96

J Gastroenterol (2011) 46:92—-100

Fig. 1 Cumulative incidence of
hepatocellular carcinoma
(HCC) according to the fibrosis
stage

Fig. 2 Cumulative incidence of
HCC according to alpha-
fetoprotein (AFP) levels

Fig. 3 Cumulative incidence of
HCC according to interferon
(IFN) therapy. SVR Sustained
virological response
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Fig. 4 Cumulative incidence of HCC according to AFP levels, stratified by the fibrosis stage
Fig. 5 Proportions of patients
with three different AFP levels
(<6 ng/mL, 6~20 ng/ml., and
>20 ng/mL) at different fibrosis
stages
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among patients infected with HCV, including not only
those with cirrhosis but also those with chronic hepatitis,
we found AFP levels to be a dependable risk factor for
HCC, in addition to the fibrosis stage. Of particular note,
not only the patients with high AFP levels (>20 ng/mL)
but also those with even slightly elevated AFP levels
(between 6 and 20 ng/mL) had increased risks for the
development of HCC. In the patients in this study, the
median AFP level was 6 ng/mL. It deviated slightly from
serum levels of AFP in healthy adults that have been
reported to range from 0.1 to 5.8 ng/mL [33]. Hence, we
performed analyses by setting various AFP cutoff levels for

| snsase | 6-20ng/ml.
Lol <6 ngfeol.

Muhtiple comparicen
. : P<0.01

3 (N-121) P00S

Fibrosis stage

FA(N=120)

evalvating their performance as risk factors, However,
there were no significant differences in the analysis with
the use of AFP cutoff levels exceeding 7 ng/mL. On the
basis of these observations, an AFP cutoff level of 6 ng/mL
was adopted in this study. In previous reports, AFP levels
were associated with advanced fibrosis stage in patients
infected with HCV in the absence of HCC {34-38]. In the
present study, AFP levels were elevated in parallel with
advanced fibrosis stages and correlated well with the
fibrosis stage. As the patients with even slightly clevated
AFP levels, between 6 and 20 ng/mL, had moderately
advanced liver fibrosis stages, these AFP levels could
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indicate an elevated risk for HCC in patients with chronic
HCV infection.

Hu et al. [36] found that an AFP level of 15.0 mg/mL
could detect severe fibrosis with a sensitivity of 22.8% and
specificity of 94.5%. Moreover, they reported, during
observation for 6 months of patients with chronic hepatitis
C. that AFP levels stayed within the normal range (<10 ng/mL)
in 60%, were persistently elevated in 24%, and fluctuated
in the remaining 15%. By multivariate analysis, they
identified AST, INR, and fibrosis as risk factors for AFP
levels of >10 ng/mL. In view of the correlation between
AFP levels and fibrosis stages, the AFP level at the time of
liver biopsy was taken into account in the analysis in the
present study; ALT levels are reported to be persistently
elevated in the majority (60%) of patients with chronic
hepatitis C.

Liver biopsy is the gold standard for assessing hepatic
fibrosis [8, 9]. However, the needle liver biopsy has a
sampling error and is too invasive as a routine procedure

[10, t1}. Therefore, AFP levels may be used as a nonin-

vasive and predictive marker in place of the fibrosis stage.
The platelet count is known to reflect the scverity of
chronic hepatitis C [12, 13], and is used to estimate the
degree of fibrosis without resort to liver biopsy {12-14].
Previous reports have shown low platelet counts to repre-
sent a risk factor for HCC in cirrhotic patients [13, 15, 16].
Matsumura et al. [13] reported that age and serum platelet
count were significant risk factors for the development of
HCC, and as such, they were a major clinico-laboratory
means of evaluating the fibrosis stage. In the present study,
however, the platelet count was not an independent risk
factor for HCC development. When Cox regression anal-
ysis was performed on variables other than the fibrosis
stage, platelet count and serum albumin levels were iden-
tified as independent risk factors for the devclopment of
HCC (data not shown).

IFN has been used to treat patients with HCV infection.
Failure to achieve an SVR to IFN-based therapies, and
preexisting advanced hepatic fibrosis and/or cirrhosis, are
major predictors of HCC [6, 23, 25, 39, 40]. In the present
study, SVR emerged as an independent risk factor for the
development of HCC, while non-SVR was not. However,
the cumulative incidence rate of HCC in patients with non-
SVR was lower than that in those without IFN therapy.
These results suggest that the use of IFN in patients with
HCV-related liver disease may be beneficial in preventing
the development of HCC. Several Japanese cohort studies
have demonstrated that IFN therapy reduces the incidence of
HCC. not only in sustained virological responders but also in
transient responders who have failed to eliminate HCV [6,
41-45]. In cirrhotic patients, Nishiguchi et al. [39] reported
that the relative risk of patients with IFN-alpha treatment
developing HCC was 0.067 in comparison with the control

@ Springer

group. In contrast, Valla et al. [46] could not prove any
significant benefit for the prevention of HCC between
patients with and without IFN treatment. Camma et al. [47]
suggested a slight preventive effect of IFN on HCC devel-
opment in patients with HCV-related cirrhosis. Shiffman
etal. {48] have reported that continuous IFN therapy led to a
decline in hepatic fibrosis despitc the persistence of viremia.
In addition, there are case reports that IFN therapy reduced
AFP levels in virological nonresponders [49]. Murashima
et al. |50} showed that IFN therapy, but not Strong Neo-
Minophagen C (SNMC) (Glycyrrhizin, Tokyo, Japan),
universally reduced basic AFP levels. In an in vitro study of
the effects of IFN on an HCC cell line, IFN exhibited anti-
tumor effects [S1]. Taken together, these findings suggest
that AFP levels may be useful for predicting the develop-
ment of HCC during IFN-based treatments, including long-
term low-dose IFN therapy.

There have been several reports on the relationship
between chronological trends in platelet counts, AST or
AFP levels, and the development of HCC |11, 26, 27, 52~
54]. Tarao et al. |52, 53) showed that in patients with HCV-
related cirrhosis, those with persistently high serum ALT
levels had a high risk of developing HCC and multicentric
carcinogenesis, whereas those with persistently low ALT
levels faced a very low risk. Likewise, the dynamics of
AFP levels in patients with chronic HCV infection may be
useful to estimate the risk of developing HCC. Recently,
Bruce et al. [32] found serial measurements of AFP helpful
in identifying persons with advanced fibrosis. They used an
AFP level of 8 ng/mL, the test manufacturer’s upper limit
of normal, as the evaluation of the risk of development of
HCC. It is not certain whether or not AFP would be a risk
factor of HCC development in patients with chronic liver
disease of etiologies other than persistent HCV infection.
Velazquez et al. [55] reported that an AFP level of >5 ng/mL
at study entry was associated with the development of HCC
in their univariate analysis but not in their multivariate
analysis. They speculated that this could have been because
the main causative factor of liver cirrhosis in their series
was alcohol. Taken together, the findings of various studies
suggest that the baseline AFP level may be more reliable as
a predictive factor for the development of HCC in patients
with HCV-related liver disease than in those with liver
diseasc of other etiologies,

In conclusion, AFP is a noninvasive predictive marker
for the development of HCC in patients infected with HCV.
The present study indicates that not only high AFP levels
(220 ng/mL) but also slightly elevated AFP levels,
between 6 and 20 ng/mL, could indicate substantial risks
for the development of HCC, complementing the fibrosis
stage. In contrast, AFP levels of <6 ng/mL indicate a low
risk of HCC devclopment, irrespective of the liver fibrosis
stage. TFN therapy significantly reduces the risk of the
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development of HCC, especially in patients with an SVR 10
the therapy.
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BACKGROUND

RESULTS

The three leading causes of death in Japan are malignan-
¢y neoplasms, cardiovascular discases, and cevebrovascular
discases. Since 1981, malignant neoplasms have been the
leading cause of death in Japuan. For the last 30 years, liv-
er cancer has been the third leading cause of death from
malignant neoplasms in men. In women, liver cancer has
ranked fifth during the past decade {1]. Hepatocellular
carcinoma (HCC) accounts for 85% 10 90% of primary liv-
er cancers| 2] and the age-adjusted HCC mortality rate has
increased in recent decades in Japan [3]. Similaly, a tend
of increasing rates of HCC has been reported from sever-
al developed countries in North America, Europe and Asia
[4.5]. HCC often develops in patients with liver cirrhosis
caused by hepatitis Bvirus (HBV), hepaditis C virus (HCV),
excessive alcohol consumption, or nonalcoholic fauy liver
discase. Of the hepatitis vivuses which canse TICC, HCV is
predominant in Japan [6-9].

Although the age-adjusted incidence of HHCC has increased
in Japan, scquential changes in etiology of HCC patients be-
tween 2001 and 2008 are not fully understood [10]. To clar-
iy factors atlecting epidemiological changes in Japanese
HCC patients, especially the recent wend of HCC, we ana-
lyzed the epidemiological irend of HCC in the western area
of Japan, Kyushu area.

MATERIAL AND METHODS

Patients

A total of 10,010 patients with HCC diagnosed between
1996 and 2008 in the Liver Cancer study group of Kyushu
(LLCSK), were recruited for this study. The diagnosis of
HOC was based on AFP levels and imaging echniques in-
chuding ulrasonography (USG), computerized tomagra-
phy (CT). magnetic resonance imaging (MRI). hepatic
angiography (HAG), and/or wmor biopsy. The diagnos-
tic eriteria for HCC were cither a confirmative tumor biop-
sy or clevated AFP (520 ng/ml) and neovasculanzation in
HAG and/or CT.

Etiology of HCC

A diagnosis of clwonic HCV infection was based on the
presence of HCV-RNA detecied by polymerase chain re-
action (PCR), whereas diagnosis of chronic HBV infec-
tion was based on the presence of hepatitis B surfiuce an-
tigen (HBsAg). The etiology of HOCC was categorized to
four groups as follows; B: I1BsAg positive, HCV'RNA neg-
ative, G TICV-RNA positive, HBsAg negative, B+C: hoth of
HBsAg and HOV-RNA positive, nonBC: both of FHIBsAg and
HOV-RNA negative.

Statistical analysis

The data were analyzed by the Mann-Whimey test for the
continuous ordinal data, the x2 test with Yates' correction
and the Fisher exact test for the association between wo
qualitative viriables, The standard deviation was caleuliated
bised on the binomial model for the TCSPONSe proportion.
P<0.03 was considered statistically significant.

Clinical features of the studied patients

Atotal of 10,010 patients with TCC were diagnosed at our
study group from 1996 to 2008, Table 1 show that the pro-
portion of patients diagnosed with B was 14.8% (1,485 of
10.010), whereas 68.1% (6,819 of 10,010) had C, and an ad-
ditional 1.4% (140 of 10,010) had HCC associated with hoth
viruses. The remaining 1,566 paticents (15.6%) did not as-
sociate with both viruses. Tn analysis of patients in HCC by
category, the median age of patients ar diagnosis of B was
37 years old significant younger than other types HCC(C:
69, nonBC: 70,.B+C 65 years old).

As shown in Figures | and 2, the munber and ratio of B cas-
s remained unchinged froml1896 1o 2001 and thereafter
increased and plucaned, whereas € rapidly inereased from
1996 to 2000 and thereafter decreased and platcaned. In addi-
tion, the number md ratio of the nonBC cases has increased
continued gradually and continued in this study period.

Change of etiology in patients with HCC during the
period 19962007 with 6-years intervals

Cohorts of patients with TICC were divided into six-year in-
tervals (1996-2001 and 2002-2007). Table 2 show that the
incident rate of C decreased significandy from 73,14 in
1996-2001 10 64.9% in 2002-2007 (1996-2001 vs. 20022007,
p=<0.001). On the other hand, the incident rate of B and
-nonBC increased significantdy from 13.9% and 11.8% in
1996-2001 to 16.2% and 17.6% in 2002-2007, respectively.
Not only the incident rate but also mnnber of B and -non-
BC became larger in same 6 years periods.

Table 3 shows that male/fenale ratio of Cand -nonBC de-
creased significanily from 2.2 and 4.0 in 1996-2001 10 1.8 and
2.7 in 20022007, respectively (p<0.601). The ratio became
clearly smaller, indicates an increase in female patients with
C and nonBC. On the other hand. the male/female ratio
of B patients did not significantly change during the peri-
od. The median age a1 diagnosis of B, C, and nonBC in six-
year intervals were siguificant increase from 36 to 58, from
67 10 71 and from 68 10 71 yewrs of age during the period.

Discussion

Our study was the tweniy-three major liver center-based study
designed 1o examine the sequential change in (he back-
ground of HCC paticnts during the past 13 vears, 1996-2008.
More than 80% of onr patients had chronic HBV or HCV
infections, During this observation periad, the munber and
proportion of HCC-C reached a peak in 2000 and thereaf-
ter decreased and became stabilized. Previous studies from

Japan reported that the proportion of the HCC paticnts with

HCV infection had been inereased and reached o platean
in the period of 1981-2001 |1,3,10-12]. However, in our
study, the munnber and proportion of the HCC patients with
HCV infection cases decreased in 2001-2008. The reason
uay be explained as follows; interferon therapy for chron-
ic hepatitis C may have been associated with a decreased
incidence of HCC [13-17). Oral supplementation with
oral branched-chain amino acids has been useful in the
prevention HCC [18]. Finally, the chronically HCV-infecied
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Table 1. The characteristic of H(C patients during the period of 196-2008,

B C nonB B+(
Age(y.0.) Total
Male Female Male Female Male Female Male Female
0~ 1 0 0 1 0 0 0 0 2
10~ 4 1 0 0 0 2 0 0 7
20- 6 2 1 0 1 1 0 0 1
30~ 3 5 4 0 1 3 2 0 56
40- 204 22 130 12 32 15 12 0 427
50~ 507 66 728 145 167 32 N 6 1,682
60— 287 18 1836 741 3h 102 35 13 3,543
70- 140 64 1775 947 483 133 22 14 3,578
80~ 9 18 n 214 97 65 1 4 679
90— 0 0 9 5 9 2 0 0 58
1,189 296 4,754 2,065 1,211 355 103 37
Total 10,010
1,485 (4.8%) 6,819 (68.1%) 1,566 (15.6%) 140 (1.4%)
57 63 67 70 68 70 61 68
Median 67
57 69 70 65
S6 64 68 n 69 " 62 68
Mean 67
58 68 68 63
1-87 14-89 27-94 0-93 28-96 17-90 36-82 55-82
Range 0-96
1-89 0-94 17-96 36-82

Age: Bvs. ( p<0.001; B vs. B+( p<0.001; B vs. nonBC p=<0.001; Cvs. BC p=<0.001; Cvs. nonBC p=0.043; BC vs. nonB+C p<0.001. IQR — interquartile

range; SD - standard deviation.

Figure 1. Sequential changes in the number of HCC

900

0
1996 1597 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 (years)

patients categorized by etiology during
the period 1996-2008.

population is aging in Japan. Yoshizawa et al. reported that
age-specific prevalence for the presence of HCVAb among
~300,000 voluntary blood donors from Hiroshima in 1999
clearly increased with the age. reaching the highest propor-
tion of 7% in individuals who were more than 70 years old
110,19]. In this study, the median age ol the THCC paticuts
with HCV infection steadily increased from 67 to 71 years
of age during the studied period. In a word, HCV infected

people become older with years in Japan and they were re-
garded as a high risk for HCC.

The prevalence rate of HBV in Kyushu area has been re-
ported to be higher than other area in Japan [1]. In Kyushu
arei, 93% of patients with chronic TIBV infection had TIBV
genotype C except for Okinawa [20]. HBV genotype C is
thought to be associated with higher incidence of HCC
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Table 2. Change of etiology in patients with HCC during the period
1996—2007 with 6-years intervals.

Table 3, The median age and male/female ratio of H(( patients
during the period of 1996-2007.

Period 1996-2001 2002-2007 P value Period 1996-2001 2002-2007 P value
Number 3,023 4113 B
Sex Male 2,162 2,849 Age (y.0) (I0R) 56{14) 58(15) 0.001
Female 861 134 Sox Male i 519
Ratio (male/female) 25 21 0.003 Female 88 157
Age (y.0.) (IOR) 66 (14) 69(12) <0.001 Ratio (male/female) 38 33 0.391
B 139 162 ¢
Hepatitis ¢ 731 649 Age (y.0.) (IQR) 67 (9) nm <0.001
vius (%) g4 17 13 ex Male 1,524 1,753
nonBC 13 176 0001 Female 687 955
QR - interquartile range. Ratio (maleffemale) 2.2 1.8 0.002
nonBC
compared with other TBV genotypes [21]. In the present Age (y.0) (IQR) 68(12) 71(13) <0.001
i e e Wt " e n s
we must consider [rom two viewpoiuts. The one is that the Female 69 201
muuber of patients with HCC caused by HCV infection de- Ratio (male/female) 40 27 0012

creased, the other is that the proportion of chronic HBV
infected patients who have reached the age of developing
HCC is relatively high as deseribed below.

Nationwide health survey for TIBsAg in the over 40 years of
age population had been done between 2002 and 2006 in
Japan, This survey reports indicated that the average HBsAg
prevalence was 1.2% in the total Japanese population pa-
tients with clironic HBV infection {10] and the age-specii-
ic prevalence of FBsAg was higher in the group aged be-
tween 50 (1.4%) and 55 yewrs (1.5%). In the HCC patients
with HBV genotype C, the mean age was 53 vears in Japan
120]. This overlap between age-specific prevalence and he-
patocellular carcinogenic age would be associated with the
increase of HCC padients with HBV infection. Nucleoside
analogue reverse transcriptase inhibitor (NARTT therapy
cffectively reduces the incidence of HCC in chronic hep-
atitis B patients [22.23]. However, Interferon therapy for

B e e e e

PH10

QR - interquartile range.

chronic hepatitis C started from 1992, whercas NART] ther-
apy for HBV started from 2000 in Japan [24,23]. Hence,
HBV assaciated HCC will probably decrease in Japan dur-
ing the nexe 10 1o 20 vears.

The survey of HCC patients associated with nonBC infec-
tion in Japan was conducted by [nuyama Hepatits Research
Group from 1995 to 2003. The ratio of HCC patients with
nonBC accounted 9.3% [1]. In the present study, the ratio
of [ICC patients with nonBC was 14.1%. Furthermore, the
number and the proportion of HCC patients with nonBC
hiwe beenw gradually inereasing in the periods. The carremnt
two studies account for the increase in number and propor-
ton of HCC patients with nonBC, First, Lai et al. reported
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that type 2 diabetes increases the risk of developing HCC
in those who are HCV negative or have a high level of total
cholesterol {26]. Second, Nakano et al. reported that epi-
demiological studies on diabetes mellitus revealed that the
number of patients with diabetes mellitus is gradually in-
creasing in Japan along with development of car society and
westernization of food intake. Since prevalence of diabetes
mellitus increases with aging, proportion of individuals with
diabetes mellitus aged over 60 has exceeded two-third of es-
timated total number of patients (7.40 million in 2002) in
Japan where aging of society is rapidly progressing [27]. In
a word, the number of type 2 diabetes people is increasing
in Japan and they were regarded as a high risk for HCC.
Then, the number and the proportion of HCC patients with
nonBC have been increased recent twelve years in Japan.

Itis known that 2 wo 4 decades of chronic HCV infection are
required 1o develop cirrhosis and subsequent T1CC 128-311.
The number of HCC cases has increased in Japan, because in-
dividuals infected with HCV during the past have grown old
and have reached the cancer-bearing age. The prevalence of
HCV infection in young Japanese individuals is low and the
incidence of HCVAD is very low because of preventative ac-
tions against HCV infection such as the sereening of bload
products for HCV and the use of sterile medical equipment
[32]. Additionally, we showed that the number and propor-
tion of patients with HCC-C cases decreased, whereas the
number and ratio of HCC-nonBC steadily increased during
the studied period. These findings may be expected that the
incidence of HCC patients with nonBC in Japan may contin-
ue to increase even after the consequence of the HCV ep-
idemic level off, a country that is far advanced with regard
to HCC padents with HCV infection, in the near future.

CORCLUSIONS

In summiny, HCC patients had increased from 1996 o 2000
and this increase was originated from HCC patients with
HCV infection. The number and proportion of HCC pa-
tients with HCV infection reached a peak in 2000 and there-
after decreased and became stabilized. The incidence of he-
patocellular carcinoma associated with hepatitis C infection
decreased afier 2001 in Kyuslin area, This change was due
to the increase in the number and proportion of the HCC
not only nonBC patients but also B patients.
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Hepatic arterial infusion chemotherapy using 5-fluorouracil
and systemic interferon-a for advanced hepatocellular
carcinoma in combination with or without
three-dimensional conformal radiotherapy to venous tumor
thrombosis in hepatic vein or inferior vena cava
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Aim: We investigated the efficacy of hepatic arterial infusion
chemotherapy (HAIC) using 5-flucrouracil (5-FU) and systemic
interferon (IFN)-a (HAIC-5-FU/IFN) for advanced hepatocellular
carcinoma (HCC) with venous tumor thrombosis (VTT) in the
hepatic vein trunk (Vv2) or inferior vena cava (Vv3).

Methods: Thirty-three patients with HCC/Vv2/3 underwent
HAIC with 5-FU (500 mg/body weight/day, into hepatic artery
on days 1-5 on the first and second weeks) and IFN-a (recom-
binant IFN-0-2b 3 000 000 U or natural IFN-oc 5000 000 U,
intramuscularly on days 1, 3 and 5 of each week). Three-
dimensional conformal radiotherapy (3D-CRT) was used in
combination with HAIC-5-FU/IFN in 14 of 33 patients to reduce
VTT.

Result: The median survival time (MST) was 7.9 months, and
1- and 2-year survival rates were 30% and 20%, respectively.
Evaluation of intrahepatic response after two cycles of HAIC-
5-FU/IFN showed complete response (CR) in three (9%) and

partial response (PR) in seven (21%), with an objective response
rate of 30%. Multivariate analysis identified reduction of VTT
(P =0.0006), size of largest tumor (P = 0.013) and intrahepatic
response CR/PR (P =0.030) as determinants of survival.
CR/PR correlated significantly with tumor liver occupying rate
(P =0.016) and hepatitis C virus Ab (P = 0.010). Reduction of
VTT correlated significantly with radiotherapy (P = 0.021) and
platelet count (P =0.015). Radiotherapy-related reduction in
VTT significantly improved survival of 16 patients with Vv3 and
non-CR/PR response of HAIC-5-FU/IFN (P = 0.028).
Conclusion: As for advanced HCC with VTT of Vv2/3, HAIC-
5-FU/IFN responsive patients could obtain favorable survival.
Despite ineffective HAIC-5-FU/IFN, the combination with effec-
tive radiotherapy to VTT might improve patients’ prognosis.

Key words: 5-fluorouracil, hepatocellular carcinoma,
interferon, radiotherapy, venous tumor thrombosis

INTRODUCTION

HE PROGNOSIS OF patients with advanced
hepatocellular carcinoma (HCC) remains poor,'~
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although that of patients with HCC has gradually
improved following the development of new diagnostic
techniques and advancements in therapeutic modali-
ties, such as surgical resection, radiofrequency ablation,
percutaneous ethanol injection, transcatheter arterial
chemoembolization (TACE), radiotherapy and hepatic
arterial infusion chemotherapy (HAIC).*®* Recent
advances in implantable drug delivery systems have
facilitated repeated arterial infusions of anti-cancer
agents to tumors in the corresponding arterial perfusion
area. HAIC is considered suitable for HCC patients with
poor hepatic reserve due to high drug concentrations in
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local tissue and late rates of adverse effects of anti-cancer
agents. Among several anti-cancer agents, intra-arterial
5-fluorouracil (5-FU) and systemic interferon (IFN)
have been reported as one of the most effective combi-
nation chemotherapies for HCC with portal vein tumor
thrombus (PVIT).”"" Vascular invasion of HCC with
PVIT, venous tumor thrombosis (VIT) and biliary
thrombosis in the liver, represent the worst prognostic
factors in patients with advanced HCC, especially
PVIT.'*" On the other hand, VIT is less commonly
recognized poor prognostic factor than PVIT. To define
the therapeutic benefits of HAIC-5-FU/IEN for HCC
with VIT in the hepatic vein trunk (Vv2), or inferior
vena cava (Vv3), we retrospectively analyzed the treat-
ment response, survival time and prognostic factors.

Three-dimensional conformal radiotherapy (3D-CRT)
allows the delivery of higher radiation doses to tumors
and low radiation dose to normal tissue. 3D-CRT
improves the anti-tumor effect of radiotherapy and
minimizes damage to normal tissue. This modality is
probably suited as local radiotherapy for PVIT in
patients with poor hepatic reserves.””?' The synergistic
effects of the combination of chemotherapy and radio-
therapy have been reported in various malignancies
such as lung cancer and esophageal cancer.?>* Recently,
Han et al.*® reported a response rate of 45% in HCC
patients with PVIT treated by HAIC with 5-FU/cisplatin
and 3D-CRT. Furthermore, Katamura et al.*’ reported
the efficacy of intra-arterial 5-FU/IFN combined with
3D-CRT for PVIT. To our knowledge, there are no
studies on the therapeutic efficacy of radiotherapy for
HCC with VIT. In addition, it is still unclear whether
radiotherapy has any additional effects on HAIC-5-FU/
IFN. Based on the above results, we retrospectively ana-
lyzed and compared differences in the clinical course
and outcome of HCC patients treated by HAIC-5-FU/
IFN with or without 3D-CRT.

METHODS
Study design and eligibility
HE FOLLOWING ENROLLMENT criteria were
applied in the study: (i) HCC with VIT in the right,
middle or left hepatic vein trunk, posterior inferior
hepatic vein trunk or short hepatic vein (Vv2), or infe-
rior vena cava (Vv3); (ii) Eastern Cooperative Oncology
Group (ECOG) performance status (PS) 0 or PS 1; (iii)
Child-Pugh stage A or B; (iv) serum total bilirubin
<3.0 mg/dL; (v) leukocyte count >2000/mm’; (vi) plate-
let count >50 000/mm?; (vii) serum creatinine <1.5 mg/

© 2011 The Japan Society of Hepatology
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dL; (viii) at least a 4-week rest period of no treatment
since any previous treatment for HCC; (ix) the initial
administration of HAIC for HCC; and (x) no other
serious medical condition that would interfere with
HAIC. The presence of extrahepatic metastases was not
an exclusion criterion when they were not considered
prognostic factors. This study was conducted in accor-
dance with the ethical principles of the Declaration of
Helsinki and was approved by the Institutional Review
Board of Hiroshima University. Written informed
consent was obtained from each patient after detailed
explanation about the therapy. From March 2004 to
November 2010, 33 patients met the above criteria for
HAIC-5-FU/IEN. The baseline characteristics of these
patients are summarized in Table 1.

Treatment protocol

The patients received repeated arterial infusion chemo-
therapy via drug delivery systems implanted in the
subcutaneous inguinal region. The arterial catheter was
implanted using the method described previously by
our group.” One course of chemotherapy represented
2 weeks. 5-FU (500 mg/body weight/day; Kyowa
Hakko, Tokyo) was administered using a mechanical
infusion pump from day 1 to day 5 on the first
and second weeks. Recombinant IFN-¢-2b (Intron A,
Schering-Plough Pharmaceuticals, Osaka, Japan) at
3000000 U (3 MU) or natural IFN-o0 (OIF, Otsuka
Pharmaceuticals, Tokyo) at 5 000 000 U (5 MU), was
administered intramuscularly on days 1, 3 and 5 of each
week (total dose: 18 and 30 MU, respectively). As for the
two types of IFN, similar effects were reported previ-
ously between recombinant IFN-o-2b and natural I[FN-o
when combined with intra-arterial 5-FU for the treat-
ment of advanced HCC.!° After each treatment course,
2-4 weeks of rest/no treatment period was enforced.
HAIC-5-FU/IFN was repeated several times during the
treatment as much as possible, until we considered that
it was impossible to continue further HAIC-5-FU/IFN
based on the following criteria: (i} PS changed to 3
or 4; (ii) adverse events were estimated as grade 4 by
Common Technology Criteria for Adverse Events
(CTCAE) version 4.0; (iii) patients were evaluated clini-
cally to have progressive disease; and (iv) patient
requested termination of treatment. Fourteen out of 33
patients received 3D-CRT to VIT to control VIT progres-
sion. 3D-CRT was applied to objective progressive VIT
of Vv2/3, which was shown in dynamic computed
tomography (CT) before or during two courses of HAIC-
5-FU/IFN. From March 2004 to July 2006, when the
decision to introduce 3D-CRT was clinically left to the
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Table 1 Clinical characteristics of 33 patients with hepatocellular carcinoma (HCC) and venous tumor thrombus (VIT)

Clinical characteristics Category

Sex Male/female 30/3
Age <65 years/265 years 15/18
ECOG PS 0/1 23/10
HCV Ab +/- 16/17
HBs Ag +/- 7/26
Child-Pugh stage A/B 25/8
Previous treatment Yes/no 9/24
o-fetoprotein (ng/mlL) <5 000/=5 000 17/16
des-y-carboxy prothrombin (mAU/mL) <10 000/=10 000 14/19
Platelet count (/mm?) <150 000/2150 000 19/14
Size of largest tumor (mm) <100/2100 16/17
Tumor liver occupying rate (%) <50/250 20/13
Tumor staget IVA/IVB 19/14
Grade of venous invasiont Vv 2/3 13/20
Grade of portal invasion§ Vp 0/1/2/3/4 7/1/4/8/13
Extrahepatic metastasis Yes/no 16/17
Radiotherapy to venous tumor thrombus Yes/no 14/19

tAccording to the Liver Cancer Group of Japan.

#Venous invasion. Vv1, tumor thrombus in peripheral branches of hepatic vein; Vv2, tumor thrombus in the right, middle or left
hepatic vein trunk, posterior inferior hepatic vein trunk or short hepatic vein; Vv3, tumor thrombus in inferior vena cava.

SPortal invasion. Vp1, tumor thrombus in a third or more peripheral branches of the portal vein; Vp2, tumor thrombus in a second
branch of the portal vein; Vp3, tumor thrombus in a first branch of the portal vein; Vp4, tumor thrombus in the trunk of the portal

vein.

ECOG PS, Eastern Cooperative Oncology Group Performance Status; HBs Ag, hepatitis B virus surface antigen; HCV Ab, hepatitis C

virus antibody.

attending physician, one patient of Vv2 and five patients
of Vv3 were enrolled. Since August 2006, the indication
of 3D-CRT was limited to objective progressive VIT of
Vv3 in principle, eight patients of Vv3 were enrolled.
Patients received 3D-CRT in the Division of Radiation
Oncology at our hospital. They received high-energy
photon beam irradiation using 18, 10 or 6 MV, deliv-
ered by a three-dimensional conformal technique
(CLINAC 2300 C/D or CLINACIX linear accelerators,
Varian Medical Systems Inc., Palo Alto, CA, USA). The
planning CT determined the gross tumor volume (GTV)
representing only the VIT. The clinical target volume
(CTIV) was also determined; which included GTV and
intrahepatic tumor forming the basal part of VIT. The
planning target volume (PTV) represented the CTV plus
a 10-20-mm margin in all directions for internal
motion and set-up error. Four to five portal fields were
used. The outlined target volumes, total liver tissue and
organs at risk, including the spinal cord, bilateral
kidneys, esophagus, stomach and other nearby intesti-
nal tract targets, were transferred to the treatment
planning system (Pinnacle 3, Philips Medical Systems,
Eindhoven, The Netherlands) with reference to the diag-

nostic enhanced CT images. The prescribed dose was 30,
39 or 45 Gy, based on the dose-volume constraint of
normal tissues and liver function. Using this protocol, it
was estimated that 95% of the PTV should receive at
least 95% of the prescribed dose, 50% of the liver tissue
should not receive more than 25 Gy, 50% of each
kidney not more than 20 Gy and that the maximum
dose to the spinal cord, intestinal tract and esophagus
was not more than 40 Gy. Finally, five patients received
a total dose of 30 Gy, five patients 39 Gy and four
patients 45 Gy, in daily doses of 3 Gy per fraction.

Evaluation

Every patient underwent dynamic CT before and after
two courses of HAIC-5-FU/IFN, and the therapeutic
effect was classified according to Response Evaluation
Criteria in Solid Tumor (RECIST) version 1.1%* after
completion of two cycles of the chemotherapy. A com-
plete response (CR) was defined as disappearance of
all target/non-target lesions, no appearance of any
other lesion within 4 weeks, and normalization of
o-fetoprotein (AFP) and des-y-carboxy prothrombin
(DCP). CR was confirmed at 4 weeks after the first evalu-
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ation of CR. A partial response (PR) was defined as a
decrease of at least 30% in the sum of the longest diam-
eter of target lesions with the baseline sum of the longest
diameter of target lesions as the reference. Progressive
disease (PD) was defined as an increase of at least 20%
in the sum of the longest diameter of target lesions.
Stable disease (SD) was defined as meeting neither the
PR nor PD criteria. We also evaluated the treatment
effect of VIT by measuring the longest diameter to
increase or decrease, the response of intrahepatic tumor
to the therapy and overall systemic response. Adverse
reactions were assessed every week during the treatment
using the CTCAE. Radiotherapy-induced liver disease
(RILD) exhibited the following criteria:*® development
of anicteric elevation of alkaline phosphatase level of at
least twofold, nonmalignant ascites in the absence of
documented progressive disease and increased tran-
saminases levels of at least fivefold the upper limit of
normal or of pretreatment level.

Statistical analysis

Data were analyzed statistically on 1 March 2011. Dif-
ferences between background factors were examined
for statistical significance using logistic regression test
and Pearson’s y? test where appropriate. Consecutive
data (e.g. o-fetoprotein) was classified by each median
value referring to scatter diagram or histogram.
Univariate analysis of predictors of survival was
assessed by the cumulative survival rate, which was cal-
culated from the initial date of HAIC-5-FU/IFN and
assessed by the Kaplan-Meier life-table method, and
differences were evaluated by the log rank test. Vari-
ables that achieved statistical significance (P < 0.05) or
those with P-values of less than 0.10 on univariate
analysis were entered into multivariate analysis. Multi-
variate analysis of predictors of survival was assessed by
Cox proportional hazard model or Logistic regression
analysis. All analyses were performed using the Statis-
tical Package for Social Sciences (version 11, SPSS Inc.,
Chicago, IL). We assessed the survival benefits and
safety of HAIC-5-FU/IFN combined with or without
3D-CRT to VIT.

RESULTS

Overall survival and response
IGURE 1 SHOWS the cumulative survival rate of 33
patients who underwent HAIC using 5-FU/IEN. The
median survival time (MST) was 7.9 months. The 1-and
2-year survival rates were 30% and 20%, respectively. The
median observation time was 5.5 months (range, 0.7 to
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Figure 1 Overall survival of 33 patients with venous tumor

thrombosis (VIT) treated by hepatic arterial infusion che-

motherapy (HAIC). The median survival time (MST) was

7.9 months, and the 1- and 2-year survival rate were 30%

and 20%, respectively. The median observation time was
5.5 months (range, 0.7-54.9 months).

54.9 months). Table 2 shows the response to therapy as
evaluated by RECIST. In five patients (shown as NE), CT
could not be performed after the HAIC. The systemic
(i.e., whole body) response to the treatment was: CR in
three cases, PR in five, SD in four and PD in 16, with an
overall systemic response rate of 24%. We also defined
intrahepatic (i.e., limited to the liver) response as one of
the treatment factors in order to evaluate localized thera-
peutic effects in the liver. The intrahepatic response was:
CR in three, PR in seven, SD in six and PD in 12, with an
overall intrahepatic response rate of 30%, similar to the
systemic response rate.

Univariate analysis (Table 3) and multivariate analy-
sis (Table 4) identified three factors that contributed
to overall survival; treatment-related reduction in VIT

Table 2 Clinical response to the therapy to hepatocellular car-
cinoma (HCC) with venous tumor thrombus (VIT)

CR PR SD PD NE RR

Systemic evaluation of 3 5 4 16 5 24%
response: whole body

Intrahepatic response: 3 7 6 12 5 30%
liver only

CR, complete response; NE, not evaluable; PD, progressive
disease; PR, partial response; RR, response rate for patients with
CR and PR per entire group of patients; SD, stable disease.
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Table 3 Univariate analysis of factors that contributed to overall survival (Log rank test)

Category n P-value
Sex Female vs. male 3/30 0.567
Age (years) 265 vs. <65 18/15 0.326
ECOG PS Ovs. 1 23/10 0.324
HCV Ab Presence vs. absence 16/17 0.215
HBs Ag Absence vs. presence 26/7 0.023
Child-Pugh stage Avs. B 25/8 0.004
Previous treatment No vs. yes 24/9 0.414
o-fetoprotein (ng/mL) <5000 vs. 25 000 17/16 0.559
des-y-carboxy prothrombin (mAU/mL) <10 000 vs. 210 000 14/19 0.309
Platelet count (/mm?) <150 000 vs. 2150 000 19/14 0.0008
Size of largest tumor (mm) <100 vs. 2100 16/17 0.0003
Tumor liver occupying rate (%) <50 vs. 250 20/13 0.0013
Grade of venous invasion (Vv)t 2vs. 3 13/20 0.274
Grade of portal invasion (Vp)# 0,1,2vs.3,4 12/21 0.224
Extrahepatic metastasis No vs. yes 17/16 0.040
Radiotherapy to venous tumor thrombus Yes vs. no 14/19 0.667
Intrahepatic response CR, PR vs. Other 10/23 0.0029
Effect of treatment on venous tumor thrombus Decrease vs. increase 18/15 0.0001

tVenous invasion. Vv1, tumor thrombus in a second branch or more of peripheral branches of hepatic vein; Vv2, tumor thrombus in
the right, middle or left hepatic vein trunk, posterior inferior hepatic vein trunk or short hepatic vein; Vv3, tumor thrombus in inferior

vena cava.

#Portal invasion. Vp1, tumor thrombus in a third or more peripheral branches of the portal vein; Vp2, tumor thrombus in a second
branch of the portal vein; Vp3, tumor thrombus in a first branch of the portal vein; Vp4, tumor thrombus in the trunk of the portal

vein.

ECOG PS, Eastern Cooperative Oncology Group Performance Status; HBs Ag, hepatitis B virus surface antigen; HCV Ab, hepatitis C

virus antibody.

(P=0.0006, hazard ratio, HR, 6.611, 95% confidence
interval [CI] 2.262-19.322), largest tumor size
<100 mm (P=0.013, HR 3.896, 95%CI 1.328-11.432),
and intrahepatic response of complete response/partial
response (CR/PR) (P =0.030, HR 2.968, 95%CI 1.108-
7.951). Patients classified as CR/PR based on intrahe-
patic response had a significantly longer MST than the
non-CR/PR group (18.7 vs. 4.4 months, respectively,
P=0.0029, log rank test) (Fig. 2). Univariate analysis
(Table 5) and multivariate analysis (Table 6) identified
two factors that contributed to intrahepatic response of

CR/PR; tumor liver occupying rate of >50% (P = 0.016,
OR 23.239, 95%CI 1.791-301.508) and positivity for
hepatitis C virus antibody (HCV Ab) (P=0.010, OR
16.886, 95%CI 1.969-144.774).

Effect of radiotherapy

The clinical characteristics of patients treated by HAIC-
5-FU/IFN with and without radiotherapy to VIT are
summarized in Table 7. Patients treated with radio-
therapy had a tendency to be elderly, hepatitis B virus

Table 4 Multivariate analysis for factors that contribute to overall survival, Cox proportional hazards model with stepwise selection

Category HR 95% CI P-value

Effect of treatment of venous tumor thrombus Decrease 6.611 2.262-19.322 0.0006
Increase 1

Size of largest tumor (mm) <100 3.896 1.328-11.432 0.013
=100 1

Intrahepatic response CR, PR 2.968 1.108-7.951 0.030
Other 1

95% CI, 95% confidence interval; CR, complete response; HR, Hazard ratio, PR, partial response.

© 2011 The Japan Society of Hepatology
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(HBV) negative and HCV positive. About two-thirds of
patients with VIT of Vv3 received 3D-CRT. Figure 3
shows the overall response to treatment of all patients
classified according to the application of 3D-CRT. In
patients who received HAIC alone, five out of 19
patients were classified as CR/PR based on intrahepatic
response, with a response rate of 26%. Furthermore, VIT
was considered to have decreased in seven out of 19
patients with a VIT-treatment effective rate of 37%. For
patients who received HAIC combined with radio-
therapy, CR/PR was achieved in five out of 14 patients,
with a response rate of 36%, and VIT decreased in 11
out of 14 patients, with a treatment effective rate of up
to 79%. Radiotherapy had no significant effect on the
intrahepatic response (P = 0.561, Pearson’s ¥’ test). The
combination of HAIC and radiotherapy had a signifi-
cant effect on VIT (P =0.017, Pearson'’s ) test). Table 8
shows the results of univariate analysis for factors that
contributed to the effect of treatment on VIT. Multi-
variate analysis (Table 9) two factors that significantly
and independently influenced the VTIT; platelet count
less than 150 000/mm’ (P =0.015, OR 16.087, 95%CI

0.751 }

0.507

0.257

Time (years)

Figure 2 Cumulative survival rate of 33 patients with venous
tumor thrombosis (VIT) treated by hepatic arterial infusion
chemotherapy (HAIC). Solid line: 10 patients, who underwent
HAIC and classified as complete response/partial response
(CR/PR) based on intrahepatic response, had a significantly
longer median survival time (MST) of 18.7 months
(P =0.0029, log rank test). Dashed line: 23 patients who were
classified as non-CR/PR based on intrahepatic response result-
ing in MST of 4.4 months. —, CR/PR of intrahepatic response;
~~~~~~~~~~ -, Non-CR/PR of intrahepatic response.
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Figure 3 Overall treatment response according to the treat-
ment regimen presence or absence of undergoing radiotherapy
to venous tumor thrombus (VIT). £Z3, HAIC alone; B2, HAIC
plus 3-D conformal radiotherapy (3D-CRT). HAIC, hepatic
arterial infusion chemotherapy.

1.704-151.861) and response of VIT to radiotherapy
(P=0.021, OR 14.982, 95%CI 1.508-148.827).
Figure 4 shows the cumulative survival rates of 16
patients with VTIT in the inferior vena cava (Vv3), based
on the VIT response to 3D-CRT. The nine patients
who received HAIC-5-FU/IFN and 3D-CRT to VIT and
showed a decrease in VIT had a significantly longer MST
of 9.2 months (P=0.028, log rank test), compared
with the seven patients who received HAIC-5-FU/IEN
without or with ineffective 3D-CRT (these patients
showed increases in VIT and MST of 3.1 months).

Incidence of extrahepatic metastasis

Figure 5 shows the cumulative rate of extrahepatic
metastases in 17 patients who were negative for extrahe-
patic metastasis before HAIC-5-FU/IEN. Eight (47%)
patients developed extrahepatic metastases after starting
HAIC-5-FU/IFN, including seven with lung metastases
and one with adrenal gland metastasis. The median time
to the diagnosis of metastasis was 7.1 months. The 6-
and 12-month cumulative incidence rates were 30%
and 56%, respectively. The median survival time was
4.4 months after the diagnosis of extrahepatic metastasis.

Other anti-cancer treatments

Nine out of 33 (27%) patients received additional
courses of HAIC with 5-FU/IEN after completing the two
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Table 5 Univariate analysis for factors that contribute to intrahepatic response after two cycles of hepatic arterial infusion

chemotherapy (HAIC) treatment, Pearson’s x* test

Category n P-value
Sex Female vs. male 3/30 0.905
Age (years) 265 vs. <65 18/15 0.103
ECOG PS Ovs. 1 23/10 0.980
HCV Ab Presence vs. absence 16/17 0.017
HBs Ag Absence vs. presence 26/7 0.299
Child-Pugh stage Avs. B 25/8 0.208
Previous treatment No vs. yes 24/9 0.061
o-fetoprotein (ng/mL}) <5 000 vs. 25 000 17/16 0.520
des-y-carboxy prothrombin (mAU/mL) <10 000 vs. 210 000 14/19 0.561
Platelet count (/mm?) <150 000 vs. 2150 000 19/14 0.086
Size of largest tumor (mm) <100 vs. 2100 16/17 0.103
Tumor liver occupying rate (%) <50 vs. 250 20/13 0.023
Grade of venous invasion (Vv)t 2vs.3 13/20 0.020
Grade of portal invasion (Vp)# 0,1,2vs.3,4 12/21 0.963
Extrahepatic metastasis No vs. yes 17/16 0.497
Radiotherapy to venous tumor thrombus Yes vs. no 14/19 0.161

tVenous invasion. Vv1, tumor thrombus in a second branch or more of peripheral branches of hepatic vein; Vv2, tumor thrombus in
the right, middle or left hepatic vein trunk, posterior inferior hepatic vein trunk or short hepatic vein; Vv3, tumor thrombus in inferior

vena cava.

#Portal invasion. Vp1, tumor thrombus in a third or more peripheral branches of the portal vein; Vp2, tumor thrombus in a second
branch of the portal vein; Vp3, tumor thrombus in a first branch of the portal vein; Vp4, tumor thrombus in the trunk of the portal

vein.

ECOG PS, Eastern Cooperative Oncology Group Performance Status; HBs Ag, hepatitis B virus surface antigen; HCV Ab, hepatitis C

virus antibody.

recommended courses. On the other hand, 24 out of 33
(73%) patients did not complete HAIC-5-FU/IFN. Sub-
sequently, 21 (64%) patients received other anti-cancer
treatments, and 12 patients (36%) received best sup-
portive care (BSC). The other treatments included TACE
in 17 patients (MST 8.3 months), HAIC in six patients
(MST 14.9 months) and systemic chemotherapy in six
patients {MST 2.8 months). The MST of the additional
treatment group was 11.8 months, which was signifi-
cantly longer than the BSC group (with MST of
3.0 months, P=0.0078, Log rank test). With regard to
the regimens of other treatments, trans-arterial treat-

ments tended to be associated with longer survival than
systemic chemotherapy and BSC.

Adverse reactions and complications

Fever, fatigue, nausea and anorexia were the most
common adverse events, but these were mostly CTCAE
grade 1 or 2. CTCAE grade 3 or 4 adverse reactions
included leukopenia in five patients (15%), thrombocy-
topenia in two (6%), anemia in three (9%) and anor-
exia in two (6%). Six patients required treatment with
granulocyte colony-stimulating factor for leukopenia.
Three patients required blood transfusion, but none

Table 6 Multivariate analysis for factors that influenced intrahepatic response to two cycles of hepatic arterial infusion chemo-

therapy (HAIC) treatment. Logistic regression analysis

Factors Category OR 95% CI P-value

Tumor liver occupying rate (%) <50 23.239 1.791-301.508 0.016
=50 1

HCV Ab Presence 16.886 1.969-144.774 0.010
Absence 1

95% CI, 95% confidence interval; HCV Ab, hepatitis C virus antibody; OR, odds ratio.

© 2011 The Japan Society of Hepatology
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Table 7 Clinical characteristics of patients with venous tumor thrombus treated by hepatic arterial infusion chemotherapy (HAIC)
using 5-fluorouracil (5-FU) and systemic interferon (IEN)-o (HAIC-5-FU/IEN) with and without radiotherapy to venous tumor

thrombus, Pearson’s % test

Clinical characteristics Category Total HAIC alone HAIC plus radio P-value
(n=33) (n=19) therapy (n = 14)
Sex Male/female 30/3 18/1 12/2 0.373
Age (years) <65/265 15/18 11/8 4/10 0.024
ECOG PS 0/1 23/10 14/5 9/5 0.561
HCV Ab +/- 16/17 6/13 10/4 0.024
HBs Ag +/- 7/26 7/12 0/14 0.011
Child-Pugh stage A/B 25/8 16/3 9/5 0.187
Previous treatment Yes/no 9/24 3/16 6/8 0.084
o-fetoprotein (ng/mL) <5 000/25 000 17/16 8/11 9/5 0.208
des-y-carboxy prothrombin (mAU/mL) <10 000/210 000 14/19 9/10 5/9 0.503
Platelet count (/mm?) <150 000/2150 000 19/14 11/8 8/6 0.966
size of largest tumor (mm) <100/2100 16/17 11/8 5/9 0.208
Tumor liver occupying rate (%) <50/=250 20/13 11/8 9/5 0.710
Grade of venous invasion (Vv)1 Vv 2/3 13/20 12/7 1/13 0.001
Grade of portal invasion (Vp)t Vp 0,1,2/3,4 12/21 6/13 6/8 0.506
Extrahepatic metastasis Yes/no 16/17 9/10 7/7 0.881

+Venous invasion. Vv1, tumor thrombus in a second branch or more of peripheral branches of hepatic vein; V¥2, tumor thrombus in
the right, middle or left hepatic vein trunk, posterior inferior hepatic vein trunk or short hepatic vein; Vv3, tumor thrombus in inferior

vena cava.

tPortal invasion. Vp1, tumor thrombus in a third or more peripheral branches of the portal vein; Vp2, tumor thrombus in a second
branch of the portal vein; Vp3, tumor thrombus in a first branch of the portal vein; Vp4, tumor thrombus in the trunk of the portal

vein.

ECOG PS, Eastern Cooperative Oncology Group Performance Status; HBs Ag, hepatitis B virus surface antigen; HCV Ab, hepatitis C

virus antibody.

required platelet transfusion. Cutaneous ulcerations
developed in the inguinal region in four patients, re-
quiring implantation of reservoir system. Furthermore,
two patients developed bleeding esophageal varices
at one month after completion of HAIC-5-FU/IFN.
Three patients developed radiation esophagitis, which
required hospitalization as CTCAE grade 3. Of the latter
group, one developed esophageal stenosis requiring
endoscopic dilatation at 2 months after completion of
radiotherapy. None of the patients who received the
combination of HAIC-5-FU/IEN and radiotherapy
developed hepatic failure that fulfilled the criteria of
RILD.?” On the other hand, three patients who did not
receive 3D-CRT developed hepatic failure with hyperbi-
lirubinemia; the cause of hepatic failure was considered
to be the rapid progression of intrahepatic HCC.

Causes of death

At the time of analysis, six patients were still alive,
whereas 27 patients had died. All 27 deaths were cancer-
related, with the majority being due to progression of
intrahepatic HCC. Among them, three patients died

© 2011 The Japan Society of Hepatology

of HCC rupture and intra-abdominal bleeding. Two
patients who did not receive 3D-CRT died of esophageal
variceal bleeding. None died directly of extrahepatic
metastases, and one patient died of septic necrotizing
limb fasciitis. During the periods of treatment, we have
no sudden death patient, which was clinically suspected
to be due to pulmonary artery embolism.

DISCUSSION

NVASION OF A major vessel, especially the trunk of

PVIT, is a poor prognostic factor in patients with
advanced HCC."** Furthermore, the best available treat-
ment for advanced HCC with PVTT is considered HAIC-
5-FU/IFN.*-"* Based on the lack of sufficient information
on the efficacy of HAIC-5-FU/IEN for advanced HCC
with VIT in the hepatic vein trunk (Vv2) or inferior vena
cava (Vv3), we investigated the efficacy of HAIC-5-FU/
IFN for HCC with VIT in this retrospective study. We also
investigated the response to the combination of HAIC-
5-FU/IFN and 3D-CRT to VIT of Vv3. In 33 patients, the
intrahepatic response rate to HAIC-5-FU/IFN was 30%,
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Table 8 Univariate analysis for determinants of effect of treatment on venous tumor thrombus after two cycles of hepatic arterial

infusion chemotherapy (HAIC) treatment, Pearson’s ¥ test

Factors Category n P-value
Sex Female vs. male 3/30 0.658
Age (years) 265 vs. <65 18/15 0.112
ECOG PS 0vs. 1 23/10 0.730
HCV Ab Presence vs. absence 16/17 0.112
HBs Ag Absence vs. presence 26/7 0.120
Child-Pugh stage Avs. B 25/8 0.767
Previous treatment No vs. yes 24/9 0.943
o-fetoprotein (ng/mL) <5 000 vs. 25 000 17/16 0.611
des-y-carboxy prothrombin (mAU/mL) <10 000 vs. 210 000 14/19 0.335
Platelet count (/mm?) <150 000 vs. 2150 000 19/14 0.010
Size of largest tumor (mm) <100 vs. 2100 16/17 0.112
Tumor liver occupying rate (%) <50 vs. 250 20/13 0.027
Grade of venous invasion (Vv)t 2vs. 3 13/20 0.135
Grade of portal invasion (Vp)# 0,1,2vs.3,4 12/21 0.290
Extrahepatic metastasis No vs. yes 17/16 0.227
Radiotherapy to venous tumor thrombus Yes vs. no 14/19 0.017

tVenous invasion. Vv1, tumor thrombus in a second branch or more of peripheral branches of hepatic vein; V2, tumor thrombus in
the right, middle or left hepatic vein trunk, posterior inferior hepatic vein trunk or short hepatic vein; V¥3, tumor thrombus in inferior

vena cava.

#Portal invasion. Vp1, tumor thrombus in a third or more peripheral branches of the portal vein; Vp2, tumor thrombus in a second
branch of the portal vein; Vp3, tumor thrombus in a first branch of the portal vein; Vp4, tumor thrombus in the trunk of the portal

vein.

ECOG PS, Eastern Cooperative Oncology Group Performance Status; HBs Ag, hepatitis B virus surface antigen; HCV Ab, hepatitis C

virus antibody.

with MST of 7.9 months. Multivariate analysis (Table 6)
identified two factors that influenced the intrahepatic
response to HAIC-5-FU/IEN: tumor liver occupying
rate of >50% (P=0.016) and positivity for HCV Ab
(P=0.010). The combination of HAIC-5-FU/IFN with
3D-CRT to VIT had a significantly better treatment effec-
tive rate of VIT (79%) than HAIC-5-FU/IFN alone
(37%). Multivariate analysis (Table 4) identified three
independent factors that influenced survival: treatment-
related reduction in VIT (P=0.0006), largest tumor
size <100 mm (P =0.013), and CR/PR for intrahepatic
response (P=0.030). While 3D-CRT did not signifi-

cantly improve the survival times, it significantly reduced
VTT, thus indirectly contributing to the high intrahepatic
response and presumably improving the survival rate.
Among 16 patients with disadvantageous conditions
(VIT-Vv3 and non-CR/PR), effective 3D-CRT resulted in
significant prolongation of survival time compared with
patients who did not receive or showed ineffective
response to 3D-CRT (P=0.028, Fig. 4). This result sug-
gests the prognostic value of radiotherapy to VIT for
advanced HCC patients treated by HAIC-5-FU/IEN.

The response rate to HAIC-5-FU/IFN in HCC with VIT
(30%) was similar to the previously reported response

Table 9 Multivariate analysis for factors that contributed to the effect of treatment on venous tumor thrombus after two cycles of
hepatic arterial infusion chemotherapy (HAIC) treatment. Logistic regression analysis

Category OR 95% CI P-value
Platelet count (/mm?) <150 000 16.087 1.704-151.861 0.015
=150 000 1
Radiotherapy to venous tumor thrombus Yes 14.982 1.508-148.827 0.021
No 1

95% CI, 95% confidence interval; OR, odds ratio.
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rate to HAIC-5-FU/IFN in HCC with PVIT (29-
52%).>'2'3 Multivariate analysis found that tumor liver
occupying rate (P=0.016) and positivity for HCV Ab
(P=0.010) contributed to intrahepatic response of
CR/PR (Table 6). Two previous studies”'® also reported
that positivity for HCV Ab was also a pretreatment pre-
dictive factor for response and survival of advanced HCC
treated with HAIC-5-FU/IFN. The exact reason for the
correlation between HCV positivity and the response to
HAIC-5-FU/IFN is not clear. Several studies have investi-
gated the differences between the HCV and HBV in
relation to HCC, such as the mechanism of hepatocar-
cinogenesis®*! and cytokine pattern in hepatitis.’* These
factors could influence the tumor response to therapy.
Similar to a previous report on advanced HCC with
PVIT treated by HAIC-5-FU/IFN,*!*!3 patients classified
as CR/PR based on intrahepatic response had a signifi-
cantly longer MST than the non-CR/PR group (18.7
vs. 4.4 months, respectively, P=0.0029, log rank test)
(Fig. 2). Multivariate analysis showed that survival cor-
related with effect of treatment VIT (P = 0.0006), tumor
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Figure 4 Cumulative survival rate of 16 patients with
advanced hepatocellular carcinoma (HCC) and venous tumor
thrombosis (VIT) of Vv3 who were not evaluated as complete
or partial response (non-CR/PR). Solid line: nine patients
who underwent arterial infusion chemotherapy (HAIC) and
responded to 3-D conformal radiotherapy (3D-CRT), resulting
in a decrease in VIT and significantly longer median survival
time (MST) of 9.2 months (P =0.028, log rank test). Dashed
line: seven patients who underwent HAIC without or with
ineffective radiotherapy, resulting in increase of VIT and MST
of 3.1 months. —, Effective 3D-CRT to VIT; — , No or inef-
fective 3D-CRT to VIT.
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Figure 5 Cumulative rate of extrahepatic metastasis in 17
patients who were negative for extrahepatic metastasis at base-
line (before treatment). The median time to metastasis was
7.1 months. The 6- and 12-month cumulative rate of metasta-
sis was 30% and 56%, respectively. HAIC, hepatic arterial infu-
sion chemotherapy; non-CR/PR, not evaluated complete or
partial response on intrahepatic response evaluation; VIT,
venous tumor thrombus; Vv3, tumor thrombus in the inferior
vena cava.

size (P=0.013) and CR/PR based on intrahepatic
response (P = 0.030) (Table 4).

The highest response rate was registered with the com-
bination of HAIC-5-FU/IFN and 3D-CRT to VIT (79%,
Fig. 3). This finding is similar to that reported by Kata-
mura et al.”” who reported a rate of 75% for HAIC-5-FU/
[FN with radiotherapy to PVIT. Although 3D-CRT was
considered, in general, tolerable to allow continuation
of HAIC-5-FU/IFN without the development of RILD in
our study, radiotherapy caused severe esophageal com-
plications in three out of 14 patients (21%). This finding
suggests that it is often difficult to avoid the harmful
effect of irradiation to the radiosensitive esophagus,
which is anatomically close to VIT of Vv3. Careful plan-
ning of 3D-CRT and reduction of radiation dose as
much as possible might avoid esophageal complications
associated with 3D-CRT of Vv3.

Although the response of VIT to radiotherapy was
high in this study, the addition of 3D-CRT to the man-
agement of advanced HCC with VIT did not improve
survival (P =0.667, log rank test). This result could be
causally related to the existence of five patients in HAIC-
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