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Abstract The purpose of this study was to investigate the

clinical outcomes of bland embolization using superab-

sorbent polymer microspheres (SAP-TAE) as an initial

therapeutic option for previously untreated hepatocellular

carcinoma (HCC) ineligible for resection or ablation. Fifty-

nine patients with previously untreated HCC unamenable

to surgery or ablation underwent bland embolization using

100- to 200-lm reconstituted SAP particles (SAP-TAE) as

the initial treatment. SAP-TAE was repeated as needed

based on tumor response but was switched to chemoemb-

olization when necessary to control residual or progressive

tumor. Early tumor response was assessed by contrast-

enhanced CT according to RECIST and EASL criteria

1 month after the initial SAP-TAE. The overall survival

was calculated using the Kaplan–Meier method. The

overall mean follow-up period was 30.6 months (range,

7–59 months). A total of 121 sessions of SAP-TAE were

performed, with 1–5 sessions per patient (mean, 2.1 ses-

sions). The mean period of repeated SAP-TAE was

15.6 months (range, 1–51 months), and it exceeded 1 and

2 years in 32 (54%) and 15 (25%) patients, respectively.

Thirteen (22%) patients underwent repeated SAP-TAE

alone, and the remaining 46 (78%) patients underwent

subsequent chemoembolization. No major complication

was observed and postembolization syndrome was minimal

after SAP-TAE in all patients. Response rate was 14% and

66% by RECIST and EASL criteria, respectively. Overall

survival rates were 100% and 83% at 1 and 2 years,

respectively, and median survival time was 30 months. In

conclusion, SAP-TAE was a safe and repeatable option as

the induction therapy for HCC unamenable to surgery or

ablation, despite the high incidence of converting to TACE

during the total course.
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Introduction

Worldwide, hepatocellular carcinoma (HCC) is one of the

leading causes of cancer death [1]. Most HCCs are asso-

ciated with underlying liver cirrhosis caused by chronic

infection of hepatitis B or C virus and alcoholic liver

injury. Although HCC has been detected in early stages by

intensive screening using imaging studies and tumor

markers in patients at high risk, the prognosis of HCC

remains unsatisfactory. Curative therapies such as surgical

resection and liver transplantation have been applied in

only a small proportion of patients because of tumor

extension, multiplicity, underlying cirrhosis, and poor

availability of liver transplants. Local ablative therapy such

as radiofrequency ablation has also been proven to be as

effective as surgical resection for HCC\3 cm, however, it

is not suitable for lesions located at risk, larger in size, or

multiple in number. As a result, in patients with advanced

HCC who are not eligible for these curative therapies,
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transcatheter embolization (TAE) or chemoembolization

(TACE) has been the mainstay treatment option with pro-

ven survival benefits [2, 3]. However, confusion remains

concerning the efficacy of chemotherapy added to TACE

or retreatment schedules for residual or recurrent tumors.

Aiming to increase pure tumor ischemia by peripheral

vessel occlusion with the use of a permanent embolic agent,

we performed bland TAE with superabsorbent polymer

microspheres alone, without combining chemotherapeutic

agents or iodized oil (Lipiodol; SAP-TAE). In our previous

preliminary study, SAP-TAE for large HCC (mean, 8.2 cm)

was promising and proven to lead to extensive tumor

necrosis with minimal postprocedural pain [4]. Complete

necrosis observed in satellite or intrahepatic metastases

prompted us to expand the application of SAP-TAE as an

initial treatment option for unresectable HCC. In this ret-

rospective study, we investigated the clinical outcomes of

SAP-TAE as an initial therapeutic option for previously

untreated HCC ineligible for resection or ablation.

Materials and Methods

Patient Background

Between December 2002 and January 2006, 59 consecutive

patients with unresectable HCC without any previous

treatment were enrolled in the study. HCCs of low number

and small size but at high risk for radiofrequency ablation

were also included (i.e., close to liver hilum, liver capsule,

gall bladder, gastrointestinal tract, diaphragm, or pericar-

dium). Patients with poor liver function classified as Child-

Pugh C, major portal venous tumor invasion, tumor burden

[50% of the liver volume, or extrahepatic metastases were

excluded from the study. All patients gave a written

informed consent to undergo the SAP-TAE procedure, and

this retrospective study was approved by the institutional

review board.

Table 1 reports the characteristics of the patients. There

were 39 men and 20 women, with an average age of

70 years (range, 51–85 years). All patients had underlying

cirrhosis and the dominant cause was hepatitis C virus

infection (75%). Forty-nine (83%) patients were classified

as Child-Pugh A. The clinical diagnosis of HCC was based

on imaging studies including triphasic contrast-enhanced

computed tomography (CECT) by bolus contrast injection

in addition to the combination of CT during arterial por-

tography (CTAP) and hepatic arteriography (CTHA) at the

time of the initial SAP-TAE. The lesion was diagnosed as

HCC when it was shown as a hypervascular nodule in the

arterial phase of both CECT and CTHA and, also, shown as

of relatively low density on the portal venous phase of

CECT and as a perfusion defect on CTAP [5, 6].

Serum a-fetoprotein (AFP) level exceeded the upper

normal limit (10 ng/ml) in 43 (73%) patients. Forty-two

(71%) patients had a single tumor, and the mean diameter

of the largest tumor was 4.0 cm (1.2–14.7 cm).

Embolic Agent

SAP is a nonbiodegradable spherical dry particle made of

sodium acrylate and vinyl alcohol copolymer, and the

particle size is calibrated in increments of *50 lm

between 53 and 350 lm. SAP has a property to expand by

absorbing fluid within several minutes, and the swollen

particle is soft and compressible but maintains its spherical

shape. The particle diameter in an ionic contrast material,

sodium meglumine ioxaglate, 320 mg I/ml (Hexabrix320;

Tanabe, Osaka, Japan), and human serum is approximately

2 and 3.5 times larger than its original size in the dry state,

respectively [7]. In this study, the suspension of 100- to

200-lm SAP particles was prepared by mixing dry 53- to

106-lm SAP particles and 320 mg I/ml sodium meglumine

ioxaglate at a 10 mg/ml concentration. This was the

smallest particle size available, and we considered it

appropriate for more peripheral vessel occlusion as well as

easy microcatheter passage. Recently, SAP has been

approved by CE mark in Europe (HepaSphere; Biosphere

Medical, Rockland, MA, USA) and the Food and Drug

Administration in the United States (QuadraSphere; Bio-

sphere Medical). However, SAP has not yet been approved

by the Ministry of Health, Labour, and Welfare of Japan.

The material used in the study was the original form of

SAP prepared for limited use by our laboratory. It was not

the company product but has basically the same composi-

tion and nature.

TAE Procedures

All procedures were performed by one of three experienced

interventional radiologists. Hepatic angiography was per-

formed by femoral approach using a 4-Fr catheter and a

2.4-Fr microcatheter (Nadeshiko; JMS, Hiroshima, Japan).

Table 1 Baseline characteristics of the patients in this study

Mean age, yr (range) 70.1 (51–85)

Gender (male/female) 39/20

Etiology (HCV/HBV/alcohol /others) 44/4/1/10

Child-Pugh (A/B) 49/10

Largest tumor size, cm (\3/\5/\10/C10) 32/15/9/3

Mean largest tumor size, cm (range) 4.0 (1.2–14.7)

Number of nodules (1/1+satellite/2/[2) 42/4/11 /2

AFP, ng/ml (B10/B100/[100/NA) 13/28/15/3

Note: HCV, hepatitis C virus; HBV, hepatitis B virus; AFP, a-feto-

protein; NA, not available
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CTHA and CTAP were performed using a unified angio-

CT system to estimate the tumor extension, the hemody-

namics in the tumor, and the portal blood flow. The angio-

CT system consisted of a single-detector helical CT

(Robusto; Hitachi Medical, Tokyo) and a single C-arm

angiography unit (Integris Allura; Philips Medical Sys-

tems, Best, The Netherlands) sharing a common table

without the need to transfer the patients to the separate CT-

scan room. After confirmation of the tumor-feeding arter-

ies, the microcatheter was advanced as close to each tumor

as possible. The suspension of 100- to 200-lm SAP par-

ticles was injected through the microcatheter under

fluoroscopic guidance. The end point of embolization was

complete disappearance of the tumor stain (Fig. 1). How-

ever, the tumor sometimes remains vascularized by small

proximal branches from the feeding artery, because SAP

particles tend to occlude mainly distal branches. Further-

more, when the process of embolization nearly reaches the

end point, localized pooling of contrast medium resembling

extravasation is often observed within the tumor, especially

in a larger tumor. Although it is unknown whether this

phenomenon is a harmful event, the suspension of SAP

particles easily escaped into the pooling space. Therefore, a

small amount of gelatin sponge particles (Spongel;

Yamanouchi, Osaka, Japan) was supplementarily added as

a temporary agent to plug the feeding artery when neces-

sary under these conditions (Fig. 2). These gelatin sponge

particles were prepared by cutting using a blade and a

scissor into small cubes, ranging from *500 to 1000 lm in

diameter. Neither a chemotherapeutic agent nor Lipiodol

was used. Before or during injection of SAP particles,

intra-arterial administration of lidocaine was not used to

reduce vascular pain. No prophylactic antibiotics were

administered. All patients receive 25 mg of hydroxyzine

hydrochloride (Atarax-P; Pfizer, Tokyo) intramuscularly

before the procedure. The procedure was considered

technically successful when the tumor stain was com-

pletely devascularized in each SAP-TAE procedure.

Fig. 1 (A) A 68-year-old man

presented with a solitary HCC

in the anterior segment.

Selective angiogram of the

superior-anterior branch of the

right hepatic artery shows a

hypervascular tumor stain. (B)

After SAP-TAE, no tumor stain

is seen, and the feeding artery

stagnates (arrow). (C) Plain CT

1 day after SAP-TAE shows

retention of contrast medium in

the treated tumor. (D) After one

session of SAP-TAE, CECT 3-

year and 2-month follow-ups

show nonenhanced tumor with a

marked reduction in size,

indicating a complete response

1110 K. Osuga et al.: Bland Embolization of HCC Using SAP

123



Follow-up

Therapeutic response was evaluated with use of CECT

before and 1 month after each embolization procedure.

SAP-TAE was repeated on an as-needed basis when

residual or recurrent tumor was demonstrated by CECT.

When no viable tumor was found, follow-up CECT was

repeated every 2–4 months. In the case of persistent viable

tumor or tumor progression after repeated SAP-TAE,

TACE was subsequently performed using cisplatin, mito-

mycin, and/or epirubicin. However, the time to switch from

SAP-TAE to subsequent TACE was not definitely defined,

Fig. 2 (A) A 74-year-old man

presented with a huge HCC in

the medial to anterior segments.

The baseline celiac arteriogram

shows a large hypervascular

tumor stain dominantly supplied

by the left hepatic artery

branches. The rest of the tumor

was supplied from the right

hepatic artery originating from

the superior mesenteric artery

(not shown). (B) The celiac

arteriogram in the final phase of

SAP-TAE shows the subtle

tumor stain fed by small

proximal branches in addition to

the pooling phenomenon

resembling extravasation

(arrows). (C) After addition of a

small amount of gelatin sponge

particles, the tumor stain

disappeared completely. (D) In

the second session, the right

subphrenic part of the residual

tumor received extrahepatic

arterial supply from the right

inferior phrenic artery (RIPA).

(E) After embolization of the

RIPA, the tumor stain

disappeared. (F) Pretreatment

arterial-phase CECT shows a

large hypervascular tumor in the

middle to anterior segments.

(G) CECT after the first SAP-

TAE shows partial necrosis of

the main tumor. The residual

viable parts in the periphery

indicate the extrahepatic arterial

supply. (H) CECT after SAP-

TAE sessions from the RIPA

and the bilateral internal

mammary arteries, in addition

to intrahepatic arteries, shows

nearly complete necrosis of the

main tumor with two adjacent

small viable nodules (arrows).

(I) Subsequently, a total of six

sessions of TACE were repeated

to control the satellite nodules.

At 3-year and 3-month follow-

ups after the initial SAP-TAE,

the main tumor was markedly

shrunk and no satellite tumors

were seen on CECT
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and individual patient clinical parameters were also con-

sidered. Factors accounting for the switch from repeated

SAP-TAE to TACE included local tumor progression, new

distinct nodules apart from the treated tumor, and a residual

viable part of an originally large HCC. The period in which

SAP-TAE was repeated without combining any chemo-

therapy (i.e., between the days of the initial SAP-TAE and

the initial TACE) was defined as ‘‘the period of SAP-

TAE.’’ When the patient underwent SAP-TAE alone, this

period was calculated until the day of last follow-up.

Assessments

Early tumor response was assessed by CECT 1 month after

the initial SAP-TAE based on the change in the maximum

diameter of the whole tumor including the necrotic part

induced by TAE, according to the criteria of Response

Evaluation Criteria in Solid Tumors (RECIST) [8].

Because tumor necrosis induced by TAE may not always

be reflected in tumor size reduction, early tumor response

was also evaluated based on the change in bidimensional

diameters of the viable part (intra- or perinodular

enhancement at the arterial phase), according to the criteria

adopted by the European Association for the Study of the

Liver (EASL) [9]. Follow-up CT images were reviewed

and simultaneously interpreted by both an interventional

and a diagnostic radiologist, who did not participate in the

procedures. Discrepancies were resolved by consensus.

Complications were classified as major or minor

according to the Society of Interventional Radiology

reporting standards [10]. Major complications result in an

unplanned increase in the level of care, permanent adverse

sequelae, or death. Minor complications result in no

sequelae, with or without nominal therapy requirement.

Postembolization syndrome (PES), characterized by

abdominal pain, fever, and vomiting, was evaluated after

the initial SAP-TAE based on the requirement for medi-

cation and was graded from 1 to 5 according to Common

Terminology Criteria for Adverse Effects (CTCAE) Ver-

sion 3.0 [11]. Liver function was evaluated by measuring

the serum levels of aspartate aminotransferase (AST),

alanine aminotransferase (ALT), albumin, bilirubin, and

prothrombin activity within 2 weeks before, once during

3–7 days after, and 1 month after the initial SAP-TAE.

Fig. 2 continued
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The overall survival of all patients was calculated from

the date of initial SAP-TAE to the end of January 2008

using the Kaplan–Meier method. Patients lost to follow-up

or alive at the time of analysis were censored.

Results

Technical Success

All patients underwent a total of 121 SAP-TAE procedures,

with an average of 2.1 sessions (range, 1–5 sessions). The

number of sessions of SAP-TAE was 1, 2, 3, 4, and 5-times

in 23 (39%), 17 (29%), 14 (24%), 3 (5%), and 2 (3%)

patients, respectively. Neither occlusion nor disruption of

the microcatheter occurred as a result of clumping of SAP

particles. No catheter-induced vasospasm was experienced.

In 59 (49%) sessions in 38 patients (64%), a small amount

of gelatin sponge particles was added supplementarily.

Complete devascularization of targeted lesions was

obtained angiographically in all sessions except one,

accounting for the technical success rate of 99.2%.

Devascularization was incomplete in an elderly case,

[80 years old, in whom some nodules were left untreated,

because of the extrahepatic tumor supply from the cystic

artery. The patient had no desire to undergo any subsequent

treatment, and he was placed under observation.

Complications

No major complications, including liver failure, liver

abscess or biloma, surgical cholecystitis, gastrointestinal

hemorrhage, pulmonary embolism, and death, were seen in

any patient within 30 days after each SAP-TAE procedure.

PES, if present, was mild, categorized as grade 1 or 2 after

the initial SAP-TAE (Table 2). In all patients, abdominal

pain and fever were well controlled using an oral nonste-

roidal anti-inflammatory drug. Nausea or vomiting

episodes were controlled with antiemetics or steroids.

Change in liver function parameters post 3–7 days was

mild to moderate, and returned to the baseline level

1 month after the initial SAP-TAE (Table 3).

Early Tumor Response

Early tumor response was assessed by imaging outcomes at

1-month follow-up after the initial SAP-TAE (Table 4).

According to RECIST criteria, the objective tumor

response rate was 14% (2% complete response [CR] +

12% partial response [PR]). In contrast, according to EASL

criteria, the response rate increased to 64% (22% CR +

42% PR). The median AFP levels before and 1 month after

the initial SAP-TAE were 21.8 ng/ml (range, 2.2–

496,441 ng/ml) and 19.3 ng/ml (range, 2.9–30,098 ng/ml),

respectively.

Follow-up

The overall mean follow-up period was 30.6 months

(range, 7–59 months). Thirteen of 59 (22%) patients

underwent repeated SAP-TAE alone. The remaining 46

patients (78%) underwent subsequent TACE, with an

average of 2.7 sessions (range, 1–10 sessions). The period

of SAP-TAE ranged from 1 to 51 months, with an average

of 15.6 months, and the period exceeded 6, 12, 18, and

24 months in 44 (75%), 32 (54%), 19 (32%), and 15 (25%)

patients, respectively.

Table 2 Postembolization syndrome after the initial SAP-TAE

according to CTCAE v3.0

Symptom Grade (1/2/3/4)

Abdominal pain 25/1/0/0

Fever 15/1/0/0

Vomiting 6/0/0/0

Table 3 Change in serum liver function parameters after the initial

SAP-TAE

Item (median, range) Baseline Post 3–7 days Post 1 month

AST (U/L) 60 (22–145) 66 (26–663) 53 (20–136)

ALT (U/L) 48 (12–174) 59 (23–545) 45 (11–125)

Bilirubin (mg/dl) 0.8 (0.2–3.3) 0.9 (0.3–2.5) 0.8 (0.2–2.3)

Albumin (g/dl) 3.8 (1.9–4.5) 3.2 (2.0–3.8) 3.6 (2.6–4.2)

Prothrombin time (INR) 1.2 (0.9–1.5) 1.2 (1.0–1.7) 1.2 (0.9–1.4)

Note: AST, aspartate aminotransferase; ALT, alanine aminotransfer-

ase; INR, international normalized ratio

Table 4 Early tumor response assessed by CT images at 1 month

after the initial SAP-TAE, according to the RECIST and EASL

criteria

RECIST EASL

CR 1 (1.7%) 13 (22.0%)

PR 7 (11.9%) 25 (42.4%)

SD 48 (81.4%) 19 (32.2%)

PD 3 (5.1%) 1 (1.7%)

NE 0 (0%) 1 (1.7%)

Total 59 59

OR 8 (13.6%) 38 (64.4%)

Note: CR, complete response; PR, partial response; SD, stable dis-

ease; PD, progression of disease; NE, not evaluatable; OR, objective

response

K. Osuga et al.: Bland Embolization of HCC Using SAP 1113

123



Survival (Fig. 3)

Twelve of 13 patients who underwent SAP-TAE only were

alive during the mean follow-up of 22.5 months (range,

7–41 months). The remaining one patient died of liver

failure related to advanced cirrhosis rather than tumor

progression at 15-month follow-up. In contrast, 20 of 46

patients who underwent subsequent TACE were dead at the

mean follow-up of 28.5 months (range, 12–57 months)

after the initial SAP-TAE. Causes of death were progres-

sion of HCC (n = 15), rupture of HCC (n = 2),

intracranial hemorrhage unrelated to liver disease (n = 2),

and heart failure (n = 1). Three patients had developed

extrahepatic metastases including lung (n = 1), spinal

bones (n = 1), and adrenal gland (n = 1) at the mean

follow-up of 18.7 months (16–21 months). The 1- and

2-year survival rates were 100% and 83%, respectively,

and the median survival time was 30 months (Figs. 2, 3).

Discussion

TAE and TACE have been the main palliative treatment of

unresectable HCC to delay tumor progression. The survival

benefit of TACE has been proven by randomized con-

trolled trials (RCTs) and meta-analyses, whereas the

benefit of TAE remains still unclear [2, 3]. In the RCT by

Llovet et al., the survival benefit was significant with

TACE compared to conservative management, but not with

TAE using gelatin sponge alone; the 1- and 2-year survival

was 75% and 50% in the TAE group vs. 82% and 63% in

the TACE group [2]. The meta-analysis by Llovet et al.

also proved the survival benefit of TACE, but not that of

TAE [3]. In the meta-analysis, any treatment using Lipi-

odol was excluded in the TAE group, while treatment using

Lipiodol mixed with chemotherapy was included in TACE

group. Therefore, the favorable results of TACE were not

simply due to the efficacy of chemotherapy, but may be

partly attributed to the effect of Lipiodol. In addition,

gelatin sponge, mainly used as an embolic agent, is known

to result in temporary and proximal vessel occlusion before

reaching target tumor vessels. The results may be different

when current calibrated microspheres are applied, which

are known to give more distal vessel occlusion for a long-

term period [12]. However, there has been no RCT directly

comparing TACE with TAE using calibrated microspheres.

In addition, there is no clear evidence to identify the best

chemotherapeutic agent for TACE or the optimal retreat-

ment schedule for both TAE and TACE. Indeed, treatment

was often periodically repeated, but discontinued at

approximately only 6 months on average, because of dis-

ease progression, liver failure, or patient refusal in the

TAE/TACE groups of major RCTs [3]. Therefore, at the

time of initiating this study, we considered that the ratio-

nale was still unclear for starting with TACE from the

beginning for better results to prolong survival or to

improve the quality of life for patients with HCC.

Bland TAE has occasionally been used to treat hyper-

vascular liver tumors such as HCC, metastatic

neuroendocrine tumors, metastatic sarcoma, and symp-

tomatic focal nodular hyperplasia [13–19]. The rationale

for bland TAE is not only to create tumor regression by

terminal vessel blockade with small particles alone, but

also to minimize PES as often seen after conventional

TACE. However, only a few reports have assessed the

outcomes of bland TAE for HCC [13–16]. Brown et al.

reported the result of 86 bland TAEs in 46 patients with

unresectable HCC using regular polyvinyl alcohol (PVA)

[13]. The 1- and 2-year survival was 50% and 33%,

respectively. The same group adopted 40- to 120-lm tris-

acryl gelatin microspheres (TAGMs; Embosphere;

Biosphere Medical, Rockland, MA, USA) in bland-TAE

for postoperatively recurrent HCC [16]. The image-based

tumor response was obtained in 73% of patients, and the 1-,

2-, and 5-year survival rates were 86%, 74%, and 47%,

respectively, with a median survival time of 46 months.

Rand et al. reported the result of a total of 106 bland TAEs

using 100- to 700-lm Embospheres combined with prox-

imal permanent occlusion with cyanoacrylate in 46 patients

with unresectable HCC [15]. The 180-, 360-, 520-, and

700-day cumulative survival rates were 81%, 71%, 71%,

and 47%, respectively, with a median survival of 666 days.

These results of bland TAE showed great variability in

terms of tumor response and survival, because of hetero-

geneity in patient selection, etiology of underlying

cirrhosis, embolization technique, choice of particle size,

or assessment method. In addition, there is no consensus on

the most effective embolic agent in bland TAE. Theoreti-

cally, calibrated microspheres with a smooth hydrophilic

surface and uniform in size tend to travel distally into small

Fig. 3 Kaplan–Meyer curve showing overall survival after the initial

SAP-TAE. The 1- and 2-year survival rates were 100% and 83%,

respectively
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tumor vessels and, thus, should be more effective than

gelatin sponge, which achieves only temporary proximal

vessel occlusion. Because no permanent embolic agents

including PVA and TAGM have been approved in Japan,

we originally developed SAP suitable for targeted embo-

lization of hypervascular tumors and arteriovenous

malformations [4, 20]. According to the histological

investigation, SAP travels to the distal artery with a

diameter corresponding to the particle size, and deforms

and conforms to the vessel lumen [21]. In our previous

study, we performed SAP-TAE for large HCCs, [5 cm,

considering the advantage of more peripheral vessel

occlusion by SAP than by gelatin sponge and the limitation

of conventional TACE in local tumor control even with the

use of a large amount of Lipiodol, which may increase the

risk of liver damage [4]. The procedures induced extensive

tumor necrosis of all targeted tumors, with minimal post-

procedural pain. In the histological study, SAP particles

penetrated intratumoral vessels depending on their size, but

did not reach hepatic sinusoids or peribiliary plexus.

Consequently, SAP-TAE was thought to prevent ischemic

liver damage or bile duct injury. These results prompted us

to expand the indication for SAP-TAE as an initial treat-

ment option for HCC unamenable to resection or ablation.

Indeed, in the current study, PES after SAP-TAE was

definitely minimal, and the procedure led to a low rate of

major complications or deterioration of liver function.

Although this was not a comparative study, PES appeared

much milder than with conventional TACE according to

the authors’ experience. It is desirable to minimize, espe-

cially, procedure-related pain so that patients can easily

accept retreatments. In the current study, SAP-TAE was

repeated when necessary to maintain the response or to

delay tumor progression, and the period of SAP-TAE

exceeded 1 year in more than half of the patients, with an

average of 2.1 sessions (range, 1–5 sessions).

The objective response was discrepant between the

RECIST and the EASL criteria (14% vs. 64%). Since

RECIST criteria measure tumor diameter without consid-

ering the tumor necrosis induced by TAE, the majority of

the cases (81%) presented stable disease. On the other

hand, based on EASL criteria, which evaluate the change in

size of viable tumor, the response rate increased to 64%

(22% CR + 42% PR), reflecting the tumor necrosis. Our

results appear encouraging, considering that the reported

objective response after TAE/TACE ranged from 16% to

61%, and the response to treatment was an independent

predictor of survival according to the meta-analysis by

Llovet et al. [3]. In the current study, the 1- and 2-year

overall survivals after repeated SAP-TAE with subsequent

TACE were 100% and 83%, respectively. The survival

probability after SAP-TAE was definitely neither conclu-

sive nor comparable to the survivals in previous reports,

because of significant influence by subsequent TACE.

However, the decision to choose SAP-TAE for the initial

treatment option may not diminish the survival probability,

considering that the reported 2-year survival after TAE or

TACE ranges from 20% to 63% in the major RCTs [3] or

that it was 63% in a recent large prospective cohort study

from Japan (n = 8510) [22].

There are several limitations to this study. First, it was a

retrospective study with a small number of patients at a

single institute. Second, it is difficult to compare our results

with those of other studies because each study uses dif-

ferent criteria for evaluating treatment response. Indeed,

there are no established criteria for evaluating the imaging

response after TAE/TACE for HCC as mentioned above.

Third, as the current study was rather observational, the

retreatment schedule for SAP-TAE was inhomogeneous

among patients, and TACE was subsequently performed

according to tumor progression in each individual patient.

In general, it is difficult to assess the efficacy of any single

treatment modality, because additional therapy is often

required in the clinical course of patients with HCC. Ide-

ally, a multicenter RCT should be performed to compare

the difference in time to progression, overall survival, and/

or quality of life in patients initially treated by repeated

SAP-TAE vs. TACE.

In conclusion, SAP-TAE was safely applied and repeated

for patients with previously untreated HCC unamenable to

curative treatments. SAP-TAE achieved a good early tumor

response with minimal PES. Despite the high incidence of

converting to subsequent TACE, the choice of SAP-TAE as

the initial treatment option may not compromise the quality

of life and survival probability of such patients. Further

evaluation is needed to determine the optimal retreatment

schedule for SAP-TAE and to prove the efficacy of com-

bining SAP-TAE with additional treatments.
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