uptake of gadoxetic acid in 

HCC is determined by the expression of OATP1B3 rather than by tumor 

differentiation or bile production. They observed strong correlation between 

enhancement ratio and expression levels of OATP1B3 protein. The expression of 

OATP1B3 was not investigated in the present study, and further study is needed to 

know the clinical significance of HCCs with an exceeding uptake. 

 Regarding the expression of immunohistochemical markers of HCCs, the 

CER of HCC was significantly lower in K19 positive groups than in K19 negative 

groups (P=0.015). This means that low CER value of the tumor may be related to 

expression of K19 and poor prognosis. Expression of K19 has been reported to be 

correlated with vascular invasion and poor prognosis in HCC 
32-36

 as well as 

representing a distinct type of HCC with intrahepatic cholangiocarcinoma-like 
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differentiation with increased risk for developing lymph node metastasis 
33

. 

Therefore, the results of this may imply that low CER on gadoxetic acid-enhanced 

hepatobiliary images may have a potential to be used as a poor prognostic marker of 

HCC. K7 and K19 are markers of biliary differentiation, and they are expressed in 

the bile ducts. It has been reported that survival in patients with biliary marker-

positive HCC was significantly shorter than in those with negative HCC 
35, 37

. 

Bipotential hepatic progenitor cells also express K7 and K19, and the presence of 

HCCs expressing K7 and/or 19 could be of progenitor cell origin 
34, 38

. In the present 

study, K19 expression was negatively correlated with CER of HCC, while K7 was 

not.  

 Immunostaining for Hep par 1 was not correlated with the degree of 

enhancement of gadoxetic acid. Hep Par 1 is a monoclonal antibody which reacts to 

a cytoplasmic marker of normal and neoplastic hepatocytes. The relationship 

between Hep Par 1 positivity and nuclear grade of HCCs is unclear. Recent reports 

suggested that well-differentiated and trabecular HCCs showed stronger positivity 

of Hep Par 1 than poorly differentiated or undifferentiated HCCs 
39-40

. Although the 

uptake of mangafodipir trisodium (manganese dipyridoxal diphosphate, MnDPDP), 

which is a kind of hepatobiliary contrast agent, has been reported to be correlated 

with Hep Par 1 expression, the uptake mechanism of MnDPDP and gadoxetic acid 

is different 
27

. MnDPDP is an anionic manganese chelate and it is taken up by active 

hepatocytes as a form of free Mn
2+

 ion and excreted through the biliary system 
41

. 

Mitochondria may play an important role in MnDPDP uptake and Hep Par 1 
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positivity 
27

. However, organic anionic transporter peptides are involved in the 

uptake of gadoxetic acid and they are localized to the membrane of hepatocytes 
42

. 

Therefore, it appears to be no significant correlation between gadoxetic acid uptake 

and Hep Par 1 expression.  

 There are several limitations in my study. First, complete slice by slice 

pathologic-MR imaging matching was not technically feasible. Therefore, the most 

representative characteristics of each tumor were used, so the sampling bias within 

each tumor is inevitable. Second, although there was a significant correlation 

between CNR ratio and histologic grades, the practical value of this result is limited 

because there was significant overlap of CNR ratio among each group. Third, Child-

Pugh class B or C cirrhosis patients were not included because they are not usually 

surgical candidates. Hence, the observed enhancement characteristics of liver 

parenchyma in Child-Pugh class A cirrhosis might be different in Child-Pugh 

classes B and C cirrhosis. Finally, although hepatocyte and liver stem 

cell/progenitor cell markers were used, other immunohistochemical markers were 

not included. 



28 

 

V. CONCLUSION 

 

 In conclusion, gadoxetic acid-enhanced hepatobiliary phase MR imaging 

can be helpful for predicting the histologic grades of HCCs, especially 

differentiating well-differentiated HCCs from moderate and poorly differentiated 

HCCs. The CNR ratio of well-differentiated HCCs of gadoxetic acid-enhanced MR 

imaging was significantly different from that of moderate or poorly differentiated 

HCCs. However, the CER of HCC was not correlated with histological grades. The 

CER of HCC was significantly different between K19 positive and negative groups. 
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Abstract(in Korean) 

 

간세포암에서 간담도 특이 조영제 gadoxetic acid를 이용한 

자기공명영상과의 병리학적 상관관계 

 

지도교수 김명진 

연세대학교 대학원 의학과 

최진영 

 

목적: Gadoxetic acid-조영증강 간담도기 자기공명영상이 간세포암의 병리학적 

인자들을 예측할 수 있는지 평가하고자 하였다. 

 

대상 및 방법: 병리학적으로 확진된 51명의 간세포암 환자에서 53 예의 간세포

암을 대상으로 후향적으로 분석하였다. 모든 환자는 수술 전 gadoxetic acid-조

영증강 자기공명영상을 촬영하였다. 정성적 분석은 간담도기에서 종양의 신호강

도를 주변 간실질과 비교하여 고신호, 증신호, 저신호강도로 나누었다. 정량적 

분석은 gadoxetic acid-조영증강 전과 20분 지연기 영상의 T1강조영상에서 시행

하였다. 조영증강 전후의 간담도기 영상에서 주변 간실질과 종양의 신호대 잡음

비 (signal-to-noise-ratio, SNR), 대조도 잡음비 (contrast-to-noise ratio, 

CNR)를 측정하였고 종양과 간실질의 조영증강 비(contrast enhancement ratio, 



37 

 

CER), 대조도 잡음비의 차이 (CNR ratio)를 계산하고 병리학적 종양의 등급과 

상관관계가 있는지 분석하였다. 또한 Hep Par-1, K7, K19의 면역반응도와 세포

밀도비율(cell density ratio)을 측정하여 간담도기 영상에서의 조영증강 비 

(CER), 대조도 잡음비의 차이 (CNR ratio)와 비교하였다. 

 

결과: 고분화도 간세포암 (n=8)의 조영증강 전후의 대조도 잡음비 차이 (CNR 

ratio)은 중등도 분화 (n=35)나 저분화 간세포암 (n= 10)에 비해 통계적으로 의

미있는 차이를 보였다 (P=0.032). CER값은 K19 양성군에서 음성군에 비해 통계

적으로 유의하게 낮았다 (P=0.015). CER, Hep par-1, K7에 대한 면역반응도, 세

포밀도비율은 대조도 잡음비 차이나 조영증강비 (CER)와 상관관계를 보이지 않

았다 (P>0.05). 

 

결론: Gadoxetic acid-조영증강 자기공명영상의 간담도기 영상은 고분화도와 다

른 분화도의 (증등도 또는 저분화) 간세포암을 구별하는데 도움이 될 것이다. 

간세포암의 조영증강 비는 K19에 대한 면역반응도와 상관 관계를 보인다. 

 

 

 

 

 

핵심되는 말: 간세포암, 자기공명영상, 자기공명영상 조영제       


