Cisplatin-lipiodol plus 5-FU for HCC with vascular invasion

Table 1| Baseline clinical characteristics

Nlob.bt‘:;f b.atients 51
Age (years) 68.5 + 9.2
Male/Female 43/8
Alcohol intake (+/-) 18/33
Albumin (g/dL) 36+ 05
Total bilirubin (mg/dL) 1.2+ 0.7
Prothrombin time (INR) 1.2+ 01
White cell count (/L) 4963 + 1894
Haemoglobin (g/dL) 126 + 2.2
Platelet (x10°/L) 150 + 86
Chiid-Pugh class : A/B 26/25
HBV (+)/HCV (+)/HBV (-) 6/39/6
and HCV (=)
Previous treatment (+/-) 35/16
Portal vein invasion 1/18/22

(trunk/first branch/second branch)

Maximum tumour size (mm), 88.6 + 32.1, 31/20

(<100 mm/2100 mm)

AFP (ng/mL) 29/10/12
(<1000/>1000, <10 000/>10 000)

AFP L3 (=10%(%)) 86.3%

DCP (mAU/mL) 14/20/17
(£1000/>1000, <10 000/>10 000)

Macroscopic finding (nodular/infiltrative)  15/36

Tumour location (unilobular/bilobular) 18/33

was performed to detect HCC. The right gastric artery
and gastro-duodenal artery were embolized using micro-
coils (Diamond Coli, Boston Scientific; Trufill, Cordis; or
Hilal Embolization Microcoils, Cook Europe) to prevent
gastroduodenal injury by anti-cancer agents. A polyure-
thane-covered catheter (Anthron P-U Catheter, Toray
Medical, Tokyo, Japan) was used as the indwelling cathe-
ter. The tip of the catheter was placed in the common
hepatic artery or proper hepatic artery. The other end of
the catheter was connected to the injection port and the
device was implanted in a subcutaneous pocket. To pre-
vent obstruction of the catheter, 5 mL (5000 U) of hepa-
rin solution was injected biweekly via the injection port.

Treatment protocol

The cisplatin-lipiodol plus 5-FU regimen comprised a
combination of 50 mg cisplatin in 5-10 mL lipiodol and
continuous infusion of 5-FU (1500 mg/5 days). At day 1
of treatment, cisplatin with lipiodol was injected through
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the reservoir catheter followed by 5-FU (250 mg). Then,
5-FU (1250 mg) was continuously infused using a bal-
loon pump (SUREFUSER PUMP, Nipro Pharma Corpo-
ration, Osaka, Japan) for 5 days. This regimen was
applied once a week during the first 2 weeks of admis-
sion, then the combination of 20 mg cisplatin with lipi-
odol and 5-FU (500-1250 mg) was infused every
2 weeks at the out-patient department (OPD) as long as
possible. Chemotherapy was discontinued when adverse
effects reached level 2 of the ECOG classification with
the exception of platelet and leucocyte
of<30 000/uL and 2000/ uL respectively.

counts

Assessment of response to chemotherapy

The primary efficacy endpoint was objective tumour
response, while the secondary endpoint was patient sur-
vival. The primary efficacy endpoint was assessed at
3 months after the initial treatment and then every
2 months. At 3 months after initial treatment, partial
responders and complete responders were distinguished.
Tumours were bi-dimensionally measured by dynamic CT
or dynamic MRI The response to treatment was evaluated
according to the Response Evaluation Criteria in Solid
Tumours (RECIST)* and following the EASL*® amend-
ments that take into account the amount of necrotic
tumour: as complete response (CR), all measureable
lesions disappeared for more than 4 weeks; partial
response (PR), sum longest diameter decrease more than
30% and no new lesion for more than 4 weeks; progressive
disease (PD), sum longest diameter increase more than
25% or appearance of new lesion; stable disease (SD), no
definition of PR and PD for more than 8 weeks.

Assessment of tolerability

Safety was assessed at each study visit, by adverse events,
a brief physical examination, vital sign measurements
and clinical laboratory evaluation. The severity of any
toxicity was assessed according to the National Cancer
Institute Common Toxicity Criteria, version 3. The pres-
ence of seven clinical symptoms and signs commonly
noted in patients with HCC (ascites, anorexia, jaundice,
local pain, lack of energy, malaise or bodily discomfort-
fatigue and intratumoural haemorrhage) and complica-
tions associated with indwelling catheter (e.g. gastro-duo-
denal ulcer, infection, thrombosis and vascular damage)
were also assessed.

Statistical analysis
Baseline data were expressed as mean =+ s.d. or as med-
jan and range values. Survival was confirmed up to
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31 August 2009. Cumulative survival was calculated
using the Kaplan-Meier method and compared by the
log rank test. Independent factors for survival were
assessed with the Cox proportional hazard regression
model. Statistical significance was defined as a P value
less than 0.05. The spss software version 14.0] (SPSS inc.,
Chicago, IL, USA) was used for statistical analysis.

S
ESULTS

Tumour characteristics

All patients were followed-up for more than 6 months.
Tumour thrombosis was noted in the main portal vein
in 10 patients, in the first branch in 18, and in the 2nd
branch in 23 patients. The mean diameter of the main
tumour was 87.0 mm (range, 50-170 mm). Serum o-
fetoprotein (AFP) levels in 41 patients were >20 ng/mL.
AFP-1L3 was positive (>10%) in 32 patients, and 44
patients were des-y-carboxy prothrombin (DCP)-positive
(>40 AU/mL). Patients received 2-28 (median, 8.7)
courses of cisplatin-lipiodol plus 5-FU therapy (Table 1).

Response to cisplatin-lipiodol plus 5-FU therapy and
additional therapy

Of the 51 patients treated with this regimen, 10 (19.6%),
34 (66.7%) and 5 (9.8%) patients had a CR, PR and SD
respectively [response rate (CR + PR/51) = 86.3%]. The
remaining patient had PD. Of the 34 patients with PR,
24 were treated with surgical resection, RFA or TACE
and showed the disappearance of visible HCC.

Survival and causes of death

Figure 1 shows the cumulative survival rates of 51
patients. The 12-, 24- and 36-month survival rates for
the 51 patients were 72.9%, 58.1% and 34.9% respec-
tively. The median survival rate of these patients was 33
(range, 3-51) months. The median survival time of CR,
PR and SD patients were 39 (range, 13-51) months, 31
(range, 6-48) months and 7 (range, 4-23) months
respectively. There was a significant difference in the sur-
vival time of the three groups. Figure 2 shows the cumu-
lative survival rates of CR and PR patients, and SD and
PD patients. The 12-, 24- and 36-month survival rates of
the CR and PR patients were 78.4%, 61.8% and 37.1%
respectively. There was a significant difference in the sur-
vival time between CR and PR patients and SD and PD
patients. Figure 3 shows the cumulative survival rates of
10 patients with CR and 14 patients with PR who later
showed disappearance of viable HCC after additional
therapy and the remaining 27 patients who failed to be
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Figure 1| Overall survival of all treated patients
(n = 51).
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Figure 2 | Overall survival of patients who showed CR
or PR and patients who showed SD or PD. CR, complete
response; PR, partial response; SD, stable disease; PD,
progressive disease. P = 0.0003 by Log Rank test.

tumour-free after additional therapy. The median sur-
vival time for the 24 patients who showed disappearance
of viable HCC was 39 (range, 6-51) months. The 1-, 2-
and 3-year survival rates of these patients were 100%,
89.5% and 53.7% respectively. On the other hand, the
median survival time and 1-, 2- and 3-year survival rates
of the remaining 27 patients were 12 (range, 3-25)
months, and 44.8%, 24.0% and 0% respectively. There
was a significant difference in survival between patients
who showed disappearance of viable HCC and those
with visible HCC during the treatment. Figure 4 displays
the cumulative tumour progression-free survival time.
The 6-, 12- and 24-month progression-free survival
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Figure 3 | Overall survival of patients who showed CR
(n = 10) and disappearance of HCC after additional
treatment (n = 14), and patients with variable HCC
(n = 27). P = 0.0001 by Log Rank test; HCC (=),
patients without variable HCC after treatment; HCC
(+), patients with variable HCC after treatment; CR,
complete response.
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Figure 4 | Progression-free survival of all treated
patients (n = 51).

rates of these patients were 62.1%, 21.9% and 11.7%
respectively, with a median progression-free survival of
8.0 months. With regard to the relationship between
survival and degree of tumour progression, there was no
significant difference in median survival among patients
with tumour thrombosis in the 2nd branches, the Ist
branches and the portal vein trunk. With regard to the
relationship between survival and liver damage, there
was no significant difference in the median survival
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between patients with Child-Pugh class A and those with
class B. During the follow-up period, 28 patients died.
Of these, 24 died of tumour progression; two of rupture
of oesophageal varices, one of liver failure and one
patient died of renal failure.

Two of the 13 factors analysed by univariate analysis
showed prognostic ~ significance: tumour location
(P = 0.048) and therapeutic effect (P < 0.001). Multivari-
ate analysis identified only one variable, therapeutic
effect, to be an independent predictor of mortality
(P < 0.001) (Table 2).

Regarding the therapeutic effect, two of the 13 factors
analysed by univariate analysis showed the therapeutic
significance: tumour location (P = 0.042) and grade of
portal vein invasion (P = 0.002). Multivariate analysis
identified only one variable, grade of portal vein inva-
sion, to be an independent predictor of therapeutic effect
(P = 0.006) (Table 3).

Adverse effects and complications

No serious complications due to indwelling catheters,
such as peptic ulcer, infection, thrombus and other vas-
cular disorders, were observed. Treatment was not dis-

Table 2 | Univariate and multivariate analyses of
survival for hepatocellular carcinoma

HR (95% Cl)

P value
Univariate analysis
Gender (male) 1.24 (0.54-2.87) 0.609
Age (>65) 1.08 (0.32-3.65) 0.899
Alcohol intake (+) 115 (0.49-2.66) 0.752
HCV (positive) 0.50 (0.20-1.29) 0.152
HBV (positive) 2.03 (0.56-6.23) 0.218
Child-Pugh class (B) 112 (0.49-2.57) 0.786
AFP(ng/mL) (>1000) 1.51 (0.67-3.43) 0.322
DCP (AU/mL)(>1000) 1.03 (0.41-2.63) 0.946
Maximum tumour 0.82 (0.34-2.01) 0.667
size (mm) (>100)
Macroscopic finding 0.95 (0.39-2.31) 0.901
(infiltrative)
Tumour location (bilobular) 2.56 (1.01-6.48) 0.048
Grade of portal vein 1.62 (0.60-4.39) 0.344
invasion (trunk)
Therapeutic effect (CR+PR) 0.17 (0.06-0.5T) 0.001
Multivariate analysis
Therapeutic effect (CR+PR) 0.21 (0.07-0.66) 0.007
547
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Table 3 | Univariate and multivariate analyses of therapeutic effect for hepatocellular carcinoma (CR+PR vs. SD+PD)

Univariate analysis

SD+PD group (n =7)

CR+PR group (n = 44) P value
Gender (male/female) | 38/6 6/1 0.963
Age (<65/>65) 18/26 3/4 0.923
Alcohol intake (+/-) 16/28 2/5 0.689
HCV (+/-) 32/12 7/0 0177
HBV (+/-) 6/38 0s7 0.578
Child-Pugh class (A/B) 23/21 3/4 0.703
AFP (ng/mL) (£1000/1000-10 000/>10 000) 26/9/9 3/1/3 0.431
DCP (AU/mL) (<£1000/1000-10 000/>10 000) 14/16/14 0/4/3 0.21
Previous treatment (+/-) 14/30 /6 0.658
Maximum tumour size (mm) (<100 mm/>100 mm) 28/16 3/4 0.41
Macroscopic finding (nodular/infiltrative) 31/13 4/3 0.664
Tumour location (unilobular/bilobular) 18/26 0/7 0.042
Grade of portal vein invasion 6/16/22 5/2/0 0.002
(trunk/first branch/second branch)

Multivariate analysis

Hazard ratio (95% CI) P value
Grade of portal vein invasion | 0105 | (002-052) 0.006

continued for serious complications. However, only one
patient developed grade 3 thrombocytopaenia. Grade 1
appetite loss was noted in 17 patients, six patients devel-
oped grade 1 high fever and two developed grade 2 asce-
tic fluid accumulation. These adverse effects were
controlled by medical treatment.

D SSION

The prognosis of HCC patients with portal vein tumour
thrombosis is very poor. Portal vein tumour thrombosis
is a significant clinicopathological variable known to
influence survival of patients with advanced HCC.** The
median survival of untreated patients with HCC and
portal vein tumour thrombosis is reported to be 2.7-
4.0 months, whereas the survival of those without portal
vein tumour thrombus is 24.4 months.”> *® To improve
this bleak outcome, various treatments have been
applied. Takizawa et al.** reported that the longest med-
ian survival (26.0 months) was associated with surgical
resection, followed by continuous HAIC (8.0 months)
and transcatheter arterial infusion/TAE (5.5 months).
However, the number of patients with HCC and portal
vein tumour thrombosis who are suitable for surgical
resection is limited. In such situation, systemic chemo-
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therapy, hormonal therapy and radiotherapy have all
been reported to be of limited value.”” Recently, two
phase 3, double-blind, placebo-controlled trials designed
to assess the efficacy of sorafenib for patients with
advanced HCC were conducted.'” '> They demonstrated
prolonged overall survival and time to progression in
sorafenib-treated patients. Llovet et al*' propose the use
of sorafenib as the 1st line treatment for patients with
HCC categorized as BCLC C. However, in the SHARP
trial, the median overall survival time of patients treated
with sorafenib was 10.7 months.'” In another study, the
median overall survival of patients with portal vein
tumour thrombosis was only 5 months.'®

Trans-hepatic arterial infusion chemotherapy is a rea-
sonable drug delivery system for patients with advanced
HCC because advanced HCC receives most of its blood
supply from the hepatic artery and non-cancerous liver is
supplied mainly by the portal vein.”® HAIC seems to deli-
ver high concentrations of chemotherapeutic agents to
HCC tissues selectively with low toxicity to non-cancerous
liver tissues and whole body. Several reports described the
effects of HAIC with cisplatin and 5-FU or systemic inter-
feron-o therapy with HAIC using 5-FU for HCC patients
with tumour thrombosis in the 1st branches and the portal
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vein trunks. Although the response rate varied from 0% to
63%, the median than
11.8 months.'® 7> 1> 231 'We also reported previously
the efficacy of HAIC with cisplatin and 5-FU for HCC

patients with portal vein tumour thrombosis. In that study,

survival time was less

the response rate and median survival time were 48% and
10.2 months respectively.'” Recently, Salem et al.** treated
HCC patients with intra-arterial yttrium-90 microspheres.
In their report, the median overall survival of patients with
Child-Pugh class A and that of patients with class B who
had portal vein tumour thrombosis were 10.4 and
5.6 months respectively. In the present study, the response
rate was 86.3%. The degree of portal vein tumour throm-
bosis was a predictor of treatment effect. The overall sur-
vival rates at 12, 24 and 36 months were 72.9%, 58.1% and
34.9% respectively, and the overall median survival rate
was 33 months. Univariate and multivariate analyses
showed that only the therapeutic effect was an indepen-
dent prognostic factor of survival. To the best of our
knowledge, cisplatin-lipiodol plus 5-FU therapy is associ-
ated with the longest survival of HCC patients with portal
vein tumour thrombosis in all studies reported so far. The
rationale of cisplatin+5-FU regimen is that cisplatin and
5-FU have antitumour effects;* cisplatin has a synergistic
effect as a modulator of 5-FU.>* In HAIC with cisplatin
and 5-FU or IFN and 5-FU, 5-FU is usually infused for 3-
5 h.!”> 1 3% In the present study, 5-FU was continuously
infused for 5 days. 5-FU does not show a dose-dependent,
but time-dependent antitumour effect.** Continuous infu-
sion of 5-FU might enhance the antitumour effect in cis-
platin-lipiodol plus 5-FU therapy compared with other
HAICs. Anticancer agents in lipiodol suspension are
reported to exhibit a more potent antitumour effect than
anticancer agent alone.”® Two possible mechanisms may
explain this enhanced effect; embolization of tumour
artery by lipiodol, and retention and continuous release in
tumour tissues of anticancer agent. In the present study, a
high concentration of cisplatin (9.8-13.5 ug/g wet tissue
weight) was detected in the resected tumour tissues after
132 days of cisplatin with lipiodol injection. Furthermore,
the concentration of cisplatin in tumour tissues was higher
than that in adjacent non-tumour tissues (data not

shown). The reason for the long median survival of
patients participating in the present study could be the
continuous infusion of 5-FU and use of cisplatin with lipi-
odol. In the present study, 24 patients showed disappear-
ance of viable HCC (10 CR patients, 14 PR patients
followed by additional therapy). The median survival time
of these patients was significantly longer than that of
patients with residual HCC. Cisplatin-lipiodol plus 5-FU
therapy reduced tumour volume and allowed application
of other treatments, thus prolonged survival even in HCC
patients with PR. A recent study demonstrated that sorafe-
nib prolongs the survival of patients with advanced
HCC."? However, the response rate to sorafenib was extre-
mely low.'” Molecular targeted agents including sorafenib
are probably not suitable to make tumour-free.

In the SHARP trial, approximately 52% of patients were
reported to have grade 3 or grade 4 treatment-related tox-
icities, and the most common adverse events were diar-
rhoea (39%) and hand-foot skin reaction (21%)."* As
HCC is usually accompanied by liver cirrhosis, intensive
chemotherapy sometimes induces severe liver damage, leu-
copaenia and thrombocytopaenia. However, in the present
study, adverse events were less frequent than those
reported recently in patients who received HAIC, TACE
and sorafenib treatment.> '”> > Only one patient in our
cohort developed grade 3 thrombocytopaenia. Further-
more, no deterioration of liver function or evidence of liver
damage was noted. Although only two patients showed a
transient increase in ascites, they were well controlled by
medications. Thus, the adverse effects of this treatment
were not serious and controllable.

In conclusion, the present study demonstrated the effi-
cacy of HAIC using cisplatin in lipiodol and 5-FU, and
that such therapeutic regimen for unresectable HCC with
portal vein tumour thrombosis is not associated with seri-
ous adverse effects. The new HAIC can potentially become
the first-line treatment for unresectable HCC with portal
vein tumour thrombosis, subject to confirmation through
a Phase III trial by comparison with sorafenib.
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Abstract

Purpose To evaluate the origins of feeders of hepato-
cellular carcinoma (HCC) in the caudate lobe (S1).
Materials and Methods Eighty-eight HCCs (mean diam-
eter 21.4 mm) were treated by chemoembolization. The
tumor-feeding caudate artery was confirmed when a tumor
stain was demonstrated on angiogram and iodized oil was
accumulated into the HCC and S1 on computed tomogra-
phy (CT). The origins were divided into R; (right proxi-
mal), R, (right distal), L; (left proximal), L, (left distal), A
(anterior segmental), P (posterior segmental), M (middle
hepatic or medial segmental), Ph (proper hepatic), Ch
(common hepatic), and Ex (extrahepatic). The origins of
feeders supplying HCCs in the Spiegel lobe (SP; n = 36),
the paracaval portion (PC; n = 38), and the caudate pro-
cess (CP; n = 14) were also analyzed.

Results One hundred sixteen feeders were identified: 11
(9.5%) arose from R;; 21 (18.1%) arose from Rj; nine
arose (0.9%) from L;; 15 (12.9%) arose from L,; 24
(20.7%) arose from A; 25 (21.6%) arose from P; seven
(6.0%) arose from M; one (0.9%) arose from Ph; and three
(2.6%) arose from Ex. HCCs in the SP and the PC were fed
by feeders from both hepatic arteries (the ratios of right to
left were 3:2 and 3:1, respectively), and HCCs in the CP
were dominantly fed by feeders from the right hepatic
artery.
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Conclusion The caudate artery most frequently arises
from the right hepatic artery, followed with almost equal
frequency by the left hepatic, the anterior segmental, and
the posterior segmental artery. The origins of the caudate
arteries differ according to the subsegmental locations.
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Introduction

The caudate lobe is centrally located in the liver between
the right and left lobes of the liver and near the hepatic
hilus and the inferior vena cava. Because of this anatomic
location, hepatocellular carcinoma (HCC) arising in the
caudate lobe is difficult to treat [1]. Surgical resection of
the caudate lobe has a high mortality rate because of large
amounts blood loss, a high rate of postoperative compli-
cations, and a high tumor-recurrence rate [2, 3]. Percuta-
neous ablation therapy, such as ethanol injection and
radiofrequency ablation, is a useful alternative treatment
[4-6]; however, the procedure might be technically diffi-
cult because of the deep tumor location and adjacent large
vessels. Therefore, transcatheter arterial chemoemboliza-
tion (TACE) plays an important role in the treatment of
HCC in the caudate lobe, although local tumor recurrence
is frequently observed after TACE [4, 7, 8].

Because there are usually multiple caudate arteries
arising from the right, left, and middle hepatic arteries, as
well as from the extrahepatic collateral vessels, 16-31% of
HCCs in the caudate lobe are fed by multiple branches
arising from different origins [7-12]. These factors might
make it more difficult to control HCC in the caudate lobe
using TACE [7, 8, 10]. Recognition of vascular anatomy
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supplying HCCs in the caudate lobe is key to performing
effective TACE. Thus, the purpose of our study was to
retrospectively analyze the origins of the HCC-feeding
arteries in the caudate lobe and to evaluate the anatomic
variations of tumor-feeding arteries in relation to subseg-
ments of the caudate lobe.

Materials and Methods

We performed a retrospective study to evaluate the origins
of tumor-feeding caudate arteries. This was a retrospective
study using imaging data and clinical records with no
change in patient care; Institutional Review Board approval
is not required at our institution for this type of study.
Written informed consent was obtained from each patient
before the TACE procedure.

Patients

Between February 2002 and February 2010, 88 HCCs
originating in the caudate lobe were detected in 84 patients.
There were 48 men and 36 women, and the mean patient
age was (mean £ SD) 70.2 £ 7.3 years (range 45-86). All
patients had liver cirrhosis. This was related to hepatitis C
in 71 patients, to hepatitis B in four patients, and to alcohol
in three patients. The etiology was unknown in six patients.
The diagnosis of HCC was established by imaging find-
ings: (1) characteristic nodular enhancement on the arterial
phase and wash out on the delayed phase images on
computed tomography (CT) and/or magnetic resonance
imaging; (2) nodular stain on angiography and/or CT
during hepatic arteriography obtained using conventional
CT or cone-beam CT; and (3) nodular perfusion defect on
CT during arterial portography obtained using conven-
tional CT or cone-beam CT. Histological confirmation was
not obtained in any patient in this series. Mean tumor
diameter was 21.4 £ 11.0 mm (range 8-62). Fifty-two
patients (61.9%) had a history of TACE for HCC before
detection of HCC in the caudate lobe. Thirty-two patients
(38.1%) had no treatment history for HCC.

Hepatic Angiography and the TACE Procedure

Arteriograms of the celiac and superior mesenteric arteries
were routinely performed using a 4F catheter. Common
hepatic or proper hepatic arteriogram was also performed
in all patients using a 4F catheter or a 1.8F-tip (Carnelian
Pixie; Tokai Medical Products, Kasugai, Japan), a 2F-tip
(Progreat o; Terumo, Tokyo, Japan), or a 2.4F-tip (Mi-
croferret; Cook, Bloomington, IN, USA) microcatheter.
Arteriograms of extrahepatic vessels, such as the right
inferior phrenic artery, the right renal capsular artery, and
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the left gastric artery, were obtained when the tumor stain
was unclear on hepatic arteriography.

All TACE procedures performed through the caudate
arteries were selectively performed using a microcatheter.
The microcatheter with its tip bent into a J shape by steam
was used for all procedures to facilitate insertion into small
caudate arteries that branched at acute angles. To navigate
the microcatheter, a 0.016-inch guidewire (GT-wire; Te-
rumo) was used. When selection of the feeding branch by
the 0.016-inch guidewire was difficult, a 0.012-inch
guidewire (GT-wire; Terumo) was used. After the micro-
catheter was inserted into the target branch, 0.5 ml 2%
lidocaine (Xylocaine; Fujisawa, Osaka, Japan) was intra-
arterially injected to prevent pain and vasospasm. First, a
mixture of 2—4 ml iodized oil (Lipiodol; Andre Guerbet,
Aulnaysous-Bois, France) and anticancer drugs (10-20 mg
epirubicin [Farmorbicin; Kyowa Hakko, Tokyo, Japan] and
24 mg mitomycin C [Mitomycin; Kyowa Hakko]) was
injected and this was followed by injection of gelatin
sponge particles. The total amount of iodized oil injected in
a single procedure was determined based on the tumor size
(volume almost equal to the diameter of the tumor, e.g., a
3-cm tumor received 3 ml iodized oil). Until December
2006, gelatin sponge (Gelfoam; Upjohn, Kalamazoo, MI,
USA) particles that were cut into approximately 1-mm
cubes were used. Since January 2007, commercially
available gelatin sponge particles (Gelpart; Nippon Ka-
yaku, Tokyo, Japan) 1 mm in diameter have been used.
TACE through extrahepatic collateral vessels was also
performed when the blood supply to the tumor was dem-
onstrated. Unenhanced CT was obtained | week after
TACE in all patients to check for iodized oil accumulation
in HCCs in the caudate lobe.

Definition of the Origin of the Caudate Artery

We defined the embolized branch as the tumor-feeding
caudate artery when a tumor stain was demonstrated on
arteriogram and iodized oil showed accumulation in the
HCC and the caudate lobe on CT obtained 1 week after
TACE. If CT 1 week after TACE showed a tumor portion
in which iodized oil was not accumulated, an additional
TACE was performed 2-6 months later according to the
residual tumor size and patient’s medical condition. When
the residual tumor was supplied by another caudate artery
that had initially not been embolized, the caudate artery
was also defined as the tumor-feeding caudate artery.

The origins of the caudate arteries were divided into R,
Ry, Ly, Ly, A, P, M, Ph, Ch, and Ex (Fig. 1). The caudate
lobe was divided into three subsegments according to the
classification proposed by Kumon [13] (Fig. 2): the Spiegel
lobe (SP), the paracaval portion (PC), and the caudate
process (CP). The origins of the caudate arteries supplying
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Fig. 1 The definition of the origins of tumor-feeding caudate arteries.
R, (right proximal) arising from the right hepatic artery (RHA)
between its origin and the middle hepatic artery (MHA) bifurcation or
the cystic artery bifurcation if the MHA was not present; R, (right
distal) arising from the RHA between the MHA (or cystic artery)
bifurcation and the bifurcation of the anterior and posterior segmental
artery of the RHA. If both the MHA and the cystic artery were not
present, the RHA was divided into the two equal parts; L; (left
proximal) arising from the left hepatic artery (LHA) between its
origin and the medial segmental artery (A4) bifurcation; L, (left
distal) arising from the LHA between the A4 bifurcation and the
umbilical portion of the LHA. If the A4 did not arise from the LHA,
the LHA was divided into the two equal parts; A arising from the
anterior segmental artery of the right hepatic artery; P arising from
the posterior segmental artery of the right hepatic artery; M arising
from the MHA or the A4; Ph arising from the proper hepatic artery;
Ch arising from the common hepatic artery; and Ex arising from the
extrahepatic vessels

the HCCs in each subsegment were also analyzed. When a
tumor was located between two subsegments, the tumor
was classified based on the one subsegment in which it was
dominantly located.

Results
Origins of the Tumor-Feeding Caudate Arteries

Eighty-two tumors in the caudate lobe of 78 patients were
treated by a single TACE session. The remaining six
tumors in six patients were treated with two TACE sessions
because of incomplete iodized oil accumulation in the
entire tumor on CT obtained after the initial TACE session.
In total, 116 caudate arteries were identified, and all
were selectively embolized during TACE, including six

additional TACE sessions (Table 1). During TACE,
1.3 £ 0.5 feeding arteries (range 1-3) were embolized/
tumor. Eleven caudate arteries (9.5%) were derived from
R;; 21 (18.1%) from Ry; nine (7.8%) from L;; 15 (12.9%)
from L,; 24 (20.7%) from A; 25 (21.6%) from P; seven
(6.0%) from M; one (0.9%) from Ph; and three (2.6%) from
Ex. No caudate arteries were derived from Ch in the
present series. Eighty-one caudate arteries (70.4%) were
derived from the right hepatic arterial system
R, + R, + A + P), and 31 (27.0%) were derived from
the left hepatic arterial system (L, + L, + M). In total,
27.6% of the caudate arteries were derived from the right
hepatic artery (R; + Ry), 20.7% from the left hepatic
artery (L; + L), 20.7% from the anterior segmental artery
of the right hepatic artery, 21.6% from the posterior seg-
mental artery of the right hepatic artery, and 6.0% from the
middle hepatic artery or the medial segmental artery.

Origins of the Caudate Arteries Supplying HCCs
in the SP

Our findings are listed in Table 2. There were 36 tumors
with a mean diameter of 22.3 £ 11.9 mm (range
8-62 mm) in the SP. Twenty-five tumors (69.4%) were
supplied by a single tumor-feeding caudate artery. Among
these, 15 tumors were supplied by the feeding artery
derived from the right hepatic arterial system (R, [z = 2],
R, [n =17], A [n = 2], P [n = 4]) (Fig. 3), and nine were
supplied by the feeding artery derived from the left hepatic
arterial system (L; [z = 3], L, [n = 4], M [n = 2]). The
remaining tumor was supplied by a feeding artery derived
from the right inferior phrenic artery (Ex). Eleven tumors
(30.6%) had two feeding arteries. Among these, eight were
supplied by feeding arteries derived from the right (R,
[n=2], R [n=1], A[n=4], P [n=1]) and the left
hepatic arterial system (L, [n=3], L, [n=4], M
[n = 1]), respectively (Figs. 4 and 5). One tumor was
supplied by two feeding arteries derived from A. The
remaining two tumors were supplied by feeding arteries
derived from the left hepatic arterial system (L, [n = 1], M
[n = 1]) and Ex (the right inferior phrenic artery [n = 1]
as well as the accessory left gastric artery [n = 1]),
respectively. In total, there were 47 tumor-feeding caudate
arteries. Twenty-five tumor-feeding arteries arose from the
right hepatic arterial system, 19 from the left hepatic
arterial system, and three from the extrahepatic collaterals.
The diameters of three tumors that were supplied by
extrahepatic collaterals were 17, 26, and 48 mm, respec-
tively. All three tumors were detected in patients with no
histories of TACE, including one patient who had under-
gone hepatic resection. All three tumors were located at the
anterior (n = 1) or posterior (n = 2) surface of the SP.
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Fig. 2 Schematic presentation
of subsegments of the caudate
lobe

Table 1 Origins of tumor-feeding arteries of 88 HCCs in the caudate
lobe

Origin No. (%)

R, 11 (9.5) 32 (27.6%)
R, 21 (18.1)

L, 9(7.8) 24 (20.7%)
L, 15 (12.9)

A 24 (20.7)

P 25 (21.6)

M 7 (6.0)

Ph 1(0.9)

Ch 0(0)

Ex 3(2.6)

Total 116 (1.3 &+ 0.5 arteries/tumor)

Mean tumor diameter 21.4 £+ 11.0 mm [range 8-62]

Origins of the Caudate Arteries Supplying HCCs
in the PC

Our findings are listed in Table 3. There were 38 tumors
with a mean diameter of 20.2 + 9.3 mm (range 8-47) in
the PC. Twenty-nine tumors (76.3%) were supplied by a
single feeding artery. Among these, 20 tumors were sup-
plied by the caudate artery derived from the right hepatic
arterial system (Ry [n=4], R, [n=7], A [n=3], P
[n = 6]). Nine were supplied by the caudate artery derived
from the left hepatic arterial system (L, [n = 1], L,
[n=15], M [n=3]). Seven tumors (18.4%) had two
feeding arteries. Among these, three tumors were supplied
by feeding arteries derived from the right (A [n = 1], P

@ Springer

B spiegel lobe
E&= Paracaval portion

Caudate process

MHV middle hepatic vein, RHV right hepatic
vemn, PV portal vein, GB gallbladder

Table 2 Feeding arteries of 36 HCCs in the SP

No. of feeders  No. of tumors (%)  Site Origin Tumor

1 25 (69.4) R R,

Ex Ex*
R+L R,L,
R}, L,
Ry, L,
AL,
A, L,
A,M
P, L,
Ax?2
Ly, Ex"
M, Ex*

2 11 (30.6)

R x 2
L + Ex

e T S T S S S G S N T ST SO C S T Y

Mean tumor diameter 22.3 + 11.9 mm [range 8-62]. The ratio of
R:L = 25:19

“ Arising from the right inferior phrenic artery
" Arising from the accessory left gastric artery

[n = 2]) and the left hepatic arterial system (L; [n = 2], L,
[n = 1]), respectively. Four tumors were supplied by two
feeding arteries derived from the right hepatic arterial
system (R, and P [n=1], Ax2 [n=1], A and P
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Fig. 3 A 45-year-old woman with HCC in the SP. A Common
hepatic arteriogram showed that the caudate artery derived from the
right hepatic artery proximal to the middle hepatic artery (arrow).

A

B The caudate artery was selected, and TACE was performed. C CT
obtained 1 week after TACE showed dense iodized oil accumulation
in HCC in the SP

Fig. 4 A 73-year-old woman with HCC in the SP. A Common
hepatic arteriogram showed tumor stains in the caudate lobe (arrow)
and in the right lobe near the previously embolized tumor (arrow-
head). B Arteriogram of the anterior segmental artery of the right
hepatic artery showed tumor stains. The arrow shows the caudate
artery. C The caudate artery was selected, and TACE was performed.

Subsequently, the tumor in the right lobe was also embolized (not
shown). D Arteriogram of the medial segmental artery showed a
residual tumor stain of HCC in the caudate lobe (arrows). The
arrowhead shows the caudate artery. E The caudate artery was
selected, and TACE was performed. F CT obtained 1 week after
TACE showed dense iodized oil accumulation in HCC in the SP
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Fig. 5 A 78-year-old man with HCC in the SP. A Common hepatic
arteriogram showed that the caudate artery derived from the proximal
right hepatic artery (arrow). Another tumor stain in the right lobe of
the liver was also seen (arrowhead). B Selective arteriogram of the
caudate artery showed two tumor stains. This vessel was embolized.
Subsequently, the tumor in the right lobe was also embolized (not
shown). C CT obtained 1 week after TACE showed that iodized oil
was densely accumulated in the tumor in the SP, but a tumor portion
without iodized oil accumulation was seen (arrows). lodized oil was

[n = 2]). The remaining two tumors (5.3%), which were
14 and 23 mm in diameter, respectively, were supplied by
three feeding arteries derived from the right hepatic arterial
system at R, A, and P and R,, A, and P, respectively
(Fig. 6). In total, there were 49 tumor-feeding caudate
arteries. Thirty-seven tumor-feeding caudate arteries arose
from the right hepatic arterial system, and 12 arose from
the left hepatic arterial system.

Origins of the Caudate Arteries Supplying HCCs
in the CP

Our findings are listed in Table 4. There were 14 tumors
with a mean diameter of 21.8 £ 12.9 mm (range 12-49) in
the CP. Nine tumors (64.3%) were supplied by a single
feeding artery. Among these, seven tumors were supplied
by a feeding artery derived from the right hepatic arterial
system (R [n = 1], A [n = 3], P [n = 3]) (Fig. 7); one
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also densely accumulated other tumors in the right lobe of the liver.
D Arteriogram of the left hepatic artery obtained 4 months after initial
TACE showed that the caudate artery derived from the distal left
hepatic artery (arrow), and a residual tumor stain (arrowhead) was
seen. The falciform artery was also seen (asterisk). E The caudate
artery was selected and embolized. F CT obtained 1 week after
second TACE showed dense iodized oil accumulation in the entire
tumor

was supplied by the caudate artery derived from M; and
one was supplied by the caudate artery derived from Ph.
Four tumors were supplied by two feeding arteries derived
from the right hepatic arterial system (R, and R, [n = 1],
Roand A[n=1], Ax2[n=1], P x 2 [n=1]). The
remaining tumor (7.1%), which was 13 mm in diameter,
was supplied by three feeding arteries derived from the
right hepatic arterial system at R, P, and P, respectively. In
total, there were 20 tumor-feeding caudate arteries. Eigh-
teen tumor-feeding arteries arose from the right hepatic
arterial system; one arose from the middle hepatic artery;
and one arose from the proper hepatic artery.

Discussion

A cadaver dissection study by Mizumoto et al. [10]
reported that the caudate arteries arose from the posterior
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Table 3 Feeding arteries of 38 HCCs in the PC

No. of feeders No. of tumors Site Origin

1 29 (76.3%) R R

2 7 (18.4%) R+L A, L

P L,

P, L,
Ry, P

A x 2
A, P
Ry, A, P

R, A, P

R x 2

3 2 (5.3%) R x3

Mean tumor diameter 20.2 + 9.3 mm [range 8-47]. The ratio of
R:L =37:12

segmental artery of the right hepatic artery and the left
hepatic artery in 32.1% of 106 cadavers; from the posterior
segmental artery of the right hepatic artery and the middle
hepatic artery in 26.4% of cadavers; and from these three
arteries in 20.8% of cadavers. In another cadaver study by
Suzuki [11], the right-side caudate artery arose from the
posterior segmental artery of the right hepatic artery in
89.7% of cadavers, and only 9.3% arose from the right
hepatic artery. However, in previous angiographic obser-
vations, the most common origin of the caudate artery was
the right hepatic artery [7-9]. In addition, the incidences of
the caudate artery derived from the left hepatic artery and
the posterior segmental artery of the right hepatic artery
were low compared with those reported in dissection
studies [7]. The cause of this discrepancy between dissec-
tion study and angiographic study is speculated as follows:
First, the caudate artery derived from the right hepatic
artery can easily be identified on arteriogram because there
is less superimposition of the hepatic branches. Second,
because the left hepatic lobe has a limited depth, identifi-
cation of the caudate artery is difficult even on stereo
angiogram [7]. Finally, the caudate artery derived from the
posterior segmental artery is frequently difficult to recog-
nize as the caudate artery on arteriogram because it mimics
the branches of the posterior segmental artery of the right
hepatic artery [7]. Therefore, there is a significant limita-
tion in nonselective angiographic evaluations of the cau-
date arteries. Moreover, some small caudate branches
derived from the proximal portion of the hepatic artery
might be killed during preparation in dissection studies.

With advances in catheter technology, superselective
catheterization and chemoembolization at the most distal
level of the subsegmental artery of the liver have become
possible [14, 5], even through the caudate arteries [9, 12,
16]. Todized oil injected during the TACE procedure can
clearly indicate the vascular territory of the embolized
branch on CT. In the present study, we could easily rec-
ognize that the embolized branch was the caudate artery
when iodized oil was retained in the caudate lobe,
including the tumor, on CT obtained 1 week after TACE.
This evaluation method facilitates precise identification of
the caudate artery, although this artery frequently mimics
other hepatic branches on arteriogram alone.

In the present study, the most frequent origin of the tumor-
feeding caudate artery was the right hepatic artery, followed
with almost equal frequency by the left hepatic artery, the
anterior segmental artery, and the posterior segmental artery
of the right hepatic artery. Our results suggest that the cau-
date artery actually can be identified from the right hepatic
artery most frequently and not just because it can easily be
identified on arteriogram due to less superimposition of the
hepatic branches. Among the caudate arteries derived from
the right and left hepatic arteries, it dominantly arose from
the distal portion (R, and L,). In addition, the ratio of the
caudate artery origin of the right hepatic arterial system to the
left hepatic arterial system was 2.6:1. However, HCCs in the
CP were fewer than those in the SP and the PC in the present
study. If our cohort had included more tumors in the CP, the
number of caudate arteries derived from the right hepatic
arterial system might have increased.

The origins of the tumor-feeding caudate arteries may
differ among the three subsegment locations of HCC [8, 9,
12]. In the present study, HCCs located in the SP were fed
from the caudate arteries derived from the right and left
hepatic arterial systems (the ratio of right to left = 3:2). In
addition, the extrahepatic vessels infrequently feed HCCs
in the SP, in particular those located at the liver surface.
HCCs in the PC were also fed by the caudate arteries
derived from the right and left hepatic arterial systems,
with a lower frequency arising from the left hepatic arterial
supply (the ratio of right to left = 3:1). Almost all HCCs in
the CP were dominantly fed by the caudate artery derived
from the right hepatic arterial system, mainly arising from
the anterior or posterior segmental artery of the right
hepatic artery. This tendency may be helpful to identify the
tumor-feeding caudate artery according to the tumor
location. Yoon et al. [9] also reported a similar tendency,
although the incidences of blood supply to HCCs in the PC
from the left hepatic arterial system were low compared
with those in our series. We selected patients with HCCs in
the caudate lobe that had not previously been treated.
However, 62% of patients had previously undergone
TACE for other HCCs before detection of HCCs in the

@ Springer

- 952 -



S. Miyayama et al.: Angiographic Evaluation of S| HCC-Feeding Arteries

Fig. 6 A 75-year-old woman with HCC in the PC. A Celiac
arteriogram showed three caudate arteries (arrows). B The caudate
artery derived from the distal portion of the right hepatic artery was
selected and arteriogram showed a tumor stain (arrow). TACE was
performed at this point. C The caudate artery deriving from the
posterior segmental artery of the right hepatic artery was selected, and
the arteriogram also showed a tumor stain (arrow). TACE was

Table 4 Feeding arteries of 14 HCCs in the CP

No. of feeders  No. of tumors (%) Site Origin Tumor
1 9 (64.3) R R, 1
A 3
P 3
M M 1
Ph Ph 1
2 4 (28.6) Rx2 R,R; 1
R,y A 1
A x?2 1
Px2 |
3 1(7.1) Rx3 R,,Px2 1

Mean tumor diameter 21.8 + 12.9 mm [range 12-49]

caudate lobe. Previous TACE through the neighboring
branches of the caudate lobe might have changed the
vascular territories of the caudate arteries.
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performed. D The caudate artery deriving from the anterior segmental
artery of the right hepatic artery was selected, and TACE was
performed. E Spot radiograph obtained during TACE showed dense
iodized oil accumulation in the tumor. F CT obtained 1 week after
TACE showed dense iodized oil accumulation in HCC and the
caudate lobe

There are several limitations in the present study. First,
we did not evaluate the caudate arteries that were identified
on arteriogram, but that did not supply the tumor, because
we could not definitely confirm whether these vessels
exactly supplied the caudate lobe on angiographic findings
alone. Therefore, our study did not analyze the origins of
all of the caudate arteries, and this might strongly influence
the number and origin of the caudate arteries detected.
Three-dimensional CT during hepatic arteriography, using
a multidetector-row CT, may provide sufficient informa-
tion about the caudate arteries, including those that do not
supply the tumor. Second, the number of tumor-feeding

- caudate arteries might easily change according to the tumor

size. In large tumors, small caudate branches may become
hypertrophied enough to be depicted on arteriogram, and
parasitization of the extrahepatic collateral vessels may
also become apparent. Finally, there was a possibility of
missing small tumor-feeding caudate branches, although
iodized oil was accumulated in all tumors throughout the
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Fig. 7 A 64 year-old man with HCC in the CP. A CT during arterial
portography showed a tumor in the CP (arrow). The tumor with
jodized oil accumulation that had previously been embolized was also
seen in segment 4. B Arteriogram of the right hepatic artery showed
that the caudate artery derived from the posterior segmental artery of

entire tumor portion after TACE, including those after six
additional TACE sessions. Because multiple caudate
arteries are frequently connected not only with each other
but also with neighboring branches, iodized oil might also
flow into the tumor through unidentified small caudate
branches by way of these communications [16, 17].

In conclusion, the tumor-feeding caudate artery most
frequently arose from the right hepatic artery, followed
with almost equal frequency by the left hepatic artery, the
anterior segmental artery of the right hepatic artery, and the
posterior segmental artery of the right hepatic artery. HCCs
located in the SP were fed by the caudate artery derived
from both hepatic arteries (the ratio of right to left = 3:2);
HCCs in the PC were also fed by both hepatic arteries (the
ratio of right to left = 3:1); and HCCs in the CP were
dominantly fed by the caudate artery derived from the right

the right hepatic artery (arrow). The arrowhead shows a tumor stain.
C The caudate artery was selected and embolized. The arrow showed
a tumor stain. D CT obtained 1 week after TACE showed iodized oil
accumulation in HCC in the CP

hepatic artery. We consider that recognition of this ten-
dency may be helpful to identify the tumor-feeding caudate
artery on angiogram.

Conlflict of Interest None.
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Abstract The purpose of this study was to evaluate the
detectability of corona enhancement around the hypervas-
cular hepatocellular carcinoma (HCC) by dual-phase cone-
beam computed tomography during hepatic arteriography
(CBCTHA). Dual-phase CBCTHA was performed for 71
HCC lesions (mean £ SD 1.7 & 0.9 cm), including seven
presenting a nodule-in-nodule appearance and nine hyper-
vascular pseudolesions. The first scan was performed dur-
ing injection of 3040 ml half-diluted contrast material at a
rate of 1.5-2 ml/s through the hepatic artery. Scanning was
initiated 7 s after the beginning of contrast material
injection. The second scan was started 30 s after the end of
the first scan. Detectability of corona enhancement on
second-phase CBCTHA was evaluated. Thickness of cor-
ona enhancement was also analyzed as thin (<2 mm) or
thick (>2 mm). Corona enhancement was detected in 63
(88.7%) of 71 tumors (1.8 £ 0.9 cm), but it was not
detected in eight tumors (1.0 & 0.2 cm). Thin corona
enhancement was seen in 18 tumors (1.2 &£ 0.5 cm), and
thick corona enhancement was seen in 45 tumors
(2.0 £ 0.9 cm). There was a significant difference in tumor
diameter between tumors with and those without corona
enhancement (P = 0.0157) and between thin and thick
corona enhancement (P = 0.001). In all seven early-stage
tumors, corona enhancement was demonstrated around the
hypervascular focus within the hypovascular tumor
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portion. None of the nine pseudolesions showed any corona
enhancement. Dual-phase CBCTHA depicted corona
enhancement in 88.7% of hypervascular HCC lesions. This
technique may improve the diagnostic accuracy of HCC.

Keywords Hepatocellular carcinoma -
Corona enhancement - Cone-beam CT

Introduction

Corona enhancement is one of the characteristic findings of
hypervascular hepatocellular carcinoma (HCC) on late-
phase computed tomography during hepatic arteriography
(CTHA) and single-level dynamic CTHA [1-5]. On single-
level dynamic CTHA, corona enhancement around the
HCC lesion appears between 22 and 40 s after contrast
material injection [1]. This finding is also helpful to dis-
tinguish between HCC and other hypervascular pseudole-
sions, such as arterioportal shunts, which do not require
treatment [2].

C-arm cone-beam CT (CBCT) is an alternative tech-
nology for obtaining CT-like images using an angiographic
unit equipped with a flat panel detector (FPD) [6-9]. We
have applied this technique to assist transcathater arterial
chemoembolization (TACE) for HCC. In our previous
reports, CBCT during hepatic arteriography (CBCTHA)
had sufficient image quality to detect almost all of the
small HCC lesions [8, 9]. In our CBCT protocol (XperCT;
Philips Medical Systems, Best, The Netherlands), the sec-
ond CBCT scan could be performed 90 s after the end of
the first scan, just as corona enhancement would be
expected to disappear. Two separate scans and two contrast
material injections may be necessary to depict both tumor
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stain and corona enhancement; however, this may increase
the procedural time and total amount of contrast material.

Recently, a prototype of dual-phase CBCT software has
been made available by the manufacturer. In this report, the
detectability of corona enhancement of HCC by dual-phase
CBCTHA technique was analyzed.

Materials and Methods

Patients

Between August and October 2009, TACE for HCC was
performed in 66 patients. Among these, we performed
dual-phase CBCTHA in 30 patients with newly developed
tumors <5 cm in diameter. Our Institutional Review Board
approved the use of a prototype of the dual-phase CBCT
software (Philips). Written informed consent was obtained
from each patient before the procedure. There were 17 men
and 13 women (mean patient age 72.1 £ 7.9 years [range
48-85]). All patients had chronic hepatitis or liver cirrho-
sis. This was related to hepatitis C in 21 patients and to
hepatitis B in four patients. In one patient, cirrhosis was
related to both hepatitis B and C. In another patient, it was
related to alcoholism. The etiology was unknown in three
patients. The diagnosis of HCC was established by CT and/
or magnetic resonance imaging findings, i.e., characteristic
nodular enhancement on the arterial-phase and wash out on
delayed-phase images, in addition to nodular stain on
angiography. All patients had 1-8 tumors (mean 2.4 +
1.7). Seven tumors were early-stage HCC presenting
hypervascular foci within a hypovascular tumor portion, a
so called nodule-in-nodule appearance. In such tumors, the
diameter of the hypervascular focus was defined as the
tumor diameter. In total, 71 tumors with a mean diameter
1.7 & 0.9 cm (range 0.8-4.6) were found. Nine hypervas-
cular pseudolesions, such as arterioportal shunts that were
defined as showing early enhancing lesions with an
amorphous shape or wedge-shape on arterial-phase CT and
isoattenuating on unenhanced and delayed-phase CT, were
also seen in eight patients.

Technique of Dual-Phase CBCT

An angiographic unit with a 38 x 30 cm®* FPD (Allula
Xper FD20; Philips) was used to obtain dual-phase CBCT
images. Three hundred twelve projection images with X-ray
parameters of 120 kV and 50-325 mA were obtained by
10.4-s acquisition with 207° rotation of the FPD of the
angiographic C-arm around the patient. The radiation dose
of a single CBCT measured on a CT phantom was
22.3 mGy. The first-phase was scanned during a clockwise
rotation, and the second-phase was scanned during a
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counterclockwise rotation. The minimum interval between
the end of the first scan and the start of the second scan was
4.

Angiography Protocol

CT during arterial portography (CBCTAP) was routinely
performed at the beginning of the procedure. Forty milli-
liters of contrast material (370 mg I/ml iopamidol
[Topamiron 370; Bayer, Osaka, Japan] or 350 mg I/ml
iomeprol [lomeron 350; Ezai, Tokyo, Japan]) was injected
at a rate of 3 ml/s through a 4F catheter placed into the
superior mesenteric artery after administration of 2.5 pg
prostaglandin E1 (Liple; Mitsubishi Pharma Corporation,
Osaka, Japan). When replaced hepatic branches or arterial
flow toward the liver from the superior mesenteric artery
was demonstrated, the catheter tip was deeply advanced to
avoid these branches. Scanning began 25 s after the
beginning of contrast material injection, and a single-phase
scan was obtained.

Dual-phase CBCTHA was obtained after CBCTAP,
superior mesenteric arteriography, celiac arteriography,
and common or proper hepatic arteriography. The first-
phase CBCTHA was scanned during injection of 30-40 ml
half-diluted contrast material at a rate of 1.5-2 ml/s
through a 4F catheter placed into the common or proper
hepatic artery of the liver. Scanning was initiated 7 s after
the start of contrast material injection. The second-phase
CBCTHA was started 30 s after the end of the first scan.

Three millimeter-thick CT-like images were obtained
for observation of CBCT images on a workstation (Phi-
lips). Oxygen was administered to patients during the
procedure to minimize the discomfort of breath holding.

Data Analysis

Dual-phase CBCTHA images were compared and evalu-
ated to determine whether corona enhancement was
depicted around the hypervascular tumor on the second-
phase CBCTHA. Thickness of corona enhancement was
also divided into two categories: thin (<2 mm) and thick
(>2 mm). The workstation did not have a measuring
function; therefore, the thickness was measured using
another viewer (ShadeQuest; Yokogawa Electric Corpo-
ration, Tokyo, Japan) and compared with conventional
CT images. The diameters of tumors with and without
corona enhancement and of tumors with thin and thick
corona enhancement were statistically compared using
Student ¢ test, and P < 0.05 were considered significant.
In addition, whether or not corona enhancement was
depicted around the hypervascular pseudolesions was also
evaluated.
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Results

All tumors were detected as hypoattenuating lesions on
CBCTAP and as hyperattenuating lesions on first-phase
CBCTHA. In seven tumors showing a nodule-in-nodule
appearance, the hypervascular focus on dynamic CT study
was seen as hypoattenuating on CBCTAP and as hyperat-
tenuating on first-phase CBCTHA.

Corona enhancement was detected in 63 of 71 HCC
lesions (88.7%), with a mean diameter of 1.8 £ 0.9 cm
(range 0.8-4.6) on second-phase CBCTHA images
(Figs. 1, 2 through 3). Thin corona enhancement was seen
in 18 tumors (mean diameter 1.2 & 0.5 cm [range 0.8—
2.6]), and thick corona enhancement was seen in 45 tumors
(mean diameter of 2.0 £+ 0.9 cm [range 0.9-4.6]). There

was a significant difference in tumor diameter between
thicknesses of corona enhancement (P = 0.001). Eight
tumors with a mean diameter of 1.0 + 0.2 cm (range 0.8—
1.3) did not show any corona enhancement. There was a
significant difference in tumor diameter between tumors
with or without corona enhancement (P = 0.0157). In all
seven early-stage tumors with a hypovascular portion
around the hypervascular portion, corona enhancement was
demonstrated around the hypervascular portion within the
hypovascular tumor portion (Fig. 3).

Six (66.7%) of nine hypervascular pseudolesions
showed slight diffuse enhancement on second-phase
CBCTHA images. The remaining three lesions showed
isoattenuation (Fig. 1). Corona enhancement was not seen
in any of these lesions.

Fig. 1 HCC (2.2-cm diameter) and arterioportal shunt in the right
lobe of the liver. A Coronal CBCTAP showed a nodular hypoatten-
uating lesion (HCC) (arrow) and wedge-shaped hypoattenuating
lesion (arrowhead) adjacent to the tumor with iodized oil accumu-
lation, which had previously been treated by TACE. B On coronal
first-phase CBCTHA, HCC showed a nodular enhancement (arrow).

The lesion near the iodized oil accumulated tumor showed wedge-
shaped enhancement, including early appearance of the portal vein
(arrowhead), suggesting an arterioportal shunt. C On coronal second-
phase CBCTHA, thick corona enhancement was seen around the
HCC nodule. The arterioportal shunt showed isoattenuation
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Fig. 2 Small HCC (8-mm diameter) in the right lobe of the liver. A
Arterial-phase CT showed a small hyperattenuating lesion in the right
lobe of the liver (arrow). B CBCTAP showed a nodular hypoatten-
uating lesion corresponding to the small lesion on CT (arrow). C On
first-phase CBCTHA, the lesion showed nodular enhancement

Discussion

Ueda et al. [1] named the wash of contrast material around
hypervascular HCC lesions demonstrated on the late phase
of single-level dynamic CTHA images as “corona
enhancement.” In a report by Kitao et al. [5], the drainage
vessels of HCC change during multistep hepatocarcino-
genesis. As the tumor cells become atypical and prolif-
erate more rapidly, they first invade the intranodular
hepatic veins and then compress the perinodular hepatic
veins. As a result of hepatic vein occlusion, the tumor
blood begins to drain into the hepatic sinusoids and portal
veins. In hypervascular HCCs without a tumor capsule,
direct drainage from tumor sinusoids to adjacent hepatic
sinusoids is seen as thin corona enhancement (<2 mm). In
hypervascular HCCs with a tumor capsule, perinodular
hepatic sinusoids have collapsed, and continuity of in-
tranodular and extranodular sinusoids is interrupted by the
capsule. Therefore, tumor blood drains into the sur-
rounding liver parenchyma through the preserved portal
veins within the capsule, and thick corona enhancement
(>2 mm) is demonstrated. Corona enhancement is one of
the characteristic findings of hypervascular HCCs, but it is
also seen around metastatic liver tumors [3, 10]. In
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(arrow). D On second-phase CBCTHA, thin corona enhancement
was seen around the lesion (arrow). The lesion was diagnosed as
HCC and TACE was performed. E CT obtained 1 week after TACE
showed dense iodized oil accumulation in the lesion

contrast, corona enhancement is not seen around hyper-
vasucular pseudolesions, such as arterioportal shunts.
Therefore, corona enhancement is one of the most reliable
findings to distinguish between liver tumors and arterio-
portal shunts [2].

In the present study, corona enhancement was depicted
in 88.7% of HCC lesions on second-phase CBCTHA ima-
ges. The minimum-diameter corona enhancement demon-
strated was 0.8 cm. Thick corona enhancement was seen in
relatively large tumors and might represent the rich tumor
vascularity and tumor capsule formation. In addition, in
seven tumors showing a nodule-in-nodule appearance,
corona enhancement was seen within the hypovascular
tumor portion around the hypervascular focus. This finding
suggests that tumor blood of the hypervascular focus drains
into the tumor sinusoids of the hypovascular portion with
preserved portal vasculatures, as reported by Kita et al. [ 11].
This finding may also explain iodized oil accumulation in
the hypovascular tumor portion after ultraselective TACE,
as we previously reported [12]. Arterioportal shunts showed
slightly prolonged enhancement of the entire lesion in 67%
of lesions and did not show corona enhancement in any
lesion. These findings helped to differentiate arterioportal
shunts from hypervascular HCC lesions.
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