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Abstract

AIM: To conduct a randomized trial to evaluate the
role of using high-dose iodized oil transcatheter arterial
chemoembolization(TACE) in the treatment of large
hepatocellular carcinoma (HCC).

METHODS: From January 1993 to June 1998, 473
patients with unresectable hepatocellular carcinoma
were divided into two groups: 216 patients in group
A received more than 20mL iodized oil during the first
TACE treatment; 257 patients in group B received 5-
15mL iodized oil in the same way. The Child’s
classification and ICG-R15 for evaluating the liver
function of the patients were done before the
treatment. During the TACE procedure the catheters
was inserted into the target artery selectively and the
tumor vessels were demonstrated with contrast
medium in the hepatic angiography. The anticancer
drug mixed with iodized oil (Lipiodol) were Epirubicin
and Mitomycin. In group A, 112 cases received 20-
29mL Lipiodol in the first procedure, 85 cases 30-39mL,
19 cases more than 40mL. The largest dose was 53
mL and the average dose was 28.3mL. In group B,
119 cases received 5-10mL Lipiodol, 138 cases received
11-15mL, and the average dose was 11.8mL.

RESULTS: High-dose Lipiodol chemoembolization caused
tolerable side effects and a little hurt to the liver
function in the patients with Child grade A or ICG-R15
<20. But the patients with child grade B or ICG-R15>
20 had higher risk of liver failure after high-dose TACE.
More type I and type II lipiodol accumulations in CT
scan after 4 weeks of TACE were seen in the group A
patients than those in the group B patients (P<0.01).
The resection rate and complete tumor necrosis rate in
group A were higher than those of group B (P<0.05).
The 1-,2-,3-year survival rates of group A patients with
Child grade A were 79.2%, 51.8% and 34.9%,
respectively, better than those of group B (P<0.001).

CONCLUSION: High-dose Lipiodol can result in more
complete tumor necrosis by blocking both arteries and small

portal vein of the tumor. High-dose TACE for treatment
of large and hypervascular hepatocellular carcinoma
is practically acceptable with the better effect than
the routine dose. For the patients with large and
hypervascular tumor of Child grade A liver function or
ICG-R15 less than 20%, oily chemoembolization with
20-40mL Lipiodol is recommended.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors in human beings. It was estimated that in
1985, about 315, 000 new cases of primary liver cancer occurred
worldwide, accounting for 4.1% of all human cancer cases[1]. In
the same year, 312,000 patients died as a consequence of the
disease. In China, HCC is responsible for 130,000 deaths every
year and is the second cause of the cancer deaths[2]. The crude
mortality of HCC was 20.4 per 100,000 population, accouning
for 18.8% of the total cancer deaths in 1990-1992[3].
       About 80% of HCC are associated with cirrhosis that makes
treatment more difficult[4]. Surgical resection is the best options
for the treatment of HCC and the 5-year survival rate after
hepatectomy was about 20%-40%[5]. But in only 20% of HCC
patients the surgical resection is feasible. About 60%-70% HCC
were in late stages at the time of diagnosis and had lost the chance
of operation[6-8]. Transcatheter arterial chemoembolization (TACE)
is one of the most common method for the treatment of the
unresectable HCC[9,10]. The results achieved by using TACE were
much better than those of systemic or regional chemotherapy[11,

12]. TACE with anticancer agent suspended in an oily substance
has become one of the standard forms of treatment for advanced
HCC. In the treatment, iodized oil is used as an embolic agent and
carrier of anticancer drugs[13,14]. After entering into the small arteries
and peritumoral sinusoid of HCC through a catheter, the iodized
oil can be retain there to block the terminal blood flow. The more
iodized oil entering into the small arteries and peritumoral sinusoid
of HCC, the more complete blocking of the terminal blood supply
to the cancer will occur[15,16]. But in such ease more iodized oil may
flow into the portal vein causing infarction or necrosis in the
noncancerous hepatic tissue, and thus lead to the more liver
dysfunction. Generally the amount of iodized oil recommended is
about 5-15 mL at each procedure for fear that more iodized oil
could lead to liver dysfunction[17,18]. In clinical practice, most patients
who received TACE were those with large HCC. For the large and
hypervascular liver tumor, using 5-15 mL iodized oil is not enough
to attain complete filling of tumor vessel bed. To get a full blocking
of the tumor vessels, a larger volume of iodized oil is necessary.
Basing on the experience of our clinical practice and the good
evaluation of liver function, we conducted a high-dose (more



than 20mL) iodized oil TACE for the large HCC.

MATERIALS AND METHODS
Eligibility of patients
From January 1993 to June 1998, 473 patients with large HCC
who were eligible for this study were treated at the Tumor
Hospital of Sun Yat-sen University of Medical Sciences. The
eligibility criteria for entering this study were as follows:  a
diagnosis of HCC was established on the basis of the patient’s
high serum alpha-fetoprotein (AFP) value, findings obtained
at computed tomography(CT) scan and clinical manifestations;

 the largest diameter of the tumor exceeded 5 cm;  there
was no evidence of portal trunk occlusion by thrombosis,
extrahepatic metastasis, jaundice or ascites;  during the TACE
procedure the catheter was successfully inserted into the target
artery selectively as proved by angiography. We excluded
patients who had Child’s C grade liver function or ICG-R15
(indocyanine green retention rate in 15 min)>30%. All patients
were randomly divided into two treatment groups. In Group A,
216 patients received more than 20mL of iodized oil in the first
TACE, and in Group B, 257 patients received 5-15mL.

Clinical Characteristics of the patients
The clinical characteristics of the patients including age, sex, size
of tumor, thrombosis in portal branch, AFP, serum alanine
aminotransferase(ALT), Child’s grading, ICG-R15 were collected
before the treatment. The patients in the two groups did not differ
significantly with respect to these clinical characteristics (Table 1).

Table 1  Pretreatment clinical characteristics of 473 patients

Characteristics         Group A          Group B         Probability
         (N=216)           (N=257) value

Age

    Mean 44.6 45.1 0.348

    Range 22-67 24-71

Sex

    Mate 213 246 0.065

    Female     3   11

Diameter of tumor

    6-9.9cm   32     9 0.133

    10-14.9cm 105 135

    15cm   79   73

Thrombosis

    Yes   54   81 0.118

    No 162 176

AFP (µg/L)

    400   91 114 0.626

    <400 125 143

ALT

    <40 117 109 0.023

    40-79   78 103

    80-119   17   39

    120     4     7

Child’s class

    A 203 238 0.553

    B   13   19

ICG-R15*

    <10   71   89 0.314

    10-19 127 137

    20-29   18   31

*ICG-R15 refers to the indocyanine green retention rate at 15 minutes

Methods of chemoembolization
During the hepatic angiography that demonstrated the tumor
vessels and tumor contour, the catheter was inserted selectively
into the targetartery. The catheter tip was placed as close as
possible to the tumor for attaining the high-selective embolization[19].
The first 5-10 mL iodized oil (Lipiodol, Laboratorie Guerbet,
Aulnay-sous-Bois, France) were mixed with anticancer drugs,
Epirubicin(50 mg·m-2) and Mitomycin(8mg·m-2), to form an
emulsion. The emulsion was slowly injected under fluoroscopic
control. The remainder Lipiodol was added according to the
state of accumulation of the emulsion within the tumor at the first
injection, speed of blood flowing to the tumor, and appearance
of portal vein around the tumor (Figure 1). Gelatin sponge
impregnated with contrast medium was injected into the tumor, if
the blood flow to the tumor wasn’t slowed down enough after
the Lipiodol injection[20]. Any embolization was terminated when
the blood flow to the tumor had slowed down.

Figure 1  Portal vein branches around the tumor as visualized by high-
dose iodized oil

      In group A, 112 cases received 20-29mL Lipiodol in the first
procedure, 85 cases 30-39mL, 19 cases more than 40mL; the
largest dose was 53 mL and the average dose was 28.3mL. In
group B, 119 cases received 5-10mL Lipiodol and 138 cases
received 11-15mL; the average dose was 11.8mL.

Follow-up
Four weeks after TACE, the therapeutic effect was assessed by
double phase CT scan and AFP test. The CT was performed
after a bolus administration of 50-100mL of contrast material[21].
The pattern of Lipiodol accumulation on CT were classified
into following four kinds according to Nishimine[22]: type I,
homogeneous; type II, defective; type III, inhomogeneous;
and type IV, only slight accumulation, if any (Table 2). Type I
was further subgrouped into type I a (with accumulation around
the tumor) and type Ib (without accumulation around the tumor).
AFP was tested at 4 wk intervals after first TACE.

      A repeat TACE and other therapies were performed depending
on the conditions of the patient after the first TACE. 11 patients
underwent totally 5 times TACE; 32 underwent 4; 139 underwent 3;
207 underwent 2; 84 underwent 1. 59 patients underwent percutaneous
ethonal injection(PEI) after TACE and 46 patients received surgical
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resection. Survival was measured from date of the first treatment
until death. The causes of death were determined for 347 patients
during the follow-up period. When a patient died from advanced
carcinoma, hepatic failure or a deterioration of his or her general
condition shortly after the procedure, the patients death was
considered to be due to treatment failure.

Statistical analysis
The changes of liver dysfunction and CT type was analyzed
by chi-square test. Cumulative survival rates were estimated
by the Kaplan-Meier method. The relationship between each
of the variable and survival was assessed by log rank test.
“Significant” indicated a calculated two-tailed value of <0.05.

RESULTS
Side Effects
The most frequent side effects of TACE were fever and abdominal
pain. In Group A abdominal pain occurred in 53.7% of the patients,
fever in 71.3%, vomiting in 20.8%, appetite loss in 41.7% and upper
digestive tract breeding in 0.93%. In group B, abdominal pain
occurred in 49.8% patients, fever in 47.5%, vomiting in 14.8%,
appidit loss in 42.8% and upper digestive breeding in 1.17%. The
toxic effect of the drugs on the hemopoietic system reflected in
slight decreases in the white blood cell counts, platelet counts,
and hemoglobin levels of peripheral blood in both groups.
Elevations in the serum alanine aminotransferase, alkaline
phosphatase, or total bilirubin levels were seen in the patients of
both groups, but the changes were not severe and no significant
differences were found between the two groups. Liver dysfunction
occurred in 24 patients of group A and in 28 patients of group B.
The patients with child’s grade B or ICG-R15>20 had higher risk of
liver failure after high-dose TACE (Table 2).

Table 2  The comparison of liver dysfunction** in two group

Child-Pugh Classification  ICG-R15
Group

              A        B             <10%             10-19% 20%

Group A     5.9%(12/203)   92.3%(12/13)   1.4%(1/71)   7.9%(10/127)   72.2%(13/18)
Group B     5.5%(13/238)   84.2%(15/19)   2.2%(2/89)   5.8%(8/137)     58.1%(18/31)

**Liver dysfunction is refereed to ascites, jaundice(Tbil>34.2umol/L), or hepatic encephalopaphy

CT and AFP
CT scan was done four weeks after TACE: In group A there were
77 cases of type I, 130 cases of type II, 9 cases of type III;
whereas in group B there were 27 cases of type I,108 cases of
type II,90 cases of type II and 32 cases of typeIV (group A vs
group B P<0.001, Figure 2). In group A, the AFP level in 78 of 91
AFP-positive patients ( 400µg·L-2) had decreased and in 12 of
them down to normal; in group B, 81 of 114 AFP-positive patients
had their AFP decrease and in 9 down to normal (P<0.01).

Figure 2  Comparison of CT type between the two groups.

Resection
After TACE, 47 cases achieved surgical resection in group A,
and 19 of them were found to have complete tumor necrosis
pathologically. In group B, 25 patients received surgical
resection and only 4 cases were found to have complete tumor
necrosis. The resection rate and complete tumor necrosis rate
of group A were higher than those of group B (P<0.05).

Survival Rates
The 1-,2-,3-year cumulative survival rates of the patients with
Child’s grade A in group A were 79.2%, 51.8%, 34.9% and in
group B was 59.1%, 26.7%, 14.9%, respectively (Figure 3). The
cumulative survival rates were significantly better in group A
than in groupB(P<0.001). The 1-,2-,3-year cumulative survival
rates of the patients with Child’s grade B in group A were 42.1%,
21.1%, 7.7% and in group B was 46.8%, 23.7%, 0%, respectively
(no significantly difference in between the two groups).

Figure 3  Cumulative survival rates of patients with Child’s A in two groups.

DISCUSSION
For use in TACE, Iodized oil (mostly lipiodol) mixed with
anticancer drugs has been reported to be one of the most
effective agents[23,24]. Iodized oil plays an important role as an
embolic agent. It not only occludes the small arteries supplying
the tumor but also acts as the carrier bringing the drug to the
tumor. The lipiodol can enter into the microcirculation of the
tumor and stay there to stop the blood flow[25]. The experimental
investigations in animal and human resected specimens revealed
that the lipiodol could stay in the small artery, sinusoid, and
small portal vein within the tumor. In general, the recommended
amount of lipiodol is 5-15mL. The use of Iarge volume of iodized
oil is more prone to invade the normal liver parenchyma, causing
more live injury[26]. Matsuo[27] reported the relationship between
the lipiodol dose and the tumor necrosis rates in 198 HCC cases.
He found that the prognosis was better in the group of patients
with bigtumors in which the doses of l ipiodol were
correspondingly larger tumor diameter, but the total dose must
not be more than 10mL in small HCC. Other authors[28,29]

comfirmed that the dose of iodized oil played an important role
in TACE. A sufficiently high dose of Lp-TACE would be a
factor of good tumor response, if the tumor was large. Therefore
the volume of lipiodol is an important a factor influencing the
antitumor effect of TACE. The large and hypervascular liver
tumors have vast vessel bed. So it is necessary to inject high-
dose lipiodol to attain complete filling of tumor vessel bed.
While the tumor 5cm in diameter needs 5mL lipiodol to fill the
vessel bed, the 10cm tumor would need at least 8 times of
lipiodol to do the same work. In this situation a high-dose of iodized
oil must be used for complete filling  of the large tumor[30,31].
Some portal branches around the tumors are displayed after the high-
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dose lipiodol pooled into the tumor; this is considered to be
the sign of complete arterial block. After a certain amount of lipiodol
is pooled into the hepatic microcirculation and sinusoid, any
additional volume of lipiodol enter into the branches of portal vein
via the sinus between hepatic artery and portal vein. And then
some lipiodol is seen in the small branches of portal vein around
the tumor. As the amount of lipiodol delivered into artery increase,
the portal vein branches become more prominent[32]. Prominent
portal vein appearances were seen in 29% patients given 10 mL or
less of lipiodol, in 67% with 10-20 mL,and in 86% with more than 20
mL. It was known that infiltrating portion and nonencapsulated
daughter nodules of the tumor are nourished by both the portal
vein and the hepatic artery. So even if the tumor arteries are
successfully embolized, some tumor cells can survive because the
portal vein blood supply still exists. This may be the reason for
incomplete tumor necrosis with subsequent tumor recurrence[28,15].
High-dose lipiodol fully fills the sinus and stops the portal vein
supply to tumor cells after the arteries are embolized. Embolization
of both hepatic artery and small portal veins may cause complete
necrosis of the tumor infiltrating portion and nonencapsulated
daughter nodules[13,14]. The visualization of some portal vein
tributaries around the tumor may be a sign of complete embolization.
     After Lp-TACE it is important to estimate the amount and
state of iodized oil accumulating within the tumor, because this
has much bearingon the prognosis of the patients[33]. Matsuo[27]

found that the volume of lipiodol infusion correlated with the CT
type. If the lipiodol volume is greater than the tumor mass in the
small HCC, more type I lipiodol accumulation will be seen in the
CT scan after Lp-TACE. He suggested that the lipiodol volume
should be greater than the tumor mass, but the maximum dose
should be less than 10 mL for fear of liver dysfunction even in
the large HCC. Nishimine[22] reported that tumors of CT type I
have the highest cumulative survival rates and those of the typeI
have higher cumulative survival rates than type III and type IV.
The iodized oil retention was again evaluated by using CT scan
one month after TACE. It was found that the patients with iodized
oil retention in the tumor greater than 50 per cent of tumor size
survived longer than patients with retention of less than 50 per
cent[34-36] . Our study showed that high-dose lipiodol could bring
about more type I and type II lipiodol accumulation than a routine
dose. Pathological sgudy of resected specimen after TACE
showed that the area of lipiodol retention in CT was the necrotic
area of the tumor. The high-dose lipiodol would lead to more
lipiodol retention in the necrotic tumor[37,38].
      For preventing severe side effects, attention must be paid.
The liver reserve function must be evaluated by Child’s grading
and ICG-R15[39,40,41,42]. Our data showed that the liver dysfunction
most frequently occurred in the patients with child’s B or ICG-
R15>20. The patients with Child’s A or ICG-R15<20 were usually
tolerant of 20-40mL lipiodol. Nonetheless, a high-dose lipiodol is
contraindicated for the patients with child’s B or ICG-R15>20.
Second, to avoid normal liver parenchyma damage a high-selective
placement of the catheter is crucial for injecting high-dose
lipiodol. We mainly used the 5F Yasilo catheter or 5F RH catheter
to perform the high selective catheterization. Subsegemental
or segmental embolization is necessary for the high-dose lipiodol
infusion[43,44]. If the tip of catheter can’t pass over all the arteries
that flow to normal tissue and organ, high-dose lipiodol injection
should be done with caution. Finally, slow injection under
fluorescopic guidance is also important to let all the lipiodol flow
clearly into the tumor vessels. Whenever the lipiodol flows to
the outside of tumor, injection should be stopped immedialely.
In the condition that all the lipiodol selectively enters into the
tumor and doesn’t flow to the normal liver tissue, the hepatic
function will not be deteriorated[45,46]. We safely injected
53mL into a large HCC with a diameter >20cm. If the blood
flow is still fast toward the tumor after lipiodol infusion, Gelatin

sponge should be prescribed[47]. High-dose lipiodol TACE can bring
about more tumor necrosis. So high-dose lipiodol TACE results in
higher survival rate.
It is concluded that high-dose lipiodol can bring about more
completely tumor necrosis by blocking both the arteries and small
portal veins of the tumor. High-dose TACE for treatment of large
and hypervascular hepatocellular carcinoma is practically acceptable
and gives a better effect than those using a routine dose. For the
patients with large and hypervascular tumors and with Child A or
ICG-R15 less than 20%, chemoembolization with 20-40mL lipiodol is
recommended.
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