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Abstract
Purpose  We retrospectively evaluated the safety and
efficacy of preoperative initial hepatic arterial infusion
chemotherapy (HAIC) through a port-catheter system in
patients with liver dysfunction due to synchronous and
ble liver The aim of HAIC was to
improve patients’ clinical condition for later surgical
removal of primary colorectal cancer.
Methods Port-cath were placed radiologi-
cally in 21 patients (mcan age 58.6 = 8.1 years) with liver
dysfunction due to synchronous liver metastases from
colorectal cancer. Initial HAIC of 1,000 mg/m? 5-fluoro-
uracil was administered weekly as a 5 hr continuous
infusion through this system. Surgical removal of the pri-
mary lesion was planned after HAIC improved the liver
function.

2007/ Published online: 10 October 2007

2 patients died b extraher

developed and their performance status worsened; thus,
surgery could not be performed. The median survival times
of all patients and the operated patients were 309 and 386
days, respectively.

Conclusion. Initial HAIC administration is a safe and
efficacious method for improving liver function prior to
operative resection of primary colorectal cancer in patients

with liver dysfunction due to synct and ble
liver metastases.

Keywords Colorectal cancer -

Hepatic arterial infusion ch herapy - Liver

Port-catheter system

3

Results  Port-catheter system pl was in
all patients without severe complications. Patients were
followed up for a median of 309 days (range 51-998 days).
After starting HAIC, no severe adverse events that caused
drug loss and treatment p or were

Intr

Colorectal cancer is the fourth most commonly diagnosed
malignant disease worldwide [1], and synchronous liver

P

observed in any of the pauems HAIC was performed a
mean of 4.5 + 3.0 times and the liver function improved in
all patients. Curative (n = 18) or palliative (n = 1) surgical
removal of the primary lesion was performed. The

are identified in 10-20% of cases [2]. However,
the treatment protocol for patients with stage IV colorectal
cancer with synchronous liver metastases has not been
firmly established [2, 3]. In such patients, the choice of
treatment strategy differs based on various factors such as
liver function, the patient’s condition, the urgency of
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perating on the primary lesion, and the institution’s pro-
tocols for dealing with liver metastases and primary
lesions. For the primary lesion, it is desirable that surgical
removal is selected to improve the quality of life of the
patients, because colorectal cancer may cause obstruction,
perforation, bleeding, or pain [3], Additionally it has been
reported that stage IV patients who underwent resection of
their asymptomatic primary lesions had prolonged median
and 2-year survival periods compared with stage IV
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Fig. 2 A-C. A 55-year-old man with multiple liver metastases from
rectal cancer. A Contrast-enhanced CT scan obtained before starting
HAIC shows unresectable multiple liver metastases in both the right
and left lobes. B An arteriogram via the port obtained before starting
HAIC shows that all hepatic arteries are well visualized. The catheter
tip was inserted into the deep segment of the gastroduodenal artery and
embolized using microcoils and a mixture of n-butyl cyanoacrylate
and iodized oil. The side hole was placed into the common hepatic
artery (arrow). The accessory left hepatic artery, which branched from
the left gastric artery, was ized with mi ils (: head) in
order to establish hepatic arterial supply from a single vessel. C
Contrast-enhanced CT scan obtained after five HAIC administrations
shows slightly smaller multiple liver With the ption of
T-BIL, the patient’s liver function improved (AST improved from 83
to 26 U/, ALT improved from 49 to 18 TU/l, LDH improved from
1,155 to 458 TU/, and ALP improved from 950 to 502 IU/I)

port-catheter system and surgery was 29 days (range 14-68
days). Of 13 patients who had no extrahepatic metastases
prior to the surgery, 10 developed extrahepatic metastases.
Among 16 of 19 patients, systemic chemotherapy with or
instead of HAIC was administered after the surgery.

The overall median survival time of all the patients was
309 days and that of the patients who underwent surgery
was 386 days (Fig. 1). At present, 20 patients have died.

A representative case is shown in Fig. 2.

Discussion

Many studies have reported the effectiveness of HAIC
dministration through a port- system for liver
metastases from colorectal cancer [6-8]. In Western
countries, it has been reported that HAIC is effective in
treating liver metastases; however, it does not improve the
prognosis [6). On the other hand, in Japan, good results
have been reported after intermittent hepatic arterial infu-
sion of a high dose of 5-FU: the response rate is reportedly
78% and the median survival time is 25.8 months [7].

1

Survival Rate

0 200 400 600 800 1000 (days)

Fig. 1 Overall survival iime

In general, systemic chemotherapy is usually selected
for colorectal cancer with distant metastases [2]. Recently,
the standard regimens such as FOLFILI (5-FU plus leu-
covorin with oxaliplatin) and FORFOX (5-FU plus
leucovorin and irinotecan) are used, and the median sur-
vival after FOLFILI and FORFOX has been reported to be
12.6-21.5 months [12]. In many cases, systemic chemo-
therapy might be the first choice of treatment for patients
with primary colorectal cancer and synchronous distant
metastases, and we vsually select systemic chemotherapy

Q) Springer
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was inserted from the left subclavian artery and advanced
to the common hepatic artery via the celiac artery. Then an
indwelling catheter (Anthron P-U catheter; Toray Medical,
Tokyo, Japan or W spiral catheter; PIOLAX, Yokohama,
Japan) with a side hole was inserted using the catheter-
exchange method. The catheter tip was inserted into the
deep segment of the gastroduodenal artery so that the side
hole was placed into the common hepatic artery. The
gastroduodenal artery around the tip of the indwelling
catheter was embolized using microcoils and a mixture
(1:1.5) of n-butyl cyanoacrylate (NBCA; Histoacryl;
Braun, Melsungen, Germany) and iodized oil (Lipiodol
Ultrafluide; Laboratoire Guerbet, Roissy, France) through a
microcatheter inserted coaxially via the 5 Fr angiographic
catheter inserted from the right femoral artery. Finally, the
proximal end of the indwelling catheter was dtoa

Placement of the Port-Catheter System

The radiological placement of the port-catheter system was
successful in all 21 patients. During and after the proce-
dure, there were no complications such as hematoma,
subclavian or vertebral artery thrombosis, infections,
hepatic artery occlusions, and catheter malfunctions.

Clinical Course after Starting HAIC

After starting HAIC, no severe adverse events that caused
drug loss and treatment postponement or suspension were
observed in any of the patients. HAIC was performed a
mean of 4.5 + 3.0 times (range 1-15 times) and the liver
fi improved in all 21 patients. In particular, the AST,

port implanted in the sub
left chest wall.

Digital subtraction angiography and CT were performed
during injection of contrast medium through the implanted
port-catheter system within a few days of implantation to
confirm that the catheter was not dislodged and that the
entire liver was perfused adequately. Thereafter, HAIC was
administered through this system: 1,000 mg/m of 5-fluo-
rouracil (5-FU) weekly by continuous 5 hr infusion [7].
After ad ion of the chemott ic agent, the
implanted port-catheter system was flushed and filled with
2 ml of heparin solution (1,000 TU/ml).

Statistical Analysis

The success rate and the complications of the pl

of the port-catheter system were evaluated. After starting
HAIC the clinical course, including improvement in liver
function tests, performance of surgery, and survival were
evaluated. In patients who underwent surgical removal of
the primary lesion, the frequency of HAIC administration
time between the placement of the port-catheter system
and surgery, details of the surgery, postoperative therapy,
and survival were evaluated. The Wilcoxon signed rank
test was used to compare the liver functions before sur-
gery with those before starting HAIC. The cumulative
survival rate was calculated using the Kaplan-Meier
method.

A p value of less than .05 was considered significant.

Results

After placement of the port-catheter system, patients
were followed up for a median of 309 days (range 51-998
days).

_@_ Springer
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ALT, LDH, ALP, and GTP levels were improved signifi-
cantly (Table 1). In 19 of 21 patients, curative (n=18) or
palliative (7 = 1) surgical removal of thc primary lesion
was performed. In the remaining 2 p Ithough the
liver function had improved after HAIC was administered
15 times and 5 times, respectively, extrahepatic metastases
in the lung, bone or peritoneum developed rapidly and their
performance status worsened. Though systemic chemo-
therapy was administered with or instead of HAIC
afterward, they died 186 and 51 days, respectively, after
the placement of port-catheter system; thus, surgery could
not be performed.

Among the 19 patients who underwent surgery, HAIC
was administered a mean of 3.9 + 1.8 times (range 1-9
times), and the median period between placement of the

Table 1 Liver function before and after HAIC administration

Before starting  After. p value
HAIC HAIC
AST (IUN) Mean 110z 109 56 + 55
Range 21-549 21-273 0.0001*
ALT (TUM) Mean 59 £ 43 31222
Range 17-183 11-101 0.0005*
T-BIL (mg/dl) Mean 1005 1211
Range 0.3-2.2 0.34.4 0.717
LDH (TUN) Mean 1242 + 1002 551 + 501
Range 221-3870 . 174-2050  <0.0001*
ALP (TUN) Mean 874 =570 663 + 526
Range 416-2660 124-2335 0.0046%
GTP (IUN) Mean 393 x433 207 + 169
Range  130-2023 9-602 0.0061*

AST, aspartate aminotransferase; ALT, alanine aminotransferase; T-
BIL, total bilirubin; LDH, lactate dehydrogenase; ALP, alkaline
phosphatase; GTP, gamma-glutamy] transpeptidase; HAIC, hepatic
arterial infusion chemotherapy

*Significant at p < 0.05
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patients who did not undergo resection [3]. However,
patients with advanced liver dysfunction due to synchro-
nous liver metastases are not good candidates for surgical
removal of the primary lesion. In such circumstances,
surgeons and anesthetists usually hesitate to perform sur-
gical removal of the primary lesion, mainly because the
patient’s condition is too poor to perform surgery and the
liver is seen to be the prognosis-limiting factor. As a result
insufficient and palliative systemic chemotherapy might be
selected without performing surgical removal of the pri-
mary lesion in many cases.

With the recent advances in interventional radiology
techniques, radiological pl of port-catheter system

metastases in both the right and left lobes of the liver. All
hepatic lesions were unresectable. All patients had
advanced liver dysfunction due to liver metastases, with
increased levels of aspartate aminotransferase (AST; mean
110 = 109 TU/, range 21-549 TU/), alanine aminotrans-
ferase (ALT; mean 59 + 43 IU/I, range 17-183 IU/), total
bilirubin (T-BIL; mean 1.0 + 0.5 mg/dl, range 0.3-2.2 mg/
dl), lactate dehydrogenase (LDH; mean 1242 =+ 1002 IU/I,
range 221-3,870 TU/1), alkaline phosphatase (ALP; mean
874 = 570 TU/, range 416-2660 IU/I), and gamma-glut-
amyl transpeptidase (GTP; mean 393 + 433 IU/], range
130-2,023 TU/). Since the liver dysfunction in these
pati had already progressed, we decided to initially

are increasingly being used in Japan [4, 5]. Repeated
hepatic arterial infusion chemotherapy (HAIC) that is
performed through an implanted port-catheter system is an
effective therapy employed for unresectable advanced liver
lignancies [6-8]. In particular, many reports have indi-
cated that HAIC is effective for liver metastases from
colorectal cancer [6-8]. It reported that, compared with
ic chemotherapy, HAIC i d the possibility of

tumor response and might improve liver function [6].

administer HAIC instead of the standard systemic chemo-
therapy in order to improve their liver function. Even in
patients with extrahepatic metastases, we initially admin-
istered HAIC because we judged that liver metastasis was
the prognosis-limiting factor. In 6 of 21 patients, extrahe-
patic metastases were observed in organs such as the lung
(n = 5), bone (n = 1), and lymph nodes (n = 1). Only 1
patient showed evidence of hepatitis B and C virus infec-
tion; no other patient had a history of hepatitis. Usually, we

The purpose of this study was to pectively eval
the safety and efficacy of the initial administration of HAIC
b h a port: system in p with advanced
liver dysfunction due to synchronous and unresectable liver
metastases from colorectal cancer. The aim of HAIC was
to improve their clinical condition for the later surgical
removal of the primary lesion.

Materials and Methods

Approval from the institutional review board of our hos-
pital and informed consent from all the patients were
obtained before performing any procedure.

Patients

Between January 2000 and October 2004, 212 patients with
ble liver from colorectal cancer
underwent radiological pl of port-cath y
at our institution. In this study, 21 of 212 patients (4 men,
17 women; age 39-77 years, mean 58.6 + 8.1 years) ini-
tially received HAIC through this system to prepare for the
surgical removal of the primary lesion later; these patients
had liver dysfunction due to synchronous liver metastases.
The primary sites of malignancy were as follows: the
cecum (n = 2), ascending colon (n = 5), transverse colon (n
= 3), sigmoid colon (n = 7), and rectum (n = 4). With the
exception of 1 patient who had a large metastasis in the
right lobe of the liver, all patients had diffuse or multiple

ider T-BIL levels >3.0 mg/dl or an Eastern Co-oper-
ative Oncology Group performance status [9] of 4 as the
exclusion criteria for HAIC administration. However, in
this retrospective study, despite conforming to the exclu-
sion criteria, 4 of 212 patients underwent HAIC; these
patients were not included in the analysis because these
were not planned surgeries.

Port-Catheter System Placement and HAIC

All proced for the p of port:
were performed by mtervennona] radiologists in the angi-
ography suite with the patients under local anesthesia. The
procedure was performed as follows. All patients under-
went angiography before catheter placement, which was
performed using a 5 Fr angiographic catheter (Clinical
Supply, Gifu, Japan) inserted from the right femoral artery
to allow arterial mapping and to prevent extrahepatic influx
of the anticancer agents. The extrahepatic arteries branch-
ing from the hepatic artery, such as the right gastric artery,
posv.cnor superior pancreatoduodenal artery, and superior

denal artery, were embolized with ils (Tornado;
Cook, Bloomington, IN, USA or Trufill; Cordis, Miami
Lakes, FL, USA) through a 2.5 Fr mi h (Jamiro;

Kaneka, Osaka, Japan or Sniper; Clinical Supply, Gifu,
Japan) inserted coaxially [10, 11]. In patients with more
than two hepatic arteries, these arteries were converted into
a single arterial supply by microcoil embolization so that
drugs could be distributed to the entire liver using a single
indweliing catheter {10]. Next, a 5 Fr angiographic caiheter

@ Springer
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as an initial therapy for such patients. Although it is
doubtful whether the initial HAIC administration is effec-
tive in patients who have not undergone any therapy for the
primary lesion, HAIC was administered initially in order to
improve or control liver metastases. We judged that liver
metastasis was the prognosis-limiting factor, because the
liver dysfunction in these patients had already progressed
due to liver metastases. Additionally, we aim to surgically
remove the primary lesion later, if possible, because pri-
mary colorectal cancer may cause obstruction, perforation,
bleeding, or pain [3]. Based on the results of this study, we
believe that initial HAIC administration is effective
because, in 19 of 21 p surgery was possible after the
liver function had been improved by HAIC administration.
In the 19 patients who underwent surgery, HAIC
was ter d 1 week before surgery to
prevent its effect on surgery. The wide range of the fre-
quency of HAIC administration was due to the fact that
surgery was not performed until, in the surgeons’ opinion,
the patient’s liver function had improved. We observed that
the liver functions before surgery had improved signifi-
cantly after HAIC administration compared with those
before starting HAIC. It has been reported that HAIC has
fewer side effects than systemic chemotherapy [13] and, in
fact, we observed that surgeries could be performed with-
out any adverse effects arising due to HAIC. We usually
consider T-BIL >3.0 mg/dl or a performance status of 4 as
the exclusion criteria for HAIC administration because,
based on our experience, it is difficult to reduce such liver
dysfunction and also improve performance status in
patients. Further, the liver dysfunction of such patients may
be adversely affected by HAIC administration. Based on
our results, there were no severe adverse events after HAIC
administration when these exclusion criteria were used for
the sel of the In20of21p , although
the liver function improved after HAIC administration,
surgery could not be performed because they developed
extrahepatic metastases in the lung, bone or peritoneum,
and their performance status worsened. Unfortunately, we
cannot expect HAIC ad to have an
effect on the entire body [7].

There were some limitations in our retrospective study.
Firstly, the liver dysfunction of our patients was already
advanced; therefore, we hesitated to administer systemic
chemotherapy when malignancy was first identified. Sec-
ondly, in many patients, other distant metastases were
present or developed and systemic chemotherapy was started
after the surgery. We could not administer standard systemic
chemotherapy such as FOLFILI and FORFOX, and our
regimens of systemic chemotherapy were not established

did

because it is only recently that such standard regimens have
been employed in practice in Japan. The survival period
might have been prolonged if we had employed the currently
used standard systemic chemotherapy.

In conclusion, initial HAIC administration is a safe and
efficacious method for improving liver function prior to
operative resection of primary colorectal cancer in patients
with liver dysfunction due to synchronous and unresectable
liver metastases.
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Abstract The purpose of this study was to retrospectively
clarify the current status in Japan of TACE using Lipiodol
together with anticancer agents to treat hepatocellular
carcinoma (HCC). We retrospectively surveyed 4,659
(average annual total) procedures for HCC over the years
2002-2004 at 17 institutions included in the TACE Study
Group of Japan. The survey included six questions that
were related mainly to TACE and Lipiodol for HCC
treatment. The most frequently applied among the 4,659
procedures at the 17 institutions were TACE (2,310; 50%)
and local ablation (1,395; 30%). Five of the institutions
applied 201-300 procedures and 4 applied 101-200. Lipi-
odol was used in “all procedures” and in “90% or more” at
seven and nine institutions, respectively. Almost all insti-
tutions applied 4-6 (mean, 5) ml of Lipiodol during TACE
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to treat tumors 5 cm in diameter. In conclusion, this survey
clarified that TACE using Lipiodol and anticancer agents is
a popular option for HCC treatment in Japan.

Keywords Hepatocellular carcinoma -
T i arterial ch bolization - Lipiodol -
Survey results - Japan

Introduction

The rate of hepatocellular carcinoma (HCC) is increasing
and tr h arterial ch bolization (TACE)
seems to be becoming more important as a treatment
strategy [1, 2]. Although much information about TACE
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for treating HCC has been published [1-36], we consider
that to understand the current status of TACE for HCC
would be valuable in Japan, where TACE has been applied
for more than 20 years [3-22]. We also consider that the
concomitant use of iodinated oil (Lipiodol; Lipiodol Ultra-
Fluide; Guerbet Co.) for more than 20 years [3-23] should
be reviewed [24-26, 32-36]. Although the efficacy of
Lipiodol for hepatic TACE has been generally recogmzed
for more than two decades; and 1 or sub

02 Annual number of individual therapies selected for
HCC treatment.

a, Surgery; b, local ablation comprising PEIT (percu-
taneous ethanol injection therapy), PMCT (percutaneous
microwave coagulation therapy), RFA (radiofrequency
ablation); ¢, TACE; d, TACI (transcatheter arterial
chemoinfusion therapy); e, CAIC (continuous arterial
infusion chemotherapy); f, Cx (systemic chemotherapy); g,
RT (radiotherapy).

TACE using Lipiodol is considered a more effective and
less invasive tool for treating localized HCC [9-17],
Lipiodol (distributed by Terumo Co. in Japan) has not yet
been approved for this application in Japan and other
countries. We thus believe that urgent effort is required to
obtain official permission from the Pharmaceuticals and
Medical Devices Agency (PMDA) of the Japanese Minis-
try of Health, Labour and Welfare to apply Lipiodol in this
manner, based on incontrovertible evidence of expansive
usage and value. Therefore, we organized the TACE Study
Group in Japan to retrospectively study the issue using a
questionnaire at 17 institutions where TACE is frequently
applied. We intended to gain fundamental data about
TACE and other treatment options for patients with HCC
that would reflect the actual use of Lipiodol in clinical
T and its benefits. Our findings should facilitate
understanding of the current status of HCC therapy in
Japan and establish a foothold for regulatory approval of
Lipiodol not only in Japan, but also in other countries.

Materials and Methods

The TACE Study Group distributed questionnaires to 20

mstmmons throughout Japan and 17 (85%) of them
g 4,774 proced for HCC includi

2, 264 TACE (avemgc total per year) during the years 2002—

2004. We analyzed the replies to six questions (Q1-Q6)

regarding TACE and Lipiodol for the treatment of HCC.

QI Annual approximate total of HCC procedures during
the years 2002-2004 at the institution.

When 100 procedures were displayed as one average
annual frequency unit for in data compari-
sons, the replies were classified as number of procedures
per year per institution as follows: 1, <100; 2, 101-200; 3,
201-300; 4, 301-400; 5, 401-500 and 6, >501.

03 Rate of use of Lipiodol in TACE.

04 When Lipiodol was not used, reasons why, and
methods of TACE.

05 Rate of use of Lipiodol in TACL

06 Volume of Lipiodol applied during TACE to treat
tumors 5 cm in diameter (clinical stage I).

a, 34 ml; b, 4-5 ml; ¢, 5-6 ml; d, 6-7 ml; e, Other ()
ml.

Results

Replies (R1-R6) to the questions (Q1-Q6) were as follows.

RI Four institutions each applied 101-200 and 201-300
procedures per year; three applied <100, one applied 401
500 per year, two applied 301-400 per year, and one
applied 501 or more per year.

R2 Table 1 reports the annual total of HCC treatments
and annual numbers (rate) of the top four individual ther-
apies at 17 insti Of the applied at the 17
institutions, the most frequent was TACE (2,264 of 4,774;
47%), followed by local ablation (1,443; 30%), TACI (898;
19%), and resection (341; 9%). The mean annual total of
procedures was 281 at 17 institutes. The mean rates of each
procedure at these institutions were as follows: TACE,
47%; ablation, 30%; and TACI, 19%.

The total average frequency of TACI in addition to
TACE, which treats cancer using a catheter inserted into
the hepatic artery, accounted for approximately 66% of the
total HCC treatments at 17 institutes.

R3 Regarding Lipiodol in TACE under the premise that
Lipiodol is used to prepare a ible liquid of
drugs (usually Lipiodol emulsion is mixed with anticancer
and nonionic contrast agents), seven and nine institutions
replied that Lipiodol was used in “all procedures” and in
“90% or more,” respectively. One institution claimed to

Table 1 Annual total of HCC treatments and annual number (rate) of the top four individual pies at 17 i
Institute Total iesly Resections/yr Ablations/y TACE/yr TACUyr
Total 17 4,774 391 (8%) 1,443 (30%) 2,264 (47%) 898 (19%)
Mean of 17 281 23 (8%) 85 (30%) 133 (47%) 53 (19%)
Note: TACI, h arterial ch therapy
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use “80% or more,” but the exact rate was 89%. When the
rate of Lipiodol use in TACE at all institutions was cal-
culated simply from all reported TACE over 3 years at 17
institutions, the ratio reached 6,328 of a total of 6,740
TACE (94%) procedures.

R4 Except for the 7 institutions (41%) that used Lipiodol
in all TACE procedures, 5 of the 10 institutions that did not
use Lipiodol for some TACE procedures replied that
Lipiodol might impair hepatic function and 3 replied that
they were considering other options. One respondent
indicated that TACE did not include Lipiodol at their
institution because the therapeutic effect was sometimes
limited. Six institutions replied that only gelatin sponge
particles are used with anticancer drugs in TACE when
Lipiodol is not used.

RS5 The rates of Lipiodol use in TACI varied. Although six

randomized control study findings have questioned the
utility of TACE [25-27], more recent reports, also

luding some randomized studies [24, 30-32], have
recognized the value of TACE using Lipiodol [5-23, 33—
36]. The most important factors in choosing TACE are to
obtain favorable therapeutic effects and to reduce adverse
side effects. Thus, the dose of Lipiodol mixed with anti-
cancer drugs should be individually adapted to the tumor
size, number of tumors, and hepatic function of each
patient. However, the dose of Lipiodol in most randomized
control studies was uniform and not adapted to individual
needs [25, 26, 31, 33, 36]. We believe that these studies
missed the effect of TACE because the doses of Lipiodol
and anticancer agents were not optimized, and furthermore,
TACE was not repeated before ‘was di d
by imaging, including CT, after the first TACE. However,

institutions (35%) used Lipiodol in more than 80% of TACI
procedures and four institutions (24%) used it in 40-80%,
three institutions (18%) used it in only 2040 procedures and
four institutions (24%) did not use Lipiodol in TACI at all.

R6 The volume of Lipiodol used in TACE to treat
tumors 5 cm in diameter in the absence of obviously dis-
rupted liver function (clinical stage I) was 5-6 ml (c) at
eight institutions (47%), 6-7 ml (d) at five (29%), 4-5 ml
(b) at three (18%), and 3-4 ml (a) at one. The average
volume (dose) of Lipiodol applied during TACE for HCC
5 cm in di linical stage I) ially reflected the
tumor volume as indicated by the diameter (cm) at many of
the institutions.

Figure 1 shows an example of a HCC measuring
38 x 45 mm with typical CT patterns that was treated by
subsegmental TACE for S5 using 4 ml (6 ml of Lipiodol
emulsion) of Lipiodol mixed with 30 mg of doxorubicin
(dissolved in 2 ml of nonionic contrast medium and saline)
followed by injection with gelatin sponge particles.

Discussion

The rate of HCC is increasing worldwide including in Japan
[1, 2]. As HCC frequently presents as multiple lesions,
invades surrounding tissues, and is usually accompanied by
liver dysfunction, indications for resection or local ablation
are restricted even now when earlier stages of HCC are
being i ingly di d owing to in imagi
technology. In addition, multiple lesions frequently recu:
not only after surgery but also after ablation therapy such as
radiofrequency ablation. Therefore, TACE is an important
option for HCC treatment and the procedure involves the
use of iodized oil (Lipiodol) all over the world.

The efficacy of TACE using Lipiodol for HCC has
remained controversial despite evaluations, long-term dis-
cussions, and various randomized trials. Whereas some

@ Springer

TACE using Lipiodol is gradually becoming recognized
worldwide and randomized control studies seem unneces-
sary since TACE already seems proven to confer a
significant benefit on HCC [2, 24, 30-32].

The present retrospective study clarifies the current
status of TACE including the use of Lipiodol for the
treatment of HCC at representative institutions that par-
ticipated in the TACE Study Group in Japan. The results
obtained from 17 nationwide institutions showed that
although the approximate annual total of HCC procedures
over the past 3 years differs at each facility, several hun-
dred HCC procedures per year are performed at the midsize
to large leading institutions and >200 treatments are per-
formed annually at more than half of all surveyed
institutions. Thus, TACE accounts for 50-60% of all HCC
procedures at institutions involved in the TACE Study
Group of Japan. Focal radiofrequency ablation therapy is
becoming widely prevalent in Japan for localized small
HCC lesions. However, TACE has also become a popular
strategy for such tumors owing to the use of microcatheters
and Lipiodol mixed with anticancer agents, as well as
gelatin sponge particles, which are popular for segmental
or subsegmental Lipiodol TACE. The excellent effects of
segmental or subsegmental Lipiodol TACE in terms of the
absence of damage to surrounding normal hepatic tissue
have already been proven by histopathological and clinical
findings [9-14, 21]. Chemoembolization using Lipiodol
combined with percutaneous radiofrequency thermal abla-
tion therapy is b g another option for
HCC, as a larger sphere of ablation can be induced [20].
Repeated TACE with Lipiodol for the recurrence with
various collateral pathways is also very useful and impor-
tant to positively impact the survival of patients with HCC
[22]. Therefore, the results of this survey and of most
published studies indicate that TACE is an indispensable
therapeutic tool that is frequently applied worldwide to
treat various types of HCC {2, 4-24, 28-36]. -
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Fig. 1 Hepatocellular
carcinoma 38 x 45 mm in
diameter showing typical CT
profiles and treated with
subsegmental TACE using
Lipiodol. Subsegmental TACE
was performed using 4 ml of
Lipiodol (6 ml of Lipiodol
emulsion) mixed with 30 mg of
doxorubicin in 2 ml of nonionic
contrast medium and saline,
followed by injection of gelatin
sponge particles. (A) CT shows
hypervascular HCC in S5.

(B) Hepatic angiogram also
demonstrates hypervascular
HCC in S5. (C) Superselective
hepatic angiogram via the
anterior-inferior branch (AS)
shows hypervascular tumor in
S5. (D) Hepatic angiogram after
subsegmental TACE for S5
shows disappearance of tumor
vessels and visualization of
surrounding hepatic arteries.
(E) CT 1 week after
subsegmental TACE: Lipiodol
is visualized in the embolized
S5 area, as well as in the tumor.
(F) CT 1 year after
subsegmental TACE shows
homogeneous tumor
accumulation of Lipiodol.

(G) Two years after
subsegmental TACE, CT shows
dense accumulation of Lipiodol
and tumor shrinkage. This
tumor did not recur
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The efficacy of Lipiodol in TACE for HCC has been
recognized by several investigators worldwide [4-24, 28—
36], whereas only a few articles indicate contrary findings
[25-27]. Although the rate of TACE for HCC differs
slightly among institutions, this survey shows that >90% of
HCCs treated by TACE included Lipiodol. However,
although Lipiodol is generally used as a useful carrier of
anticancer agents in Japan and elsewhere, it is not legally
permitted for hepatic TACE in Japan. Legal permission to

proposed criteria to select the dose of injected Lipiodol for
each patient based on tumor size [9-12, 14, 16]. These
criteria have generally been agreed on and are applied in
Japan. Therefore, we believe that the survey responses
regarding the Lipiodol dose were quite uniform.

A recent article describing the mechanism of action of
chemoembolization using Lipiodol in Japan helps to elu-
cidate and support the present study [37].

A prospective cohort study of transarterial chemoemb-

1 He | Tl

use Lipiodol must be based on clear evidence of expansive

« ion for I in

usage and value. Therefore we retrospecuvely surveyed 17
leading J: i some fund:

data about the use of hcpauc TACE with Lipiodol for
treating HCC. Seven institutes used Lipiodol in all TACE
procedures, nine used Lipiodol in >90% of them, and one
used it in >80%, indicating that Lipiodol/TACE is widely
perceived as beneficial.

Under the premise that Lipiodol is used in miscible
solutions of anticancer drugs, seven and nine institutions
replied that Lipiodol was used in “all” and in “90% or
more” of procedures, respectively. One institution replied
that Lipiodol was used in “80% or more” of procedures,
but the actual frequency was almost 90%.

Although Lipiodol is used in about 40% of all TACE
procedures, it is not used at about 60% of institutions in
<10% of TACE procedures. This is due to potential
impairment of hepatic function among patients with poor
liver function or a huge HCC that would require a large
volume of Lipiodol. Thereft TACE is i
performed with a reduced amount of Lipiodol mixed with
anticancer agents, or a first TACE might use only gelatin
sponge particles without Lipiodol and anticancer agents for
HCC >10 cm in diameter. A second TACE might include a
small volume of Lipiodol mixed with anticancer agent after
the tumor has been reduced. When only gelatin sponge
particles are used in TACE, some institutions nevertheless
essentially agreed that TACE can include Lipiodol mixed
with an anticancer agent.

This variable use of Lipiodol in TACI indicates that
HCC treatment policies differ among institutions. The total
frequency of transcatheter arterial therapy (total of TACE
and TACI continuous arterial infusion therapy), which
treats cancer using a catheter inserted into the hepatic
artery, accounted for 60% of the total HCC procedures.
The most frequently applied was TACE, followed by local
ablation and TACI. These methods accounted for approx-
imately 90% of all HCC therapies. The average volume of
Lipiodol used for TACE for HCCs 5 cm in diameter was
almost 5 ml, which reflected the tumor volume and was
verified in this survey. Our basic criteria regarding the dose
of Lipiodol used for TACE state that that average dose (ml)
is roughly equal to the tumor diameter (cm). This is
reflected in the tumor voiume shown in Fig. 1. We already

@ Springerr

8,510 patients has been reponcd [38]. Howcver the focus
of the of registration and the q ire of that
report is completely different from that in the present
study.
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Abstract

Purpose. The aim of this study was to clarify the useful-
ness of the isocenter puncture (ISOP) method.
Materials and methods. We investigated 73 vertebral
bodies that had undergone percutaneous vertebroplasty
(PVP) by the ISOP method, 118 vertebral bodies that
had undergone the puncture simulation method, and 33
vertebral bodies that had undergone the conventional
method. The items to be ined included the

Key words ISOP method - Percutaneous
vertebroplasty - Unilateral transpedicular approach -
Isocenter marker - PVP

Introduction

rate (SR) of the median puncture of the vertebral body
and the procedure time. The puncture accuracy and fluo-
roscopy time were also measured for the ISOP method.
Results. The SR was significantly higher and the proce-
dure time significantly shorter when using the ISOP
method rather than the conventional method. However,
no significant differences were observed between the
ISOP method and the puncture simulation method. The
errors between the puncture needle tip and the puncture
target point in the ISOP method were an average of 1.52,
2.08, and 1.87mm in each of the horizontal, ventrodor-
sal, and craniocaudal directions. The fluoroscopy time
when operating on one vertebral body was an average
of 5.8 min.

Conclusion. The ISOP method is considered to be a
useful approach while also reducing the puncture time
and the fluoroscopy time.
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P vertebroplasty (PVP), a rapidly acting
treatment for pain caused by a compressed fracture of
the vertebral body, is increasingly being used worldwide.
PVP is generally performed using a C-arm radiographic
system and puncturing the vertebral arch pedicle percu-
taneously under X-ray fluoroscopy. The puncture
approach includes both the unil 1 and bilateral
transpedicular approaches. The unilateral transpedicular
approach is relatively difficult to perform as it requires
advancing the tip of a puncture needle to the midline of
the vertebral body. Therefore, some institutions use the
bilateral transpedicular approach. However, the unilat-
eral transpedicular approach may decrease the number
of punctures required during such surgery."

We have therefore developed an isocenter puncture
(ISOP) method’, which is a puncture support method
for the unilateral transpedicular approach. The ISOP
method allows pinpoint targeting and puncturing of
a target within the vertebral body under X-ray
fluoroscopy.

We herein describe the results of PVP using the ISOP
method and compare the findings with those achieved
with the puncture simulation method” using the punc-
ture angle measured by the preoperative CT examina-
tion and those by the conventional puncture method, as
a historical control, while also examining the usefulness
of the ISOP method.
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Materials and methods

This study was approved by the ethics committee at our
institution.

ISOP method concept and procedures

The isocenter of the C-arm radiographic system is the
center of the radiation field and the center of the C-arm
rotation. Therefore, regardless of how the C-arm rotates,
the isocenter always remains at the center of the radia-
tion field and the center of the monitor screen. The ISOP
method applies this principle, and therefore adjusting
the puncture target to the position of the isocenter
becomes essential with this method. For this purpose, we
created a black dot-like isocenter marker (ICM; Toshiba
Medical, Tokyo, Japan), which is constantly illuminated
at the center of the fluoroscopic monitor screen (Fig. 1).2
‘We set the anterior one-third median site of the vertebral
body as a target point.

The procedures of the ISOP method start with posi-
tioning the puncture target point at the isocenter. The
first step is a frontal view on the fluoroscopic monitor.

Fig. 2. Positioning. a In the
frontal view, the ICM is
aligned with the median of
the vertebral body. b In the
lateral view, the ICM is
aligned with the anterior
one-third median site of
the vertebral body. ¢ The
C-arm is moved in a three-
dimensional manner so the
ICM is aligned with the
center of the shadow of the
vertebral arch pedicle. d The
shadow of the puncture
needle becomes a dotied line
and is aligned with the ICM

The examining table is moved as necessary to align it
with the median of the vertebral body with the ICM
(Fig. 2a). Next, the lateral view is used with the C-arm
tilted 90° for guidance. The examining table is moved so
that the anterior one-third median site of the vertebral

Fig. 1. Isocenter marker (ICM)
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body is aligned with the ICM (Fig. 2b). After carrying
out these steps, the positioning of the isocenter marker
in regard to the patient’s position is completed. Con-
sequently, regardless of how the C-arm rotates, the
puncture target point is now aligned with the ICM at
all times. )

Next, the direction of the puncture direction is
determined by rotating the C-arm in a three-dimensional
manner so the ICM overlaps the center of the pediculus
arcus vertebral image (Fig. 2¢). With this step, the punc-
ture direction is determined under fluoroscopy.

After confirming the cutaneous puncture site on the
skin and administering local anesthesia, the puncture is
performed while maintaining the puncture direction so
the puncture needle overlaps the ICM in a point-like
manner under fluoroscopy (Fig. 2d). When the needle
reaches a depth of 1-2cm in the vertebral arch pedicle,
and the assistance of the needle is thus no longer required,
the monitor is switched to the lateral fluoroscopic image,
and the puncture needle is moved forward until the
needle tip reaches the ICM (Fig. 3a). When moving the

Fig. 3. Verification.

a Lateral view: the puncture
needle tip overlaps the ICM.
b Frontal view: the puncture
needle tip overlaps the ICM

Table 1. Summary of patients

needle forward, a hammer is used as required. After the
puncture needle tip has reached the ICM in the lateral
image, the monitor is returned to the frontal fluoro-
scopic image to confirm that the puncture needle tip is
aligned with the ICM (Fig. 3b), thereby completing the
puncture by the ISOP method.

Materials

A total of 122 patients (224 vertebral bodies) underwent
fluoroscopic PVP. They were then divided into three
groups. Table 1 represents the characteristics of those
groups. The first (group A) comprised 41 patients (73
vertebral bodies) who had undergone PVP by the ISOP
method from January 2006 to March 2007. The second
group (group B) comprised 58 patients (118 vertebral
bodies) who had undergone PVP by the puncture simu-
lation method from September 2004 to January 2006.
The third group (group C) comprised 23 patients (33
vertebral bodies) who had undergone PVP without using
the ICM from June 2002 to May 2004.

ISOP method Puncture simulation Conventional method
Characteristic (group A) (group B) (group C)
Cases (vertebrae) 41(73) 58 (118) 23 (33)
Male/female 8/33 11/47 914
Age (years), average/range 68.3/37-90 67.2/33-91 73.9/30-87
Location (case) Th7 (1), Th8 (2), Th10 (3), ThS (1), Th6 (3), Th7 (2), Th8 (6),  Th8 (2), Thil (1), Thi2 (@),

Thll (2), Thi2 (12), L1
(18), L2 (14), L3 (10),

14 (9),L5(2)
Underlying disease (cases/vertebrae)
Osteoporosis 34/58
Bone metastasis mns
Multiple myeloma

Th9 (8), Th10 (4), Th1l (10),

L1 (4), L2 (6), L3 (4),

Th12 (14), L1 (12), L2 (16), 14 (5), L5 (7)
L3 (18), L4 (18), LS (6)

45/81 1115

1337 117

11
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Methods

For all groups, we measured the success rate of the
median puncture of the vertebral body (SR)" and the
time required to perform a needle puncture successfully.
The SR was evaluated by three radiologists during the
procedure. It was judged by macroscopic evaluation of
whether the needle tip reached the median of the verte-
bral body and by objective evaluation of whether the
bone cement was distributed beyond the median of the
vertebral body. These evaluations were done by using
examples from previous observations of Kim et al.' For
cases of failure, puncture was performed from the oppo-
site side or from the same side after removing the needle.
Fisher’s exact test was used to evaluate all groups.

The procedure time for needle puncture was defined
from the start of the positioning to puncture completion.
The procedure time for needle puncture did not include
the time needed to prepare the bone cement or the time
needed to inject the cement. For a comparison of the
puncture time, Mann-Whitney’s U-test was used.

In group A, the puncture error, fluoroscopy time,
and adverse events were further examined. Because the
puncture target point with the ISOP method is deter-
mined by the operator’s visual estimation during the
procedure, it is not necessarily the anterior one-third
median site of the vertebral body. When the patient is
moved after the puncture direction is determined, a
slight misalignment is likely to occur between the punc-
ture target point and the ICM. Therefore, to evaluate
the puncture error in the ISOP method, we verified
where the puncture needle tip is located on the image
obtained before the cement injection and measured the
positional error between the puncture needle tip and
the ideal puncture target point. For the error between
the puncture needle tip and the ideal puncture target
point, we measured the lateral direction of the axis in
the frontal view and the craniocaudal direction of the
axis in the lateral view.

For the fluoroscopy time during the procedure, the
time between the positioning and rotation digital angi-
ography immediately after the procedure was thus mea-
sured. The examination of adverse events was based on
their presence or absence during the procedure.

A single plane C-arm of Infinix celeve VC (Toshiba
Medical) was used for X-ray fluoroscopy. The puncture
needle, an osteo-site bone biopsy needle (13 gauge,
15cm; Cook, Spencer, IN, USA) was used. For injecting
the cement preparation, Osteoject (Integra Neuro-
Science, Plainsboro, NJ, USA) was used. PMMA (poly-
methylmethacrylate) was the bone cement, which was
prepared by mixing 20 g of PMMA with 6g of sterilized
barium sulfate.
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Table 2. Success rate ratio
Group SR Non-SR Total
A 72 1 73
B 110 8 118
C 19 14 33
Total 201 23 224

SR, success rate

Results

Success rate of the median puncture of the
vertebral body

The success rate (SR) for median puncture of the
vertebral body was 98.6% (72/73) in group ‘A, 93.2%
(110/118) in group B, and 58% (19/33) in group C
(Table 2). No significant differences were observed
between groups A and B (P = 0.15). When comparing
groups A and C, the SR was significantly higher in group
A (P <0.05).

In cases where a median puncture could not be suc-
cessfully performed, either additional punctures were
attempted from the opposite side or the same puncture
was repeated. In all cases, satisfactory cement distri-
bution to the lateral regions crossing the median was
ultimately obtained.

Procedure time

The average procedure time for needle puncture for one
vertebral body was 9.3 + 3.8min in group A, 11.2 £
4.6min in group B, and 30.9 + 11.2min in group C.
No significant differences between groups A and B
were observed regarding the puncture time (P = 0.22);
however, the time was significantly shorter between
groups A and C (P < 0.01).

Positional relation between the ideal puncture target
point and the puncture needle tip—ISOP method

The average error in the horizontal direction was 1.52 +
1.31mm (maximum 5.92mm), the average error in the
ventrodorsal direction was 2.08 + 1.50mm (maximum
6.41mm), and the average error in the craniocaudal
direction was 1.87 + 143mm (maximum 5.81mm).
Figure 4 shows the positional relation between the ideal
puncture target point and the puncture needle tip to each
axis. As shown in Fig. 4b, we detected a tendency for the
puncture needle tip to go slightly deeper toward the
abdominal side of the vertebral body.

—97—
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Fig. 4. Positional relation
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Fluoroscopy time during the procedure—ISOP method

In group A, the average fluoroscopy times during the
procedure were 5.8 = 0.9min for 23 cases of operating
on one vertebral body, 8.97 + 3.79min for 8 cases of
operating on two vertebral bodies, 9.33 £ 3.79min for
4 cases of operating on three vertebral bodies, and
11.8 + 2.83 min for 6 cases of operating on four vertebral
bodies.

Adverse events—ISOP method

Two patients in group A had a fever after the procedure.
Although the hospitalization period of these patients
was extended by approximately 1 week, the symptoms
were alleviated by antibiotic administration. No

In group A, puncture had to be repeated in one case.
In this case, it was attributed to body movement after
positioning, whereby the ICM was misaligned from the
puncture target point during the puncture. In this case,
the ISOP method was applied again after removing the
puncture needle. Favorable treatment effects were then
obtained.

The puncture times were significantly shorter in group
A than in group C, suggesting that the ISOP method
contributes to a reduction of the puncture time in
comparison to the conventional method.

In our hospital, before introducing the ISOP method,
PVP had been implemented using the puncture simula-
tion method.” With both the ISOP method and the
puncture simulation method, there were no significant
diffe in the SR or the puncture time. Based on the

technique-related complications were observed.

Di .

There have been only a few reported evaluations of PVP
procedures, and most of them reported on cement dis-
tribution and leakage.”® Many institutions select PVP
using the bilateral transpedicular approach, thus expect-
ing an even cement distribution within the vertebral
body. Kim et al.' noted that if the unilateral transpedicu-
lar approach can achieve cement distribution across the
median there are no differences in treatment effects com-
pared to the bilateral transpedicular approach. In our
examination, it was confirmed that by using the ISOP
method the PVP success rate was 98.6%, and that even
with the unilateral vertebral transpedicular approach
bilateral cement distribution can be achieved if puncture
is successfully performed with a target point of the ante-
rior one-third median site of the vertebral body.

above results, we speculate that no ial differ-
ences exist between the ISOP method and the puncture
simulation method. However, the puncture simulation
method requires a preoperative CT examination and
measurement of the puncture angle. Considering the
labor hours and complexity, it is obvious that the ISOP
method is a simpler, more useful puncture method.

Puncture accuracy in the ISOP method was an average
of 2mm in each of the horizontal, ventrodorsal, and
craniocaudal directions. With this examination, except
for case in which a second puncture was required owing
to the patient’s body movement (group A), the puncture
needle tip reached the ICM in all cases, which is thus
regarded as high puncture accuracy.

Reports on the amount of exposure and fluoroscopy
time in the PVP are scarce.'”"* Komemushi et al. have
performed PVP by using the IVR-CT system and
reported that the fluoroscopy time was 6.66 + 2.45min."
We used only a fluoroscopy device. The average fluoros-
copy time for one vertebral body was 5.8 + 0.9min,
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which was short, on average. In addition, Mehdizade

the i puncture method. Cardiovasc Intervent Radiol

et al. reported that the PVP fluoroscopy time under
fluoroscopy was 10-60min.'® Compared to these reports,
PVP under fluoroscopy by means of the ISOP method
is believed to contribute to a significant reduction in the
fluoroscopy time.

Conclusion

Compared to the conventional method, the ISOP method
is thought to be a useful approach as it improves the
PVP completion rate by using the unilateral vertebral
arch pedicle approach; it also reduces the puncture time
and fluoroscopy time. Thus, we speculate that the ISOP
method is a more convenient technique than the punc-
ture simulation method.
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