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Objective

To examine the usefulness of the authors’ method involving
preoperative transcatheter arterial chemoembolization fol-
lowed by hepatectomy.

Summary Background Data

The presence of portal vein tumor thrombus in a patient with
hepatocellular carcinoma is one of the most significant factors for
a poor prognosis. No standard therapy has been established.

Methods

Forty-five of 455 patients with hepatocellular carcinoma (10%)
from 1989 to 1998 were included in this study. These patients
had gross portal vein tumor thrombus but no distant metasta-
ses. The 23 patients (50%) who had indications for surgery
received preoperative transcatheter arterial chemoemboliza-
tion: 18 underwent hepatic resection and 5 underwent ligation
of the hepatic artery or portal vein on laparotomy. Among the
remaining 22 patients who did not have indications for hepa-
tectomy, 10 received regional chemotherapy and 12 under-
went transcatheter arterial chemoembolization.

Results

The mean duration of survival was 3.4 + 2.7 years in the 18
patients who received transcatheter arterial chemoemboliza-
tion and hepatectomy and 0.36 = 0.26 years in the 27 pa-
tients who did not receive hepatectomy. The survival rate of
the 18 patients who received hepatic resection with preopera-
tive transcatheter arterial chemoembolization was 82% at 1
year, 42% at 3 years, and 42% at 5 years. Portal trunk occlu-
sion by tumor thrombus, three or more primary nodules, an
indocyanine green retention rate at 15 minutes of 20% or
worse, and therapeutic choice other than hepatectomy were
significant predictors of a poor prognosis on univariate analy-
sis. Hepatectomy was the only factor that was significant on
multivariate analysis.

Conclusions

Patients may enjoy long-term survival if they receive hepatec-
tomy with preoperative transcatheter arterial chemoembolization,
when the number of primary nodules is no more than two, the
portal trunk is not occluded by tumor thrombus, and the indo-
cyanine green retention rate at 15 minutes is better than 20%.

Hepatocellular carcinoma (HCC) tends to invade the inwas 24.4 month3.Chemotherapy has not yielded satisfac-
trahepatic vasculature, especially the portal vein. In clinitory results. The median survival of patients with PVTT
cally treated series, the rate of portal invasion was 34% taho received systemic chemotherapy was reported to be 3.9
40%2 The natural history of untreated HCC is still poor, months, whereas that in patients who received regional

especially in patients with portal vein tumor thrombuschemotherapy was 9.2 monthsThe safety and effective-

(PVTT); the median survival of such patients was reportethess of transcatheter arterial chemoembolization (TACE)
to be 2.7 months, whereas survival in those without PVTFor these patients have been demonstrated in selected in-
stances, and the regression of portal thrombi has been
widely accepted, although the survival benefit for these
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degrees of PVTT are includéd*~**However, if the pa-

tients are limited to those with gross PVTT (PVTT in the
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portal trunk, its first-order branch, or its second-orderlCG-R15 was 10% or less, and less than a third of it could
branch), the 3-year and 5-year survival rates are reportedlye resected if it was 10% to 19%; patients with an ICG-R15
15% to 28% and 0% to 10%, respectivéfy'® In this  of 20% to 29% received Couinaud’s single segmentectomy
context, none of these therapeutic modalities has providedr lesst’*®
satisfactory results, and no standard treatment policy has Within these limitations, if oncologically radical surgery
been established. could be performed, the patients were selected for hepatec-

We assumed that if intrahepatic tumor spread could béomy. In general, patients in whom the main portal trunk
precisely evaluated by the injection of an iodized oil (Lipi- was completely occluded or HCC extended to all four
odol; Guerbet Laboratories, Aulnay Sous Bois, France), andectors were excluded from hepatectomy. Among the 45
if rapid growth of the tumor and PVTT could be interrupted patients with gross PVTT, 23 (50%) were selected for
by TACE, this combination therapy might enable us tosurgery according to these selection criteria.
select patients for hepatic resection and achieve improved Before surgery, all the patients underwent TACE. The
survival. During the past decade, we have treated patient®gimen for TACE has been reported elsewhérd@he
with gross PVTT using this combination therapy. To verify interval between TACE and surgery was 11 to 70 days
this assumption and to clarify the criteria for hepatic resec{average 30). Seruma-fetoprotein (AFP) and desg-car-
tion, we evaluated the long-term results and clinical andooxy prothrombin (PIVKA-2) level were analyzed 1 to 5
pathologic data. days before TACE and surgery in all patients.

The 23 selected patients underwent laparotomy for hep-
METHODS atectgmy: 18 patients underwent hepatic resection and the

remaining 5 did not undergo hepatectomy. The reasons for

From 1989 to 1998, 455 patients with HCC were admit-nonresection included liver involvement too extensive to
ted to the Division of Hepato-Biliary-Pancreatic Surgery, permit complete resection (four patients) and the presence
Postgraduate School of Medicine, University of Tokyo. Of of lymph node metastases (one patient). The treatments for
these, 45 patients (10%) were included in this study becaugbese five patients were ligation of the right hepatic artery in
they had gross PVTT either in the main portal vein, itsfour patients and ligation of the right portal vein in one
first-order branches, or its second-order branches, and hamhtient. One patient received portal embolization before
no distant or extrahepatic metastases, as verified by abdorhepatectomy to prevent postoperative liver failure. All of
inal ultrasound, computed tomography (CT), or angiograthese 18 patients underwent anatomical dissection using
phy. The existence of gross PVTT was confirmed his-Pringle’s maneuver. The surgical procedures undertaken
topathologically by resected specimens in 18 instances. Theere right or extended right hepatectomy €n 8), left
study population consisted of 41 men and 4 women with @epatectomy (n= 3), anterior segmentectomy (& 5),
mean age of 62 years (range 45-77). The hepatitis B surfaqgeosterior segmentectomy ¢ 1) and central bisegmentec-
antigen was positive in 8 patients (18%), and the hepatitis @omy (n= 1). In 13 of 18 patients, PVTT was located in the
antibody was positive in 18 of 31 evaluated patients (58%)resection area. In three patients, PVTT protruded into the
Both viruses were positive in one patient. The size andproximal portal vein beyond the resection line approxi-
distribution of HCC were diagnosed by ultrasound, CT, andmately 1 to 2 cm and was pulled out from the stump of the
angiography. Postarterial portography and color Doppleportal vein. In another two patients, PVTT extended into the
ultrasonography were performed to determine the size andhain portal trunk, so the right portal vein, the left portal
location of PVTT and impairment in portal flow. Intraop- vein, and the main portal trunk were exposed and were
erative ultrasound was the final diagnostic procedure irclumped to hamper PVTT, the portal vein was incised at the
patients undergoing laparotomy. Each nodule of HCC wasbifurcation of the right and left portal veins, and PVTT was
determined to be either a primary nodule or a daughteremoved. After confirmation that no PVTT remained, the
nodule (intrahepatic metastasis) according to Kanai et al’'stump was continuously sutured
criterial® Extrahepatic metastases were diagnosed by chest The therapeutic modalities for the 22 patients who did not
x-ray, chest CT, and bone scintigraphy. Liver functionalhave indications for surgery were regional chemotherapy in
reserve was assessed by serum biochemical data (total prb® patients from 1989 to 1991 and TACE in 12 from 1992
tein, albumin, total bilirubin (TB), prothrombin time) and to 1998. Regional chemotherapy was applied as follows:
the indocyanine green retention rate at 15 minutes (ICGunder epidural anesthesia, using the lateral femoral circum-
R15). Our criteria for hepatectomy were that ascites was ndiex artery, a heparin-coated catheter (Anthron P-U; Toray,
detected or was controllable by diuretics and the serum TB okyo, Japan) was inserted to the proper hepatic artery with
level was less than 2.0 mg/mL. The resection volume washe aid of fluoroscopy, and the port (Port-A-Cath; Pharma-
decided based on TB and ICG-R15. Patients with a TB levetia Deltec, St. Paul, MN) was placed at the lower abdomen.
of 1.1 to 1.9 mg/mL, or those with an ICG-R15 of 30% or The regimen of chemotherapy included one-shot infusion of
more were selected for limited resection or enucleation. It mg mitomycin C and 500 mg 5-fluorouracil on the day of
patients with a TB level of 1.0 mg/mL or less, two thirds of surgery, followed by a weekly infusion of 2 mg mitomycin
nontumorous liver parenchyma could be removed if theC and 250 mg 5-fluorouracil. The method used for TACE in
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Table 1. FEATURES OF HEPATOCELLULAR CARCINOMA AND HEPATIC FUNCTION

Hepatectomy Nonhepatectomy P Value
Number of primary nodules* .0007
1 14 9
2 3 3
3 or more 1 15
Distributiont .0006
1 segment 7 3
2 segments 8 7
3 segments 3 5
4 segments 0 12
Intrahepatic metastases .0123
No 7 7
1 segment 4 2
2 segments 5 1
3 or 4 segments 2 17
Size (cm) NS
Median (range) 5.3 (2-14) 7 (2-20)
Portal invasion .0015
Second-order branches 9 5
First-order branches 7 7
Portal trunk without occlusion 2 5
Portal trunk with occlusion 0 10
Hepatic vein invasion NS
Negative 14 22
Positive 4 5
Bile duct invasion NS
Negative 14 22
Positive 4 1
Median (range) Median (range)
Total protein 6.9 (6.0-8.0) 7.0 (6.0-9.8) NS
Albumin 3.6 (2.7-3.9) 3.4 (2.2-4.2) NS
Total bilirubin 0.6 (0.2-1.6) 1.2 (0.3-8.5)F .0007
Prothrombin time (%) 71.1 (57.8-100.0) 65.0 (46.0-88.2) .0311
ICG-R15 15.4 (6.0-35.1) 24.0 (6.1-74.7) .0135

ICG-R15, indocyanine green retention rate at 15 minutes.
* Excludes daughter nodules.

T Distribution of primary and daughter nodules.

1 Icteric-type hepatocellular carcinoma included.

these 12 patients was the same as that for preoperativevel of tumor markers (AFP, PIVKA-2) before TACE
TACE. versus afterward were compared by the Wilcoxon matched-
pairs testP < .05 was considered significant.

Statistical Analysis RESULTS

Overall survival analysis was performed on patients the features of HCC, biochemistry, and ICG-R15
grouped as a function of hepatectomy and other therapeutigroyped according to hepatectomy are shown in Table 1. In
modalities using the Kaplan-Meier (product-limit) method. the 18 patients who underwent TACE and hepatectomy, the
Survival curves were compared with the log-rank test. Amedian AFP 1 to 5 days before TACE was 1,447 ng/mL
multivariate Cox regression analysis was performed to iden(range 5-103,907) and that 1 to 5 days before operation was
tify significant contributors that were independently associ-471 ng/mL (range 5-22,851). The AFP level was signifi-
ated with death among the factors that were significant ogantly decreased by TACEP(= .0038). The level of
univariate analysis. The features of HCC, biochemistry, andPIVKA-2 was also decreased by TACP (= .001): the
ICG-R15 in the hepatectomy group and the nonhepatectommedian level was 1141 mAU/mL (range 63—80,000) before
group were compared using the Mann-Whitney test. TheFACE and 63 mAU/mL (range 63-15,620) afterward.
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= 2), and diaphragm (= 1). The time between hepatic
resection and recurrence in these 10 patients was 81 to 636
days (mean 233 days). Nine of the 10 patients with recur-
rence died of HCC, even though the recurrence in the
diaphragm was resected and the patient with recurrence in
the lung underwent limited resection. Seven of these 17
patients had not had a recurrence, but one died of colon
cancer 2 years and 4 months after the hepatic resection, and
no recurrence of HCC was observed at autopsy. The re-
maining six patients were alive without recurrence as of
September 1999, with survivals of 1.7 to 6.3 years. The
mean survival of the 18 patients who underwent TACE and
hepatectomy was 3.42 2.67 years, and the 3-year and
5-year survival rates were 42% (see Fig. 1). The relative risk
of death with the Cox proportional hazards model is shown
in Table 2. When the portal trunk was not occluded, there
was no significant difference in relative risk regardless of
where PVTT existed. When the portal trunk was occluded
Among the 27 patients who did not undergo hepatichy PVTT, the relative risk increased to 4R € .0021). On

resection, one patient was still alive as of this writing, 14.6multivariate analysis, hepatectomy was the only significant

months after the first TACE procedure. The remaining 26prognostic factor for a favorable prognosi € .0001).
patients died of HCC. The mean survival time of these 27

patients was 0.36 0.26 years; the 1-year survival rate was
7% (Fig. 1). These patients were grouped according t(PISCUSSION

therapeutic modalities. The mean survival time of the 12 Qur results show that patients who had HCC and gross
patients who received regional chemotherapy was/3387  PVTT had a mean survival of 3.42 years with TACE and
months, that of the 10 who received TACE was 4.8.7  surgery compared with 0.36 years in the nonhepatectomy
months, and that of the 5 who underwent ligation was%.2 group. The features of the tumors, the grade of portal
2.2 months. There was no survival difference in these threghrombus, and hepatic function differed between these two
groups (Fig. 2). groups. Seven of the 17 patients (41%) in the hepatectomy
In the 18 patients who underwent hepatic resection, ongroup have not had a recurrence; 1 patient has survived for
patient developed liver failure and died on postoperatives.3 years and 4 have survived more than 3 years; the longest
day 58 in 1990. The remaining 17 patients were dischargegurvivor in the nonhepatectomy group lived for 1.22 years.
without major complications. As of September 1999, 10 ofThus, the prognosis of patients with gross PVTT is not
17 patients had had recurrence in the liveri7), lung (N always grim. We believe one explanation for this low rate of
recurrence and the long survivals is the complete removal of
HCC nodules and PVTT. CT performed approximately 2
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804 % -=++ Non-Hepatectomy  (n=27)
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Figure 1. Overall survival of patients grouped according to whether

they underwent hepatic resection. There was a statistically significant
difference in survival (P < .0001).

™ Resional Chomoth "y weeks after TACE and intraoperative ultrasound played an
1 T e Chemot erapygﬁjoi important role. CT depicted small HCC nodules and PVTT
80 Lo .+ Ligation (n;s) by the accumulation of an iodized oil, greatly increasing the

sensitivity of the diagnosi& Careful examination by ultra-
sound and intraoperative ultrasound also greatly improved
the accuracy of diagnosfs:?? Another reason might be the
effects of TACE. Although it has been reported that TACE
prevented the growth of HCC into the portal vein and was
also effective in the regression of portal thrombus, the
survival benefit for these patients remains questionabfe.

In our series, the tumor makers such as AFP and PIVKA-2
were significantly decreased by TACE. Accumulation of
iodized oil in PVTT, not only in HCC nodules, was seen in

60!

40

Survival Rate %

20

Months

Figure 2. Survival rates of patients who did not undergo hepatectomy
stratified according to the therapeutic modalities: regional chemother-
apy vs. transcatheter arterial chemoembolization, regional chemother-
apy vs. ligation, and transcatheter arterial chemoembolization vs. liga-
tion. There were no significant differences.

many patients (Fig. 3), and necrosis of PVTT was detected
by pathologic examination. In this context, it seems reason-
able to suppose that TACE impaired the rapid growth of
PVTT until surgical intervention.

To clarify the influence of TACE on prognosis, a com-
parative study, such as patients who had resection without
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Table 2. RELATIVE RISK OF DEATH (COX PROPORTIONAL HAZARDS MODEL)

Univariate 95% Confidence Limits Multivariate 95% Confidence Limits
Variable RR Lower Upper P Value ARR Lower Upper P Value
Therapy <.0001 <.0001
Hepatectomy 1 1
Nonhepatectomy 13.3 4.4 40.2 10.9 3.2 37
ICG-R15 .0086 NS
<20 1
=20 2.7 1.3 5.5
Number of primary nodules .0013 NS
1or2 1
3 or more 3.3 1.6 7
Distribution* NS
1 or 2 segments
3 or 4 segments 1.9 1 3.8
PVTT .0012 NS
No portal occlusion 1
Portal occlusion 3.3 1.7 7.9
Degree of PVTT .0128
Second-order branch 1
First-order branch 1.2 0.5 2.9 NS
Portal trunk without occlusion 1.3 0.5 4 NS
Portal trunk with occlusion 4.1 1.6 10.1 .0021

RR, relative risk; ARR, adjusted relative risk; PVTT, portal vein tumor thrombus.
* Distribution of primary and daughter nodules.

TACE versus those with TACE, is necessary. The patientshe survival benefit of our treatment policy, randomized
who received hepatectomy alone did not exist in our serieszontrolled studies are necessary. However, no other thera-
however, the 5-year survival rates of patients who wergeutic modalities have provided satisfactory results. In our
treated with hepatectomy alone have been reported to be 0%udy, hepatectomy with preoperative TACE was the only
to 10%**>whereas the survival rate of patients undergo-factor that significantly predicted a favorable prognosis on
ing TACE in our series was 42%. It may be said that TACEmultivariate analysis. It is likely that our combination ther-
had a favorable effect on the prognosis. Of course, to justifiapy may be able to improve patient survival if the patients
are selected carefully. PVTT is one of the most important
factors in a poor prognosis, and such patients have a poor
prognosis overaft-® However, it is incorrect to exclude
these patients from hepatectomy for this reason. Instead, it
is important to select patients for whom survival can be
improved by surgery with preoperative TACE. In compar-
ing the hepatectomy group with the nonhepatectomy group,
most of the patients who underwent hepatectomy had one or
two primary nodules (except intrahepatic metastasis), and
these were confined to one or two segments in 15 of 18
patients; none of the patients had portal occlusion.

With regard to hepatic function, 15 of 18 patients in the
hepatectomy group had an ICG-R15 of better than 20%. To
remove gross PVTT, hepatectomy in which the relevant portal
area is resected is necessary. This is one of the reasons why
patients must have an ICG-R15 of better than 20%.

Hepatic resection with preoperative TACE yielded satis-
factory results for selected patients. To our knowledge, this
is the first report of long-term survivors. Our results suggest

Figure 3. On the plain computed tomography scan taken 2 weeks

after transcatheter arterial chemoembolization, an iodized oil accumu- . . . . LT
lated in portal vein tumor thrombus located at the right portal vein  that patient survival can be improved by this combination

(arrow), and also in a nodule of hepatocellular carcinoma. therapy when there are no more than two primary nodules
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on a CT scan performed approximately 2 weeks after TACE .

Treatment of HCC with PVTT

with an iodized oil, the portal vein is not occluded on
arterial portography, and the ICG-R15 is better than 20%.,,
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