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or death. The overall survival and PFS were calculated using
the Kaplan—Meier method. Subgroup analyses were evalu-
ated with the log-rank test and the Cox proportional hazard
model. This study was approved by Kanagawa Cancer
Center institutional review board.

RESULTS
SUBJECTS

One hundred and thirteen patients with advanced BTC
received GEM monotherapy or GEM plus CDDP combin-
ation therapy as the first-line treatment and 83 patients dis-
continued. Among these 83 patients, 55 patients received
S-1 monotherapy as the second-line treatment and 51
patients were selected for this study according to the eligibil-
ity criteria. The reason for exclusion was anemia due to the
first-line treatment in one patient, massive ascites in one
patient, PS 3 in one patient and patient’s refusal for surgical
treatment in one patient. The patient characteristics are
shown in Table 1. Among the 51 patients, the median age
was 69 years (range 39—81), 29 (57%) were male and all the
patients except only one had an Eastern Cooperative
Oncology Group PS of 0—1. The number of patients with
gallbladder carcinoma was 26 (51%), and that with recurrent
disease after the curative surgery was 8 (16%). Regarding
the first-line treatment, the number of patients who had
received GEM monotherapy was 47 (92%), while the
number of patients who received GEM plus CDDP combin-
ation therapy was 4 (8%). In GEM monotherapy and GEM
plus CDDP combination therapy, PFS was 4.0 and 3.4
months, 5 patients (10.6%) and 1 (25%) patient showed a
partial response and 26 (55.3%) and 2 (50%) showed stable
disease, respectively.

TREATMENT

A total of 176 courses were administered, with a median of
two courses per patient (range 1—18). Dose reduction due to
the adverse events was conducted in 17 (33%) patients, and
treatment was interrupted during the course in 15 (29%)
patients. The median dose intensity of S-1 was 87.3% (range
38.4—100%) compared with the planned dosage. S-1 mono-
therapy was discontinued in 43 (84%) patients because of
the disease progression and in 4 (8%) patients because of the
adverse events (Grade 2 nausea in two patients, Grade 2
gastrointestinal bleeding in one and Grade 2 anorexia in
one). Four patients (8%) had been receiving S-1 monother-
apy at the time of this analysis.

Erricacy

Excluding 1 patient who could not be evaluated, 2 (4.0%)
patients showed partial responses and 19 (38%) showed
stable disease, resulting in an overall objective response rate
of 4% and a disease control rate of 42%. The overall MST

was 6.0 months and the PFS was 2.3 months (Fig. 1). In sub-
group analysis according to the presence of ascites, indicat-
ing the presence of peritoneal dissemination, the MSTs of
patients with and without ascites were 2.2 and 6.8 months
(P = 0.033), respectively. And there was a significant differ-
ence in overall survival between patients who had progres-
sive disease against the first-line chemotherapy and who had
any response (3.5 and 7.2 months, respectively, P = 0.023).
These two factors were also significant in multivariate ana-
lysis; the hazard ratios were 3.2 and 2.3, respectively.
However, there was no significant difference between gall-
bladder carcinoma and non-gallbladder carcinoma (Table 2).

TOXICITIES

Table 3 presents the adverse events that occurred during the
S-1 monotherapy as the second-line treatment. No treatment

Table 1. Patient characteristics

Patients (n = 51) Percent

Median age (range) 69 (39-81)
Gender

Male 29 56.9

Female 22 43.1
ECOG PS

0 40 78.4

1 - 10 19.6

2 1 2.0
Location of primary tumor

Intrahepatic bile duct 15 294

Extrahepatic bile duct 9 17.6

Gallbladder 26 51.0

Ampulla of Vater 1 2.0
Extent of disease

Local advanced 16 314

Metastatic (prior curative surgery) 35(8) 68.6 (15.7)
With ascites 5 9.8
CEA before treatment (ng/ml)

<5.0 22 43.1

>5.0 29 56.9
CA19-9 before treatment (mU/ml)

<37 13 255

>37 38 74.5
Prior treatment regimen

Gemcitabine alone 47 92.2

Gemcitabine -+ cisplatin -4 7.8

ECOG PS, Eastern Cooperative Oncology Group performance status; CEA,
carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.
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Figure 1. (A) The Kaplan—Meier curves for overall survival. The median survival time was 6.0 months [95% confidence interval (CI): 3.4—8.6]. (B) The
Kaplan—Meier curves for progression-free survival (PFS). The median PFS was 2.3 months (95% CI: 1.2—3.4).

death occurred, and generally, toxicities were mild: Grade
3/4 hematologic adverse events, which include anemia,
leukopenia, neutropenia and thrombocytopenia, were
observed in only one patient for each, and non-hematologic
adverse events with Grade 3/4 were diarrhea (three patients,
6%), anorexia (one patient, 2%), nausea (one patient, 2%),
mucositis oral (one patient, 2%) and rash (one patient, 2%).

DISCUSSION

In this analysis, ~64% of the patients received second-line
chemotherapy after being refractory to GEM-containing
regimen similar to 70% of the patients who received the
second-line chemotherapy in the past study (8). These find-
ings indicate that the development of effective second-line
chemotherapy is critical to the treatment of advanced BTC.
However, there is no standard regimen after the refractory
condition to the GEM plus CDDP regimen, as National
Comprehensive Cancer Network guideline shows no recom-
mendation about it.

5-Fluorouracil (5-FU) was expected to have an anti-tumor
effect for advanced BTC, and some studies of 5-FU mono-
therapy or 5-FU combination regimen as first-line treatment
were reported previously (14—19). According to these
studies, it is considered that 5-FU was ineffective as an
agent for first-line treatment. S-1, which is a 5-FU derivative,
is a promising agent for first-line treatment (10,11).
However, the agent effective in the first-line treatment is not
always effective in the second-line treatment, and it is neces-
sary to evaluate the efficacy and safety of the agent in the
second-line treatment. The results of the current study were
similar to the report published by Suzuki et al. (13) at the
2010 annual meeting of the American Society of Clinical
Oncology. On the other hand, the results reported by Sasaki
et al. (12) were largely better than those of the current study.
One of the reasons for the difference may be the patient’s

characteristics, especially the primary site of tumor and peri-
toneal dissemination. It was reported that galibladder cancer
has a poor prognosis (6,20). Gallbladder cancer was included
51% in the current study, while only 27% in the Phase II
study reported by Sasaki et al. (12). As for the peritoneal
dissemination, it was not mentioned in the report so it
cannot be compared. Instead, they insisted on the tumor
volume rather than on the primary site. From this point of
view, patients with recurrent disease show better prognosis
than those with non-resectable disease because careful obser-
vation results in small tumor volume when the recurrence is
pointed out (8). However, no survival difference was
observed between the patients with recurrent disease and
non-resectable disease in our study, and since the outcome
that recurrent case had better prognosis may mean lead time
bias, further studies are needed to address this issue.

Subgroup analysis of our study indicates that patients who
had shown progressive disease for the first-line chemother-
apy administering GEM tended to have worse prognosis
despite the second-line chemotherapy of S-1 than those who
had shown disease control. It means that S-1 monotherapy as
second-line treatment may not salvage patients who did not
show any response to the GEM-containing regimen. Neither
GEM nor CDDP cross-reacts with S-1 in pharmacokinetics
(21-25), and patients who showed disease progression
against both first-line and second-line chemotherapy may
have other complex factors. Nonetheless, it is important to
exercise caution while interpreting the results of this retro-
spective study, as the patients’ backgrounds are different
from one another.

Concerning the toxicities, Grade 3—4 adverse events were
not frequent and no treatment-related death was observed.
Moreover, treatment discontinuation was needed for only
four (8%) patients. Therefore, two prospective studies and
the current study showed similar results, indicating that S-1
monotherapy is tolerable in the second-line treatment after
the GEM failure.
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Table 2. Prognostic factors for overall survival

Factor Univariate analysis Multivariate analysis
Hazard Pvalue  Hazard P value
ratio (95% CI) ratio (95% CI)

Gender

Male 1

Female  0.82 (0.43—1.57) NS
Age <65 years old

Yes 1

No 1.46 (0.76—2.80) NS
Performance status

0 1

1 1.60 (0.76—3.33) NS
CEA <5.0 ng/ml

 Yes 1

No 1.70 (0.88-3.31) NS
CA19-9 <37 IU/ml

Yes 1

No 1.19 (0.56—2.51) NS
Recurrent disease

Yes 1

No 1.30 (0.59-2.86) NS
Metastatic disease

Yes 1

No 0.71 (0.37-137) NS
Gallbladder carcinoma

Yes 1

No 1.62 (0.84-3.11) NS
Without ascites

Yes 1 1

No 277 (1.04-7.17)  0.033 3.21 (1.20-8.61)  0.020
Any response to first-line chemotherapy

Yes 1 1

No 2.10 (1.09-4.05)  0.023 2.29 (1.17-4.47)  0.015

Cl, confidence interval; NS, not significant.

Other treatment regimens were reported for the patients
with BTC refractory to GEM (Table 4). Lee et al. (26)
reported that the Conti-FAM regimen showed a response rate
of 12% and an MST of 6.7 months with a TTP of 2.3
months. Pino et al. (27) reported that the CapCel regimen
showed a response rate of 9% and an MST of 4.4 months
with a PFS of 4.0 months. These studies suggest modest effi-
cacy and safety; however, it is a problem that these studies
included more patients with pancreatic cancer rather than
with BTC. Recently, many molecular-targeting drugs are

Table 3. Adverse events that occurred during S-1 monotherapy as the
second-line treatment, according to CTCAE version 4.0

Grade 1 Grade 2 Grade 3 Grade 4
Hematologic
Anemia 23 17 1 0
Leucopenia 8 7 1 0
Neutropenia 8 5 1 0
Thrombocytopenia 15 4 1 0
Non-hematologic
Anorexia 18 5 1 0
Nausea 6 7 1 0
Diarrhea 5 2 3 0
Mucositis oral 5 2 1 0
Fatigue 4 2 0 0
Dysgeusia 6 0 0 0
Skin hyperpigmentation 4 0 0 0
Vomit 2 1 0 0
Constipation 3 0 0 0
Rash 0 1 1 0
Watering eyes 2 0 0 0

Grade 34 adverse events were not frequent and no treatment-related death
did occur.

developed, and some of these are expected to be efficacious
for advanced BTC. Paule et al. suggested the efficacy of the
cetuximab plus GEM-oxaliplatin (GEMOX) regimen for
patients who are refractory to GEMOX (28). The study en-
rolled a few patients and was limited to intrahepatic cholan-
giocarcinoma. However, cetuximab plus GEMOX was
expected to be useful for the first-line treatment in the
single-arm Phase II study (29), and cetuximab plus GEMOX
will be one of the candidates for the standard care of second-
line treatment after the GEM plus platinum. Lastly, sunitinib
is also expected in the second-line treatment (30).

Brandi (31) analyzed EM plus platinum compound, capeci-
tabine or irinotecan as a drug for second-line treatment for
patients refractory to GEM in the first-line treatment. It asks
the clinical questions whether or not GEM should be used in
the second-line treatment for patients refractory to GEM in the
first-line treatment. Indeed, 5-FU is the key drug in metastatic
colorectal cancer, which should be used after failure to first-
line regimen including itself (32,33). In advanced BTC, some
clinical trials that investigate the usefulness of GEM-contain-
ing second-line treatment after the failure to GEM are ongoing
in Japan, such as GEMOX (UMIN000003650) and fix-dose
rate GEM plus S-1(UMIN000005918).

The efficacy of second-line chemotherapy by S-1 mono-
therapy and these reported regimens should be evaluated by
placebo control studies because the result will change
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Table 4. Other regimens reported about the second-line treatment of advanced biliary tract cancer

Author Regimen Patients (n) GBC Response rate (%) Median TTP or PFS Median survival time
(months) (months)

Lee et al. Conti-FAM 16 31.3% 12 23 6.7

Pino et al. CapCel 35 14% 9 4.0 44

Paule et al. GEMOX + Cet 9 0 22 4.0 7.0

Yi et al. Sunitinib 56 26.8% 8.9 1.7 4.8

Brandi et al. GEM -+ platinum or 49 122% — 35 8.1

GEM + capecitabine or GEM + CPT-11

Conti-FAM; continuous 5-fluorouracil, doxorubicin and mitomycin-C; CapCel, capecitabine and celecoxib; GEMOX, gemcitabine and oxaliplatin; Cet,
cetuximab; GEM, gemcitabine; CPT-11, irinotecan; GBC, gallbladder carcinoma; TTP, time to progression PFS; progression free survival.

because of the patient’s background. Nevertheless, it is diffi-
cult to carry out a randomly controlled study, which com-
pares S-1 monotherapy with placebo, since S-1 is approved
for advanced biliary tract cancer by social insurance in
Japan. Therefore, S-1 monotherapy can be the control arm in
the clinical trials that test new promising regimens in the
future.

In conclusion, S-1 monotherapy in a practical setting is

well tolerated, and its efficacy is almost the same as the pro-
spective clinical trials for patients with advanced BTC re-
fractory to a GEM-containing regimen. Further development
and randomized controlled studies of the second-line treat-
ment are warranted.
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Abstract. Pancreatic metastasis from colorectal cancer is
rare, and accounts for less than 2% of all pancreatic
metastases. There have been no studies that have reported the
differences in the sensitivity to chemotherapy between the
primary lesion and the pancreatic metastasis in colorectal
cancer. We experienced a rare example of pancreatic
metastasis from colorectal cancer, and report here the
difference in the sensitivity to the antitumor drug. A 68-year-
old female underwent colectomy for rectal carcinoma with a
mass in the pancreatic tail and the liver. The patient also
underwent a distal pancreatectomy and a segmental liver
resection at the same time. v-Ki-ras2 Kirsten rat sarcoma viral
oncogene homolog (KRAS) and tumor protein 53 (TP53) gene
mutation analyses, in addition to the histopathological
examinations, revealed tumors of the liver and the pancreatic
tail as being metastases from the primary carcinoma. We
employed a collagen gel droplet-embedded culture drug
sensitivity test for both the primary lesion and the pancreatic
metastasis. The sensitivity to oxaliplatin and FOLFOX (5-
flurouracil, folinic acid and oxaliplatin) were lower in the
pancreatic metastasis compared to the primary lesion. In
conclusion, pancreatic metastasis from colorectal malignancy
is rare, and the present results suggest that there are potential
differences in the sensitivity to chemotherapy between the
primary colorectal tumor and its pancreatic metastasis.

Colorectal cancer (CRC) is the third most common type of
cancer and the fourth leading cause of death due to cancer
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worldwide (1). In spite of progress made in chemotherapy
for CRC, the outcomes of CRC with distant metastasis still
remain poor. The pancreas is an uncommon location for
solitary metastasis from other primary carcinomas (2). But
in many autopsy series, the prevalence of pancreatic
metastasis has been described as being as high as 1.6% to
11% (3, 4). The metastases usually derive from a primary
tumor of the kidney, lung, breast, gastrointestinal tract
(stomach, small bowel or colorectum) or from melanoma (5).
There have only been 29 reported cases of a solitary
resectable pancreatic metastasis from colorectal cancer (6).
Although hepatic resection is a potentially curative therapy
for liver metastases from CRC, the benefits of resection of
pancreatic metastases are unclear.

The collagen gel droplet-embedded culture drug
sensitivity test (CD-DST), using various types of malignant
neoplasms, has been safely and widely applied in Japan (7-
9). However, to date, CD-DST data for a pancreatic
metastasis from CRC have not been reported. This case study
was performed in order to evaluate the differences in the CD-
DST results between the primary lesion and its pancreatic
metastasis. An accumulation of this type of information may
be helpful in the future in order to establish treatment
modalities for unresectable metastatic pancreatic tumors, or
may allow for resectable tumors to be treated with
chemotherapy instead of surgical removal.

Case Report

A 68-year-old female in good general condition presented to
our department in May 2011 complaining of constipation and
tested positive for occult fecal bleeding. There was an
adenocarcinoma of the rectum detected by colorectal
endoscopy, and computed tomography also revealed an
inhomogeneous mass in the pancreatic body, measuring
35 mm in the largest diameter, and in segment 6 of the liver,
measuring 30 mm in the largest diameter (Figure 1).
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Figure 1. Low density lesion seen in the tail of the pancreas and segment 6 of the liver, metastatic tumor from the rectal carcinoma as imaged by

contrast-enhanced CT scan.

Radiographically, no other masses were detected. At this
point, it was uncertain whether the tumors in the liver and
the pancreas were primary lesions or metastases from the
rectal adenocarcinoma. In June 2011, the patient underwent
a high anterior resection of the rectum. In a rapid diagnosis
during the operation, the liver lesion was concluded to be a
metastasis of the rectal adenocarcinoma, and therefore, a
limited liver resection, together with resection of the
pancreatic body and tail, were performed at the same time.
The rectal lesion was diagnosed histopathologically as
moderately-differentiated adenocarcinoma invading into the
serosal fat. The resected margins were free of tumor;
however, 8 out of the 12 regional lymph nodes were positive
for metastasis. The liver and pancreatic lesions showed the
same morphological features in hematoxylin and eosin
(H&E) staining. Immunohistological examinations revealed
that the tumor cells of the rectal lesion, liver lesion and
pancreas lesion were all negative for cytokeratin (CK) 7 and
Mucin MUC) 6, and all positive for CK20 and Caudal-type
homeobox protein (CDX) -2. Because pancreatic metastasis
of the colorectal carcinomas is rare, gene alterations of the
v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog
(KRAS) and tumor protein 53 (TP53) genes were further

1458

investigated in the rectal and pancreatic tumors. The presence
of KRAS mutations in codons 12 and 13 were evaluated by a
polymerase chain reaction (PCR)-based DNA heteroduplex
assay followed by nucleotide sequencing as reported
previously (10), and no KRAS alterations were found. The
mutation hot-spots in exons 5 to 8 of the TP53 gene were
examined by direct sequencing of the PCR products, as
described in a previous report (11), and the same one-
nucleotide deletion followed by a stop codon (c.377del,
P-Y1265fsX44) was found in both the rectal and pancreatic
tumors (Table I). Taking the histopathological,
immunohistochemical and genetic alteration findings into
account, we considered the pancreatic tumor to be a
metastasis from the rectal adenocarcinoma. As the
preoperative diagnosis was a double primary cancer, we
examined the chemosensitivity of both the rectal tumor and
the pancreatic tumor using CD-DST to determine the most
appropriate chemotherapy regimen for the patient. The
results of the analysis are shown in Table II. The
chemosensitivity of the metastatic pancreatic lesion was
lower than that of the primary lesion for both oxaliplatin and
FOLFOX (5-flurouracil, folinic acid and oxaliplatin). The
pathological staging was T3 N2 MI, and based on the
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Table 1. The differences in the results of the immunohistochemical and DNA mutation analyses between the primary lesion and the metastatic lesions.

Cytokeratin 7 MUC 6 Cytokeratin 20 CDX-2 KRAS mutation TP53 mutation
Rectum - - + + - c.377del, p.Y126S5fsX44
Pancreas - - + + - ¢.377del, p.Y126S5fsX44
Liver - - + + Not investigated Not investigated

MUC6: Mucin6; CDX-2: Caudal-type homeobox protein-2.

sensitivity testing, the patient underwent adjuvant
chemotherapy with FOLFOX. The patient is alive and
disease-free 8 months after surgery.

Discussion

The incidence of pancreatic metastases in autopsy series
performed in patients with malignant neoplasms ranged from
1.6-11% (3, 4). In clinical studies among patients with
solitary pancreatic masses, the frequency of pancreatic
metastases ranged from 0.5 to 3% (12, 13). Renal cell
carcinoma is the most common primary tumor, followed by
lung cancer (adenocarcinoma and non-small cell lung
carcinoma), lobular breast carcinoma, and more rarely,
gastric cancer, melanoma, and soft-tissue sarcoma (2, 12, 14-
17). Table III shows the details of the 30 cases with isolated
metastasis to the pancreas from colorectal adenocarcinoma
reported in the literature; only four cases of synchronous
metastasis, including the present case, were identified out of
10 rectal adenocarcinoma cases. The treatment of colorectal
cancer patients with an isolated distant organ metastasis,
such as that to the brain, liver, lung, or local recurrence, by
the resection of the metastases has been reported to have
beneficial effects on patient survival (18-21). In patients with
renal cell carcinoma, Reddy er al. (22) reported that the
median survival after the resection of isolated pancreatic
metastases was 4.8 years. However, the role of pancreatic
resection for metastatic colorectal tumors is not well defined
due to the paucity of such cases reported in the literature,
and it is unclear whether these patients should be managed
by a more conservative approach, such as chemotherapeutic
management, and whether chemotherapy may offer the same
results as pancreatic resection with less morbidity.

The response of recurrent disease to chemotherapeutic
agents, such as 5-flurouracil, oxaliplatin and folinic acid
(FOLFOX) or 5-flurouracil and folinic acid with irinotecan
(FOLFIRI), has rarely been reported (14). Therefore, in the
present study, we evaluated the chemotherapeutic sensitivity
of cancer cells from both a primary rectal adenocarcinoma
and a synchronous pancreatic metastasis using the CD-DST
with multiple drug concentrations and contact durations. The

Table II. Drug sensitivities as determined by the collagen gel droplet-
embedded culture drug sensitivity test (CD-DST) in the rectal tumor and
pancreatic metastasis.

Inhibition rate (%)

Primary lesion Pancreatic metastasis

Irinotecan 36.8 275
Oxaliplatin 54.7 39.5
FOLFOX 63.3 53.1
FOLFIRI 42.1 414
5-flurouracil 307 41.1

FOLFOX: 5-Flurouracil+ folinic acid +oxaliplatin, FOLFIRI: 5-
flurouracil+ folinic acid +irinotecan, The formula used to determine the
inhibition rate is reported in the text.

CD-DST is a useful tool for the design of tailor-made
chemotherapy regimens using the most suitable agents,
doses, and schedules of administration (23), particularly in
cases of rare tumors for which a standard chemotherapy
regimen has not been established. The antitumor effect of the
agents is determined by the inhibition ratio, which is
calculated from the total volume of the colony that was in
contact with the drug (T) and the total volume of the colony
that was not in contact with the drug (C), according to the
following formula: (1-T/C) x100%. A value of more than
50% is indicative of good drug sensitivity. The primary rectal
adenocarcinoma from the present patient exhibited good
sensitivity to both oxaliplatin and FOLFOX, but the
sensitivity to these chemotherapeutic agents was lower by
more than 10% for the pancreatic metastasis. There have
been no previous reports that the chemotherapy regimen was
less effective for a pancreatic metastasis than for the primary
colorectal carcinomalesion as determined by the CD-DST.

In conclusion, pancreatic metastases should be considerd
when a patient with history of colorectal adenocarcinoma is
presenting a pancreatic mass, and the present results suggest
that there are potential differences in the sensitivity to
chemotherapy between the primary colorectal tumor and its
pancreatic metastasis.
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Table III. The nature and outcomes of pancreatic resections for colorectal metastasis: A review of the literature.

Authors Year Site of Interval between Site Surgical Outcome
primary tumor tumors (months) procedure
Dead Alive
Present study 2012 Rectum Synchronous Tail DpP 7
Chao-Wei et al. (24) 2010 Rectum 24 Tail DP X 12
Norman et al. (6) 2010 Colon 108 Tail DP 9
Sperti et al. (14) 2009 Colon 48 Head Wipple 31
Colon Synchronous Head PPPD 28
Colon 10 Head Wipple 17
Colon 36 Tail DP 14
Colon 24 Head PPPD 10
Colon Synchronous Head PPPD 15
Colon Synchronous Body DP 5
Rectum 29 Tail DpP 30
Rectum 80 Head Enucleation 24
Baierlein SA (25) 2008 Rectum 60 Head PD Not reported
Gravalos C et al. (26) 2008 Colon 12 Head PD 12
Bachmann et al. (27) 2007 Rectum 24 Tail DP 1.5
Rectum 30 Tail Dp 6
Shimoda et al. (28) 2007 Rectum 44 Head PD 8
Eidt et al. (29) 2007 Colon 12 Head PPPD 105
Matsubara et al. (30) 2007 Rectum 24 Head Wipple 24
Crippa et al. (31) 2006 Colon 7 Head PPPD 13
Torres-Villalobos e al. (32) 2004 Cecum 8 Tail DP 6
Tutton et al. (33) 2001 Colon 23 Tail DP 12
Pereira-Lima JC (34) 2000 Colon 36 Body GJ 5
Le Borgne et al. (17) 2000 Colon 60 Head Wipple 12
Yoshimi et al. (35) 1999 Colon 51 Tail DP 24
Inagaki et al. (36) 1998 Rectum 132 Body DP 8
Harrison et al. (37) 1997 Colon 15 Head Wipple 41
Colon 15 Head Wipple 21
Nakeeb et al. (38) 1995 Colon 34 Head Wipple 43
Roland and van Heerden JA (5) 1989 Colon Not reported Tail DP ) 27

DP: Distal pancreatectomy; GJ: gastrojejunostomy; PD: pancreaticoduodenectomy; PPPD: pylorus-preserving pancreaticoduodenectomy.
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The global histone modification pattern correlates with overall
survival in metachronous liver metastasis of colorectal cancer
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Abstract. Post-translational histone modifications are known
to be altered in cancer tissues, and differences in the histone
modification levels have recently been used to predict the
clinical outcome in patients with certain types of cancer. In
this study, we evaluated the immunohistochemical staining
patterns of histone H3 dimethylation and acetylation in
metachronous liver metastasis of colorectal carcinomas and
examined its correlation with patient prognosis. Double 2 mm
core tissue microarrays were made from 54 paraffin-embedded
samples of liver metastasis from colorectal adenocarcinoma,
and were examined by an immunohistochemical analysis of
histone H3 lysine 4 (H3K4) dimethylation, histone, H3 lysine
9 (H3K9) dimethylation and histone H3 lysine 9 (H3K9)
acetylation. Positive tumor cell staining for each histone
modification was used to classify patients into low- and high-
staining groups, which were then examined for correlations
with the clinicopathological parameters and clinical outcome.
Dimethylation of H3K4 correlated with the tumor histological
type (P=0.043), and acetylation of H3K9 correlated with the
tumor histological type (P=0.016). In addition, lower levels
of H3K4 dimethylation correlated with a poor survival rate
(P=0.035). The multivariate survival analysis showed that
the H3K4 dimethylation status is an independent prognostic
factor for colorectal cancer patients (P=0.011). We suggest that
the pattern of histone modification as detected by immuno-
histochemistry may be an independent prognostic factor for
metachronous liver metastasis of colorectal carcinomas.
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Introduction

Colorectal cancer (CRC) is the third most common cancer and
the fourth leading cause of cancer-related deaths worldwide
(1). In spite of progress made in CRC chemotherapy, the
outcomes of CRC with distant metastasis still remain poor.
Liver metastasis of CRC is an important prognostic factor,
and occurs in 20-25% of CRC patients (2). Hepatic resection
is a potentially curative therapy for colorectal liver metastases.
However, recurrence develops in approximately 60-70% of all
such patients after hepatectomy, thus, suggesting that patients
with colorectal liver metastasis often do not benefit from hepa-
tectomy. In addition, the prognostic factors for survival that can
be obtained from the resected specimens and the mechanism
of tumor progression of the metastases have not yet been fully
elucidated. Therefore, it is important to identify the specific
biomarker of CRC outcomes, especially for patients with liver
metastases.

DNA methylation and histone modification are major
epigenetic mechanisms controlling gene regulation, and they
are frequently altered in cancer (3). Changes in DNA methyla-
tion are closely related to patterns of histone modification (4).
Cellular patterns of histone modifications have been reported
as providing independent prognostic information for several
cancers, including prostate (5,6), kidney (6), lung (6-8), gastric
(9), ovarian (10), pancreatic (10,11), esophageal (12,13) and
breast cancers (10,14). Modification of histones by methyla-
tion and acetylation at lysine residues is generally associated
with gene inactivation or silencing (15-19). In CRC patients,
it has also been previously reported that reduced H3 lysine
4 methylation and increased H3 lysine 9 methylation play a
critical role in the maintenance of promoter DNA methylation-
associated gene silencing (15). However, to date, there have
been no reports on the prognostic significance of global histone
modifications in cases of CRC, including liver metastasis.

In this study, we classified the expression levels of the histone
dimethylation in 54 pairs of the liver metastases obtained
from patients with metachronous liver metastasis of CRC.
To evaluate the clinical significance of histone modification,
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Figure 1. Histograms depicting the detection of histone modifications in CRC by immunohistochemistry. Representative examples of CRC or liver metastasis
tissue cores presenting with 4 levels of staining (non-staining, weak, median and strong) of the following histone modifications: H3K4me2, H3K9me2 and
H3K9ac. Original magnification, x200. Histograms showing the distribution of H-scores plotted against the number of cases for the histone modifications.

we examined the correlation between the relative expression
of global histone modification patterns and the outcomes in
patients with CRC.

Materials and methods

Patients and samples. We retrospectively studied the surgical
specimens of liver metastasis obtained from 54 patients with
metachronous liver metastasis of CRC. All of the patients
had undergone curative radical (R0) resection for primary
colorectal adenocarcinoma, and none of them were observed to
have liver metastasis at the first operation. The metachronous
liver metastases were subjected to curative radical resection
at a later time. The patients underwent surgery at Kanagawa
Cancer Center between January 1992 and December 2007.
Primary colorectal tumors and the corresponding liver metas-
tases were obtained from each patient. Informed consent was
obtained from each patient. In all cases, archival hematoxylin
and eosin-stained (H&E) slides of the respective liver metas-
tasis specimens were retrieved and reviewed to confirm the
pathological features, as well as to select suitable tissue blocks
for immunohistochemical analysis. The Ethics Committees
of the Kanagawa Cancer Center approved the protocol before
initiation of the study. No patient had any other malignancies.

Tissue microarrays and immunohistochemistry. Microarrays
consisting of cores, each 2 mm in diameter, were prepared
from formalin-fixed paraffin-embedded tissue blocks of surgi-
cally removed liver metastases, and one tissue core from each
liver metastasis that consisted of >80% carcinoma cells was
prepared for analysis.

Immunohistochemical staining was performed using
commercially-available polyclonal rabbit anti-histone anti-

bodies raised against dimethyl-histone H3 lysine4 (H3K4me2),
dimethyl-histone H3 lysine9 (H3K9me?2) and acetyl-histone
H3 lysine9 (H3K9ac) (Cell Signaling Technology Inc.,
Danvers, MA). Tissue microarray blocks were sectioned at
a thickness of 4 ym and mounted on pre-coated glass slides.
The sections were de-paraffinized through a graded series of
xylene and rehydrated through a graded series of alcohol to
distilled water. Endogenous peroxidase was quenched with
3% hydrogen peroxide in methanol at room temperature. The
sections were placed in a 95°C solution of 0.0 M sodium citrate
buffer (pH 6.0) for 40 min for antigen retrieval. Normal goat
serum (5%) was then applied for 15 min to block non-specific
protein binding sites. Primary rabbit anti-histone polyclonal
antibodies were applied for | h at room temperature at the
following dilutions: anti-H3K4me?2 at 1:300, anti-H3K9me2
at 1:300 and anti-H3K9ac at 1:300. Immunoreactive proteins
were detected using the Simple Stain MAX PO (R).

All sections were counterstained with Mayer's hema-
toxylin, and negative controls were included in each staining
sequence. The intensity and global level of staining were
scored semi-quantitatively for each tissue microarray by an
investigator blinded to all of the clinicopathological vari-
ables. The global level of staining refers to the percentage
of tumor cells that stained positively for an antibody within
each tissue microarray at x200 magnification using a light
microscope.

Scoring of immunohistochemical reactivity. Immunohisto-
chemical scoring was done by the modified Histo-score
(H-score) (20), which involves semi-quantitative assessment
of both the intensity of staining (graded as 0, no staining; 1,
weak; 2, median; and 3, strong, using adjacent normal mucosa
as the median) and the percentage of positive cells. The range
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Table 1. Relationship between the expression of the histone modifications and the clinicopathological features.
H3K4me2 H3K9me?2 H3K9ac
expression expression expression
Low High - Low High Low High
Variables/categories (n=28)  (n=26) P-value  (n=30) (n=24) P-value (n=23) (n=31) P-value
Age 6119 6249 0.892° 59+7 64.x11 0.075° 617 62+10 0.517°
Gender 0.535¢ 0.015¢ 0.975¢
Male 16 17 14 19 14 19
Female 12 9 16 5 9 12
Size (cm) 0.554¢ 0.902¢ 0.22¢
<5 15 16 17 14 11 20
=5 13 10 13 10 12 11
Histological type® 0.043¢ 0.063¢ 0.016¢
Well/Moderate 24 26 26 24 19 31
Poor/Mucinous 4 0 4 0 4 0
Depth of invasion 0.777¢ 0.429¢ 0.554¢
T1-T3 14 12 13 13 10 16
T4 14 14 17 11 13 15
Location 0.151¢ 0.322¢ 0.724¢
Colon 14 18 16 16 13 19
Rectum 14 8 14 8 10 12
Lymph node metastasis 0.171¢ 0.257¢ 0.623¢
Absent 6 10 7 9 6 10
Present 22 16 23 15 17 21
Adjuvant chemotherapy 0.394¢ 0.066° 0.902¢
Absent 14 10 10 14 10 14
Present 14 16 20 10 13 17

*Well, well differentiated; moderate, moderately differentiated; Poor, poorly differentiated. *"Wilcoxon test; “Pearson’s x? test. Bold indicates

values that were statistically significant (<0.05).

of possible scores is 0-300, enabling us to categorize our cases
into biologically relevant groups depending on different levels
of detection, which could potentially be missed using simpler
scoring methods. Tumor samples with an H-score <150 for
individual chromatin markers were designated as having
low detection, where scores =150 were designated as high
detection. The distribution of staining was assessed in tissue
microarray sections.

Statistical analysis. The relationship between histone modi-
fication scores and potential explanatory variables, including
age, gender, tumor size, histological type, depth of invasion,
lymph node metastasis, adjuvant chemotherapy and location
were evaluated with the %2 test and the Wilcoxon test. The
postoperative survival rate and disease free survival rate
were analyzed by the Kaplan-Meier method, and differences
in survival rates were assessed with the log-rank test. A Cox
proportional-hazard model was used for the multivariate anal-
yses. Differences were considered significant when P<0.05.
Each statistical analysis was performed using the SPSS 11
software program, versionl1.0.1J for Windows (SPSS, Inc.,
Chicago, IL).

Results

Characteristics of histone modifications. Representative
immunostaining results for the three histones are shown in
Fig. 1. Only nuclear staining for the three histones was regarded
as positive, and cases were scored for each mark using a modi-
fied H-score. Histograms showing the staining intensity and
distribution of H-scores plotted against the number of cases
are shown in Fig. 1.

The expression of histone markers correlates with the clini-
copathological factors. The expression scores of the histone
modifications were categorized as low or high according to
whether they were <150 or =2150. The relationship between the
expression levels of three histone modifications and the patient
age, gender, tumor size, histological type, depth of invasion,
location of lymph node metastasis and adjuvant chemotherapy
after first operation, were assessed. The H3K4me2 status was
positively correlated with the tumor histological type of the liver
metastasis. The H3K%ac status was also positively correlated
with the tumor histological type. However, the H3K9me2 status
was found to only significantly correlate with gender (Table I).
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Figure 3. The Kaplan-Meier disease free survival curves with the log-rank test for 54 patients after resection of the liver metastasis. A comparison of the overall
survival based on liver metastases between the groups with high H3K4me2, H3K9me2 and H3K9ac expression and low expression of each of these factors.
There were no significant differences between the histone levels.

Relationships between histone markers and patient outcomes.  H3K9me2 and H3K9ac showed a better survival than those
With regard to the modification patterns, the group with high  with low expression, but the difference was not significant
expression of H3K4me2 showed significantly better survival (H3K9me2, P=0.5320; H3K9ac, P=0.5000, Fig. 2). The
from the day of liver resection than those with a low expres-  disease free survival between the day of liver resection and
sion level (P=0.0352). The group with high expression of  the second recurrence did not significantly correlate with any
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Table II. The results of a multivariate analysis of the clinico-
pathological factors for overall survival.

Hazard
Variables/categories n ratio 95% CI*  P-value
Size (cm)
<5 31 1 '
=5 23 1919 0922-3922 (08I°
Histological type®
Well/Moderate 50 1
Poor/Mucinous 4 1342 03355370 0.678°
Depth of invasion
T1-T3 26 1
T4 28 1305 0.551-3.091 0.545¢
Location
Colon 32 1
Rectum 22 1.166 0.488-2.787 0.73¢
Lymph node metastasis
Absent 16 1
Present 38 051 0.206-1262 0.145¢
Preoperative CEA
Absent 32 1
Present 21 1012 0.370-2.774 0981°
Preoperative CA19-9
Absent 36 1
Present 16 2396 1.024-5604 0.044¢
Adjuvant chemotherapy
Absent 24 1
Present 30 1928 0.852-4363 0.115°
H3K4me?2 expression
Low 28 1
High 26 0338 0.146-0.783 0.011°

*Well, well differentiated; Moderate, moderately differentiated; Poor,
poorly differentiated. °CI, confidence interval. “Cox proportional
hazard regression. Bold indicates values that were statistically sig-

nificant (<0.05).

histone modification pattern (Fig. 3). The median follow-up
period was 907 days.

Prognostic factors for colorectal cancer. On a multivariate
Cox regression analysis including tumor size, histological
type, depth of invasion, lymph node metastasis, preoperative
(the first colorectal resection) CEA, CA19-9 and a lower level
of H3K4me2, H3K4me2 expression and preoperative CA19-9
was an independent predictor of overall survival in patients
with CRC (H3K4me2, P=0.011; CA19-9, P=0.044, Table II).

Discussion
Epigenetic alterations, such as DNA methylation and histone

modification, play important roles in carcinogenesis by
controlling gene activity and nuclear structural design (21,22).

Recent studies have suggested that the global patterns of
histone modifications can be used to predict patient outcomes
for several cancers. The aim of this study was to determine
the prognostic significance of histone modification in meta-
chronous liver metastases by using an immunohistochemical
analysis.

We first examined the relationship between histone modifi-
cations and clinicopathological features. In gastric carcinoma,
Park et al (9) reported that cases with more H3K9ac-positive
cells tended to be poorly differentiated adenocarcinomas. In
esophageal squamous cell carcinoma, I er al (13) reported that
the global levels of H3K9Ac and H3K9me2 in well-differ-
entiated cases showed a tendency to be higher than those in
moderately or poorly differentiated cases, but the difference in
these levels were not found to be statistically significant. Our
present study demonstrated that a high H3K4me2 level in the
liver metastasis tended to be present in subjects with poorly
differentiated adenocarcinomas, and that a positive H3K9ac
status also tended to be associated with poorly differentiated
adenocarcinomas.

We then examined the relationship between three histone
modification levels and the outcomes of CRC with metachro-
nous liver metastasis. Seligson et al (5) previously reported
that prostate carcinoma patients with low cellular levels
of H3K4me2 had a poorer prognosis, with a significantly
increased risk of tumor recurrence compared with patients
with higher levels of this modification. In lung cancer patients,
a high H3K4me2 level (=85% of tumor cells) was associated
with a significantly better survival of stage I patients with
large-cell or squamous cell carcinomas. In addition, low
H3K9ac levels (<68% of tumor cells) were also associated with
a better survival of stage I patients. In the case of pancreatic
carcinoma, low cellular levels of H3K4me2 or H3K9me2 were
both significant and independent predictors of poor survival
in the univariate and multivariate models (11). In our study, a
high level of H3K4me2 modification in liver metastases was
associated with a better overall survival than a low level of
this histone modification in patients with CRC. According to a
univariate Cox regression analysis, a lower level of H3K4me2
modification in the liver metastases was a significant indepen-
dent predictor of overall survival in these patients.

Histone modifications and DNA methylation seem to play
an important role in regulating transcription and other nuclear
processes. Previous reports have shown the relationship
between histone modifications and DNA methylation in cancer
cells. For example, promoter CpG-island hypermethylation in
cancer cells has been reported to be associated with a particular
combination of histone markers, for example, deacetylation of
histones H3 and H4, loss of H3K4 trimethylation, and gain
of H3K9 methylation and H3K27 trimethylation (23). In addi-
tion, Dnmt3L interacts with unmethylated H3K4 through its
N-terminus and with Dnmt3a through its C-terminus, thus
linking the DNA methylation machinery to the modification
state of histone tails (24). However, while the biochemical
mechanism underlying histone demethylation has been deci-
phered, it is still not clear how methyl groups are removed
from DNA (25).

Recently, several groups have reported these epigenomic
modifications to predict the clinical outcomes in human
cancers, and H3K4 and H3K9 modifications are important
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in the epigenetic silencing of tumor suppressor genes. Of
interest, there is evidence that epigenomic profiles can predict
the responses of cancer to chemotherapy, at least in pancreatic
carcinoma. One report showed that the histone levels were
predictive of survival specifically for patients with node-
negative cancer or for those receiving adjuvant fluorouracil,
but not gemcitabine (11). The impact of histone levels on
CRC is not clear. If the histone modification proves to be a
useful biomarker in the other cancers, then the existence of
a ready-made target treatment would be invaluable for future
chemotherapy.

Recent and ongoing comprehensive cancer genome studies
have been identifying many gene alterations involved in
histone modifications (26). Most strikingly, high-resolution
SNP genotyping of medulloblastoma identified many previ-
ously unknown recurrent gene amplifications and homozygous
deletions, and those events converged on genes controlling
histone lysine methylation (27). We speculate that the H3K4
or H3K9 hypomethylation status may be caused by multiple
genetic alterations of histone methylation modifiers, which
may trigger global histone lysine modifications, rather than
modification on specific gene regions of limited number,
and as a whole, this is associated with the higher malignant
behavior of CRC.

In conclusion, our results suggest that the pattern of
histone modifications in liver metastasis as detected by
immunohistochemistry can be successfully used as an inde-
pendent prognostic factor for metachronous liver metastasis
of colorectal cancer.
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ABSTRACT

Background. Gemcitabine is a promising adjuvant treat-
ment for patients with resected pancreatic cancer. Human
equilibrative nucleoside transporter-1 (hnENT1) is the major
transporter responsible for gemcitabine uptake into cells.
The aim of this study was to retrospectively determine the
relationship between the outcome of pancreatic cancer after
surgery followed by postoperative gemcitabine mono-
therapy and the expression of hENTI.

Methods. A total of 27 resected pancreatic cancer patients
treated with adjuvant gemcitabine were analyzed for tumor
hENT1 expression via an immunohistochemical analysis.
The staining intensity and the percentage of positive tumor
cells were scored, and the composite score (hENT1 score)
was obtained by obtaining the sum of these two scores.
Results. There were 11 patients assigned to the low
hENT1 expression group, and 16 patients to the high
hENT1 group. The patients with tumors that had higher
hENT1 expression had a significantly longer disease-free
survival (DFS) (log rank, P = 0.022) and overall survival
(OS) (P = 0.024). The hENT1 expression was indicated to
be a significant and independent prognostic factor for OS
by the univariate (P = 0.030) and multivariate analyses
(P = 0.019).
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resected pancreatic cancer. I

Conclusions. A high expression of hENT1 in pancreatic
cancer was found to be significantly associated with a

Tonger survival in patients who received adjuvant gemcit-

abine monotherapy after curative resection, and hENT1
immunohistochemistry may well serve as a significant
prognostic factor for these patients.

Pancreatic cancer remains a major therapeutic chal-
lenge. Surgery is the only potentially curative approach,
and postoperative gemcitabine (2’,2-difluorodeoxycyti-
dine) is a promising adjuvant treatment for patients with
2

However, even when gemcitabine-based adjuvant ther-
apy is administered, the prognosis of resected pancreatic
cancer patients still remains poor. The median survival and
the 5-year survival rate of resected patients treated with
gemcitabine-based adjuvant therapy are approximately
20-23 months and 20%, respectively.'*™ It is therefore
important to predict the clinical outcome and select
patients who are most likely to benefit from this adjuvant
treatment while sparing those who are unlikely to respond
from the burden of chemotherapy.

Gemcitabine is a novel pyrimidine nucleoside drug that
has clinical efficiency against several common epithelial
cancers.® Gemcitabine is transported into pancreatic cancer
cells primarily by human equilibrative nucleoside trans-
porter 1 (hENT1), then is phosphorylated to its active form,
and finally it exerts its cytotoxicity.>™® Therefore, the
expression of hENT1 in tumors is expected to be predictive
for clinical outcomes in pancreatic cancer patients treated
with gemcitabine.



Human Equilibrative Nucleoside Transporter-1 (hENT1)

S$559

In vitro studies have demonstrated that deficiency of
hENT]1 confers resistance to gemcitabine.® Retrospective
studies in pancreatic cancer patients treated with gemcita-
bine also suggest an association between hENT1
expression and treatment outcome.”'° Recently, clinical
studies of adjuvant chemoradiation therapy for resected
pancreatic cancer showed that patients affected by tumors
expressing high levels of hENT1 have a longer survival
after gemcitabine chemotherapy than patients with a low
hENT1 expression.''?

These previous studies suggest that intratumoral hENT1
expression may have prognostic and/or predictive values for
pancreatic cancer patients in the adjuvant setting. However,
to date, clinical data from resected pancreatic cancer
patients treated with adjuvant gemcitabine alone is lacking,
and a question remains whether the results seen in patients
who received adjuvant chemoradiation will translate to
those treated with adjuvant gemcitabine monotherapy.

The aim of this study was to retrospectively determine
the relationship between the outcome of pancreatic cancer
patients after surgery followed by postoperative gemcita-
bine monotherapy and the expression level of hENT]1 in the
tumor as assessed by immunohistochemistry, and to clarify
the prognostic values of hENT1 in these patients.

MATERIALS AND METHODS
Patients

A total of 27 pancreatic cancer patients (17 male and 10
female, aged 45-74 years), who received adjuvant gem-
citabine monotherapy after curative surgical resection at
Kanagawa Cancer Center between 2006 and 2008, were

included in this study and were retrospectively examined -

for the prognostic significance of hENT1 expression as
determined by an immunohistochemical analysis. Tumor
staging was performed according to the International
Union against Cancer (UICC) classification guidelines
(2009). Informed consent was obtained from all patients to
use the specimens for this study according to the institu-
tional rules of the Kanagawa Cancer Center. The study
protocol conforms to the ethical guidelines of the 1975
declaration of Helsinki as reflected in a priori approval by
the institution’s human research committee.

Adjuvant Treatment

Each patient received adjuvant chemotherapy using one
of the following protocols: the gemcitabine biweekly pro-
tocol (gemcitabine 1,000 mg/m?, biweekly for 6 months)
or the gemcitabine standard protocol (gemcitabine
1,000 mg/mz, days 1, 8, and 15; every 4 weeks for

6 months). Treatment was planned to start within 10 weeks
postsurgery, and ten patients completed the full course of
either protocol. The median cumulative total dose of
gemcitabine was 10.1 g/m2 (range, 2 to 18 g). A total of 15
patients (56%) received more than 12 g/m2 as the cumu-
lative total dose. The reasons for discontinuation of
adjuvant chemotherapy in 17 patients included recurrent
disease (15 patients, 88%) and patient withdrawal from
treatment (two patients, 12%).

Immunohistochemistry

A total of 27 formalin-fixed, paraffin-embedded, pan-
creatic cancer sections were deparaffinized with xylene and
rehydrated with a graded series of aqueous ethanol. For
antigen retrieval, slides were placed in Tris/EDTA pH 9.0
buffer and autoclaved at 121°C for 15 min. Endogenous
peroxidase was blocked with a 3% hydrogen peroxide
solution. Then, the sections were incubated with an equil-
ibrative nucleoside transporter 1 (ENT1) rabbit anti-human
polyclonal antibody, 2.5 pug/ml (MBL International Co.),
for 60 min at room temperature. Thereafter, the sections
were treated with an HRP polymer kit (Polimk-2 HRP
DAB Detection System for Broad, Golden Bridge Inter-
national, Inc.) for signal amplification. Diaminobenzidine-
hydrogen peroxide was used as the chromogen, and sam-
ples were counterstained with hematoxylin.

Determination of the hENTI Score

The staining intensity for the hENT1 protein and the
percentage of positive tumor cells was scored, and a
composite score (hENT1 score) was obtained by calculat-
ing the sum of these two scores. The staining intensity for
the hENT1 protein was assigned a score from O to 3 based
on staining with 0+ thus indicating no staining; 1+,
weakly positive; 2+, moderately positive; and 3+, strongly
positive. The percentage of positive tumor cells was scored
as follows: 0+, no positive tumor cells; 14, <50% positive
cells; 24, 50-80% positive cells; and 3+, >81% positive
cells. According to the hENT1 score, we classified tumors
with the tumors with scores of 0-3 as having a low hENT1
expression and tumors with scores of 4-6 as having a high
hENT1 expression.

Statistical Analysis

The cumulative disease-free survival rate and overall
survival rate were estimated using the Kaplan—Meier
method and were compared by the log-rank test. The pre-
dictors of outcome were assessed with the univariate and
multivariate analyses applying the Cox proportional hazard
regression model. A stepwise variable selection process
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was used in the multivariate analysis to identify the most
concise model for predicting cumulative survival. For all of
the statistical analyses, the level of significance was set at
.05. The SPSS statistical software program (SPSS for
Windows 11.0J; SPSS Inc.; Chicago, IL) was used for all
analyses.

RESULTS
Patients

The patient demographics and clinical characteristics
are listed in Table 1. A total of 17 patients had a primary
tumor located in the head of the pancreas, and ten patients
had a tumor in the body to tail regions. Of the 27 patients,
26 patients (96%) had pT3 stage and 19 (70%) had pN1
disease.

Immunohistochemical Analyses

The representative results of immunohistochemical
staining for hENT1 in pancreatic adenocarcinoma tissue
sections are shown in Fig. |. Immunoreactivity was
observed in the cytoplasm of cancer cells. In the 27 tumor
samples, ten samples (37%) showed negative staining,
three samples (11.1%) showed weak staining, eight sam-
ples (29.6%) showed moderate staining, and 6 (22.2%)
showed strong staining. In the 17 tumor samples that
showed positive staining, two samples had 50-80% posi-
tive cells, and 15 samples had >81% positive cells. There

TABLE 1 Baseline patient characteristics

Age, median (range) (years) 64 (45-74)
Gender, male/female 17/10
Primary location, head/body, tail 1710
Tumor size

<4.0 (cm) 14

>4.0 (cm) 13
pT stage

T1, T2 1

T3 26
pN stage

NO 8

N1 19
Resection status

RO 14

R1 13
Histology

Well to moderately differentiated . 14

Poorly differentiated N

Mucinous 2

were 11 patients assigned to the low hENT1 expression
group and 16 patients to the high hENT expression group.

Survival Analysis

Figure 2 shows the disease-free survival (DFS) curves
and the cumulative overall survival (OS) curves for the
patients who had undergone curative surgery for their pan-
creatic cancer, stratified by the hENT1 expression of the
tumor. The OS after surgery of the patients with tumors that
had a higher level of hENT1 expression was significantly
longer (P = 0.024 by log-rank test) than that of patients
whose tumors had lower hENT1 expression. There was also
an improvement in the DFS after surgery for the patients with
high hENT1 compared with those with low hENTI
(P =0.022 by log-rank test). The median OS was
11.8 months (95% confidence interval [95% CI], 6.9-16.6)
in the low hENT! group, and 22.2 months (95% ClI,
11.5-32.9) in the high hENT1 group. The median DFS was
7.3 months (95% CI, 3.6-11.1) in the low hENT1 group, and
9.3 months (95% CI, 4.2-14.5) in the high hENT1 group.

According to a univariate analysis, both hENT]I
expression (P = 0.028) and microscopic perineural inva-
sion (P = 0.026) were identified to be significant factors
affecting DFS. The result of the multivariate analysis using
four variables, including tumor size, hENT1 expression,
microscopic vascular invasion, and microscopic perineural
invasion, indicated that microscopic vascular invasion
(P = 0.003) and microscopic perineural invasion
(P = 0.003) were the independent prognosticators for DFS
(Table 2).

The univariate analysis results indicate that hENTI
expression (P = 0.030) and microscopic vascular invasion
(P = 0.017) are the significant factors affecting OS. The
results of the multivariate analysis using these two vari-
ables indicated that both hENTI1 expression (P = 0.019)
and microscopic vascular invasion (P = 0.011) were
independently and significantly associated with the OS
(Table 3).

DISCUSSION

In this study, we analyzed the hENT1 protein expression
using immunohistochemical analysis to determine the
prognostic value of hENT1 in patients treated with adju-
vant gemcitabine monotherapy after resection of pancreatic
cancer. The results of the present study showed a strong
relationship between hENT1 protein expression in pan-
creatic cancer and treatment outcomes. The patients with a
high level of tumor hENT1 had a longer DFS and OS when
compared with the patients with low tumor expression of
hENT1. Moreover, hENT1 expression in the tumor was
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FIG. 1 Representative results of
immunohistochemical staining for
hENTT1 in pancreatic adenocarcinoma.
Immunoreactivity was observed in the
cytoplasm of cancer cells

FIG. 2 The DFS and OS according to
the tumor hENT expression. The DFS
and OS of the patients with tumors that

DFS and OS according to hENT1 expression
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indicated to be a significant and independent prognostic
factor for OS, along with microscopic vascular invasion, by
the univariate and multivariate analyses.

Our results are in line with the results of previous reports
assessing the prognostic and/or predictive value of hENT1
in pancreatic cancer.”'? Retrospective studies on patients
with various stages of pancreatic cancer treated with
gemcitabine showed pancreatic cancer with either uni-
formly detectable hENT1 immunostaining or a higher
expression of hENT1 mRNA to have an improved clinical
outcome after gemcitabine chemotherapy.”'”

Recently, two studies investigating the prognostic
and/or predictive value of hENT1 expression in the
adjuvant setting have been reported.'"'? In the pancreatic

adenocarcinoma patients treated with gemcitabine-based
chemoradiation after curative resection, patients with high
tumor hENTlexpression had a significantly longer DFS
and OS than patients with low expression when the data
were adjusted for the effects of the lymph node ratio and
tumor diameter.'' In a cohort of pancreatic adenocarci-
noma patients from a prospective randomized adjuvant
treatment trial (RTOG9704), the hENT1 protein expression
level was associated OS and DFS in pancreatic cancer
patients who received gemcitabine before and after 5-FU-
based chemoradiation, but not in those who received 5-FU
instead of gemcitabine.'”

Our results provide additional information regarding the
prognostic and predictive value of hENTI1 in the



