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Abstract

AIM: To analyze the influence factors and formation of
extrahepatic collateral arteries (ECAs) in unresectable
hepatocellular carcinoma (HCC) with or without chemoe-
mbolization.

METHODS: Detailed histories of 35 patients with 39 ECAs
of HCC and images including computerized tomography
scan, digital subtraction angiography were reviewed
carefully to identify ECAs of HCC, ECAs arising from, and
anatomic location of tumors in liver. Tumor sizes were
measured, and relations of ECAs with times of chemoemb-
olization, tumor size, and the anatomic tumor location
were analyzed. Complications were observed after chemoemb-
olization through ECAs of HCC with different techniques.

RESULTS: Influence factors of formation of ECAs of HCC
included the times of repeated chemoembolization, the
location of tumors in liver, the tumor size and the types
of chemoembolization. ECAs in HCC appeared after 3-4
times of chemoembolization (17.9%), but a higher
frequency of ECAs occurred after 5-6 times of chemoem-
bolization (56.4%). ECAs presented easily in peripheral
areas (71.8%) of liver abutting to the anterior, posterior
abdominal walls, the top right of diaphragm and right kidney.
ECAs also occurred easily after complete obstruction of
the trunk arteries supplying HCCs or the branches of proper
hepatic arteries. Extrahepatic collaterals of HCC originated
from right internal thoracic (mammary) artery (RITA, 5.1%),
right intercostal artery (RICA, 7.7%), left gastric artery
(LGA, 12.8%), right inferior phrenic artery (RIPA, 38.5%),
omental artery (OTA, 2.6%), superior mesenteric artery
(SMA, 23.1%), and right adrenal and renal capsule artery
(RARCA, 10.3%), respectively. The complications after

chemoembolization attributed to no super selective cathet-
erization.

CONCLUSION: The formation of ECAs in unresectable HCC
is obviously correlated with multiple chemoembolization,
tumor size, types of chemoembolization, anatomic location
of tumors. Extrahepatic collaterals in HCC are corresponding
to the tumor locations in liver.
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INTRODUCTION

Malignant liver tumors have a very poor prognosis. Primary
hepatocellular carcinoma (HCC) is usually fatal, less than 5%
of patients with HCC could survive five years after diagnosis.
Although sutgical resection is the standard treatment for HCC,
disease-free survival of patients after curative resection of
HCC remains poor due to the high recurrence of interhepatic
tumot!™. Most patients with HCC wete at its advanced stage
and would miss the optimal chance of operation. Therefore,
the median survival time was only 4-6 mo for patients with
unresectable tumorsP¥. Systemic chemotherapy is relatively
ineffective with a low response rate (20%), however, the
mortality rate was up to 25%5.

Transcatheter selective arterial treatment of liver tumors
with chemotherapeutic and embolic agents (transarterial
chemoembolization, TACE) for patients with unresectable
HCC has been widely used as an effective therapeutic method,
ot as an alternative palliative treatment”"". The results wete
supetior to those of surgery in some seties of patients with
advanced HCCI™.,

TACE cannot be considered as a radical treatment of
HCC (even for diseases in the eatly stage), because primary
malignant liver has an invasive growth pattern and can infiltrate
into patenchyma through tumor capsules. Additionally, the
efficacy of chemoembolization may descend after repeated
TACE. One of the important factors affecting chemoemb-
olization effect is the insufficient suppression of formation
of extrahepatic collateral arteries(ECAs) in HCC. Malignant
tumor tissues often acquire blood from ECAs, when normal
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supply from hepatic arteries is obstructed with TACE,
occurring after multiple chemoembolization of unresectable
HCC". The influence factors and the formation of parasitic
arteries in HCC were analyzed.

MATERIALS AND METHODS

Patients

Medical histories and records of 35 patients with untresectable
HCCs, who developed extrahepatic collateral circulations
after multiple TACE, were reviewed from July 1997 to Feb
2004. Of the 35 patients 33 were males (aged from between
31 to 71 years), two were females (aged between 45 and
65 years). Most patients with HCC had a relatively good
hepatic function reserve without absolute contraindications
for chemoembolization, hepatic function reserve of Child’s
class was grade A in four cases, grade B in 29 cases, and
grade C in two cases. The sizes of HCC varied from 3.5 to
13 cm in diameter, with an average diameter of 6.5 cm.
Tumor sizes were estimated by computerized tomogram
(CT) scan or digital substraction angiography. Tumor
marker level of HCC (a-fetoprotein, AFP ) was observed
periodically pro-and post-chemoembolization with double
radioimmunoele-ctrophoresis.

Means of identifying ECAs

Additional angiographies were performed besides regular
celiac arteriography and superior mesenteric arteriography
to identify ECAs, if the signals suggested formation of
extrahepatic collaterals in HCC located in peripheral regions
of liver abutting to anterior or posterior thoracic wall, right
inferior diaphragm, and falciform ligament on CT scan, or
HCCs showed defects of tumor staining on arterial angiogram.
Additional angiographies included super selective arteriography
of LGA, RITA, low RICA, RIPA, and sometimes right renal

artery.

Criteria of tumor anatomic location

The criteria of tumor anatomic location were assessed by
CT scan. Peripheral HCC means that tumors were adjacent
to bare area and subcapsules in liver, whereas, central HCC
means tumor located in the center of liver, being away from
subcapsules or bare area on CT scan.

Administration patterns of chemoembolization

Most patients had undergone repeated chemoembolization
before HCC formed extrahepatic collaterals in liver. The
chemoembolization were typically performed in three steps
as the following:

Firstly, regional chemotherapeutic perfusion to HCC was
done with a combination of anticancer agents: the chemoth-
erapeutic drugs 5-Floxuridine (5-FU) 750-1 000 mg and
Cisplatin (DDP) 60-80 mg were dissolved in 50-100 mL

normal saline, respectively, then the solutions were separately
perfused slowly into hepatic arteries and parenchyma of
tumors within 30 min through catheters.

Secondly, chemoembolization of HCC was followed by
the emulsion of iodized oil mixed with chemotherapeutic
agent (Epirubicin, 40-60 mg). Iodized oil:Epirubicin: contrast
medium were 5 mL:8 mg:1 mL, and a single dose of
emulsified mixture ranged from 6 to 15 mL in chemoem-
bolization, which depended on volume, numbers and rich
stain of tumors after angiogram.

Finally, blood supply HCC were occluded in different
ways: One was a selective occlusion of right or left hepatic
arteries with absorbable gelatin sponge articles according to
tumors in left or right lobe, if arterial portography showed
no tumor thrombi blockage of main port vein; another was
an occlusion artery of HCC with gelfoam powders of
diameter 50-100 pm.

Chemoembolization of HCC had been almost finished
with 5 F (French size) catheters before ECAs were found.
However, if ECAs were found after multiple TACE, chemo-
emolization of HCC was mainly completed with transmi-
crocatheter via ECAs.

RESULTS

Level of AFP in seven cases persistently increased after
multiple chemoembolization before ECAs were found in
the follow-up petiod, which rose from 620-1 250 pg/L. It
usually implied that ECAs in HCC had formed. Then the
formation of ECAs was frequently proved by additionally
supet-selective angiographies, besides angiograms in celiac
arteries. Many factors could result in the formation of
ECAs, which involved times of chemoembolization, tumor
size, anatomic location of tumors in liver, and initially patterns
of chemoembolization, efc.

Of all the 35 patients, 31 had accepted repeated chemo-
embolization of HCC before 37 ECAs (94.9%) among
them were found by arteriogram; only three (7.7%) ECAs
initially existed in HCC, which were diagnosed by
enhanced CT scans before they underwent first
angiogram and chemoembolization (Table 1). The data
of Table 1 demonstrate that HCCs more easily formed
extrahepatic collaterals after repeated treatments with
TACE, especially after four-time chemoembolization than
that before first chemoembolization of HCC and after
few times of TACE.

After repeated chemoembolization, most of the ECAs
in HCC, 76.9% (30/39), formed among the tumors whose
sizes ranged from 5 to 10 cm (5<~<10 cm) in diameter,
17.9% and 5.1% (2/39) among those sizes <5 cm and
>10 cm, respectively. It suggested that tumor size was one
of the crucial factors forming ECAs in HCC after multiple
chemoembolization, as well.

Table 1 Incidence of formation of ECAs occurred in different sizes of tumors and different times of TACE

Tumor size (cm)

Times of chemoembolization

<5 <10 10<

0 1-2 3-4 5-6 7-

Incidence of EHCA (%)  17.9(7/39) 76.9 (30/39) 5.1(2/39)

7 (3/39)

513 (2/39) 17.9 (7/39) 56.4(22/39)  12.8(5/39)
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Table 2 Incidence of ECAs of tumors occurred in different anatomic areas in liver and from different origin

Location of tumor Origination of ECAs
Peripheral ~ Central RITA RICA LGA RIPA SMA OTA RARCA
Incidence 71.8 28.2 5.1 7.7 38.5 231 2.6 10.3
of EHCA (%)  (28/39) (11/39) (2/39) (3/39) (5/39) (15/39) (9/39) (1/39) (4/39)

Thirty-nine ECAs of HCC in 35 patients originated from
RITA, RICA, LGA, RIPA, OTA, SMA, and RARCA,
respectively (Table 2). Tumors that formed ECAs in peripheral
and central areas in liver was separately 71.8% (28/39)
and 28.2% (11/39). The formation of ECAs closely related
to the location of HCC in edge liver: tumors adjacent to
anterior abdominal wall usually acquired collateral supply
from RITA, 5.1% (2/39); OTA, 2.6% (1/39); partial SMA,
15.2% (6/39); RIPA, 12.8% (5/39). HCC abutting the right
lateral or posterior abdominal wall frequently obtained
extrahepatic collateral supply from RICA, 7.7% (3/39);
partial RIPA, 6.7% (2/39). RIPA were main sources of
ECAs in HCC, when tumors located in the top of right
diaphragm, 20.5% (8/39). A few tumors in liver adjacent to
right adrenal gland and kidney were more often fed by RARCA,
10.3% (4/39). All those mean that the anatomic location
of tumors in liver was also an important factor for formation
of ECAs in HCC. It was easier for HCCs to form ECAs in
the periphery than in the central part of the liver after multiple
chemoembolization.

Patterns of chemoembolization influenced the formation
of ECAs in HCC, as well. 30.8% (12/39) ECAs in HCC
appeared between the first and the fourth chemoembolization,
which occurred relatively early during the whole course of
treatment after occlusion of the proximal arteries supplying
tumors and proper hepatic arteries with gelatin sponge
articles through 5 F-catheter. Whereas, chemoembolization
was performed with emulsion of iodized oil mixed with
anticancer drugs and then followed by gelfoam powder
blocking blood feeding of tumors and distal branches of
hepatic arteries trans-microcatheter, ECAs in HCC frequently
came into being latterly (after fifth chemoembolization),
but the incidence of ECAs of HCC was relatively higher,
69.2% (27/39).

Only 11 ECAs in tumors were successfully embolized
with 5 F catheter, which were 5 SMAs, 4 RIPAs and 2 LGAs,
respectively; 28 ECAs were performed with 3 IF microcatheter.
Complications appeared in four patients, two had persistent
hiccups for a week after chemoembolization of RIPA with
5 F-catheter, one with portal venous tumor thrombi had
aggressive hepatic failure and hepatic encephalopathy in 3
d after occlusion SMAs with 5 F catheter, one had erythema
of skin after embolization of RITA with microcatheter, in
which the tip of microcatheter could not reach the distal
end of extrahepatic collateral artery.

DISCUSSION

TACE has been considered as an effective treatment for
unresectable HCC or as a compensation of postoperatively
recurrent HCC nowadays!*", sometimes, even as an alternative
for resectable HCCI'®l,

Volume of HCC could not be reduced, moreover, it
became larger and hepatic function reserve got worse than
ever before, and the serum level of tumor marker for HCC
(AFP) continuously increased after repeated chemoembolization
in some patients. All those suggest that HCC might have formed
the ECAs in liver after multiple chemoembolization, which
was usually neglected, and the above changes could not be
considered as signals of ECAs formation in HCC. In our
documents, persistent increase of serum AFP level in some
patients after repeated chemoem-bolization had not been
connected with the formation of ECAs in HCC until
additional angiograms were performed in the following
procedures. ECAs in HCC might have existed and could
have been neglected in past treatments, they also probably
formed in interphases of chemoembolization. Therefore, we
can regard the changes as messages of ECAs possibly
forming in HCC after TACE.

As the incidence of ECAs in HCC concerned, Li e a/™'7,
reported that extrahepatic blood supply tumors could be
found in 43.1% patients with unresectable HCC; Okazaki
et al"*"), showed that one or more focuses of interhepatic
recurrence of HCC after hepatectomy in 38.2% patients
(26/68) were fed not only by hepatic arteries but also by
ECAs; another article reported that ECAs forming in HCCs
only reached 11.4% (19/167)% Although it was very different
among reported articles that the incidence of ECAs forming
in HCC occurred after chemoembolization, it was still high
and ECAs had influenced the efficacy of chemoembolization
of unresectable HCC. So it needs us to pay more attention to
tind out and process ECAs in HCC after multiple chemoem-
bolization.

Finding out ECAs of HCC becomes the crucial factor to
consolidate and further enhance the effect of interventional
therapy of HCC after obstruction of main blood supply to
the tumors. Therefore, it is necessary for performers to fully
understand variant anatomy of normally hepatic arteries,
especially to know where ECAs in unresectable HCC potentially
originate from after multiple chemoembolization®. Our
data demonstrate that ECAs feeding HCC mainly come from
the right inferior phrenic arteries and the superior mesenteric
arteries, both accounted for more than half of the 39 ECAs.
The results also showed that ECAs in HCC could originate
from the left gastric arteries and the right adrenal and renal
capsular arteries, which should not be neglected. Some
extrahepatic collaterals in HCC were relatively uncommon
such as arising from the right internal thoracic arteries, right
intercostal arteries and omental arteries. All styles and the
incidence of formation of ECAs in HCC in this article were
almost consistent with the data reported by Chung®. ECAs
in HCC, however, could be rarely found by routine celiac
arterial angiogram™2), particularly, the origination of ECAs
in HCC from right renal arteries was occasionally displa-
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yed?#7. The ECA in one case of our data was found originating

from the right renal artery by chance, because the tip of
the catheter rebounded back to abdominal aorta from celiac
artery while injecting the contrast medium (Figure 1). Therefore,
it is necessary for us to consider superior mesenteric arterial,
right inferior phrenic arterial, left gastro arterial and right
renal arterial angiograms as regular processes in the course
of next treatment after multiple chemoembolization. Selective
right internal thoracic arteries and right intercostal arteries
angiographies may be concerned when there exist potential
factors of ECAs form in HCC, such as signs of filling defects
in tumors during capillary phase after injection of contrast
median, insufficient ethiodized oil retention, and tumor
located in the periphery of liver. Sometimes enhanced CT
scan or serum level of tumor marker (AFP) during follow-
up may also be regarded as clues to finding those potential
extrahepatic collaterals. Enhanced CT scan often showed
that ECAs in HCC appeared around the liver under capsula
tibrosa (Figure 2).

Figure 1 A and B: the same case. A: ECA of HCC originated from right renal
artery (arrow); B: Tumor was fed by hypertrophy ECA from right renal artery
(arrow).

Figure 2 A: Pro-chemoembolization, enhanced CT scan showed ECA of HCC
under subcapsule of liver (arrow); B: Ethiodized oil stayed at tumor area via the
ECA of HCC after chemoembolization

Anatomic location of HCC in liver determines the
formation and styles of ECAs in tumors. Some advanced
or superficial tumors of liver often get arterial blood from
adjacent organs after the multiple procedures!*). Our findings
demonstrate, as well, that HCCs located in the peripheral
areas (71.8%) are easier to form ECAs than that located in

the center regions (28.2%) in liver. Each artery supplying
normal tissues or organs abutting superficial HCC in liver
might become a latent ECA of HCC, when main blood
supply to tumors from left or right hepatic arteries is
completely occluded after chemoembolization. Thus, ECAs
in HCC variedly originated from RITA, RICA, RIPA, LGA,
SMA, OTA and RARCA, which was the anatomic location
of tumors in liver that decided what kind of styles of ECAs
emerged post-chemoembolization*,

Our findings showed that the incidence of ECAs in HCC
began to increase after the third ot fourth chemoembolization
(17.9%), and reached the highest after the fifth or the sixth
chemoembolization. Significant differences presented at
different times of chemoembolization. This suggests that
there might be a close correlation between ECAs in HCC
and times of chemoembolization. The more the times of
chemoembolization, the higher the formation of ECAs in
HCC. However, the rate of ECAs in HCC accounting in
the whole group reversely descended (12.8%) after the seventh
chemoembolization. The reason why the formation of ECAs
in HCC decteased after too many times of chemoembolization
might be caused by the reduction of the survivals with
advanced HCC after repeated interventional therapy and
decrease of the numbers of patients who could not bear
further chemoembolization due to poor functional reserve
after the seventh TACE.

There a phenomenon appeared when we analyzed the
relationship between ECAs in HCC and tumor size. The
ECAs forming in HCC was positively proportional to tumor
size which was lesser than 10 cm in diameter, and was
negatively proportional to the size which was larger than
10 ¢m in diameter. The reason used to illustrate how many
times chemoembolization increased and the formation of
ECAs decreased in HCC after the seventh TACE also could
be used to explain why the negative proportion of ECAs
appeared when tumor size was larger than 10 cm in diameter.

Generally speaking, we could conclude that the rate of
ECAs forming in HCC was also closely correlated to tumor
size as well as times of multiple chemoembolization.

If complications were reduced as quickly as depended
on occlusion of ECAs in HCC without blocking the branches
supplying normal tissues and organs when we wanted to
make further treatment of ECAs after TACEP®. After multiple
chemoembolization, most superficial tumors acquired the
extrahepatic arterial blood which supplied adjacent organs
and tissues. Micro-catheters must be used in super selective
chemoembolization if ECAs originate from right kidney,
inferior phrenic, internal thoracic, omental, and intercostal
arteries. Those branches are usual tortuous and hypertrophy
is not enough to pass common size catheters (5-6 F) to distal
of ECAs (Figures 1 and 3). So, complications often occur
after the chemoembolization without avoiding the blood
supplying normal tissues™ ). Obstinate hiccups, progtessive
loss of hepatic function reserve, and even hepatic encepha-
lopathy appeared in our findings, which was attributable to
chemoembolization with 5-6 FF catheter resulting in occlusion
of blood feeding normal tissues. The erythema and the
necrosis of skin after chemoembolization were not uncommon
even with the tip of microcatheter placed in distal intercostal
artery”’l. Thus, it is important to recognize that not all such
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vessels can be safely treated without the risk of injury of normal
tissues, or even more important organs. Indications recomm-
ended for embolization of these extrahepatic collaterals is
the “back of the room” rule, which means that tumor blood
supply from these vessels is obvious and super selective
catheterization*". However, it is worthwhile for patients
with advanced HCC to take the risk if we carefully occlude
ECAs of tumors with a much thinner tip of microcatheter
such as neurointerventional microcatheter (Figure 4)P*37,

Figure 3 ECA of HCC originated from right inferior phrenic artery (arrow).

Figure 4 ECA (arrowhead)of HCC originated from omental artery (arrow).

In conclusion, our observations indicate that the styles
and the formation of ECAs in HCC are closely related to
multiple chemoembolization, supetficially anatomic location
of tumors, and tumor size. Extrahepatic collateral supply
HCC:s is necessary to be treated, but they should be carefully
embolized by superselective catheterization with microcatheter.
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