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endothelial growth factor receptor-2/-3 (VEGFR-2/-3) and
platelet-derived growth factor receptor beta (PDGFR-f3),
which is involved in peritumor neovascularization [5, 6]. In
two pivotal international phase 3 trials of sorafenib vs.
placebo, the so-called SHARP trial [7] and the Asia-Pacific
trial [8], sorafenib demonstrated a prolonged overall sur-
vival and time-to-progression, compared with a placebo, in
patients with advanced hepatocellular carcinoma (HCC).
Therefore, sorafenib has been acknowledged as a standard
therapy for advanced HCC.

In the therapeutic strategy of the Barcelona Clinic Liver
Cancer Study Group [5], sorafenib was indicated for patients
with extrahepatic metastasis and/or vascular invasion of
Stage C disease (advanced stage), patients with a perfor-
mance status (PS) of 1-2, and those with Stage B (interme-
diate stage) multifocal HCC refractory to TACE. In the 2010
updated version of the consensus-based clinical practice
guidelines for the management of HCC proposed by the
Japan Society of Hepatology {9, 10], patients with extrahe-
patic metastasis, with macrovascular invasion, and who were
refractory to TACE are listed in the algorithm for treatment
with sorafenib. The main indications for sorafenib are,
therefore, considered to be patients who are refractory to
TACE, those who have vascular invasion, or those who have
extrahepatic metastasis. Subgroup analyses of the SHARP
trial [7] and the Asia-Pacific trial [8] showed the treatment
efficacies in patients with vascular invasion and extrahepatic
metastasis. However, those in patients who are refractory to
TACE have not been reported so far, although the outcome of
patients with prior TACE has been reported [ 1, 12].

Before the introduction of sorafenib, hepatic arterial
infusion chemotherapy was mainly performed in Japan for
patients with advanced HCC [13-21], including those
refractory to TACE [13, 14]. However, no consensus on a
standard therapy has been achieved because large-scale
prospective studies and randomized controlled studies have
not been conducted and the survival benefit has not been
clarified [10]. In this study, we clarified the efficacy of
sorafenib in patients who were refractory to TACE (so-
rafenib group) and retrospectively compared the anti-tumor
effect, time to progression, and overall survival between
the sorafenib group and patients who were refractory to
TACE and who were treated with hepatic arterial infusion
chemotherapy using cisplatin (cisplatin group).

Patients and methods
Patients
Forty-eight consecutive chemotherapy-naive patients who

were refractory to TACE without extrahepatic metastasis
were extracted from 205 patients treated with sorafenib at

the National Cancer Center Hospital East (East Hospital)
between April 2009 and December 2011. Sixty-six of the
84 chemo-naive patients who were refractory to TACE and
were treated with hepatic arterial infusion chemotherapy
using cisplatin at the National Cancer Center Hospital and
the East Hospital between July 2004 and September 2008,
the period before the approval of sorafenib in Japan, were
enrolled in the cisplatin group after excluding 18 patients
with extrahepatic metastasis or the moderate retention of
ascites. In this series, the total number of TACE sessions
was 478, while the median number of TACE sessions was
4 (range 1-16). In previous TACE sessions, an emulsion
containing an anticancer agent and lipiodol followed by
gelatin sponge particles were used. In the present series,
epirubicin was used for 394 sessions, adriamycin was used
for 29 sessions, and mitomycin C was used for 12 sessions;
the anticancer agent was unknown for 43 sessions. Patients
who were refractory to TACE were defined as those
showing progression or a tumor shrinkage rate of <25 % of
the hypervascular lesions as visualized using dynamic
computed tomography (CT) and/or magnetic resonance
imaging (MRI) after 1-3 months of TACE [13]. The
TACE-refractory status of individual patients was dis-
cussed at a weekly tumor board conference. HCC was
diagnosed based on the presence of histopathological
findings or imaging findings that were characteristic of
HCC together with an increase in the serum o-fetoprotein
level. The diameter of the tumor and the presence/absence
of extrahepatic metastasis were confirmed using dynamic
CT/MRI, ultrasound, or chest X-ray/CT prior to treatment.
In our hospital, sorafenib is indicated for the treatment of
patients with highly advanced HCC with a Child-Pugh
score of either A or B. Informed consent for each treatment
was obtained from all the patients before the initiation of
treatment. This clinical study was conducted with the
approval of the Ethics Committee of the National Cancer
Center and was conducted in accordance with the ethical
principals stated in the Japanese ethics guideline for epi-
demiological research.

Treatments

An oral dose of sorafenib at 400 mg was administered
twice daily, after breakfast and dinner (800 mg/day).
Treatment was continued as long as tolerability was
observed without obvious disease progression. The dose
was reduced or withdrawn and treatment was continued
depending on the severity of adverse events. A dose
increase up to 800 mg/day was permitted when the dose
increase was judged possible in patients in whom the dose
had been reduced.

For hepatic arterial infusion chemotherapy using cis-
platin, intra-arterial cisplatin at a dose of 65 mg/m” was
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administered over 20-40 min via a catheter inserted into
the feeding arteries of the tumors. Treatment was repeated
every 4-6 weeks for up to 6 courses until disease pro-
gression or unacceptable toxicities occurred. An infusion of
3,000 mL or more was administered on the day of treat-
ment, and an infusion of 1,000 mL or more was continued
for 3 days after administration to reduce renal toxicity
caused by cisplatin; a diuretic (mannitol, furosemide, etc.)
was administered as necessary to ensure an adequate urine
volume.

Assessment and statistical analyses

Dynamic CT or MRI was used to confirm the anti-tumor
effect every 1-2 months. The anti-tumor effect was eval-
uated using the Response Evaluation Criteria in Solid
Tumors, version 1.0 (RECIST) [22], to judge the best
overall response. The time to progression was defined as
the period from the date of the start of treatment until the
date of the confirmation of tumor progression by radio-
logical evaluation or the day on which obvious tumor
progression was judged to have occurred based on the
clinical symptoms. Overall survival was defined as the
period from the day of the start of treatment until the date
of death or the final date of confirmed survival. A y* test or
Wilcoxon test was used to compare the patient character-
istics and the anti-tumor effect between the sorafenib and
the hepatic arterial infusion chemotherapy using cisplatin
groups, and the Kaplan—Meier method was used to calcu-
late the time to progression and the overall survival; the
log-rank test was used to analyze differences between the
groups. In a multivariate analysis, a Cox regression was
used to analyze factors with P < 0.10 using a univariate
analysis. P < 0.05 was judged to be statistically significant.
JMP version 9.0 (SAS Institute Inc.) was used for the above
statistical analyses.

Results
Patient characteristics

Table 1 shows the patient characteristics before each
treatment. Age was significantly higher in the sorafenib
group, although the medians were very similar (sorafenib
group 71 years, cisplatin group 69 years). Although the
Eastern Cooperative Oncology Group PS, the maximum
tumor diameter, total bilirubin, AST, and ALT tended to be
slightly worse in the cisplatin group, significant differences
were not observed in the other parameters between the two
groups. The median number of treatments in the cisplatin
group was 2 (range 1-6 times). As a subsequent treatment,
other systemic chemotherapy was performed in 14 patients,

@ Springer

hepatic arterial infusion chemotherapy using cisplatin was
performed in 7 patients, TACE was performed in 4
patients, and hepatic arterial infusion chemotherapy using
5-FU + interferon and radiotherapy was performed in one
patient each in the sorafenib group; meanwhile, TACE was
performed in 15 patients, hepatic arterial infusion chemo-
therapy using epirubicin was performed in 4 patients, other
systemic chemotherapy was performed in 4 patients,
hepatic arterial infusion chemotherapy using 5-FU +
interferon was performed in 2 patients, and radiotherapy
was performed in one patient in the cisplatin group. The
median observation period was 9.4 months (range
2.1-31.6 months) in the sorafenib group and 7.5 months
(range 0.8-43.1 months) in the cisplatin group; this dif-
ference was not statistically significant (P = 0.44).

Efficacy

The best overall response in the sorafenib group was
evaluated as a complete response (CR) in one patient, a
partial response (PR) in 2 patients, stable disease (SD) in
26 patients, progressive disease (PD) in 16 patients, and not
evaluable (NE) in 3 patients. The response rate (CR + PR)
was 6.3 % [95 % confidence interval (CI) 1.3-17.2 %],
and the disease control rate (CD + PR + SD) was 60.4 %
(95 % CI 45.3-74.2 %). The median time to progression
and the progression-free rate at 6- and 12-months were
3.9 months, 32.6 %, and 12.1 %, respectively, while the
median overall survival and the survival rate at 6-, 12-, and
24-months was 16.4 months, 88.9 %, 55.3 %, and 32.5 %,
respectively, in the sorafenib group.

The best overall response in the cisplatin group was
evaluated as a CR in 1 patient, PR in O patients, SD in 18
patients, PD in 39 patients, and NE in § patients. The
response rate was 1.5 % (95 % CI 0.04-8.2 %), and a
significant difference in the response rate, compared with
the sorafenib group, was not observed (P = 0.40). The
disease control rate was 28.8 % (95 % CI 18.3-41.3 %),
which was significantly higher in the sorafenib group
(P = 0.001). The median time to progression and the
progression-free rate at 6- and 12-months in the cisplatin
group was 2.0 months, 15.9 %, and 4.8 %, respectively,
showing a significantly superior result in the sorafenib
group (hazard ratio 0.44, P < 0.01) (Fig. 1). At the time of
analysis, 21 patients had died because of tumor progres-
sion, and 1 patient had died because of hepatic failure in
the sorafenib group. Additionally, 60 patients had died
because of tumor progression, and 4 patients had died
because of hepatic failure in the cisplatin group. The
median survival time and the survival rate at 6-, 12-, and
24-months in the cisplatin group were 8.6 months, 62.0 %,
35.2 %, and 11.3 %, respectively, showing a significantly
superior result in the sorafenib group (hazard ratio: 0.57,
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Table 1 Patient characteristics

Sorafenib Cisplatin P value
n (%) n (%)

All patients 48 - 66 -

Age (years)

Median [range] 71 [53-83] 69 [40-82] 0.04
Sex

Male 43 (90) 52 79

Female 5 10) 14 (21) 1.00
Performance status

0 43 90) 49 74)

1 5 (10) 17 (26) 0.07
HCVAD (positive) 32 (67) 45 (68) 1.00
HBsAg (positive) 7 15) 8 (12) 0.92
Prior resection (present) 12 (25) 27 “1 0.11
Prior ablation (present) 19 (40) 29 (44) 1.00
No. of prior TACE sessions

Median [range] 4 [1-9] 4 [1-17] 0.86
Maximum tumor diameter (mm)

Median [range] 30.5 [10-150] 40 [12-110] 0.07
Number of tumors

1-3 8 a7 13 20) 0.32

>4 40 (83) 53 (80) 0.64
Portal vein invasion (present) 9 (19) 16 24) 0.64
Hepatic vein invasion (present) 3 6) 4 6) 0.99
Stage®

I or 1T 38 (79) 49 (74)

IVa 10 @2n 17 (26) 0.70
Ascites (present) 9 19 17 (26) 0.51
Child-Pugh class

A 32 (67) 36 (55)

B 16 (33) 30 (45) 0.27
Total bilirubin (mg/dL)

Median [range] 0.9 [0.3-2.1] 1.1 [0.2-3.0] 0.02
Albumin (g/dL)

Median [range] 35 [2.3-4.8] 33 [2.4-4.5] 0.21
AST (U/L)

Median [range] 54 [20-165] 88 [35-287] 0.04
ALT (U/L)

Median [range] 43 [10-139] 62 [22-187] 0.05
Prothrombin time (%)

Median [range] 78 [40-107] 73 [48-104] 0.39
a-Fetoprotein (ng/mL)

Median [range] 70.3 [1.3-218876] 3243 [1.7-210200] 0.59
PIVKAII (mAU/mL)

Median [range] 505.5 [11-291330] 438 [11-96390] 0.65
Subsequent treatments (present) 27 (56) 26 39) 0.11

HCVAD hepatitis C viral antibody, HBsAg hepatitis B surface antigen, TACE transcatheter arterial chemoembolization, AST aspartate amino-
transferase, ALT alanine aminotransferase, PIVKAII protein induced by vitamin K absence or antagonists-II

* Japanese classification of primary liver cancer
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Fig. 1 Comparison of time to progression between sorafenib and
hepatic arterial infusion chemotherapy using cisplatin in patients who
were refractory to transcatheter arterial chemoembolization (TACE)
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Fig. 2 Comparison of overall survival between sorafenib and hepatic
arterial infusion chemotherapy using cisplatin in patients who were
refractory to TACE

P < 0.001) (Fig. 2). The same analysis was performed for
patients limited to Child—Pugh A, since sorafenib is widely
recommended for the treatment of patients with Child—
Pugh A. The results were similar, although the disease
control rate and the time to progression were not statisti-
cally significant (data not shown).

Toxicity

Serious adverse events (SAE) occurred in two patients
(1 patient, grade 4 hepatic encephalopathy; 1 patient, grade
3 erythema multiforme) in the sorafenib group, but none of
the patients in the cisplatin group experienced an SAE.
Thirty-eight patients (79 %) required a sorafenib dose
reduction because of adverse events, such as liver dys-
function, hand-foot syndrome, or rashes, and treatment was
discontinued in 7 patients (14 %) because of adverse
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events, such as liver dysfunction, hepatic encephalopathy,
or erythema multiforme. On the other hand, none of the
patients required a cisplatin dose reduction, and treatment
was discontinued in 6 patients (9.1 %) because of adverse
events, such as liver dysfunction, fatigue, or nausea/
anorexia.

Predictive factors of time to progression and overall
survival

Univariate analyses were performed to identify the factors
that contributed to the prolongation of time to progression
in patients who were refractory to TACE (Table 2). The
univariate analyses showed that the significant factors that
contributed to the prolongation of the time to progression
(P < 0.10) were an age >65 years, a PS of 0, a maximum
tumor diameter <3.0 cm, the absence of hepatic vein
invasion, the absence of ascites, a bilirubin level <1.2 mg/
dL, an o-fetoprotein level <1,000 ng/mL, and sorafenib
treatment. A multivariate analysis was performed for the
factors that showed a significant tendency (P < 0.10) in the
univariate analysis, and the absence of hepatic vein inva-
sion and sorafenib treatment were significant independent
factors that contributed to the prolongation of the time to
progression (Table 3). Univariate analyses were performed
to identify the factors that contributed to survival prolon-
gation in patients who were refractory to TACE (Table 2).
The univariate analyses showed that the significant factors
that contributed to the prolongation of survival (P < 0.10)
were an age >65 years, a PS of 0, a maximum tumor
diameter of <3.0 cm, 3 or fewer tumors, the absence of
hepatic vein invasion, Child-Pugh class A, the absence of
ascites, an albumin level >3.5 g/dL, a bilirubin level
<1.2 mg/dL, an AST level <100 U/L, an o-fetoprotein
level <1,000 ng/mL, a protein induced by vitamin K
absence or antagonist-II (PIVKA-II) level <1,000 mAU/
mL, and sorafenib treatment. A multivariate analysis was
performed for the factors showing a significant tendency at
P < 0.10, and the significant independent favorable prog-
nosis factors were a PS of 0, 3 or fewer tumors, Child-Pugh
A, an o-fetoprotein level <1,000 ng/mL, a PIVKA-II
level <1,000 mAU/mL, and treatment with sorafenib
(Table 3). Treatment with sorafenib had the smallest haz-
ard ratio among these prognostic factors.

Discussion

Patients with vascular invasion, extrahepatic metastasis,
and who are refractory to TACE are good candidates for
sorafenib [5, 9, 10]. However, the efficacy of sorafenib in
patients who are refractory to TACE has not been previ-
ously reported, although the outcome of patients with prior
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Table 2 Univariate analysis of time to progression and overall survival time in patients refractory to transcatheter arterial chemoembolization
treated with sorafenib or intra-arterial cisplatin

n

Time to progression

Overall survival

Median (months) Hazard ratio P value Median (months) Hazard ratio P value
Sex
Female 19 2.9 1.01 (0.60-1.68) 0.98 10.5 0.92 (0.51-1.68) 0.79
Male 95 2.6 9.8
Age (years)
<65 33 2.0 1.41 (0.92-2.14) 0.11 8.0 1.65 (1.03-2.66) 0.03
>65 81 3.0 11.4
Performance status
0 92 3.2 0.58 (0.35-0.95) 0.03 114 0.38 (0.22-0.66) <0.001
1-2 22 1.6 4.8
HCVADb
Negative 37 2.8 0.82 (0.53-1.25) 0.35 9.9 0.72 (0.45-1.18) 0.19
Positive 77 2.5 9.8
HBsAg
Negative 99 3.0 0.86 (0.50~1.50) 0.60 9.9 1.09 (0.54-2.17) 0.82
Positive 15 2.1 9.8
Maximum tumor diameter (cm)
<3.0 39 4.0 0.65 (0.43-0.99) 0.04 12.3 0.56 (0.34-0.83) 0.02
>3.0 75 2.2 8.7
No. of tumors
<3 21 4.4 0.78 (0.48-1.29) 0.33 13.8 0.68 (0.39-1.19) 0.06
>3 93 2.4 8.0
Portal vein invasion
Present 25 3.2 0.89 (0.55-1.43) 0.62 54 1.34 (0.79-2.27) 0.23
Absent 89 2.6 8.7
Hepatic vein invasion
Present 7 2.5 2.12 (0.97-4.66) 0.05 4.8 2.17 (0.94-5.03) 0.13
Absent 107 2.8 9.2
Stage®
I or I 87 2.8 0.94 (0.59-1.48) 0.77 11.6 0.64 (0.39-1.07) 0.08
v 27 2.5 6.2
Child~Pugh class
A 68 32 0.84 (0.56-1.26) 0.39 9.5 0.65 (0.41-1.01) 0.08
B 46 2.2 7.8
Ascites
Present 26 22 1.56 (0.98-2.47) 0.06 5.6 2.15 (1.32-3.53) 0.01
Absent 88 2.9 9.2
Albumin (g/dL)
<35 76 2.4 1.17 (0.78-1.77) 0.44 7.8 1.90 (1.16-3.11) 0.02
>3.5 38 3.8 10.6
Total bilirubin (mg/dL)
<1.2 81 32 0.66 (0.42-1.02) 0.06 11.6 0.42 (0.26-0.66) <0.001
>1.2 33 1.6 4.8
Prothrombin time (%)
<70 42 2.9 0.95 (0.63-1.42) 0.79 10.5 0.93 (0.59-1.47) 0.77
>70 72 2.5 9.9
@ Springer
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Table 2 continued

n Time to progression Overall survival
Median (months) Hazard ratio P value Median (months) Hazard ratio P value
AST (U/L)
<100 82 3.0 0.86 (0.55-1.35) 0.50 123 0.44 (0.27-0.70) <0.001
>100 32 22 5.5
ALT (U/L)
<100 97 2.6 0.90 (0.52-1.56) 0.70 9.9 0.85 (0.44-1.57) 0.59
>100 17 2.5 8.5
o-Fetoprotein (ng/mL)
<1,000 71 3.8 0.60 (0.40-0.91) 0.01 12.2 0.61 (0.39-0.96) 0.03
>1,000 43 2.1 7.1
PIVKA-II (mAU/mL)
<1,000 67 3.1 0.78 (0.52-1.16) 0.22 10.6 0.62 (0.40-0.96) 0.03
>1,000 45 2.1 9.5
Treatments
Sorafenib 48 39 0.57 (0.38-0.86) 0.01 16.4 0.44 (0.27-0.72) <0.001
Cisplatin 66 2.0 8.6

HCVAD hepatitis C viral antibody, HBsAg hepatitis B surface antigen, AST aspartate aminotransferase, ALT alanine aminotransferase, PIVKAII

protein induced by vitamin K absence or antagonists-II
# Japanese classification of primary liver cancer

Table 3 Multivariate analysis of overall survival and time to pro-
gression in patients refractory to TACE

Hazard ratio P value

Time to progression

Hepatic vein invasion: present 0.41 (0.19-0.91) 0.03

Treatment: sorafenib 0.55 (0.37-0.83) 0.004
Overall survival
Performance status: O 0.46 (0.27-0.81) 0.006

No. of tumors: <3 0.51 (0.29-0.91) 0.02

Child-Pugh class: A 0.44 (0.27-0.71) 0.001
a-Fetoprotein: <1,000 ng/mL 0.52 (0.22-0.84) 0.008
PIVKA-II: <1,000 mAU/mL 0.47 (0.29-0.76) 0.002
Treatment: sorafenib 0.42 (0.25-0.77) 0.001

TACE has been reported [11, 12]. We retrospectively
evaluated the efficacy of sorafenib in patients who were
refractory to TACE. The following data were obtained: the
response rate (CR 4+ PR) was 6.3 %, the disease control
rate (CD + PR + SD) was 60.4 %, and the median time to
progression was 3.9 months; these results were comparable
to those obtained for sorafenib to date [7, 8]. The median
survival time of 16.4 months was regarded as favorable.
The patients who were refractory to TACE have a lower
frequency of vascular invasion, which is a significant pre-
dictor of a poor prognosis in patients with advanced HCC.
In addition, most of the TACE refractory patients had an
_intermediate BCLC stage. The TACE refractory patients in
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this study (proportion of advanced stage 33 %) had a better
BCLC stage than the patients in previous trials (proportion
of advanced stage SHARP, 82 %; Asia-Pacific trial,
95.3 %). Favorable tendencies, therefore, might be shown
for the overall survival of a subgroup of patients who are
refractory to TACE among advanced HCC patients in
whom sorafenib treatment is indicated.

A definition of “refractory to TACE” has not yet been
established. In this study, the definition of “refractory to
TACE” was regarded as progression or a tumor shrinkage
rate of <25 % in hypervascular lesions as visnalized using
dynamic CT and/or MRI after 1-3 months of TACE.
According to the consensus-based clinical practice guide-
lines proposed by the Japan Society of Hepatology 2010
[5], however, “refractory to TACE” is defined as two or
over consecutive incomplete necrotic reactions or the
appearance of a new lesion, vascular invasion, or extra-
hepatic metastases. Although a consensus has not been
reached among clinicians, this is a critical issue when
considering a conversion from TACE to sorafenib treat-
ment in patients with unresectable HCC.

In the present study, sorafenib was compared with
hepatic arterial infusion chemotherapy using cisplatin,
which was used before the introduction of sorafenib. A
consensus on a standard therapy has not been attained for
hepatic arterial infusion chemotherapy, since its survival
benefit has not been elucidated [10]. However, this regimen
is still frequently used in Japan, because favorable anti-
tumor effects and long-term survivals have been seen in a
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few patients [15-~21]. Nonetheless, hepatic arterial infusion
chemotherapy has not been reported to have favorable
results in patients who are refractory to TACE [13, 14].
Regarding hepatic arterial infusion chemotherapy using
cisplatin in patients who were refractory to TACE (n = 84),
the response rate at out-patient hospitals was 3.6 %, the
median time to progression was 1.7 months, and the median
overall survival period was 7.1 months [13], while the
results of a phase II study of hepatic arterial infusion che-
motherapy using cisplatin in patients with unresectable
HCC (n = 80) were favorable, with a response rate of
33.8 % and a l-year survival rate of 67.5 % [15]. One
possible reason for the difference between these studies
might be differences in the characteristics of the study
populations. Most patients in the phase II trial of cisplatin
were TACE-naive, whereas only patients with TACE-
refractory disease were included in the present study. Thus,
hepatic arterial infusion chemotherapy may not be expected
to show favorable therapeutic results when the patients are
limited to those refractory to TACE, although the reason
remains unknown. Therefore, the results were compared
with those for patients who were refractory to TACE and
were treated with sorafenib. Although the patient age was
significantly higher in the sorafenib group and the PS and
tumor size was slightly worse in the cisplatin group, no
other significant differences in the patient characteristics
were observed between the two groups. The response rate
was comparable, but the sorafenib group showed signifi-
cantly higher results for the disease control rate, time to
progression, and overall survival. We also performed a
multivariate analysis to examine the factors that contributed
to the time to progression and overall survival in patients
who were refractory to TACE, and treatment with sorafenib
was one of the significant factors. These results suggest that
sorafenib, rather than hepatic arterial infusion chemother-
apy using cisplatin, might be the treatment of first choice in
patients who are refractory to TACE. This outcome might
not have much impact in overseas settings, where hepatic
arterial infusion chemotherapy is less popular, but it is quite
disappointing in Japan, since hepatic arterial infusion che-
motherapy using cisplatin was expected to show a thera-
peutic effect comparable to that of sorafenib.

The present study has some limitations. First, the results
for sorafenib treatment in patients who were refractory to
TACE were obtained as part of a single-site, retrospective
study. A prospective study enrolling only patients who are
refractory to TACE should be performed in the future to
verify the efficacy of sorafenib in patients who are
refractory to TACE. Second, the periods of treatment
differed between the sorafenib group and the cisplatin
group. Third, the influence of subsequent treatment on
the overall survival cannot be denied. Hepatic arterial
infusion chemotherapy using cisplatin was administered as

a subsequent treatment in 7 patients in the sorafenib group,
whereas patients in the cisplatin group were not treated
with sorafenib. Still, the anti-tumor effect of hepatic arte-
rial infusion chemotherapy using cisplatin following so-
rafenib was PD in all the patients, and the impact would
have been negligible. Finally, considering the possible
selection bias in therapeutic policy after the introduction of
sorafenib, we selected patients with different periods of
treatment, but the results might also have been affected by
the difference in periods. Also, no significant differences in
the patient characteristics, except for age, total bilirubin,
and AST, were seen between the sorafenib and the hepatic
arterial infusion chemotherapy using cisplatin group, but
subtle differences in the patient characteristics might have
affected the favorable results for sorafenib, since this study
was a retrospective comparison.

In conclusion, sorafenib showed a favorable efficacy in
patients who were refractory to TACE, resulting in a sig-
nificantly higher disease control rate, longer time to pro-
gression, and longer overall survival compared with
hepatic arterial infusion chemotherapy using cisplatin.
Thus, sorafenib, rather than hepatic arterial infusion che-
motherapy, should be considered as the first-line therapy
for patients who are refractory to TACE in the future.
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Abstract

A lymphoepithelial cyst (LEC) of the pancreas is a rare
benign lesion. Because patients with LEC of the pan-
creas have a good prognosis, it is important that these
lesions are accurately differentiated from other more
aggressive pancreatic neoplasms for an appropriate
treatment strategy. Previous studies have reported that
a definitive diagnosis of LEC often cannot be obtained
based solely on the findings of preoperative imaging
(e.g., Computed tomography or Magnetic resonance
imaging). In this study, we reviewed four cases of pan-
creatic LECs to investigate the feature of LECs. We re-
viewed these cases with regard to symptoms, imaging
findings, surgical procedures, and other clinical factors.
We found that LEC was associated with unique charac-
teristics on imaging findings. A preoperative diagnosis
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of LEC may be possible by comprehensively evaluating
its clinical and imaging findings.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Lymphoepithelial cyst; Preoperative diagno-
sis; Magnetic resonance imaging

Core tip: A lymphoepithelial cyst of the pancreas is
a rare benign lesion. In this study, we reviewed four
cases of pancreatic lymphoepithelial cyst (LECs) to in-
vestigate the feature of LECs. We found that LEC was
associated with unique characteristics on imaging find-
ings. A preoperative diagnosis of LEC may be possible
by comprehensively evaluating its clinical and imaging
findings.
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INTRODUCTION

The differentiation and classification of cystic lesions of
the pancreas are important for an appropriate treatment
strategy. A lymphoepithelial cyst (LEC) of the pancreas
is a rare benign cystic lesion™?. It has been thought to be
difficult to differentiate LEC from other pancreatic lesions
such as serous cystic neoplasms (SCNs), mucinous cystic
neoplasms (MCNs) and intraductal papillaty mucinous
neoplasms (IPMNs) because the appearance on imaging
of LEC varies from patient to patient and sometimes sim-
ilar to other pancreatic lesions”. In many patients, the le-
sion is surgjcally resected because a neoplastic cyst cannot
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Year Age Gender Size (mm) Symptom Location CA19-9 (U/mL)
Case 1 2004 . 59 Male 90 Nonspecific Body 4
Case 2 2009 49 Female 60 Nonspecific Tail 298
Case 3 2012 56 Male 40 Nonspecific Body 75
Case 4 2012 56 Male 60 Nonspecific Head 9%

Figure 1 Ultrasonography and endoscopic ultrasonography findings. A: Findings of Patient #2, the cystic lesion had a hyperechoic appearance (arrow); B: Find-
ings of Patient #3, the cystic lesion had a homogenous hypoechoic appearance (arrow); C: Findings of Patient #4, the cystic lesion displayed a mosaic pattern (arrow).

be ruled out™®. If a LEC can be diagnosed preoperatively,
many unnecessary surgeries may be avoided. In this paper,
we present four patients with LEC who underwent surgi-
cal resection and were confined as LEC. We summarized
clinical and radiological featutes of LECs.

CASE REPORT

A retrospective teview of our institutional database re-
vealed four cases of LEC of the pancreas in recent 10
years. We reviewed these cases with regard to symptoms,
imaging findings, sutgical procedures, and other clinical
factors. Various imaging studies were petformed during
the preoperative evaluation of the lesions. Imaging studies
included abdominal ultrasonography (US), computed to-
mography (CT), magnetic resonance imaging (MRI), endo-
scopic ultrasonography (EUS) and endoscopic retrograde
cholangiopancreatography (ERCP). All of the lesions wete
surgically resected and pathologically diagnosed as LEC.

Clinical findings
Table 1 summarized the patient demographics. Three
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patients were men and one patient was a woman. The
average age was 55 years. All of the lesions were detected
incidentally during a work-up for unrelated reasons. In
Patient #1 and Patient #3, the cystic lesions were local-
ized in the body of the pancreas; in Patient #2, in the
tail of the pancreas; and in Patient #4, in the head of
the pancreas. The mean cystic size was 62.5 mm (range,
40-90 mm). Three patients had a muldlocular cystic ap-
pearance and one patient had a unilocular cystic appear-
ance. Three patients had elevated serum CA19-9 levels.

US and EUS findings

The cystic lesion in Patient #2 had a slightly hyperechoic
appearance. The cystic lesion had a homogenous hy-
poechoic appearance in Patient #3. The cystic lesion in
Patient #4 displayed a mosaic pattern. None of the three
patients had solid portions the cysts (Figure 1).

CT findings

All lesions were well-defined and were exophytic off the
pancreatic parenchyma. The lesion in Patient #2 had
a unilocular cystic appearance, whereas the lesions in
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Figure 2 Computed tomography findings. All lesions were well-defined and were exophytic off the pancreatic parenchyma. The wall and septum of the cysts were en-
hanced. A: Findings of Patient #1, the lesion was localized in the body of the pancreas and had a multilocular cystic appearance (arrow); B: Findings of Patient #2, the lesion
was localized in the tail of the pancreas and had a unilocular cystic appearance (arrow); C: Findings of Patient #3, the lesion was localized in the body of the pancreas and
had a multilocular cystic appearance (arrow); D: Findings of Patient #4, the lesion was localized in the head of the pancreas and had a muttilocular cystic appearance (arrow).

the other patients had a multilocular cystic appearance.
The wall and septum of the cysts were enhanced. The
contents of the cysts seemed homogeneous low density
without enhancement. There were no solid portions
within the cysts, calcification of the wall of the cyst, or
dilatation of the main pancreatic duct, in any of the pa-
tients (Figure 2).

ERCP findings

All patients had normal pancreatic ducts. No patients had
a communication between the pancreatic duct and the
cystic lesion.

MRI findings

Figures 3-6 present the MRI findings of four patients.
We presented MRI imaging of a case of SCN which had
similar signal intensity with free water for comparing with
the four cases (Figure 7). T1-weighted imaging of four
patients showed a higher intensity than that of SCN. T2-
weighted imaging and MRCP of four patients showed a
lower intensity than those of SCN. Diffusion-weighted
imaging (DWI) showed a higher intensity for cystic lesions
than for the SCN. In particulat, on DWI, the cystic lesions
showed high intense signal in the central part and iso-
intense in the petiphery. Signal reduction in out-of phase
and in-phase was not occutted in all patients.

DISCUSSION

A LEC is a rare benign lesion, which is lined with mature
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keratinizing squamous epithelium and surrounded by
lymphoid tissue. It typically develops in middle-aged and
eldetly men, and it is localized to all parts of the pancreas
with equal frequency. The mean size of these cysts is 47
mm. The cyst may be multilocular (60% of patients) or
unilocular (40% of patients)”. Many patients with LEC
have elevated serum levels of CA19-9". The cyst con-
tents may vary from serous to caseous-like, depending on
the degree of keratin formation®.

Because LEC is a benign lesion, it is often possible to
select conservative treatment for ones without any sig-
nificant symptoms if they can be diagnosed correctly".
However, surgical resection is still commonly performed
because it is difficult to distinguish them from other
cystic lesions that require surgical intervention on ac-
count of their malignant potential*®. EUS-guided biopsy
coupled with biochemical/tumor marker studies have re-
cently helped to improve the diagnostic accuracy of pan-
creatic cysts' >, However, EUS-guided biopsy for cystic
lesions of the pancteas is not generally petformed in
Japan because of the risk of the dissemination of tumor
cells ot the development of pseudomyxoma. Therefore, a
preoperative pathological diagnosis is difficult and imag-
ing studies are very important for treating cystic lesions
of pancteas in Japanese.

We summarized the characteristics of LEC obtained
from our cases and previous repotts in Table 2.

A LEC typically develops in middle-aged and elderly
men®?. Many patients with LEC have elevated serum
CA19-9%".
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Figure 3 Findings of patient #1. A: Findings of T1-weighted imaging on magnetic resonance imaging (MRI). T1-weighted imaging of patient showed a higher inten-
sity than free water (arrow), B: Findings of T2-weighted imaging on MRI. T2-weighted imaging of patient showed a lower intensity than free water (arrow); C: Findings
of magnetic resonance cholangiopancreatography (MRCP). MRCP of patient showed a lower intensity than free water (arrow).

Figure 4 Findings of patient #2. A: Findings of T1-weighted imaging on magnetic resonance imaging (MRI). T1-weighted imaging of patient showed a higher inten-
sity than free water (arrow); B: Findings of T2-weighted imaging on MRI. T2-weighted imaging of patient showed a lower intensity than free water (arrow); C: Findings
of magnetic resonance cholangiopancreatography (MRCP). MRCP of patient showed a lower intensity than free water (arrow); D: Findings of diffusion-weighted imag-
ing on MRI (arrow). Diffusion-weighted imaging of three patients showed a higher intensity than free water. The cystic lesions showed high intense signal in the central
part and iso-intense in the periphery.
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Figure 5 Findings of patient #3. A: Findings of T1-weighted imaging on magnetic resonance imaging (MR!). T1-weighted imaging of patient showed a higher inten-
sity than free water {arrow); B: Findings of T2-weighted imaging on MRI. T2-weighted imaging of patient showed a lower intensity than free water (arrow); C: Findings
of magnetic resonance cholangiopancreatography (MRCP). MRCP of patient showed a lower intensity than free water; D: Findings of diffusion-weighted imaging on
MRI. Diffusion-weighted imaging of three patients showed a higher intensity than free water (arrow). The cystic lesions showed high intense signal in the central part
and iso-intense in the periphery.

Figure 6 Findings of patient #4. A: Findings of T1-weighted imaging on magnetic resonance imaging (MR!). T1-weighted imaging of patient showed a higher inten-
sity than free water (arrow); B: Findings of T2-weighted imaging on MRI. T2-weighted imaging of patient showed a lower intensity than free water (arrow); C: Findings
of magnetic resonance cholangiopancreatography (MRCP). MRCP of patient showed a lower intensity than free water (arrow); D: Findings of diffusion-weighted imag-
ing on MRI (arrow). Diffusion-weighted imaging of three patients showed a higher intensity than free water. The cystic lesions showed high intense signal in the central
part and iso-intense in the periphery.
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Figure 7 Findings of a case of serous cystic neoplasm. A: Findings of T1-weighted imaging on magnetic resonance imaging (MRI), the cystic lesion showed low
intensity (arrow); B: Findings of T2-weighted imaging on MRI, the cystic lesion showed high intensity (arrow); C: Findings of magnetic resonance cholangiopancrea-
tography, the cystic lesion showed high intensity (arrow); D: Findings of diffusion-weighted imaging on MRI, the cystic lesion showed high intensity (arrow).

Characteristics
Age, gender Middle-aged and elderly men
Laboratory date Elevation of serum CA19-9 level
The form Well-defined : .
Exophytic off the pancreatic parenchyma
Multilocular (60%) or Unilocular (40%)
US findings Mosaic pattern, depending on the degree of
keratin formation
CT findings Enhancement of the wall and septum of the
cyst . :
Low density cystic lesion without enhancement
No pancreatic duct dilatation
MRI findings '
T1-weighted Higher intensity than water
T2-Weighted Lower inténsity than water
MRCP Lower intensity than water
No communication with the main pancreatic
duct
Diffusion-weighted ~ Higher intensity than water

US: Ultrasonography; MRI: Magnetic resonance imaging; CT: Computed
tomography; MRCP: Magnetic resonance cholangiopancreatography.

The form of a cystic lesion was well-defined and was
exophytic off the pancreatic parenchyma. It might be
multilocular or unilocular™™.

The US or EUS findings sometimes displayed a mosaic
pattern, depending on the degree of keratin formation®™'.

The CT findings demonstrated enhancement of the
wall and septum of the cyst. The cyst itself showed uni-
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form low density without enhancement™. The cyst con-
tained no solid portions within it.

The MRI findings of the four patients we reviewed
were characteristic of LEC, when compating the inten-
sity of the lesion with that of free water. Many cystic
tumors have an intensity that is similar to that of free
water on MRI. In contrast, T1-weighted imaging of
LEC showed a higher intensity than that of free water
because the content of LEC included keratin formation.
T2-weighted imaging and MRCP showed lower intensity
than that of free water!"”. Diffusion-weighted imag—
ing showed higher intensity than that of free water'".
In particular, on DWI, the cystic lesions showed high
intense signal in the central part and iso-intense in the
petiphery. It seemed that the part showing high intense
signal indicated keratin formation and iso-intense in pe-
riphery indicated the wall.

However, these findings should be cautiously interpret-
ed, because MCN and IPMN can sometimes show similar
signal intensity if bleeding into the cyst has occurred™”.

In summary, the clinical and radiological findings are
sufficiently characteristic of LEC to establish a preopera-
tive diagnosis for a majority of patients of LEC. It might
be possible to select conservative treatment for asymp-
tomatic patients with LEC.

Case characteristics
Four cases were incidentally detected the pancreatic tumors and performed surgery.
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Clinical diagnosis

Three patients had a multilocular cystic appearance and one patient had a uni-
locular cystic appearance.

Differential diagnosis

Serous cystic neoplasms, Mucinous cystic neoplasms, intraductal papiliary mu-
cinous neoplasms.

Laboratory diagnosis

Three patients had elevated serum CA19-9 levels.

Imaging diagnosis

Al lesions were well-defined and were exophytic off the pancreatic parenchyma.
Pathological diagnosis

Al of the lesions were pathologically diagnosed as the lymphoepithelial cyst.
Treatment

All of the lesions were surgically resected.

Related reports

A lymphoepithelial cyst of the pancreas has been thought to be difficult to dif-
ferentiate from other pancreatic lesions.

Experiences and lessons

The authors found that the lymphoepithelial cyst was associated with unique
characteristics on imaging findings. A preoperative diagnosis of the lymphoepi-
thelial cyst may be possible by comprehensively evaluating its clinical and imag-
ing findings.

Peer review

The discussion is simple. In this article, there were any findings about PET-CT
and something else.

REFERENCES

1  Liichtrath H, Schriefers KH. [A pancreatic cyst with features
of a so-called branchiogenic cyst]. Pathologe 1985; 6: 217-219
[PMID: 4048076]

Volkan Adsay N. Cystic lesions of the pancreas. Mod Pathol

2007; 20 Suppl 1: S71-593 [PMID: 17486054 DOI: 10.1038/

modpathol.3800706]

3 Osiro S, Rodriguez JR, Tiwari KJ, Rodriguez II, Mathenge
N, Tubbs RS, Loukas M. Is preoperative diagnosis possible?
A clinical and radiological review of lymphoepithelial cysts
of the pancreas. JOP 2013; 14: 15-20 [PMID: 23306330 DOL:
10.6092,/1590-8577,/1198]

4 Idetsu A, Ojima H, Saito K, Hirayama I, Hosouchi Y, Nishi-
da Y, Nakajima T, Kuwano H. Lymphoepithelial cyst of the
pancreas: report of a case. Surg Today 2008; 38: 68-71 [PMID:
18085369 DOL: 10.1007/500595-007-3563-z]

5  Domen H, Ohara M, Kimura N, Takahashi M, Yamabuki T,
Komuro K, Iwashiro N, Ishizaka M. Lymphoepithelial cyst
of the pancreas. Case Rep Gastroenterol 2012; 6: 604-611 [PMID:
23139650 DOI: 10.1159/000343421]

nN

Reishidenge ~ WJG | www.wjgnet.com

10

11

12

13

14

15

16

17253

56 -

Terakawa H et a/. Feature of lymphoepithelial cyst

Fukunaga N, Ishikawa M, Minato T, Yamamura Y, Ishikura
H, Ichimori T, Kimura S, Sakata A, Fujii Y. Lymphoepi-
thelial cyst of the pancreas that was difficult to distinguish
from branch duct-type intraductal papillary mucinous neo-
plasm: report of a case. Surg Today 2009; 39: 901-904 [PMID:
19784732 DOI: 10.1007/500595-009-3949-1]

Adsay NV, Hasteh F, Cheng JD, Klimstra DS. Squamous-
lined cysts of the pancreas: lymphoepithelial cysts, dermoid
cysts (teratomas), and accessory-splenic epidermoid cysts.
Semin Diagn Pathol 2000; 17: 56-65 [PMID: 10721807]
Yamaguchi T, Takahashi H, Kagawa R, Takeda R, Sakata
S, Yamamoto M, Nishizaki D. Lymphoepithelial cyst of the
pancreas associated with elevated CA 19-9 levels. | Hepato-
biliary Pancreat Surg 2008; 15: 652-654 [PMID: 18987938 DOI:
10.1007 /500534-007-1314-6]

Ohta T, Nagakawa T, Fukushima W. Carbohydrate Antigen
19-9-Producing Lymphoepithelial Cyst of the Pancreas: A
Case Report with an Immunohistochemical Study. Dig Surg
1992; 9: 221-225

Nam SJ, Hwang HK, Kim H, Yu JS, Yoon DS, Chung JJ, Kim
JH, Kim KW. Lymphoepithelial cysts in the pancreas: MRI
of two cases with emphasis of diffusion-weighted imaging
characteristics. | Magn Reson Imaging 2010; 32: 692-696 [PMID:
20815068 DOI: 10.1002/ jmri.22260]

DiCorato MP, Schned AR. A rare lymphoepithelial cyst of the
pancreas. Ant [ Clin Pathol 1992; 98: 188-191 [PMID: 1380770]
Kavuturu S, Sarwani NE, Ruggeiro FM, Deshaies I, Kimchi
ET, Kaifi JT, Staveley-O’Carroll KF, Gusani NJ. Lymphoepi-
thelial cysts of the pancreas. Can preoperative imaging dis-
tinguish this benign lesion from malignant or pre-malignant
cystic pancreatic lesions? JOP 2013; 14: 250-255 [PMID:
23669473 DOL 10.6092/1590-8577 /1229]

Foley KG, Christian A, Roberts SA. EUS-FNA diagnosis
of a pancreatic lymphoepithelial cyst: three-year imaging
follow-up. JOP 2012; 13: 681-683 [PMID: 23183400 DOI:
10.6092/1590-8577/954]

Rino Y, Morohoshi T, Funo K, Imada T, Yamamoto Y, Jojima
T, Abe M, Take H, Matsumoto A. Lymphoepithelial cyst of
the pancreas: a preoperatively diagnosed case based on an
aspiration biopsy. Surg Today 1995; 25: 1043-1046 [PMID:
8645938 DOI: 10.1007/ BF00311690]

Shinmura R, Gabata T, Matsui O. Lymphoepithelial cyst of
the pancreas: case report with special reference to imaging-
-pathologic correlation. Abdom Imaging 2006; 31: 106-109
[PMID: 16314989 DOI: 10.1007/500261-005-0365-x]

Inoue T, Takada S, Shimizu H, Niizuma K, Fujimura M, Sato
K, Endo H, Tominaga T. Signal changes on T2*-weighted
magnetic resonance imaging from the acute to chronic phas-
es in patients with subarachnoid hemorrhage. Cerebrovasc Dis
2013; 36: 421-429 [PMID: 24281240 DOI: 10.1159/ 000355897}

P- Reviewer: Chen F, Liu HB S- Editor: Qi Y L- Editor: A
E- Editor: Wang CH

December 7, 2014 | Volume 20 | Issue 45 |



JRaishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wignet.com/esps/helpdesk.aspx
http:/ /www.wijgnet.com

ISSN 1007-9327

“IN || ||| I
9%7 ‘

710077932045 I

_57_



MOLECULAR AND CLINICAL ONCOLOGY [: 869-874. 2013

Hepatic arterial infusion chemotherapy with gemcitabine and
5-fluorouracil or oral S-1 improves the prognosis of patients
with postoperative liver metastases from pancreatic cancer
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Abstract. Hepatic metastasis is a common cause of treat-
ment failure following resection of pancreatic cancer. In this
study, we report our results of hepatic arterial infusion (HAT)
chemotherapy with gemcitabine (GEM) plus 5-fluorouracil
(5-FU) or oral S-1 treatment for postoperative liver metastases
from pancreatic cancer. Seven patients with postoperative
liver metastases from pancreatic cancer received HAT with
GEM plus 5-FU or oral S-1 between October, 2008 and
September, 2010 at Kanazawa University Hospital (Kanazawa,
Japan). Three out of the 7 cases exhibited a partial response
(PR) according to Response Evaluation Criteria in Solid
Tumors (RECIST) and stable disease (SD) was achieved
in 3 out of the 7 cases (response rate, 85.7%). A decrease
in serum tumor marker CA 19-9 levels was observed after
10 HAI treatment cycles in 5 out of the 7 cases. The median
time to treatment failure was 8 months (range, 0-17 months).
Adverse events included grade 3 leukocytopenia in | case and
anemia in all 7 cases. although 5 out of the 7 patients were
anemic prior to HAI therapy. Grade 2 thrombocytopenia was
also observed in 2 cases. Non-hematological events, such as
nausea, diarrhea, liver injury or neuropathy and life-threat-
ening toxicities were not reported; however, 6 patients (85.7%)
developed catheter-related complications and the HAI catheter
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and subcutaneous implantable port system had to be removed.
These findings demonstrated that HAT may deliver high doses
of chemotherapeutic agents directly into the tumor vessels,
producing increased regional levels with greater effi acy and
a lower incidence/severity of systemic side effects. In conclu-
sion, HAI chemotherapy is a safe and effective treatment for
liver metastases from pancreatic cancer.

Introduction

Pancreatic cancer is one of the major causes of cancer-related
mortality worldwide, with a 5-year survival rate of <5% (1,2).
For patients with localized disease, radical surgery may provide
long-term benefits. However, even in patients who undergo
resection, the reported 5-year survival rate remains low (7-24%)
and the median survival is only ~1 year in most patient series,
indicating that surgery alone is generally inadequate. Even
following curative resection, patients with pancreatic cancer
are likely to experience a 50-80% local recurrence rate and
a 25-50% risk of developing distant metastases (3). Adjuvant
chemotherapy with gemcitabine (GEM), the key drug used in
the treatment of pancreatic cancer, improves the survival of
patients with resectable pancreatic adenocarcinoma compared
to resection alone (4), although to a limited extent.

However, 20-30% of patients are unable to receive the
designated therapy due to postoperative complications, delayed
surgical recovery and/or early disease recurrence (5,6). To
improve the therapeutic results of resected pancreatic cancer,
it is critical to optimize the postoperative management of liver
metastases, which frequently constitute the major determining
factor of prognosis.

An alternative treatment option that may be beneficial in
pancreatic cancer patients with liver metastases is the hepatic
arterial infusion (HAI) of chemotherapeutic agents. This
treatment option has been applied to patients with primary or
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metastatic hepatic malignancies that are confined to the liver
and is soundly based on physiological and pharmacological
factors. First, liver metastases that grow >2-3 mm depend on
the hepatic artery for vascularization, whereas normal liver
tissues are perfused by the portal vein (7,8). Second, HAI
therapy allows drug delivery to hepatic metastases not achiev-
able by systemic administration, particularly of drugs with
a high systemic clearance rate (9). Third, first-pass hepatic
extraction of certain drugs results in lower systemic concentra-
tions and, thus, few systemic toxicities (10). Phase I studies of
HAI chemotherapy with GEM in patients with liver malignan-
cies have been previously published (8-10). Moreover, results
from our recent pilot study suggest that HAI chemotherapy
with GEM and 5-fluorouracil (5-FU) is safe and beneficial
for the treatment of postoperative metastatic tumors confined
to the liver, even in patients with poor general condition (11).

Over the past few years, we have expanded the number of
cases treated with HAI chemotherapy with GEM at our institu-
tion to include cases with other metastases in addition to liver
metastases, by the addition of oral S-1 in lieu of 5-FU. S-1 is
an oral fluorinated pyrimidine compound developed by Taiho
Pharmaceutical Co., Ltd., (Tokyo, Japan). The administration
of oral S-1 is more convenient and simulates the effect of
continuous infusion of 5-FU. The safety and effectiveness of
the combination chemotherapy with GEM and S-1 for advanced
pancreatic cancer were reported by previous studies (12-14)
and a phase I1I (GEST) trial in Japanese patients demonstrated
that S-1 was not inferior to GEM (15). In this study, we present
the final results of the patients who were treated with HAI with
GEM plus 5-FU or HAI with GEM and oral S-1.

Materials and methods

Patient eligibility. Seven patients with postoperative liver
metastases from pancreatic cancer underwent HAI with GEM
between October, 2008 and September, 2010 at Kanazawa
University Hospital (Kanazawa, Japan). Patients with metas-
tases confined to the liver following curative (R0O) resection
of the pancreatic primary adenocarcinoma underwent HAI
with GEM plus 5-FU (GEM+5-FU group). However, patients
with metastases confined to the liver following non-curative
(R1 or R2) resection or cases that involved metastases to
other organs along with liver metastases that may dictate
prognosis, underwent HAI with GEM and oral S-1 admin-
istration (GEM+S-1 group). Written informed consent was
obtained from each patient prior to enrollment in the study
and the treatment was undertaken with the approval of the
local Medical Ethics Committee.

The baseline characteristics of the patients are listed
in Table 1. Five out of the 7 patients received GEM plus
5-FU treatment and 2 received GEM plus S-1 treatment.
The male:female ratio was 5:2. The median patient age was
64.9 years (range, 60-71 years). The Eastern Cooperative
Oncology Group performance status score was 0 in all patients
in this study. Four patients had received preoperative chemo-
therapy with GEM and oral S-1 and adjuvant chemotherapy
with GEM had been administered to 5 out of the 7 patients
prior to the appearance of liver metastases. The interval
between surgery and the appearance of liver metastases was
7 months (range, 3-11 months). The median standard liver

TAJIMA et al: HAI WITH GEM+5-FU AND GEM+S-1 TREATMENT FOR LIVER METASTASIS

volume [SLV (ml) = 706.2 x body surface area (BSA) + 2.4]
was 1.1 1 (range, 9.0-1.3 1) (16).

Catheter placement and treatment regimen. An intrahepatic
arterial catheter was percutaneously implanted following
hepatic arteriography via a right femoral puncture to deliver
chemotherapy. The catheter tip was placed in the hepatic
artery proper by a radiologist. The catheter was then
connected to a subcutaneous implantable port system, located
in the lower right abdominal area. In the GEM+5-FU group,
an 800-mg/SLV dose of GEM was dissolved in 50 ml of
saline for administration over a 30-min period using a bedside
pump. Following GEM infusion, a 250-mg/SLV dose of 5-FU
dissolved in 50 ml of saline was infused continuously over
24 h on days 1-5, comprising 1 cycle of therapy. In case 1, only
400 mg of GEM was administered, due to the development
of leukocytopenia (17). Each treatment cycle was continued
biweekly on hospital days 1-6 (Fig. 1A). In the GEM+S-1
group, 60 mg/m*day of S-1 was administered for 7 consecu-
tive days and an 800-mg/SLV dose of GEM was administered
on day 8 as in the GEM+5-FU group. Each treatment cycle was
continued biweekly in the outpatient clinic (Fig. 1B).

Assessment of response. Response to treatment was deter-
mined based on the following measures: results of physical
examination, complete blood counts, biochemical tests and
chest and abdominal radiography were obtained prior to
the initiation of each cycle. Serum CA 19-9 was measured
monthly and changes in this tumor marker were assessed prior
to and following 10 HAI cycles. Follow-up contrast-enhanced
computed tomography was performed upon completion of
every 5 cycles, or more frequently for cases showing clinical
deterioration. The response rate was evaluated in accordance
with the Response Evaluation Criteria in Solid Tumors
(RECIST) (18). A complete response (CR) was defined as the
disappearance of all evidence of disease and normalization
of tumor markers persisting for at least 2 weeks. A partial
response (PR) was defined as a >30% reduction on uni-dimen-
sional tumor measurements, without the appearance of any
new lesions or progression in any existing lesion. Progressive
disease (PD) was defined as any of the following: i) a 20%
increase in the sum of the products of all measurable lesions;
i1) the appearance of any new lesion; or iii) the reappearance
of any lesion that had previously disappeared. Stable disease
(SD) was defined as a tumor response that did not fulfill the
criteria for CR, PR or PD.

In the GEM+5-FU group, HAI of 5-FU was terminated
after 10 cycles and administration of oral S-1 was initiated.
Patients in the two groups received GEM HAI and admin-
istration of oral S-1 in the outpatient clinic for as long as
possible, i.e., for as long as they exhibited no tumor regrowth
or the appearance of any new lesions and were free of HAI
catheter-related problems. The median survival time (MST)
was calculated from the initiation of the study treatment until
death and determined according to the Kaplan-Meier method.

Results

In 6 out of the 7 cases, >10 cycles of HAI chemotherapy were
administered. In a single case (case 5), the HAI catheter and
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Table 1. Patient characteristics.
Case number 1 2 3 4 5 6 7
Age (years) 61 62 69 71 60 66 65
Gender F M M M F M M
Performance status 0 0 0 0 0 0 1
Tumor location H H BT BT BT H BT
Residual tumor 0 0 0 0 0 0 [
Preoperative chemotherapy + + - - - + +
Postoperative chemotherapy - + - + + +
Interval between operation 5 10 3 10 5 11 5
and liver metastases (months)
Body surface area (m?) 1.6 1.7 1.8 1.5 1.3 1.7 1.5
Standard liver volume (1) 1.1 1.2 1.3 1.1 0.9 1.2 1.1
Other metastatic - - - - - P -
lesion prior to HAI
Group GEM+5-FU  GEM+5-FU GEM+5-FU GEM+5-FU GEM+5-FU GEM+S-1 GEM+S-1

F, female; M, male; GEM, gemcitabine: 5-FU, 5-fluorouracil: H, head; BT, body and tail; P, peritoneal dissemination: HAI hepatic arterial infusion.

B

v

SFU No treatment SFU
250 mg / SLV/ 24h : 250 mg / SLV/ 24h
x Sdays x 9days x Sdays
1st eycle (14days) next cycle
B
v v
Oral $-1 . Oral §-1 .
60mg / m?/ day No treatment 60mg / m day No treatment
x 7days x 7days x 7days x 7days
1st cycle (14days) next cycle

Figure 1. Treatment regimens of (A) gemcitabine (GEM) + 5-fluorouracil (5-FU) and (B) GEM+S-1 groups. (A) In the GEM+5-FU group, an 800-mg/SLV
dose of GEM was administered over 30 min (arrow). Following GEM infusion, a 250-mg/SLV dose of 5-FU was administered continuously over 24 h on
days 1-5, comprising I cycle of therapy. Each treatment cycle was continued biweekly on hospital days 1-6. (B) In the GEM+S-1 group, 60 mg/m*day S-1 was
administered for 7 consecutive days and an 800-mg/SLV dose of GEM was administered on day 8 (arrow). Each treatment cycle was continued biweekly in

the outpatient clinic.

subcutaneous implantable port system had to be removed after
eight cycles due to a problem with the tube. Based on RECIST,
PR was achieved in 2 out of the 7 cases and SD was achieved
in 4 (response rate, 85.7%). CR was not achieved in any of
the cases, whereas PD was observed in 1 case. In § out of the

7 cases, decreases in the serum tumor marker CA 19-9 levels
were observed after 10 cycles of HAI treatment. The median
time to treatment failure was 8 months (range, 0-17 months).
The initial disease progression factor was nodal and lung
metastasis in 3 cases and local recurrence plus peritoneal
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Table II. Treatments and responses.
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Case number 1 2 3 4 5 6 7
GEM administration (cycles) 13 40 23 10 8 15 12
5-FU administration (cycles) 10 10 10 10 6 0 0
S-1 administration (cycles) 3 30 13 0 2 15 12
Response. SD PR PR PR SD SD PD
TTF (months) 15 17 7 8 3 6 0
Other metastatic lesion LN N, P Lg L,Lg N P Lg
Other chemotherapy Tx Tx Tx Tx Tx Tx Tx
Other therapy RT RT - - - - -
Survival following HAI (months) 23 26 13 20 13 16 11
Catheter problems + + - + + + +
CA19-9 prior to HAI (U/ml) 138 14 311 2,073 43,460 423 37
CA19-9 following 10 HAI cycles (U/ml) 33 65 221 811 32,200 34 1,060

GEM, gemcitabine; 5-FU, 5-fluorouracil; SD, stable disease: PR, partial response; PD, peritoneal dissemination; TTF, time to treatment failure;
L, local recurrence; N, lymph node metastasis; Lg, lung metastasis; Tx, taxane; RT, radiation therapy; HAI, hepatic arterial infusion; CA 19-9,

carbohydrate antigen 19-9.

dissemination in 2. The overall survival time from the initia-
tion of the study treatment until death was 17.4 months (range,
11-26 months) (Table II).

Adverse events are listed in Table IIl. Grade 3 leukocy-
topenia was observed in case I: this patient was not able to
receive adjuvant systemic chemotherapy due to grade 2 leuko-
cytopenia prior to HAIL Leukocytopenia was also observed in
1 of the remaining 6 cases. The patients were anemic; however,
5 out of the 7 patients had developed anemia prior to HAI
therapy. Grade 2 thrombocytopenia was observed in 2 cases.
Non-hematological events, such as nausea, diarrhea, liver
injury (AST/ALT increase), or neuropathy were not observed.
Of note, there were no life-threatening toxicities. However,
catheter-related complications (arterial thrombosis or catheter
dislocation) occurred in 6 cases (85.7%) and the HAI catheter
and subcutaneous implantable port system had to be removed
(Table II). All 7 patients eventually succumbed to the primary
disease. The MST was 22.4 months (Fig. 2).

Discussion

Pancreatic cancer is almost always fatal, with a 5-year survival
rate of <5% (1,2). Surgery remains the only curative option
and usually consists of radical pancreatic resection, including
wide lymph node dissection and complete removal of the
extra-pancreatic nerve plexus of the superior mesenteric artery
or celiac axis (19,20). Adjuvant chemotherapy improves the
survival of patients with resectable pancreatic adenocarci-
noma compared to resection alone (4), although to a limited
extent. However, 20-30% of patients are unable to receive the
designated therapy due to postoperative complications, delayed
surgical recovery and/or early disease recurrence (5,6). In
particular, the appearance of liver metastases early in the post-
operative period significantly contributes to a poor prognosis
in postoperative patients. For these patients, HAI chemo-
therapy, which has less of an effect on the body as a whole,
may provide an effective treatment alternative to standard
adjuvant chemotherapy.

Table III. Treatment toxicities (NCI-CTC grade)

Case number 1 2 3 4 5 6 7
Anemia 20 2¢ 1 1* 28 28 1
Leukocytopenia 3 0 0 0 o 22 0
Thrombocytopenia ~ 2* 1 0 2 0 0
Nausea 0 0 0 0 0 0 0
Diarrhea 0 0 0 0 0 0 0
Liver injury 0 0 0 O 0 0 0
Neuropathy 0 o 0 O 0 0 0

*Grade | prior to hepatic arterial infusion (HAI) initiation, *grade 2
prior to HAI initiation. NCI-CTC, National Cancer Institute-Common
Toxicity Criteria.
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Figure 2. Overall survival curve for patients from the initiation of the hepatic
arterial infusion (HAI) study treatment. All 7 patients eventually succumbed
to the primary disease. The median survival time (MST) was 22.4 months.

Arterial infusion chemotherapy with GEM and 5-FU has
been reported as a treatment for locally advanced pancreatic
cancer and liver metastases from pancreatic cancer (10,21,22).
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