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A B S T R A C T   

Purpose: To investigate the added value of contrast enhancement boost (CE-boost) images in multiphasic 
contrast-enhanced CT (CE-CT) for diagnosing small (<20 mm) hypervascular hepatocellular carcinoma (HCC). 
Materials and methods: This retrospective study included 69 patients (age, 74 ± 8 years; 52 men) with 70 
hypervascular HCCs (<20 mm) who underwent multiphasic CE-CT (pre-contrast, late arterial phase [LAP], portal 
venous phase [PVP], and equilibrium phase). Two types of CE-boost images were generated by subtracting PVP 
from LAP (LA-PV) images and LAP from PVP (PV-LA) images to enhance the contrast effect of hepatic arterial and 
portal venous perfusion more selectively. Tumor-to-liver contrast-to-noise ratios (CNRs) in CE-boost images were 
compared with those in CE-CT images using the Wilcoxon signed-rank test. Two independent readers reviewed 
the imaging datasets: CE-CT alone and CE-CT with CE-boost images. The diagnostic performance of each dataset 
was compared using jackknife alternative free-response receiver operating characteristics (JAFROC-1). 
Results: The tumor-to-liver CNRs in the LA-PV (6.4 ± 3.0) and PV-LA (− 3.3 ± 2.1) images were greater than 
those in the LAP (3.2 ± 1.7) and PVP images (− 1.1 ± 1.4) (p <.001 for both). The reader-averaged figures of 
merit were 0.751 for CE-CT alone and 0.807 for CE-CT with CE-boost images (p <.001). Sensitivities increased by 
adding CE-boost images for both readers (p <.001 and = 0.03), while positive predictive values were equivalent 
(p >.99). 
Conclusion: Adding CE-boost images to multiphasic CE-CT can improve the diagnostic accuracy and sensitivity for 
small hypervascular HCC by increasing the tumor-to-liver CNR.   

1. Introduction 

Multiphasic contrast-enhanced CT (CE-CT) plays an important role in 
hepatocellular carcinoma (HCC) diagnosis. A combination of arterial 
phase hyperenhancement and delayed washout is a radiological hall
mark of HCC, and pathological confirmation is not always necessary 
prior to treatment [1,2]. Multiphasic CE-CT is commonly used to eval
uate HCC because of its availability and high spatial resolution [3,4]. 
However, for detecting small (<20 mm in diameter) HCCs, accurate 

diagnosis using CE-CT is challenging because of its low sensitivity [4–6]. 
Arterial phase hyperenhancement and delayed washout are sometimes 
indistinct in small lesions [7,8], and improving tumor-to-liver contrast 
in CE-CT is desirable for detecting small HCCs. Several attempts, 
including low-tube-voltage CT and dual-energy CT, have been made to 
improve the tumor-to-liver contrast, especially to improve the detect
ability and conspicuity of arterial phase hyperenhancement [9–16]. 
Although a combination of CT hepatic arteriography and CT during 
arterial portography is a solution to address this problem and previous 

Abbreviations: HCC, hepatocellular carcinoma; CE-CT, contrast-enhanced computed tomography; CE-boost, contrast enhancement boost; LAP, late arterial phase; 
PVP, portal venous phase; JAFROC, jackknife alternative free-response operating characteristic; FOM, figure of merit; CNR, contrast-to-noise ratio; LA-PV, PVP 
subtracted from LAP; PV-LA, LAP subtracted from PVP. 
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studies have shown better sensitivity [17,18], it is unsuitable for HCC 
surveillance due to its invasiveness [19]. 

Recently, the contrast enhancement boost (CE-boost; Canon Medical 
Systems, Otawara, Japan) technique has been proposed to increase the 
degree of contrast enhancement. In this technique, a subtraction image 
is obtained using a new subtraction algorithm (SURE subtraction iodine 
mapping, Canon Medical Systems) [20] and added to the original image 
with a denoising procedure. When a CE-boost image is created by sub
tracting the non-contrast images from the contrast phase images, the 
degree of the contrast effect can be increased [21]. This may improve the 
diagnostic performance for HCC detection. However, we believe that the 
CE-boost technique could generate new types of images instead of 
simply increasing the degree of contrast enhancement on multiphasic 
CE-CT. Because of the dual blood supply to the liver, the late arterial 
phase (LAP) and portal venous phase (PVP) images in CE-CT contain 
mixed hepatic arterial and portal venous perfusion in different pro
portions [22–24]. Accordingly, we devised and generated two types of 
CE-boost images by subtracting PVP from LAP (LA-PV) images and LAP 
from PVP (PV-LA) images, which showed less overlap between arterial 
and portal venous contrast enhancement. The purpose of this study was 
to investigate the added value of CE-boost images in multiphasic CE-CT 
for diagnosing small (<20 mm in diameter) hypervascular HCC. 

2. Materials and Methods 

2.1. Study population 

This retrospective study was approved by the institutional review 
board, and the requirement for written informed consent was waived. 
Between March 2020 and January 2021, 344 consecutive patients with 
chronic liver disease underwent multiphasic CE-CT for HCC surveillance 
(Fig. 1). A board-certified radiologist (S.Y. with 2 years of experience in 
abdominal imaging) who had not participated in the qualitative analysis 
reviewed the multiphasic CE-CT images in reference to any available 
clinical information, serial follow-up images, and other imaging exam
inations. The inclusion criteria were (a) patients who had hypervascular 
HCC, and (b) largest lesion diameter < 20 mm. The exclusion criteria 
were (a) patients who received systemic chemotherapy, (b) inadequate 
reference standard (see Lesion Confirmation section below for details), 

and (c) pathological diagnosis other than HCC. 
A group of patients without HCC was also selected. The inclusion 

criteria were (a) patients who did not have hypervascular HCC on the 
initial multiphasic CE-CT, and (b) patients in whom follow-up imaging 
examinations performed more than 6 months later showed no suspicious 
findings for HCC. From these, 30 patients were selected using a random 
number table. 

2.2. Lesion Confirmation: Standard of reference 

Thirty-nine of the 69 enrolled patients had 70 confirmed hyper
vascular hepatocellular carcinomas (HCCs). An abdominal radiologist 
(S.Y.) confirmed the presence of hypervascular HCCs. Pathological proof 
of focal lesions was obtained after surgery in 13 patients (15 nodules). In 
19 patients (39 nodules), typical angiographic findings and sustained 
iodized oil accumulation after transcatheter chemoembolization ther
apy, confirmed by serial follow-up CT, were used to diagnose HCC. For 
the other seven patients (16 nodules), HCCs were diagnosed using the 
Liver Imaging Reporting and Data System [25]. For lesions 10–19 mm 
(13 nodules), LR-5 on multiphasic contrast-enhanced CT or serial follow- 
up images were used to diagnose HCC. For lesions < 10 mm (three 
nodules), lesions that grew to more than 10 mm and showed LR-5 on 
follow-up images were regarded as HCC. The mean follow-up period was 
12.2 ± 4.7 months. 

2.3. CT technique 

Multiphasic CE-CT images were obtained using a 320-row CT scan
ner (Aquilion ONE GENESIS Edition; Canon Medical Systems). The 
multiphasic protocol was composed of pre-contrast, LAP, PVP, and 
equilibrium phases. Further information can be found in Supplementary 
Methods. 

2.4. Post-Processing and image reconstruction 

Two types of CE-boost images were derived using an advanced image 
subtraction technique (SURE subtraction iodine mapping). The tech
nique was implemented using non-rigid registration and image sub
traction (Fig. 2). CE-boost (LA-PV) images were generated by 

Fig. 1. Flowchart of the patient enrolment process. CE-CT, contrast-enhanced CT; HCC, hepatocellular carcinoma.  
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subtracting PVP from LAP images, and CE-boost (PV-LA) images were 
generated by subtracting LAP from PVP images. In CE-boost (LA-PV) 
images, hepatic arterial perfusion is emphasized (Fig. 2a). Likewise, 
portal venous perfusion was emphasized in CE-boost (PV-LA) images 
(Fig. 2b). 

Conventional multiphasic CE-CT images for LAP and PVP were 
reconstructed in 0.5-mm slices at 0.5-mm intervals. CE-boost (LA-PV) 
and (PV-LA) images were generated from the thin-slice image data. CE- 
CT and CE-boost thin-slice images were used for quantitative image 
analysis. For qualitative image analysis, CE-CT and CE-boost images 
were reconstructed in 5-mm slices at 5-mm intervals. 

2.5. Quantitative image analysis 

Quantitative measurements were performed by an abdominal radi
ologist (S.Y.) using a commercially available workstation (Ziostation 2 
Type1000; Ziosoft, Newark, CA). CE-CT (LAP and PVP) images and the 
corresponding CE-boost (LA-PV and PV-LA) images were displayed 
simultaneously for each patient. 

The CT numbers (in Hounsfield units) of the liver parenchyma and 
hypervascular HCCs were obtained by manually placing circular regions 
of interest. Image noise was measured as the standard deviation of the 
ovoid region of interest drawn in the subcutaneous fat of the anterior 
wall. Details of the measurements are described in Supplementary 
Methods. 

The tumor-to-liver contrast-to-noise ratio (CNR) was calculated 

Fig. 2. Schema of CE-boost images. In the CE-boost (LA-PV) image (a), the subtracted image is derived by subtracting the PVP image from the LAP image. Then, the 
LAP and subtracted images are fused after a denoising process; thus, contrast enhancement in LAP is emphasized, whereas contrast enhancement in PVP is sup
pressed. In the CE-boost (PV-LA) image (b), the subtracted image is derived by subtracting the LAP image from the PVP image. Then, the PVP and subtracted images 
are fused after a denoising process; thus, contrast enhancement in PVP is emphasized, whereas contrast enhancement in LAP is suppressed. CE-boost, contrast 
enhancement boost; LA-PV, PVP subtracted from LAP; PV-LA, LAP subtracted from PVP; PVP, portal venous phase; LAP, late arterial phase. 
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using the following formula: CNR = (ROIlesion – ROIliver) / SDnoise, where 
ROIlesion is the attenuation of hypervascular HCCs, ROIliver is the mean 
attenuation of the liver parenchyma, and SDnoise represents the standard 
deviation of the subcutaneous fat. For all measurements, the size, shape, 
and position of the regions of interest were kept constant by applying a 
multidata fusion function of the workstation. 

2.6. Qualitative image analysis 

The images were anonymized and transferred to an image viewer 
(EV Insite S; PSP Corporation). Two abdominal radiologists (M.H. and K. 
S. with 25 and 15 years of experience in abdominal imaging, respec
tively) separately and independently reviewed two imaging data sets of 
all 69 patients in random order for the diagnosis of hypervascular HCCs: 
multiphasic CE-CT alone and multiphasic CE-CT with CE-boost images. 
The readers were aware that the patients might have hypervascular 
HCCs but were blinded to any clinical information and the patient 
proportions in the two groups. First, the readers evaluated only multi
phasic CE-CT images, including pre-contrast, LAP, PVP, and equilibrium 
phase images in the first reading session. They recorded the presence 
and location of the lesions using the following four-point confidence 
scale: 1, probably not HCC; 2, possibly HCC; 3, probably HCC; and 4, 
definitely HCC. Details of confidence scale evaluation are described in 
the Supplementary Methods. Immediately after the first reading session, 
two types of CE-boost (LA-PV and PV-LA) images were presented to the 
readers along with multiphasic CE-CT images. The readers referred to 
the multiphasic CE-CT and CE-boost images and recorded changes in 
lesion presence, location, and confidence rating. In evaluating the 
dataset of multiphasic CE-CT with CE-boost images, the CE-boost images 
were used mainly for lesion detection; then, the confidence scores were 
determined comprehensively using both multiphasic CE-CT and CE- 
boost images. 

The readers were also asked to rate the misregistration of CE-boost 
images focusing on the contour of the liver using the following four- 
point scale: 1, severe misregistration; 2, moderate misregistration; 3, 
slight misregistration; and 4, almost no misregistration. Disagreements 
between the two readers were resolved by a consensus review after the 
reading session. 

Additionally, the abdominal radiologist (S.Y.), who performed the 
quantitative image analysis, reviewed all CE-boost images to determine 
if characteristic artifacts near the liver cysts were present and evaluated 
if the artifacts affected the diagnostic performance of the technique for 
each patient. The characteristic artifacts observed only on the CE-boost 
images were noticed by an abdominal radiologist during a preliminary 
review of the images. Therefore, we investigated the occurrence fre
quency of artifacts and evaluated their effects on image interpretation. 

2.7. Statistical analysis 

Continuous variables were summarized as mean ± standard devia
tion, whereas categorical variables were presented as counts and fre
quencies. Wilcoxon signed-rank tests were used to compare the liver and 
lesion attenuation, image noise, and tumor-to-liver CNR between the 
CE-CT (LAP and PVP) images and the corresponding CE-boost (LA-PV 
and PV-LA) images. 

The performance of the two imaging datasets for detecting hyper
vascular HCCs was evaluated and compared using jackknife alternative 
free-response receiver operating characteristic (JAFROC-1) analysis 
(JAFROC version 4.2.1; https://github.com/dpc10ster/WindowsJafroc) 
[26]. Mean diagnostic accuracy was estimated according to the mean 
figure of merit (FOM) from the area under the JAFROC curve [27]. 
Regarding the confidence scale used to detect hypervascular HCCs, the 
inter-reader agreement was evaluated using unweighted kappa statis
tics. Sensitivity and positive predictive values per lesion and sensitivity, 
specificity, accuracy, and positive and negative predictive values per 
patient were also compared using the McNemar test and Fisher’s exact 

probability test. A confidence scale of 3 or 4 indicated a positive diag
nosis of HCC. 

For all statistical analyses other than the JAFROC analysis, SPSS 
version 27.0 (IBM Corporation, Armonk, NY) was used. A p-value < 0.05 
was considered to indicate a significant difference. 

3. Results 

A flowchart of the patient enrolment process is presented in Fig. 1. 
Thirty-nine patients with 70 small hypervascular HCCs (<20 mm 
diameter) and 30 patients without HCCs were included in this study. 
Diagnosis of HCC was confirmed by pathological proof in 13 patients 
and by several kinds of findings in the other patients. Finally, the study 
population comprised 69 patients (52 men and 17 women; mean age, 74 
± 8 years; range, 54–88 years) (Table 1). In addition to hypervascular 
HCCs, six hemangiomas were identified in four patients. 

3.1. Quantitative image analysis 

The mean number of hypervascular HCCs per patient was 1.8 (range, 
1–7), with a mean size of 12.0 ± 4.1 mm (range, 5–19 mm). The mean 
image noises were lower on the LA-PV images (8.9 ± 1.6 HU) and PV-LA 
images (9.4 ± 1.7 HU) compared with the LAP (11.8 ± 1.2 HU) and PVP 
images (12.0 ± 1.3 HU) (p <.001 for both). The mean liver attenuations 

Table 1 
Characteristics of 69 patients; 39 patients with 70 hypervascular hepatocellular 
carcinomas and 30 patients without hepatocellular carcinoma.  

Characteristic Total (n = 69) Patients with 
HCC (n = 39) 

Patients without 
HCC (n = 30) 

Age (years) * 73.6 ± 8.3 
(54–88) 

74.7 ± 8.5 
(54–88) 

72.1 ± 7.8 (55–87) 

Sex    
Male 52 (75.4) 24 (61.5) 28 (93.3) 
Female 17 (24.6) 15 (38.5) 2 (6.7) 

Height (cm) * 161.8 ± 8.9 
(137–177) 

159.0 ± 9.1 
(137–173) 

165.4 ± 7.1 
(146–177) 

Body weight (kg) * 61.7 ± 10.6 
(41–85) 

61.7 ± 11.2 
(41–85) 

61.8 ± 10.0 
(45–84) 

Treatment history    
Surgery 40 (58.0) 12 (30.8) 28 (93.3) 
TACE 25 (36.2) 20 (51.3) 5 (16.7) 
RFA 6 (8.7) 6 (15.4) 0 (0) 
RT 3 (4.3) 1 (2.6) 2 (6.7) 
None 10 (14.5) 10 (25.6) 0 (0) 

Cause of liver 
disease    
HBV related 19 (27.5) 12 (30.8) 7 (23.3) 
HCV related 29 (42.0) 19 (48.7) 10 (33.3) 
Alcoholic 12 (17.4) 6 (15.4) 6 (20) 
Other 9 (13.0) 2 (5.1) 7 (23.3) 

Number of HCCs 
per patient    
0 30 (43.5) … 30 (100) 
1 22 (31.9) 22 (56.4) … 
2 11 (15.9) 11 (28.2) … 
3 1 (1.4) 1 (2.6) … 
4 4 (5.8) 4 (10.3) … 
7 1 (1.4) 1 (2.6) … 

Tumor size (mm) * 12.0 ± 4.1 
(5–19) 

12.0 ± 4.1 (5–19) … 

Number of HCCs 
(lesions)    
<10 mm 20 (28.6) 20 (28.6) … 
≥10 mm But <
20 mm 

50 (71.4) 50 (71.4) … 

Unless otherwise specified, data are numbers of patients, with percentages in 
parentheses. * Data are means ± standard deviations, with ranges in parenthe
ses. There are overlaps in treatment history, and total exceeds 100%. TACE, 
transcatheter arterial chemoembolization; RFA, radiofrequency ablation; RT, 
radiation therapy; HBV, hepatitis B virus; HCV, hepatitis C virus; HCC, hepa
tocellular carcinoma. 
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were lower on the LA-PV images (51.0 ± 11.5 HU) than on the LAP 
images (71.6 ± 10.6 HU) and higher on the PV-LA images (131.7 ± 16.3 
HU) than on the PVP images (111.9 ± 13.7 HU) (p <.001 for both). 
However, no significant differences were observed in the mean tumor 
attenuation between the CE-boost and CE-CT images. Thus, the tumor- 
to-liver CNRs in the LA-PV images (6.4 ± 3.0) and PV-LA images (-3.3 
± 2.1) were greater than those in the LAP (3.2 ± 1.7) and PVP images 
(-1.1 ± 1.4) (p <.001 for both) (Table 2, Fig. 3). 

3.2. Diagnostic performance of each imaging data set for detecting 
hypervascular HCCs 

The reader-averaged FOMs for detecting hypervascular HCCs were 
0.751 (95% CI: 0.683, 0.818) for CE-CT alone and 0.807 (95% CI: 0.748, 

0.866) for CE-CT with CE-boost images (Table 3). Between the two 
imaging data sets, the 95% CI for the difference in the FOM was − 0.089 
to − 0.024, which was statistically significant for detecting hyper
vascular HCCs (F statistic = 12.04, p <.001). Inter-reader agreement for 
CE-CT alone and CE-CT with CE-boost images was moderate (kappa 
value = 0.49 for CE-CT alone and 0.41 for CE-CT with CE-boost images). 

Adding CE-boost images improved per-lesion sensitivity from 40.0% 
(28/70) to 48.6% (34/70) for reader 1 (p =.03) and from 40.0% (28/70) 
to 57.1% (40/70) for reader 2 (p <.001) (Table 3, Figs. 4 and 5). The 
positive predictive values for both imaging data sets were high, with 
both readers performing above 95% without significant differences. 
With CE-CT alone, each reader made one false-positive diagnosis, which 
was confirmed as an arterioportal shunt on serial follow-up images; 
adding CE-boost images did not increase false-positive diagnoses. 
Although there were six hemangiomas, no lesions were misdiagnosed as 
HCC. 

In a patient-based analysis, adding CE-boost images significantly 
improved the per-patient sensitivity and accuracy for reader 2, while 
there were no significant differences for reader 1 (Table 4). The per- 
patient specificity and positive and negative predictive values were 
not significantly different between the two imaging datasets for both 
readers. 

3.3. Artifacts in CE-Boost images 

Focusing on the contour of the liver, the degree of misregistration 
was rated 4 (almost no misregistration) in 100 (72.5%) images and 3 
(slight misregistration) in 37 (26.8%) images. Only one image was rated 
2 (moderate misregistration), but this was due to respiratory motion; the 
same finding was observed in the original CE-CT image. In 69 patients, 
no CE-boost images were rated 1 (severe misregistration). 

Characteristic artifacts were identified near liver cysts in 10 patients 
(Fig. 6). These artifacts appeared as high attenuation areas on opposite 
sides of the liver cysts in both CE-boost (LA-PV and PV-LA) images in all 

Table 2 
Liver and Tumor Attenuations, Image Noise Grades, and Tumor-to-Liver CNR.   

Late arterial phase Portal venous phase  

CE-CT CE- 
boost 
(LA-PV) 

p value CE-CT CE- 
boost 
(PV-LA) 

p value 

Liver 
attenuation 
(HU) 

71.6 ±
10.6 

51.0 ±
11.5  

<0.001 111.9 
± 13.7 

131.7 
± 16.3  

<0.001 

Tumor 
attenuation 
(HU) 

107.5 
± 19.7 

107.0 
± 24.6  

0.45 96.2 ±
17.1 

97.5 ±
16.9  

0.16 

Image noise 
(HU) 

11.8 ±
1.2 

8.9 ±
1.6  

<0.001 12.0 ±
1.3 

9.4 ±
1.7  

<0.001 

Tumor-to- 
liver CNR 

3.2 ±
1.7 

6.4 ±
3.0  

<0.001 − 1.1 
± 1.4 

− 3.3 ±
2.1  

<0.001 

Data are means ± standard deviations. CNR, contrast-to-noise ratio; CE-CT, 
contrast-enhanced CT; CE-boost, contrast enhancement boost; LA-PV, portal 
venous phase subtracted from late arterial phase; PV-LA, late arterial phase 
subtracted from portal venous phase; HU, Hounsfield unit. 

Fig. 3. Liver and tumor attenuations, image noise, and tumor-to-liver CNR. Box plots comparing the LAP images with the CE-boost (LA-PV) images (a, b, c, d) and 
the PVP images with the CE-boost (PV-LA) images (e, f, g, h). The mean liver attenuation was different between the CE-CT and CE-boost images (p <.001 for both) 
(a, e), whereas the mean tumor attenuation was not significantly different (b, f). The mean image noises were significantly lower with the CE-boost images than with 
the CE-CT images (p <.001 for both) (c, g). Tumor-to-liver CNRs in the CE-boost images were significantly greater than that of the CE-CT images (p <.001 for both) 
(d, h). CNR, contrast-to-noise ratio; LAP, late arterial phase; CE-boost, contrast enhancement boost; LA-PV, PVP subtracted from LAP; PVP, portal venous phase; PV- 
LA, LAP subtracted from PVP; CE-CT, contrast-enhanced CT. 
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10 patients. Similar artifacts were not associated with HCC or heman
giomas. These artifacts were observed even when misregistration on the 
contour of the liver was not detected. These were not misdiagnosed as 
HCC, probably because the radiologists evaluated the images in 
conjunction with multiphasic CE-CT images. 

4. Discussion 

To increase the contrast effect of hepatic arterial and portal venous 
perfusion more selectively, we devised and generated two new types of 
images using the advanced image subtraction technique. CE-boost (LA- 
PV and PV-LA) images improved the tumor-to-liver CNRs compared 
with CE-CT (LAP and PVP) images. Moreover, adding CE-boost images 
to multiphasic CE-CT improved the diagnostic performance for detecting 
small (<20 mm) hypervascular HCC. Adding CE-boost images signifi
cantly improved per-lesion sensitivity for both readers, and there was no 
increase in false-positive diagnoses. We believe that the CE-boost images 
we devised will be useful for the management of patients with chronic 
liver disease that may develop into HCC. 

A recent meta-analysis by Li et al. reported that sensitivity for small 
(<20 mm) HCC was 46% on CE-CT [6]. In our study, the sensitivity of 
multiphasic CE-CT alone was similarly low: 40% for both readers. To 
address this challenge of conventional CE-CT, we investigated the value 
of CE-boost (LA-PV and PV-LA) images, which effectively enhanced the 
contrast effect of the hepatic arterial and portal venous perfusion for the 
diagnosis of these small lesions. CE-boost (LA-PV) images improved the 
tumor-to-liver CNR 2.01 times compared with LAP images in hyper
vascular HCC. Low-tube-voltage and dual-energy CT reportedly improve 
the tumor-to-lesion CNR 1.35–2.06 times in LAP [10,13,15], similar to 
our study. 

Compared with PVP images, CE-boost (PV-LA) images improved the 
tumor-to-liver CNR 2.97 times in our study. Reports on the improvement 
of delayed washout visualization using low-tube-voltage CT and dual- 
energy CT are limited. Matsuda et al. recently reported that 40 keV 
virtual monoenergetic images improved the tumor-to-liver CNR of HCC 
1.48 times in the equilibrium phase [16], whereas our CE-boost (PV-LA) 
images showed superior results. Thus, CE-boost (LA-PV and PV-LA) 
imaging could effectively improve the tumor-to-liver CNR of 

Table 3 
Lesion-based diagnostic performance of multiphasic CE-CT alone and multiphasic CE-CT with CE-boost for small hypervascular hepatocellular carcinoma.   

CE-CT alone CE-CT + CE-boost    

95% CI  95% CI p value 

Reader 1      
FOM 0.725 0.647–0.804  0.765 0.685–0.844 0.047 
Sensitivity (%) 40 (28/70) 28.5–52.4  48.6 (34/70) 36.4–60.8 0.03a 

PPV (%) 96.6 (28/29) 82.2–99.9  97.1 (34/35) 85.1–99.9 1b 

Reader 2      
FOM 0.776 0.698–0.854  0.860 0.796–0.924 0.006 
Sensitivity (%) 40 (28/70) 28.5–52.4  57.1 (40/70) 44.8–68.9 0.0005a 

PPV (%) 96.6 (28/29) 82.2–99.9  97.6 (40/41) 87.1–99.9 1b 

Mean      
FOM 0.751 0.683–0.818  0.807 0.748–0.866 0.0009 
Sensitivity (%) 40 (56/140) 31.8 – 48.6  52.9 (74/140) 44.2–61.3 <0.0001a 

PPV (%) 96.6 (56/58) 88.1–99.6  97.4 (74/76) 90.8–99.7 1b 

Numbers in parentheses are raw data. FOMs were estimated by using jackknife alternative free-response operating characteristic (JAFROC-1) software. a McNemar 
test. b Fisher’s exact probability test. CE-CT, contrast-enhanced CT; CE-boost, contrast enhancement boost; CI, confidence interval; FOM, figure of merit; PPV, positive 
predictive value. 

Fig. 4. HCC (arrow) in an 85-year-old man. (a) LAP image, (b) CE-boost (LA-PV) image, (c) PVP image, and (d) CE-boost (PV-LA) image. The lesion has faint arterial 
phase hyperenhancement without washout on the conventional CE-CT images (a, c). The lesion shows nodular high attenuation on the CE-boost (LA-PV) image and 
low attenuation on the CE-boost (PV-LA) image (b, d). Both readers rated the higher confidence for hypervascular HCC by adding the CE-boost images to the 
conventional CE-CT images. HCC, hepatocellular carcinoma; LAP, late arterial phase; CE-boost, contrast enhancement boost; LA-PV, PVP subtracted from LAP; PVP, 
portal venous phase; PV-LA, LAP subtracted from PVP; CE-CT, contrast-enhanced CT. 

S. Yabe et al.                                                                                                                                                                                                                                    



European Journal of Radiology 160 (2023) 110696

7

hypervascular HCC. Consequently, we demonstrated that adding CE- 
boost images to multiphasic CE-CT images significantly improved the 
diagnostic performance for detecting small (<20 mm) hypervascular 
HCC, although the usefulness of low-tube-voltage CT and dual-energy 
CT for improving the diagnostic performance of small (<20 mm) HCC 
has not been demonstrated. 

Severe misregistration in CE-boost images did not occur, whereas 
characteristic artifacts near liver cysts were observed in 10 patients. 
These artifacts were observed even when misregistration on the contour 
of the liver was not obvious, and they were most likely caused by 
misregistration of the cysts. Although we could not fully identify the 

cause of these artifacts, distortion caused by non-rigid registration 
potentially affected the subtraction image. These artifacts did not 
adversely affect diagnostic performance due to the evaluation in 
conjunction with multiphasic CE-CT images. Thus, a comprehensive 
evaluation of both CE-CT and CE-boost images is required for an accu
rate diagnosis. 

As the CE-boost technique is based on a post-processing program, CE- 
boost images can be generated from routine clinical CE-CT imaging data 
without requiring raw data. The CE-boost technique does not require 
specialized hardware or specific image acquisition, which differs from 
low-tube-voltage or dual-energy CT. Additionally, it is advantageous to 
create images that emphasize hepatic arterial and portal venous perfu
sion more selectively, without invasiveness or increased radiation dose. 
Thus, the CE-boost technique is easier to apply in daily practice and can 
improve the diagnostic performance for small hypervascular HCC. 
Furthermore, CE-boost is technically feasible for use with low-tube- 
voltage CT or dual-energy CT, which may produce images with an 
even higher tumor-to-liver CNR, although further studies are needed. 

This study has some limitations. First, due to the retrospective study 
design, selection bias may have occurred. Second, pathological proof 
was not obtained in some of the cases. However, we believe that the 
appropriate decision was made using several kinds of confirmatory 
findings as described in the lesion confirmation section. Third, CE-boost 
images have different characteristics of contrast effects than CE-CT im
ages. Therefore, low attenuation on CE-boost (PV-LA) images does not 
mean “delayed washout,” and an evaluation using only CE-boost images 
is not appropriate. Fourth, in the reading, only multiphase CE-CT images 
were evaluated first, followed by the addition of CE-boost images. The 
lack of separate reading may have affected the results of this study. 
However, considering the introduction of CE-boost images into clinical 
practice, we believe that the present method adequately simulates the 
actual clinical situation. Fifth, we did not measure added reading time 
by adding CE-boost images, and its effect on diagnostic performance is 
uncertain. Finally, although we included incidental benign lesions, such 
as arterioportal shunts and hemangiomas, no other types of liver lesions 
were included. The impact of the presence of other liver lesions on 
diagnostic performance is uncertain. In addition, we did not include 
hypovascular HCC in this study. The CE-boost technique may also be 
beneficial for the detection of hypovascular lesions. Therefore, further 
prospective studies with larger numbers of patients are warranted. 

In conclusion, adding CE-boost images to multiphasic CE-CT can 

Fig. 5. HCCs (arrows) in a 57-year-old man. (a) LAP image, (b) CE-boost (LA-PV) image, (c) PVP image, and (d) CE-boost (PV-LA) image. Each lesion has faint 
arterial phase enhancement and washout on the conventional CE-CT images (a, c). Corresponding CE-boost images demonstrate increased conspicuity of the lesions 
(b, d). HCC, hepatocellular carcinoma; LAP, late arterial phase; CE-boost, contrast enhancement boost; LA-PV, PVP subtracted from LAP; PVP, portal venous phase; 
PV-LA, LAP subtracted from PVP; CE-CT, contrast-enhanced CT. 

Table 4 
Patient-based diagnostic performance of multiphasic CE-CT alone and multi
phasic CE-CT with CE-boost for small hypervascular hepatocellular carcinoma.   

CE-CT alone CE-CT + CE-boost    

95% CI  95% CI p value 

Reader 1      
Sensitivity 
(%) 

61.5 (24/ 
39) 

44.6–76.6 64.1 (25/ 
39) 

47.2–78.8 1a 

Specificity 
(%) 

96.7 (29/ 
30) 

82.8–99.9 96.7 (29/ 
30) 

82.8–99.9 1a 

Accuracy (%) 76.8 (53/ 
69) 

65.1–86.1 78.3 (54/ 
69) 

66.7–87.3 1a 

PPV (%) 96 (24/ 
25) 

79.6–99.9 96.2 (25/ 
26) 

80.4–99.9 1b 

NPV (%) 65.9 (29/ 
44) 

50.1–79.5 67.4 (29/ 
43) 

51.5–80.9 1b 

Reader 2      
Sensitivity 
(%) 

64.1 (25/ 
39) 

47.2–78.8 87.2 (34/ 
39) 

72.6–95.7 0.004a 

Specificity 
(%) 

100 (30/ 
30) 

88.4–100 100 (30/ 
30) 

88.4–100 1a 

Accuracy (%) 79.7 (55/ 
69) 

68.3–88.4 92.8 (64/ 
69) 

83.9–97.6 0.004a 

PPV (%) 100 (25/ 
25) 

86.3–100 100 (34/ 
34) 

89.7–100 1b 

NPV (%) 68.2 (30/ 
44) 

52.4–81.3 85.7 (30/ 
35) 

69.7–95.2 0.11b 

Numbers in parentheses are raw data. a McNemar test. b Fisher’s exact proba
bility test. CE-CT, contrast-enhanced CT; CE-boost, contrast enhancement boost; 
CI, confidence interval; PPV, positive predictive value; NPV, negative predictive 
value. 
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improve the diagnostic accuracy and sensitivity for small (<20 mm) 
hypervascular HCC by increasing the tumor-to-liver CNR. The CE-boost 
technique is potentially beneficial for the surveillance of small HCC. 
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