INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide

is a major cause of death in patients with chronic viral liver disease. Despite many

10 »’gagolinium ethoxybenzyl diethylenetriaminepentaacetic acid (gadoxetic acid), has

11  enabled concurrent assessment of tumor vascularity and unique hepatocyte-specific
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(13-15), and more importantly, the liver with these nodules might reflect a higher
potential for hepato-carcinogenesis or the presence of undetectable precursor lesions in

other sites of the liver. Conversely, the absence of these nodules potentially identifies
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METHODS

The protocol of this retrospective study was approved by the ethics committee of

E

manashi University Hospital, which waived the requirement for written informed
g,
sent because the study was a retrospective data analysis, with appropriate

sideration given to patient risk, privacy, welfare, and rights.

Patients
10 - We recruited 559 consecutive outpatients with chronic hepatitis B virus (HBV) or

11 hepatitis C virus (HCV) infection who underwent gadoxetic acid-enhanced MRI at

Yamanashi University Hospital between January 2008 and December 2010. The
exclusion criteria were as follows: 1) presence or history of typical HCC (n = 420),
ecause intrahepatic metastasis does not always develop through the usual multistep

atocarcinogenesis process, skipping the early pathological stage with

ovascularity to an advanced pathological stage even when the size is small (16, 17);

F

the.arterial phase and hypointensity on the hepatocyte phase (non-clean liver group; n=
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nce of these nodules at the baseline, even when such nodules were initially detected

ing the follow-up period; we assigned these patients to the clean liver group.

llow-up and diagnosis of HCC

All 127 patients were followed-up at the liver disease outpatient clinic of our

nsa%itution with blood tests, including those for tumor markers, and diagnostic imaging

ality (US, CT or MRI). The development of typical HCC that required treatment as

osed by the American Association for the Study of Liver Diseases (AASLD)
guidelines (19) and that was diagnosed according to imaging criteria, showing arterial

10 hypervascularity and venous phase washout, or based on histological examination of

11 liver biopsies from hypovascular nodules that grew to >10 mm during follow-up.

sies were obtained using a 21-gauge core needle. Two patients each had a liver
nodule >10 mm in diameter on initial MRI (12mm and 13mm), was diagnosed on the
of the biopsy as a dysplastic nodule.

The endpoint of this study was the development of typical HCC not only from the

vascular hypointense nodules observed initially but also from other areas without
]

re followed-up for 3 years after the initial gadoxetic acid-enhanced MRI

& Ty . . .. : . ..
%w examination. When imaging modalities led to diagnosis of HCC, recognizing

22 hypervascularization by more than one experienced radiologist and other imaging

modalities was regarded as the time of diagnosis of HCC. When needle biopsy was

erformed to investigate nodules, the time of diagnosis of HCC was when the
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ologists and physicians examined pathological tissue and diagnosed as HCC.

MRI was performed using a superconducting magnet that operated at 1.5 Tesla
igma EXCITE HD; GE Medical Systems, Milwaukee, WI) and an 8-channel
5

ed-array coil. First, we obtained fast spoiled gradient-echo T1-weighted images
gWIs) with dual echo acquisition and respiratory-triggered fat-saturated fast

-echo T2-weighted images (T2WIs). Dynamic fat-suppressed gradient-echo T1WIs
j were obtained using a three-dimensional (3D) acquisition sequence before (precontrast)
10 arffi 20-30 s, 60 s, 2 min, 5 min, 10 min, and 20 min after the administration of

11 gadoxetic acid (Primovist; Bayer Schering Pharma, Berlin, Germany). This contrast
agent (0.025 mmol/kg body weight) was administered intravenously as a bolus at a rate
of 1 mL/s through an intravenous cubital line (20—22 gauge) that was flushed with 20
saline from a power injector. The delay time for the arterial phase scan was adjusted
rding to a fluoroscopic triggering method (20). All images were acquired in the

nsverse plane. Sagittal plane T1WIs were also obtained during the hepatocyte phase

in after the injection of the contrast agent.

Statistical analysis

All continuous values are expressed as median (range). Fischer’s exact probability
was used for comparisons between categorical variable and the non-parametric
nn-Whitney test was used to compare differences between continuous variables.
eline clinical characteristics, including blood test results, were evaluated within 1

‘month of the initial MRI. We investigated whether or not HCC development was

This article is protected by copyright. All rights reserved.

- 159 -



10

C development were determined according to the Cox proportional hazard model.

uﬁgroup analyses with a Cox proportional hazard model were applied to estimation of

10  version 10 (SAS Institute Japan, Tokyo, Japan). A two-sided p value <0.05 was

11 considered statistically significant.
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RESULTS

Characteristics of the patients and nodules

A total of 127 patients were enrolled, of whom 26 had chronic HBV infections and

| had HCV infections, and 68 had virus-associated cirrhosis. No statistically

rnificant differences in the initial clinical characteristics were found between the

non-clean liver and clean liver groups (Table 1). Thirty five hypovascular hypointense

8  nodules were found in 18 patients in the non-clean liver group (1-5 nodules per patient)
~ at baseline (data not shown). Twenty-four of these 35 nodules were detectable only on
10 hgéhepatocyte phase MRI and were undetectable by US, CT and non-hepatocyte phase
11 MRI None of the 35 nodules showed high intensity on T2WIs. The median nodule

eter was 8 mm (range: 4—13 mm, 33 nodules with 10mm or less, 2 nodules with 12

and 13 mm).

HCC incidence according to initial MRI findings

1677,  HCC was diagnosed in 17 patients, 10 in the non-clean liver group and 7 in the

les of >10 mm in diameter during the observation period.

, The cumulative 1-, 2-, and 3-year HCC incidence rates were 1.5%, 10.2%, and

CI, 32.6-78.5%) in the non-clean liver group and 0.0% (95% CI, 0.0-2.3%), 5.5% (95%
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0.0-9.8%), and 6.4% (95% CI, 1.8-11.0%) in the clean liver group; the former group

nths (16-35 months) in the clean liver group.
In 11 of 17 patients with HCC development, HCCs developed at sites in which no
10  nodules had been seen on the initial gadoxetic acid-enhanced MR, i.e. “de novo HCC”.

11 These HCCs were found 4 in 18 patients in the non-clean liver group (3-year HCC

inéi;dence rates: 22.2%, 95% CI, 4.3-51.0%) and 7 in 109 patients in the clean liver
group (3-year HCC incidence rates: 6.4%, 95% CI, 1.8-11.0%). The incidence rates of
}novo HCC” was significantly higher in the non-clean liver group than the clean liver

up (p = 0.003, Figure 3). In the remaining 6 patients, HCCs developed at the same

. of the initial nodules exclusively in 18 patients of a non-clean liver group by
1

Univariate analyses showed that the significant risk factors for HCC development
uv"‘““l/}uded older age (p = 0.039), cirrhosis (p = 0.009), a low platelet count (p = 0.003), a
252 | 1g@h AFP concentration (p = 0.006), and a non-clean liver (p < 0.001). Multivariate

M analysis with these variables revealed that older age (HR: 1.08; 95% CI, 1.01-1.16: p =

0 95324), a low platelet count (HR 1.17; 95% CI, 1.03—1.35: p = 0.017), and a non-clean
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r (HR 9.41; 95% CI, 3.47-25.46: p < 0.001) were the only independent risk factors
'HCC development (Table 2).
We further assessed the effect of a non-clean liver on the risk of HCC

elopment in subgroups of these patients (Fig. 4). We found that belonging to the

-clean liver group was a significant risk factor in patients without HBV. Notably,
designation was particularly valuable for patients who are generally regarded as at
low risk for HCC development: those without cirrhosis (HR 37.23; 95% CI,

—419.71: p = 0.003) and those with high platelet counts (HR 33.42; 95% CI,

6.69-166.94: p <0.001).
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DISCUSSION

This study revealed presence of hypovascular hypointense liver nodules ( non-clean

ver) on gadoxetic acid-enhanced MRI, is a significant risk factor for subsequent

5
{33

' dex‘felopment of typical HCC not only at the same sites but also at the different sites

-om the initial nodules. The incidence of development of typical HCC in the non-clean
patients was >50% during a 3-year follow-up period, indicating these higher-risk
nts should be rigorously investigated for the early detection of HCC during

follow-up.

. .

10 n the present study, 6 of the 18 patients in the non-clean liver group developed

11  typical HCCs at the same site of the initial nodules during the subsequent 3 years
%/year). Most of the hypovascular hypointense nodules on gadoxetic
acid—enhanced MRI are considered precursor lesions of typical HCCs, such as early

Cs or high-grade dysplastic nodules, on histological examination (13-15), while it
'been reported that most hypovascular nodules exhibiting high- to iso-intensity

Is in the hepatocyte phase are benign hepatic nodules (14, 15). Recent studies have
d that a reduction of OATP 1B3 (OATP 8) transporter expression begins at the
liest stage of hepatocarcinogenesis (21, 22), before changes in vascularity such as

decreased portal flow or increased arterial flow. The progression rate of the small

vovascular hypointense nodules to typical HCC was reported as 10-17% / year (9,

gfg 02 which is comparable to the present study. Typical HCCs arose exclusively among

" the.nodules >8 mm, as in previous studies that the larger size of the hypovascular
"hypointense nodules is the risk factor for progression to typical HCCs in the initial MRI

24 tgggy (9, 10).
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Hyperintensity on T2WIs (12) or diffusion-weighted images (DWIs) (11) also was

rted to be useful for prediction of typical HCC progress in hypovascular

detecting the early-stage of hepatocarcinogenesis (15). DWIs were not evaluated in

study because this usually detects pathologically advanced HCCs of larger size or

h hypervascularity (23). Thus, it is reasonable that the hepatocyte phase can

10  detected hypovascular hypointense nodules. As shown in Figure 3, the incidence rates

11 of such HCCs in the non-clean liver group was significantly higher than in the clean

-
apart from well-documented risk factors (Table 2), such as cirrhosis (24), ALT (25),
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clean liver even among low-risk subgroups.

1le out immediate (within 1 year) development of typical HCC. Although 7 patients in
éclean liver group developed typical HCCs only after 1 year, these patients had other
factors for HCC development, including lower platelet counts, implying more
advanced liver cirrhosis, or high AFP (data not shown). Such HCCs might arise from
10  precursor lesions that cannot be visualized by current imaging techniques.

11 . This study is a retrospective study and has some limitations. We included patients

12 with HBV and HCV together, because gadoxetic acid-enhanced MRI findings or HCC
development do not differ between these two groups and HBV or HCV infection is not
independent risk factor for typical HCC development. However, the number of HBV
t%igents was too small (n = 26) to statistically confirm the current result when limited to
HBYV patients only. Prospective studies with larger numbers of patients who have

liver disease etiologies and imaging intervals are needed to verify our findings
fferent settings. Although the imaging interval of the non-clean liver group was

shorter than the clean liver group (3 vs. 4 months: p = 0.015), the median intervals

een the initial MRI and HCC diagnosis was 16 months in the non-clean liver group

L

and 21 months in the clean liver group. They are short enough for cumulative detection
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developing typical HCCs at any sites of the liver if they have hypovascular hypointense

2___nodules on gadoxetic acid-enhanced MRI. These patients should be closely followed up

for developing typical HCC not only at the same site but also at the different sites from
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FIGURE LEGENDS

gure 1. Patient inclusion criteria. “De novo HCC” is a typical HCC that developed at

sites in which no nodules had been seen on the initial gadoxetic

acid-enhanced MRI.

igure 2. Cumulative incidence rates of typical HCC development in the non-clean and

clean liver groups.
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ble 1. Baseline patient characteristics.

24

Total Non-clean liver ~ Clean liver

haracteristics n=127 n=18 n=109 p value
A%ge in years 65 (30-88) 68 (46-82) 64 (30-88) 0.15
ale/female 68/59 10/8 58/51 1.00
on-cirrhosis/cirrhosis 59/68 6/12 53/56 0.31
V/HCV 26/101 5/13 21/88 0.53
«iatelet count (x10°/L) 122 (30-410) 102 (46-187) 125 (30-410) 0.07
32 (7-206) 32 (14-95) 32 (7-206) 0.97
31 (9-305) 31 (13-258) 31 (9-305) 0.68
4 (1-582) 8 (2-181) 4 (1-582) 0.19
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