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Abstract

AIM  To study the therapeutic effects of
transcatheter arterial three-segment
chemoembolization for hepatocellular carcinoma
(HCC).

METHODS According to the anatomy of vessels,
the tumor capillary networks, muscular arterioles and
feeding arteries were successively occluded using
lipiodol ultra-fluid (LUF), sinobufagin microsphere
(SBMs) and particles of gelatin sponge (PGS). In this
series of 80 cases, therapeutic effects were evaluated
in 76 cases.

RESULTS There were 22 cases (28.9%) with
partial response and 41 (53.9%) with minor response
in the 76 evaluated patients. The 6-month, 1-year, 2-
year and 3-year survival rates were 97.4%, 86.8%,
46.1% and 27.6% respectively.

CONCLUSION This regimen was a rational
chemoembolization method for HCC patients.
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INTRODUCTION

Transcatheter arterial embolization was
recommended for the treatment of unresectable
HCC in the 70s. Recently, various embolic
materials and anticancer agents have been
developed. But these methods still have some
unsolved problems such as the level of tumor vessels
embolization, selection of embolic agents and
anticancer drugs, etc. Therefore, we devised the
three-segment chemoembolization of the tumor
vassels (TSCTV ) wusing lipiodol ultra-fluid,
sinobufagin microsphere and particles of gelatin
sponge for the treatment of HCC patients. The
results of the clinical trialsare reported below.

MATERIALS AND METHODS

Patients

Eighty consecutive patients with HCC were
observed from March 1990 to March 1992. There
were 72 maes and 8 females, aged from 24 to 69
years (average 49 years). None of them underwent
chemotherapy before. The diagnosis of HCC was
established by variousimaging techniques (including
ultrasonography, US; computed tomography, CT;
magnetic resonance imaging, MIR; and hepatic
angiography, HAG;) and serum apha-fetoprotein
(AFP). The histologic diagnosis was made in 10
cases.

The cases were classified into four stages
according to the Manual for Staging of Cancer(, 2
cases as stage | (2.5%), 6 cases as Stage Il
(7.5%), 62 as Stage Ill (77.5%), and 10 as Stage
IV (12.5%). The serum AFP levels were greater
than 400pg/L in 42 cases (52.5%). Hepatitis B
surface antigen was positive in 62 cases (77.5%).
The characteristics of these patients are shown in
Tablel.

Response criteria

The clinical response to the treatment was assessed
objectively by the change in tumor size, which was
estimated by US, CT and MRI before and after the
therapy. The reduction in tumor size was measured
at the same image level, presenting the maximum
diameter. In cases of the multiple tumors, the
largest mass was measured in the same way!?.
Response criteria were defined based on the
reduction of the perpendicular diameter in the
tumor as follows. (DA complete response was total
disappearance of tumor; @A partial response was a
reduction in tumor size of more than 50%; 3 A
minor response was a reduction of 25% to 50%; (4
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No change was a change in tumor size less than +
25%; (BProgressive disease was an enlargement of
more than 25%. Response criteria were determined
once a month for 6 months after TSCTV. Response
criteriahad to be maintained for at least amonth.

Preparation of chemoembolization agents
SBMs were prepared in the department of pharmacy
of our college. The drug microsphere, with a mean
diameter of 200um, was composed of approximately
6% (w/w) of sinobufagin in gelatin®. The doses of
embolic and anticancer agents were determined by
thetumor size and degree of liver dysfuction.

Usualy, 10ml - 20ml LUF and 50 mg- 100 mg
SBMswere used when the tumor diameter waslessthan
10cm, and 20 ml - 30 ml and 100 mg - 200 mg
respectively when the tumor size was morethan 15cm.
The doses of the anticancer drugs were aclarubicin
(ACR) 50 mg and cir-diaminedichloroplatin (CDDP)
80 mg. For patientswith poor liver function anti-cancer
drug doses should be reduced. The anticancer drugs
were divided into two portions of samedose. A portion
was suspended in LUF to make emulsion, the other
portion was mixed in 10 ml of radiopaque contrast
medium and SBMsto form mixture. The PGS, with a
mean diameter of 1mm, was prepared in our
|aboratory.

TSCTV

TSCTV was performed through the femora artery
using the technique of Seldinger. A 6.5-French
(Cook Co., USA) angiographic catheter was
inserted superselectively into the hepatic artery
feeding thetarget tumor.

Initially, the emulsion of the LUF and
anticancer drugs were dowly infused till the vessels
within tumors were filled. Subsequently, the
microsphere mixture was gently infused till the
tumor arteries completely disappared. Findly, the
PGS, approximatly 1 g - 2 g, were infused until the
feeding artery of the tumor was occluded. All of
these procedures were performed under fluoroscopic
guidance to avoid the refluence or spill-over of the
embolic agents and anticancer drugs. The second
therapy was performed about a month after the first
TSCTV. TSCTV was repeated at 3 - 8 months
depending on the patients' condition. This therapy
should be carried out immediately if any of the
followings appeared: increase in tumor size,
occurrence of new focus within the liver, inadequate
accumulation of LUF in the tumor, reelevation of

serum AFP  (>200pg/L) or GGT (r-
Glutamyltranspeptidase>350ug/L).
RESULTS

TSCTV courses and drugs doses

A total of 240 courses of TSCTV were performed,
averaging 3 courses per patient, with arange of 1to 6
courses. Fifty-six cases (70%) underwent more than 3
courses. The mean dose of embolic agents and

anticancer drugsin TSCTV areshownin Table 2.

Response

Of 80 patients, 4 was excluded from this study
because surgical operations were performed about a
month after TSCTV. The remaining 76 patients
(95%) were evaluated for responses. According to
the response criteria, 22 (28.9%) had partial
response, 41 (53.9%) minor responses, while no
change in 10 cases (13.1%) and progressive diseases
wereobserved in 3 (3.9%) cases (Table 3). The state of
thetumor reduction maintained 4.5t049 months. The
liquefaction and necrosiswithin tumors occurred in 60
(79%) cases after thefirst TSCTV. The necrosis area
ranged from 2.5 cmto 6.5 cm (mean 3.8 cm x 3.2 cm).
The second hepatectomy was performed in 6 cases
within 3 - 6 months after 1 - 3 coursesof TSCTV. The
focuses were resected in 5 (6.6%) of 6 cases. The
histological examination demonstrated that there were
massive coagulation necrosis and fibrosis of tumor
tissueinal cases. Noliving tumor cellscould beseenin
the specimensin 2 cases (Figure 1).

Survival rate

The gtarting point was defined as the day O initia
TSCTV therapy. The 6-month, one-year, 2-year
and 3-year survival rates were 97.4% , 86.8%,
46.1% and 27.6% (Table4). The longest survival
time was up to 49 months. During the disease
palliation phase, the life quality of the patients with
tumorswas satisfactory.

Tablel Clinical characteristcs of patients with hepatocellular
carcinoma

Average age in year (range) 49(24-69)

Sex (male: female) 72:8
Serum AFP level (umol/L)

<50 18(22.5%)
50-399 20(25%)
>400 42(52.5%)
HBsAg+ 62(77.5%)
TBILT(mg/L) 16.9+ 6.0
ALT(u/1) 68.9+36.6
ALB(g/L) 38.4+ 4.4
Child’s grade (a:b:c) 30:47:3
Stage (1:11:111:1V) 2:6:62:10

TBILT: bilirubin, ALT: glutamic-pyruvic transaminase, ALB:
albumin.

Table2 Mean doses of embolic agents and anticancer drugs
Embolic agents Anticancer drugs
TSCTV No of
courses patients  SBMs LUF SB ACR CDDP
(mg) (ml) (mg)  (mg) (mg)
1 80 145.0 223 8.7 418 80.0
2 72 114.3 13.7 6.9 379 75.6
3 56 107.8 15.4 6.5 40.8 76.4
4 24 91.7 11.7 55 40.0 80.0
5-6 6 100.0 11.2 6.0 40.0 80.0
Mean 240 111.8 14.9 6.7 40.1 78.4

SB: Sinobufagin
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Table 3 Response to TSCTV in evaluated patients

Stage CR PR MR NC PD Total
I 0 0 0 0 0 0
1 0 0 2 2 0 4
1 0 22 36 0 62
v 0 0 3 4 3 19
Response 0 22 41 10 3 76
Percentage (0%) (28.9%)  (53.9%) (13.1%) (3.9%)

Table 4 Survival of 76 patients undergoing TSCTV
No of survival (year)

Stage No of patients
05 1 2 3
I 0 0 0 0
1 4 4 4 3 2
1l 62 62 60 32 19
v 10 8 2 0 0
Total 76 74 66 35 21
Percentage (97.4%) (86.8%) (46.1%) (27.6%)

Laboratory examinations

The liver function, peripheral white blood cell
counts, platlet counts and AFP level were examined
before and after TSCTV (1, 2 and 4 weeks). The
serum AFP, which was more than 200 pg/L before
treatment in 62 patients, apparently fell in 58
patients (94%) about 2 weeks after TSVCTV.
Serum AFP was lowered to normal (AFP < 200 pg/
L) after 2-4 courses of TSCTV in 28 (48.3%)
cases. The changes of serum AFP level in 42 cases
(AFP>400 pug/L) areshowninFigure 2. The ALT leve
showed dropping tendency aweek after TSCTV and
then, elevated again in some patients after 2 - 3 weeks.
The peripheral WBC of al patients increased after
first TSCTV, <3.5x10%L in 2 cases after the third
TSCTV. The results of laboratory examinations are
showninFigure3.

Side effects and complications

The postembolization syndrome (including fever, right
hypochondrium pain, and nausea and vomiting) was
seeninal patientsafter TSCTV. The serious degree of
the syndrome was strongly correlated with the area of
theliquefaction and necrosiswithin tumor and the doses
of the embolic agents and anticancer drugs. After the
firg TSCTV, thesyndrome was severein some patients
and generaly maintained 1to 3weeks. Theside effects
and complicationsof TSCTV areshownin Tableb5.

Table 5 Side effects and complications

Figure 1

necrosis and fibrosis in tumor.

Vi

The resected specimen showing massive coagulation

Incidence
Side effects and complications No.(%)
Fever 38-39°C 71(88.7)
>39°C 18(22.5)
Nausea and vomiting 60(75.0)
Right hypochondrium pain 72(90.0)
Cholecystitisa 5(6.2)
Liver abscess 1(1.2)
Hapatic failure 4(5.0)
Ascites 6(7.5)

#The floccule was found in gall bladder by US
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Figure2 Serum AFP levels in 42 cases (AFP > 400pmol/L)

after TSCTV, assuming that pre-embolization value was 100%
(¥ TSCTV treatment).

Figure3 Changes in blood chemical data after first TSCTV (pre:
level before TSCTV; W: week; *: normal range)
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Figure4 A. The hepatic right artery derived from superior mesenteric artery after TSCTV was performed. The left hepatic artery derived
from gastroduodenal artery and supplying left and lower 1/3 of the tumor, to prevent embolic agents reflux, lipiodol chemoembolization
(LCE) was performed.

B. The tumor vessels disappeared completely and the lipiodol accumulated within tumor after embolization.

C. The lipiodol was obviously washed out in the LCE area after 4 months, TSCTV and LCE were repeated.

D. The lipiodol was washed out fourth in the LCE area after 6 months.

E. LUF5mland SBMs 50mg were infused through hepatic left artery, the tumor vessels completely disappeared, the LUF accumulated
in the LCE area.

F. The tumor obviously shrank (PR) and lipiodol accumulated within tumor after 19 months.

DISCUSSION
According to the electronic microscopic observation,
the arterial system of the HCC is composed of three
kinds of successive vessels. There are massive
, neonate capillary networks within tumor consisting
L Y of singlelayer endothelium cells. Its angiographic
e imaging is revealed as vascular mass. The successive
vessels are muscular arterioles with diameters of
about 100 pum - 250 um. There are extensive arterio-
portal vein shunts in these massive neonate vessels.
The blood flow of the porta vein might reflux into
: the empty arterioles through these shunts as soon as
L the feeding arteries are occluded. The blood supply
' of the tumor renews in short time so that the
inhibiting effect in tumors disappear soon. The
successive feeding arteriol s usually become wide and
Figure 5  The necrosis of the gallbladded mucosa. tortuous and are accompanied by “stealing blood”
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phenonenon®®. In light of the vessels anatomy, we
designed the TSCTV method. There are severa
possible mechanisms of TSCTV that can prolong the
survival rates: (UThe capillary networks, muscular
arterioles and feeding arteries of the tumor are
successively occluded using three embolic agents of
va-rious diameters and properties so that direct
ischemic changes within tumors are caused by liquid
embolic agent, LUF, and solid embolic agent, SBMs;
whileproper occlusion of feeding arteriessurrouding the
tumor isalso encountered by expansive embolic agent,
PGS. Thus, theocclusionof tumor vesselsismorerationa
and complete. @The less viscosity and better
compatibility of LUF are favourable to occlusion of
capillary networks in tumor and dispersion of
anticancer drugs into oil phasel®. 3By complex
chemical crosslinking, the degradation of the gelatin
microsphereisdelayed in vivo. After infusion, SBMs
can block blood flow, delay the “washout” of LUF
(Figure 4), prevent reflux of the portal vein blood
and, smultaneoudy, dowly releave the drug localy.
@While occluding feeding and collateral arteries of
the tumor, the PGS can avoid the refluxing of
embolic agents and anticancer drugs into gallbladder
and gastroduodenal arteries, resulting in severe side
effectd”. (5Because anticancer drugs suspended in
LUF and SBMs, forming the structure of “three-ply-
board” after infusion introduced as regional
chemotherapy, anticancer drugs seemto bedelivered to
and accumul ated selectively within the tumort®9, ®
Sinobufacin, as an anticancer drug of Chinese
traditiona materids, has its own efficiency on HCC
treatment, which is superior to fluorouracil. The
drug can cause vessels inflammation and the
remarkable endovasculitis and leading secondary
embolization in the embolized vassels, enhancing
the effect of arteria occlusion. In addition, the
drugisvery effectivefor cardiotonic, diuresis, antisepsis,
analgesia and increased peripheral white blood cells,
enhancing body immunofunction, etc®. These
complementary pharmocologic effects can augment
the therapeutic effects and reduce systemic side
effects. ACR and CDDP are, at present, a better
combination of chemotherapy, and have synergistic
anticancer effectd”. ©This method caused relatively
mild, damageto liver and renal functions so that it is
acceptable to most patients.

The outcomes of our clinical tria demonstrate
that TSCTV can significantly improve the
completeness of the tumor vassels occlusion, the
area of li-quefaction and necrosis of the tumor, stay
time of embolic agents within tumor vessels, partial
response rate and survival rate, as compared with
thetreatment using microsphereor lipiodol aone.

It was found that after occlusion, the collateral
circulation occurred sooner or later in most tumors.
Where there was vessels occlusion, there was the
formation of collateral circulation. Therefore,
occlusion should be performed until the tumor vessel

completely disappeared in each course of treatment
50 that the extensive and fast necrosis of the tumor
cells can be induced. The necrosis of tumor cells
might result in high response rates, survival rates
and prevent metastasis within the liver®l. The
doses of embolic agents should be modest, as
excessive embolic agents might cause reflux and side
effects.

Tumor progression occurred in some patients
with time. Timely re TSCTV could usually inhibit or
prevent the tumor progression. Therefore, repeated
TSCTV was very important in ensuring the-rapeutic
effects. We found that more than 3 couses of TSCTV
was essential.

However, the effect of TSCTV was not so
satisfactory instagelV patients, especialy inthosewith
tumor thrombus of the major portal bronchus. In our
study, therewere 4 cases of hepatic failure. Therefore,
thismethod should becarefully adopted in those patients.

The post-embolization syndrome was significant
by this method. The causes might be as follows: O
Complete occlusion of the tumor vessels resulted in
remarkablenecrosisof thetumor; @ Sinobufagin caused
the vasculitis of the embolized vessels; and @The
embolic agents and anticancer drugs refluxed into
gallbladder artery, leading to necrosisof the gall bladder
mucosa ( Figure5). To prevent the occurrence of
the second liver abscess and cholecydtitis, it was
essentid toadminister sufficient antibioticsafter TSCTV.

In conclusion, based on anatomy of the vessels,
TSCTV combines with the advantages of the three
embolic agents so that occlusion of the tumor vessels
was more complete and rational. The embolization
effect was strengthened by SBMs causing
endovasculitis and second occlusion. The structure
of the “three-ply-board” can form a high
concentration region of anticancer drugs. Three
anticancer drugs complement with each other in
pharmocologic action, thus augmenting the
anticancer effect and reducing systemic side effects.
From these results, it is concluded that the TSCTV
isaideal therapeutic regimen for HCC patients.
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