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Figure 4 Kaplan—Meier survival curves showing a comparison of disease-free survival between cases in which histological necrosis was present and absent
(P-values obtained by log-rank test) (left columns). Kaplan—Meier survival curves showing a comparison of disease-specific survival between cases, in which
histological necrosis was present and absent (P-values obtained by log-rank test) (right columns).

lymphatic invasion, venous invasion, and intrapancreatic neural
invasion were independent predictors of DFS, and that necrosis
(P<0.0001; HR =2.238; 95% CI: 1.686~2.971), metastatic status,
margin status, lymphatic invasion, and intrapancreatic neural
invasion were independent predictors of DSS (Table 2).

When massive necrosis and micronecrosis were separated
as distinct variables, univariate survival analysis demonstrated
an association between the presence of massive necrosis and
shorter DFS (P<0.0001) and DSS (P<0.0001), and between the
presence of micronecrosis and shorter DFS (P=0.004) and DSS
(P=0.001) (Supplementary Table 2). Multivariate Cox regression
analysis showed that massive necrosis (P=0.0006) and micro-
necrosis (P=0.0004) were independent predictors of shorter
DFS and that massive necrosis (P<0.0001) and micro-
necrosis (P<0.0001) were independent predictors of shorter DSS
(Supplementary Table 2).
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Reproducibility of necrosis identification by independent
observers

Interobserver agreement (reproducibility) regarding the identifi-
cation of necrosis among the five independent observers who
reviewed the 51 slides blindly had a x-value of 0.87. On the other
hand, the corresponding x-values for grading (0-3) of lymphatic,
venous, and neural invasion were 0.11, 0.11, and 0.31, respectively.
According to the widely used statistical chart that grades the
strength of agreement (Fleiss, 1971; Landis and Koch, 1977) into
6 categories (poor (k-value, <0.00), slight (0.00-0.20), fair
(0.21-0.40), moderate (0.41-0.60), substantial (0.61-0.80), and
almost perfect (0.81-1.00)), the agreement for identification of
necrosis and the grading for lymphatic, venous, and neural inva-
sion were categorized as ‘almost perfect’, ‘slight’, ‘slight’, and ‘fair’,
respectively. When the grades for lymphatic, venous, and neural

© 2010 Cancer Research UK
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Table 2 Univariate and multivariate analyses of prognostic factors associated with disease-free survival in patients with ductal carcinoma of the

pancreas (n = 348)

Variables

Univariate analysis

Multivariate analysis

HR (95% CI)

P-value

HR (95% CI)

P-value

Age (=60 years/ <60 years)

Gender (male/female)

Localisation (pancreas head/body or tail)
Tumour size (=30mm/<30mm)
Pathologic tumour status (T1+T2/T3)
Pathologic node status (INO/N1)
Pathologic metastasis status (MO/MI)
Histological grade (W/D/M/D, P/D)*
Tumour margin status (negative/positive)
PL (absence/presence)*

Lymphatic invasion (0, 1/2, 3)"

Venous invasion (0, 1/2, 3)*
Intrapancreatic neural invasion (0, 1/2, 3)
Histological necrosis (absence/presence)

@

1159 (0.895-1501)
0987 (0.764~1.274)
0.865 (0.657~1.140)
1.789 (1.306-2.450)
3863 (1235-12.1)

2,028 (1.416-2906)
2.258 (1.550-3.289)
1507 (1.122-2.025)
1.470 (1.121-1929)
1560 (1.182-2.060)
2,040 (1513-2751)
1.985 (1.508-2.614)
1,655 (1.269~2.157)
2,007 (1.531-2.630)

0.263
0919
0.304
0.0003
0.020
0.0001
<0.0001
0.006
0.005
0.002
<0.0001
<0.0001
0.0002
<0.0001

2,042 (1.387-3.006)

1475 (1.068-2.038)
1474 (1.097 - 1.980)
1506 (1.145-1981)
1.853 (1.407-2.440)

0.0003

0.018

0.010

0.003
<0.0001

- Univariate and multivariate analyses of prognostic factors associated with disease-specific survival in patients with ductal carcinoma of the pancreas (n = 348)

Variables

Univariate analysis

Multivariate analysis

HR (95% CI)

P-value

HR (95% CI)

P-value

Age (=60 years/ <60 years)

Gender (male/female)

Localisation (pancreas head/body or tail)
Tumour size (Z30mm/<30mm)
Pathologic tumour status (T |+T2/T3)
Pathologic node status (NO/N 1)
Pathologic metastasis status (MO/MI)
Histological grade (W/D/M/D, P/D)”
Tumour margin status {negative/positive)
PL (absence/presence)”

Lymphatic invasion (0, 172, 3)"

Venous invasion (0, 172, 3)*
Intrapancreatic neural invasion (0, 1/2, 3)"

1,054 (0811-1371)
0935 (0.721 - 1.213)
0829 (0.628— 1.096)
1,890 (1.371 -2.605)
6.333 (1.572-25.5)

2024 (1406-2915)
2199 (1.509-3.204)
1611 (1.193-2.176)
1555 (1.183-2.043)
1690 (1.267-2.253)
2409 (1.762-3293)
1.968 (1.486-2.607)
1.709 (1.305-2.238)

0692
0.615
0.189
0.0001
0.009
0.0002
<0.0001
0.002
0.002
0.0004
<0.0001
<0.0001
<0.0001

1,839 (1.252-2.700)
1379 (1.038—1.833)
1992 (1.440-2.757)

1443 (1.087-1.915)

0.002

0.027

<0.0001

0.011

Histological necrosis (absence/presence) 2.196 (1.659~-2.905)

<0.0001 2.238 (1.686-2.971) <0.0001

Abbreviations: Cl = confidence interval, HR = hazards ratio; M/D = moderately differentiated adenocarcinoma; P/D = poorly differentaited adenocarcinoma; PL=nerve plexus
invasion; W/D = well-differentiated adenocarcinoma. *Classified according to the classification of pancreatic carcinoma of Japan Pancreas Society

invasion were combined into two categories (grades 0 and 1 and
grades 2 and 3) as used in the survival analysis, the x-values for
lymphatic, venous, and neural invasion were 0.55 (moderate),
0.62 (substantial), and 0.62 (substantial), respectively.

Survival analysis was performed using the data for necrosis
identification by the five independent observers, and this
yielded similar results, that is, patients having PDC with necrosis
showed significantly shorter survival. P-values calculated for
each of these analyses were 0.0004, 0.0005, 0.002, 0.005, 0.006,
and 0.008 for DFS, and 0.0001, 0.0004, 0.003, 0.005, 0.005, and
0.008 for DSS.

DISCUSSION

'Pancreatic ductal carcinoma is one of the most aggressive cancers,

with almost equivalent incidence and mortality rates. Several
histopathological prognostic variables for patients with PDC have
been reported (Trede et al, 1990; Yeo et al, 1995; Luttges et al,
2000; Sohn et al, 2000; Lim et al, 2003; Takai et al, 2003; Adsay
et al, 2005; Mitsunaga et al, 2005, 2007; Shimada et al, 2006;
Schnelldorfer et al, 2008). These are sometimes controversial and
complex, and some have problems related to interobserver
reproducibility. We need prognostic indicators being simpler,
more reproducible, and accurate. ‘

© 2010 Cancer Research UK

In this study, we reviewed the histopathological findings in 348
cases of PDC in comparison with the corresponding clinico-
pathological information, and obtained several histopathological
prognosticators of both DFS and DSS for patients with PDC
by univariate survival analyses employing histological necrosis,
tumour size, tumour status, node status, metastatic status,
margin status, nerve plexus invasion, and lymphatic, venous, and
intrapancreatic neural invasion as variables. Multivariate survival
analyses revealed that histological necrosis was an independent
predictive factor for both shorter DFS (P<0.0001) and shorter DSS
(P<0.0001) of PDC patients (Table 2). In addition, metastatic
status, lymphatic invasion, venous invasion, and intrapancreatic
neural invasion were factors that were independently predictive of
shorter DFS, whereas metastatic status, margin status, lymphatic
invasion, and intrapancreatic neural invasion were factors
independently predictive of shorter DSS (Table 2). Necrosis was
also able to predict patient outcome in populations at stage IIB,
into which the majority of resectable PDCs were stratified
(Figure 4). Furthermore, the reproducibility of necrosis identifica-
tion was found to be ‘almost perfect’ (x-value, 0.87) when the
51 slides of PDC were assessed by five independent observers.
In contrast, the reproducibility of the systems of grading for
lymphatic, venous, and neural invasion was low with low x-values.
Moreover, these five independent observers all provided the same
result, that is, that patients having PDC with necrosis showed

British journal of Cancer (2010) 103(7), 1057 — 1065

1063




Prognostic marker of pancreatic cancer
0 .
@ N Hiraoka et al

1064

significantly shorter survival in terms of both DFS and DSS. These
findings indicate that histological necrosis is a simple, accurate,
and reproducible predictor of postoperative outcome for PDC
patients.

Histological necrosis was found in 223 (64.1%) out of 348 cases
of PDC. We defined necrosis as covering both massive necrosis
and micronecrosis, the latter being often evident in PDCs, although
not noted previously or being hidden as smaller foci (Couvelard
et al, 2005; Mitsunaga et al, 2005). The expression of CAIX
(Figure 2) and HIF-lo (data now shown) in and around the
necrotic areas was detected immunohistochemically, together with
that the presence of necrosis was significantly correlated with
expression of CAIX (Table 1), indicating that both patterns of
necrosis were closely related to hypoxia. Hasebe’s group reported
that necrosis was an independent prognostic factor in both DFS
and DSS when they investigated histopathological findings in
101 PDC patients (Nakatsura et al, 1997; Mitsunaga et al, 2005).
Couvelard et al (2005) reported that necrosis was associated with
poorer DSS in univariate analysis, and also showed that necrosis
was significantly associated with CAIX expression. Only 30-40%
of PDC cases had necrosis in those studies, whereas 60-80% of
PDCs had hypoxia, as necrosis was defined roughly by these two
groups as massive necrosis only.

When massive necrosis and micronecrosis were separated as
distinct variables, univariate and multivariate survival analyses
demonstrated that both types of necrosis were significantly
associated with shorter DFS and DSS (Supplementary Table 2).
Massive necrosis and micronecrosis was detected in 27.9-and
43.4% (overlapped 7.2%) of PDCs in our series, respectively. These
findings suggest that the presence of necrosis, even when the lesion
is small, is closely associated with patient outcome, probably
because the presence of necrosis represents a hypoxia-associated
aggressive tumour phenotype. In fact, in this series, the presence of
necrosis was significantly correlated with a large tumour size,
higher T factor, presence of nodal and distant metastasis, higher
TNM stage, more severe venous invasion, and a higher tumour
histological grade (Table 1), suggesting that necrosis is positively
correlated with tumour growth, invasion, and angiogenesis, that is,
an aggressive phenotype.

Hypoxia is a characteristic of invasive cancers that can lead to
the development of an aggressive phenotype through a mechanism
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mediated mainly by HIF-1a, which includes cell immortalisation
and dedifferentiation, pH regulation, autocrine growth/survival,
angiogenesis, invasion/metastasis, and resistance to chemotherapy
(Semenza, 2006, 2009; Grothey and Galanis, 2009). In fact, the
presence of hypoxic foci with expression of CAIX was an
independent worse prognostic factor for PDC patients (Supple-
mentary Table 1) that we demonstrated at first time using
large series of cases. Recently, HIF-1 targeting therapy and anti-
angiogenesis therapy have been reported to yield promising anti-
cancer effects (Sessa et al, 2008; Grothey and Galanis, 2009;
Semenza, 2009). It is suggested that evaluation of histological
necrosis would be useful not only for decision making about
postoperative clinical management, but also for stratifying patients
for clinical trials aimed at evaluating HIF-1 targeting or anti-
angiogenesis therapies.

In conclusion, we reviewed the histopathological findings in 348
PDCs for which the presence of necrosis was redefined, and found
that histological necrosis was an independent predictor of shorter
DFS and DSS for the affected patients. Interobserver reproduci-
bility for the detection of necrosis was assessed as ‘almost perfect’
when 51 slides of PDC were reviewed by five independent
observers., These findings indicate that histological necrosis is a
simple, accurate, and reproducible predictor of postoperative
outcome in PDC patients.
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The aim of this study was to establish new biliary tract carcinoma
(BTC) cell lines and identify predictive biomarkers for the potential
effectiveness of gemcitabine therapy. Surgical specimens of BTC
were transplanted directly into immunodeficient mice to establish
xenografts, then subjected to in vitro cell culture. The gemcitabine
sensitivity of each cell line was determined and compared with the
genome-wide gene expression profile. A new predictive biomarker
candidate was validated using an additional cohort of gemcita-
bine-treated BTC cases. From 55 BTC cases, we established 19
xenografts and six new cell lines. Based on their gemcitabine
sensitivity, 10 BTC cell lines (including six new and four publicly
available ones) were clearly categorized into two groups, and
MAGEH1 mRNA expression in the tumor cells showed a significant
negative correlation with their sensitivity to gemcitabine. Immu-
nohistochemically, MAGEH1 protein was detected in three (50%)
out of six sensitive cell lines, and four (100%) out of four resistant
cell lines. In the validation cohort of gemcitabine-treated recur-
rence cases, patients were categorized into “effective” and
“non-effective’’ groups according to the RECIST guidelines for
assessment of chemotherapeutic effects. MAGEH1 protein expres-
sion was detected in two (40%) out of five “effective” cases and
all four (100%) “non-effective” cases. We have established a new
BTC bioresource that covers a wide range of biological features,
including drug sensitivity, and is linked with clinical information.
Negative expression of MAGEH1 protein serves as a potential pre-
dictive marker for the effectiveness of gemcitabine therapy in BTC.
(Cancer Sci 2010; 101: 882-888)

B~ iliary tract carcinoma (BTC) has a poor prognosis, and
most cases are diagnosed at advanced stages when patients
present with overt symptoms. Previous studies have reported
that surgical resection is the only curative treatment for BTC
patients,’ = and no standard chemotherapy regimens have been
established for inoperable cases or cases of recurrence after sur-
gical resection.”®’ Exceptionally, gemcitabine (2'-deoxy-2'-dif-
luorodeoxycytidine), a deoxycytidine analog with structural and
metabolic similarities to cytarabine, has been reported to be clin-
ically elfective and is considered a first-line chemotherapy lor
BTC, although its associated response rates (8-60%) and med-
ian overall survival (6.3-16 months) are not satisfactory.m It
has been reported that both intrinsic and acquired resistance are
important factors in the failure of gemcitabine treatment in
patients with pancreatic cancer.” However, there have been

Cancer Sci | April 2010 | vol. 101 | no.4 | 882-888

few attempts to clarify the molecular mechanisms of gemcita-
bine resistance, and no data are currently available for BTC.

One factor preventing better understanding of drug resistance
at the cellular and molecular levels in BTC is that only a few
BTC cell lines are available for such analyses. Additionally, the
construction and utility of an animal experimental model is
essential for validating the in vitro data for these cell lines, but
no such model has been established. Therefore, there is an
urgent need to establish BTC cell lines from a wide range of
clinical cases and apply them for translational research aimed at
connecting basic research with clinical trials. In the present
study, we successfully prepared 19 xenograft models from surgi-
cally resected BTC samples, and established six new cell lines.
Using these new resources, we searched for molecular biomar-
kers associated with gemcitabine sensitivity. We also validated
the efficacy of one candidate molecule, MAGEHIL, as a
surrogate biomarker of gemcitabine response by immunohisto-
chemical analysis of an additional clinical cohort of gemcita-
bine-treated BTC.

Materials and Methods

Establishment of xenografts and tumor cell lines. The study
included 55 patients with BTC who underwent radical surgery
with curative intent at the National Cancer Center Hospital
(Tokyo, Japan) between 2005 and 2008. The main tumor nodule
was located in the lower, middle, and upper thirds of the extra-
hepatic bile duct, the hilar bile duct, and intrahepatic area in 4,
11, 2, 4, and 34 patients, respectively. Tumor specimens were
transported to the Surgical Pathology department immediately
after surgical resection, and tissue in excess of that needed for
diagnosis was used for this study. The tumor tissues were
washed in physiological saline, cut into small pieces (24 mm®
fragments), then implanted subcutaneously into SCID mice.
Congenital athymic female C.B17/Icr-scid(scid/scid) mice
(CLEA Japan, Tokyo, Japan), 5-7 weeks old, were bred and
housed under specific pathogen-free conditions at the National
Cancer Center Research Institute Animal Center. Tumor growth
to a size of 1-2 cm after maintaining the animals for
1-2 months was regarded as engraftment, and the tumors were
passaged a maximum of three w five tmes. Xenografts in
mice were passaged similarly to the transplantation of surgical
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specimens, and the tumors were subjected to cell culture after
each passage. For establishment of cell lines, the xenograft
tumor tissues were washed in Isozin (Meiji, Tokyo, Japan) and
physiological saline, cut into small pieces, then plated into 6 cm
dishes containing RPMI medium supplemented with 10% FC),
2 mM L-glutamine, 100 mg/mL streptomycin sulfate, and
100 ID/mL penicillin G sodium. Some surgical specimens were
directly subjected to cell line preparation. Contaminating fibro-
blasts were periodically removed by wiping under microscopic
observation. The cells were incubated at 37°C in 5% CO, in air,
and the medium was changed once or twice a week. A solution
of 0.05% trypsin and 0.53 mM EDTA (1x; Gibco™/Invitrogen
Corporation, Carlsbad, CA, USA) was used for passaging the
cells (1:3 split). Each cell line underwent repeated passage more
than 20 times. Established cell lines were implanted subcutane-
ously into SCID mice to make xenografts for further analyses.

Mice were kept at the Animal Care and Use Facilities of the
National Cancer Center (Tokyo, Japan) under specific pathogen-
free conditions. All experiments were approved by the Animal
Care and Ethics Committee of the National Cancer Center. This
study was approved by the Ethical Committee of the National
Cancer Center.

Biliary tract carcinoma cell lines obtained from cell banks. Four
human BTC cell lines derived from Japanese patients (TKKK,
0Z, TGBC24TKB, and HuCCT!) were purchased from Riken
Bioresource Center (Tsukuba, Japan) or from the Japanese Col-
lection of Research Bioresources (Osaka, Japan). The TKKK
cell line was derived from intrahepatic cholangiocarcinoma, and
the OZ, TGBC24TKB, and HuCCT]1 cell lines from extrahepatic
bile duct carcinoma.

Chemicals. Gemcitabine was obtained from Eli Lilly Pharma-
ceuticals (Indianapolis, IN, USA). All other chemicals were of
analytical grade and commercially available.

Cytotoxicity assays for gemcitabine. The cytotoxicity of gem-
citubine for each cell line was assessed by a modified 3-(4.5-
dimethylthiazol-2-y1)-5-(3-carboxymethoxyphenyl)-2-(4-sulf-
ophenyl)-2H-tetrazolium, inner salt assay with CellTiter 96
AQueous One Solution Reagent (Promega, Madison, WI,
USA). Tumor cells (2000 cells/well) in the exponential
growth phase were grown in 96-well plates. Twenty-four
hours after plating, the cells were incubated in the presence of
each concentration (0 (control)-100 pM) of gemcitabine for
another 72 h at 37°C in a humidified atmosphere of 5% CO,
in air. After treatment, 20 pL. CellTiter 96 AQucous One
Solution Reagent was dropped into each well in the plates and
the absorbance at 490 nm was recorded. Absorbance values
were expressed as a percentage of untreated controls, and
1Cs( was calculated.

Gene expression analysis. Total RNA was extracted from 10
BTC cell lines using an RNeasy Micro Kit (Qiagen, Velencia,
CA, USA) in accordance with the manufacturer’s instructions.
The total RNA yields and purity were determined spectrophoto-
metrically by measuring the absorbance of aliquots at 260 and
280 nm. cDNA and Cy3-labeled cRNA were synthesized using
a Quick Amp Labeling Kit (Agilent Technologies, Santa Clara,
CA, USA). The labeled cRNA probe was hybridized to an oligo-
nucleotide microarray (Whole Human Genome 44K Array;
Agilent Technologies) covering more than 41 000 human tran-
scripts. Array hybridization and washing were carried out
according to the recommended protocols, and microarrays were
scanned using a DNA Microarray Scanner (Agilent Technolo-
gies) and analyzed using Gene Spring software (Agilent Tech-
nologies).

Quantitative RT-PCR. One microgram of total RNA was con-
verted to cDNA using a Transcriptor First Strand cDNA Synthe-
sis Kit (Roche, Basel, Switzerland) in accordance with the
manufacturer’s instructions. Quantitative RT-PCR (qRT-PCR)
was carried out using LightCycler 480 (Roche) in accordance
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with the manufacturer’s instructions. For standardization of the
amount of RNA, expression of GAPDH in each sample was
quantified. (Primers are shown in Table S1.)

Mutation analysis of p53 and KRAS genes. Each exon of the
p53 and KRAS genes (exons 5-8 of p53 and exons 1-2 of KRAS)
was amplified from genomic DNA of each cell line and gel-puri-
fied. Direct sequencing was carried out using a BigDye Termi-
nator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster
City, California, USA). (Primers are shown in Table S1.)

Assessment of response to gemcitabine in cases of recurrent
BTC. Among the 100 patients who underwent surgery for BTC
between September 26, 2003, and October 2, 2007, 34 devel-
oped recurrent tumors and received chemotherapy, and were fol-
lowed for 6 months or longer. Among these patients, 24 who
were treated with gemcitabine alone were selected for this study.
The mean duration of postoperative follow-up in these 24
patients was 627 days. We further excluded 15 patients from the
analysis because: (i) the drug administration period was less
than | month in three patients; (ii) the diagnosis of tumor recur-
rence was not consistent between the oncologist and the radiolo-
gist in three patients; (iii) we were unable to obtain an accurate
judgement of the efficacy of gemcitabine treatment in five
patients; (iv) the histological diagnosis was an uncommon type
of adenocarcinoma (bile duct cystadenocarcinoma, solid adeno-
carcinoma, and combined carcinoma) in three patients; and
(v) preoperative therapy (radiation therapy) had been carried out
in one patient. The effect of chemotherapy was assessed by an
oncologist and a radiologist (T.O. and H.O., respectively) in
accordance with the RECIST guidelines for assessment of che-
motherapeutic effects.” None of the patients was judged as
showing a complete response or a partial response. The effect of
chemotherapy was categorized as ‘‘effective’” or ‘‘non-effec-
tive”’. The “‘effective’ group included patients whose efficacy
state was stable disease for 6 months or more during chemother-
apy. The “‘non-effective” group included patients whose effi-
cacy state was stable disease for 5 months or less, or progressive
disease during chemotherapy.

Immunohistochemical reactivity of MAGEH1 in human
tumor xenografts and surgically resected specimens. Immuno-
histochemical analysis of MAGEHI expression on formalin-
fixed, paraffin-embedded sections of tumor xenograft tissues
and surgical specimens was done using the polymer-based
method (Envision+Dual Link System-HRP; Dako,. Glostrup,
Denmark) in accordance with the manufacturer’s instructions.
For antigen retrieval, the sections were autoclaved in 10 mM
citrate buffer (pH 6.0) at 121°C for 10 min. We used a rabbit
anti-MAGEH! polyclonal antibody (ab64784; Abcom, Cam-
bridge, Massachusetts, USA) at a dilution of [:500. Staining
intensity was independently evaluated by two pathologists
(H.O. and T.S.) without knowledge of the clinical data. Using
the expression in normal hepatocytes or pancreatic duct epithe-
lial cells as a positive control, we classified cases as MAGEH -
positive when more than 50% of tumor cells were positively
stained. If the tumor showed varying degrees of differentiation,
staining intensity was evaluated in the area with the most
dominant type of differentiation. '

Statistical analysis. The unpaired r-test was used for assess-
ment of the microarray data. Microarray and qRT-PCR data
were analyzed by Pearson’s correlation test.

Results

Establishment and characterization of BTC xenografts and cell
lines. To establish useful BTC resources, we subcutaneously
transplanted 55 BTC samples (4, 11, 2, 4, and 34 cases of lower,
middle, and upper thirds of the extrahepatic bile duct carcinoma,
hilar bile duct carcinoma, and intrahepatic cholangiocarcinoma,
respectively) into 435 immunocompromised (SCID) mice.
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Table 1. Clinicopathological features of original biliary tract tumors

Xenograft Pathological diagnosis of original tumor Age (years)/Sex Histologic type Prognosis (Survival [days]) Celi line
1 [dde 70/F Adeno, mod Death (402) NCC-CC1
2 ccc 71/F Adeno, mod Death (175) NCC-CC3-1/-2
3 cCC 59/M Adeno, mod Alive (219) NCC-CC4-1
4 Middle BDCa 58/F Adeno, mod Death (299) NCC-BD1
5 Lower BDCa 77/F Adeno, mod Alive (316) NCC-BD2
6 Hilar BDCa 48/M Adeno, well Death (500) NA
7 ccc 54/F Adeno, mod Death (181) NA
8 CCC 56/M Adeno, mod Death (319) NA
9 cCcC 73/M Adeno, mod Death (53) NA

10 [dde 54/M Adeno, mod Alive (655) NA

11 ccc 45/F Adeno, mod Alive (623) NA

12 CCC 72/M Muc Alive (647) NA

13 Middle BDCa 54/M Adeno, mod Alive (535) NA

14 cccC 69/M Adeno, mod Death (174) NA

15 Hilar BDCa 70/M Adeno, mod Alive (355) NA

16 Middle BDCa 67/M Adeno, mod Alive (450) NA

17 ccc 78/M Adeno, mod Alive (299) NA

18 Middle BDCa ) 66/F Adeno, mod Alive (198) NA

19 cccC 66/M Adeno, mod Death (168) NA

Adeno, adenocarcinoma; CCC, cholangiocellular carcinoma; F, female; hilar BDCa, hilar bile duct carcinoma; lower BDCa, lower third of
extrahepatic bile duct carcinoma; M, male; middle BDCa, middle third of extrahepatic bile duct carcinoma; mod, moderately differentiated;
muc, mucinous adenocarcinoma; well, well differentiated; NA, not applicable.

Table 2. Mutation status of p53 and KRAS genes of established novel biliary tract carcinoma cell lines

KRAS (exons 1-2) p53 (exons 5-8)

Cell line

Nucleotide change Amino acid change Nucleotide change Amino acid change
NCC-BD1 G37C G13C C457T, A463C,G467C P153S, T155P, R156P
NCC-BD2 WT WT Homozygous deletion No product
NCC-CC1 G35T G12v G524A R175H
NCC-CC3-1 G35A G12D wWT WT
NCC-CC3-2 G35A G12D WT WT
NCC-CC4-1 WT ’ WT WT WT

Cell line

Resected specimen

Xenograft models '

Xenograft specimen
(cell line)

Fig. 1. Cell morphology and tumor histology of primary specimen/xenograft of established new biliary tract carcinoma cell lines. in vitro cell
morphology and tumor histology (H&E staining) of resected primary specimens, xenografts of primary tumor samples and xenografts of cell lines
are shown. Scale line = 200 um.
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segregated into two groups (Gem-sensitive and
Gem-resistant) with distinct Gem sensitivity.

Nineteen xenograft models (1, 4, 0, 2, and 12 cases of lower,
middle, and upper thirds of the extrahepatic bile duct carcinoma,
hilar bile duct carcinoma, and intrahepatic cholangiocarcinoma,
respectively) were obtained, and six cell lines including two
subclones were established through xenograft models (five cell
lines) or directly from a surgical specimen (one cell line). The

cell lines were designated as NCC-BD1, NCC-BD2, NCC-CCl1,

NCC-CC3-1, NCC-CC3-2, and NCC-CC4-1, respectively. Four
cell lines were derived from intrahepatic BTC and two from
extrahepatic BTC (Table ). Other clinicopathological features
of the patients from whom the cell lines were obtained are sum-
marized in Table 1.

Mutation analysis of the KRAS and p53 genes revealed fre-
quent (3/5, 60%) alterations in them. It also confirmed that these
new cell lines were of human origin and that two subclones,
NCC-CC3-1 and NCC-CC3-2, shared the same KRAS mutation
(Table 2). The morphology and histology of the established cell
lines and primary tumors, and xenografts of primary tumor and
cell lines, are shown in Figure 1. As NCC-BD2 cells were
unable to form tumors in mice, we used a cell block of this cell
line. Comparing the morphological features between primary
tumors and cell lines, we observed considerable conservation of
tumor histology (Fig. 1), suggesting that the established cell
lines could be considered representative of each original pri-
mary.

Classification of 10 BTC cell lines by gemcitabine sensi-
tivity. We then attempted to evaluate whether these new cell
lines could be used for revealing novel biomarkers for drug sen-
sitivity. For this purpose, we first determined the gemcitabine
sensitivity of 10 BTC cell lines including four commercially
available BTC cell lines. The relative survival ratios of the 10
BTC cell lines in response to various doses of gemcitabine are
shown in Figure 2. The ICs, value for each cell line was calcu-
lated, and the results are summarized in Table 3. Interestingly,
as can be seen in Figure 2, on the basis of drug sensitivity, we
were able to classify these cell lines into two groups: a gemcita-
bine-sensitive group that included NCC-BDI1, NCC-CC3-1,
NCC-CC3-2, NCC-CC4-1, HuCCTI, and TGBC24TKB cells
(the ICsq values being 0.6, 0.03, 0.06, 0.03, 0.2, and 0.03 pM
respectively) and a gemcitabine-resistant group that included

NCC-BD2, NCC-CC1, TKKK, and OZ cells, whose ICs values’

were beyond the range of our measurement (>100 uM). As all of
the newly established cell lines were from chemotherapy-naive
tumors, this result suggests that BTC cells possess intrinsic
molecular mechanism associated with gemcitabine sensitivity.
Significant differences in mRNA expression between groups
sensitive and resistant to gemcitabine. To further elucidate the
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Concentration of Gem (um)

molecular differences between the groups sensitive and resis-
tant to gemcitabine, we investigated the genome-wide mRNA
expression in all the cell lines. By comparing the sensitive
group with the resistant group, we isolated genes that showed
significant differences in expression between the two (Table 4).
These included genes associated with cell signaling (SEC234,
RRAS2, and BMPS8B) or telomere maintenance (TERFT), or
genes whose functions were unknown (NOLI10, CCDCJ17, and
ZSWIMG6). All were candidate biomarkers associated with gem-
citabine sensitivity, and among them we focused on MAGEH|
(melanoma antigen family H 1) because: (i) mRNA expression
of MAGEHT in the resistant group was more than five times
higher than in the sensitive group; (i) MAGEH! is a trans-
membrane protein that is easily accessible to antibody; and
(iii) there was a significant difference in its expression between
the two groups (P = 0.000093). We then validated the differ-
ential expression of MAGEH! between the two groups by
qRT-PCR. As shown in Figure 3, the data for MAGEH]
expression obtained by qRT-PCR, which was normalized with
GAPDH expression, was highly correlated with DNA micro-
array data (coefficient of correlation, 0.847) and also differed
significantly (P = 0.009) between the sensitive and resistant
groups.

MAGEH1 expression in gemcitabine-treated BTC cases. Finally,
we tested whether MAGEH expression is correlated with clini-
cal response to gemcitabine treatment by immunohistochemical
analysis of clinical cases. Before analyzing the clinical samples,
we tested the anti-MAGEHI antibody in xenograft tumor sam-
ples. Three cell lines (50%) out of the six sensitive cell lines and

Table 3. Gemcitabine I1C5, values and assessment of reactive
cytotoxicity of biliary tract carcinoma cell lines

Cell line 1Cs0 (UM) Drug sensitivity
NCC-BD1 0.60 S
NCC-BD2 >100 R
NCC-CC1 >100 R
NCC-CC3-1 0.03 S
NCC-CC3-2 0.06 S
NCC-CC4-1 0.03 S
TKKK >100 R
oz >100 R
Hucct1 0.20 S
TGBC24TKB 0.03 S
R, resistant; S, sensitive.
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Table 4. List of genes differentially expressed between gemcitabine sensitive and resistant groups of biliary tract carcinoma cell lines

Gene symbol Average expression (R) Average expression (S} Ratio (R/S) P-valuet Chromosome locus
TIMELESS 1.866235575 0.858141402 2.174741332 1.45E-05 12q12-q13
SEC23A 1.601411675 0.796303448 2.011057064 2.34E-05 14921.1
MAGEH1 2.100036325 0.397001692 5.289741503 9.28E-05 Xp11.21
NOL10 1.482213925 0.854618707 1.734356987 0.000201766 2p25.1
RRAS2 0.221456871 1.54467481 0.143367956 0.000429397 11p15.2
BMPS8B 1.7544659 0.572194878 3.066203432 0.000440394 1p35-p32
TERF1 1.422439425 0.778783987 1.826487767 0.000451224 8g13
SEC23A 1.5599122 0.633786226 2.461259234 0.0004951 14921.1
CCbC117 1.71272665 0.699035142 2.45012954 0.000557389 22121
Cl4orf107 0.490823853 1.299093433 0.377820286 0.000632072 14922.3
ZSWIM6 0.508965063 1.33793895 0.380409781 0.000753833 5g12.1
RPL34 0.52856332 1.1020033908 0.479638335 0.000934328 4q25
tObtained using the unpaired t-test. R, resistant group; S, sensitive group.
A
:(3.5)' (B) Sensitive group
3k DNA microarray P = 0.009 NCC-BD1  NCC-CC3-1 NCC-CC3-2 NCC-CC4-1 TGBC24TKB  HuccT1
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Fig. 3. (A) MAGEH1 mRNA expression in 10 biliary tract carcinoma cell lines. Relative expression of MAGEH1 mRNA compared to GAPDH
expression in each cell line was quantified by microarray (blue columns) and quantitative RT-PCR (red columns). MAGEH1 expression was
significantly different between gemcitabine (Gem)-sensitive and Gem-resistant groups. (B,C) Immunohistochemical analysis of MAGEH1 protein
in xenograft specimens of 10 biliary tract carcinoma cell lines. Tumor histology (H&E staining) of xenograft specimens of cell lines, split into
Gem-sensitive (B) and Gem-resistant (C) groups, and MAGEH1 protein expression detected by anti-MAGEH1 antibody in the same area are

shown. All three cell lines that lacked MAGEH1 expression belong to the Gem-sensitive group. Scale line = 200 pm.

established. In this study, we succeeded in establishing six novel

all four cell lines (100%) in the resistant group were positive for
MAGEH] expression (Fig. 3).

We selected nine recurrent BTC cases treated with gemcita-
bine alone, which were fully evaluated for drug effects by imag-
ing diagnosis, as described in the ‘‘Materials and Methods™’
section, and whose tumor samples had been sufticiently exam-
ined and pathologically diagnosed. After clinical evaluation, we
identified five “‘effective’” cases and four “non-effective’ cases
(Table S2). We examined MAGEH! protein expression in surgi-
cal specimens of the primary tumor in these nine cases. As
shown in Figure 4, two (40%) of five “‘effective’” cases were
positive, and all four ‘‘non-effective’’ cases (100%) were posi-

tive.

Discussion

Elucidation of the molecular mechanisms determining the bio-
logical characteristics of cancer cells is one strategy for improv-
ing the clinical outcome of BTC patients, but only a few BTC
cell lines serving as potent biological tools and animal models
with properties resembling those of human cancer have been

886

BTC cell lines including various subtypes and 19 BTC xenograft
madels after trying 55 cases. Despite carrying out multiple
transplantations, we did not observe any marked discrepancy in
cell morphology between the original tumors and the cell
lines/xenografts, suggesting that this model could be stable and
useful for biological studies. Moreover, we were able to fully
combine the corresponding clinical information for patients and
pathological archive specimens of primary tumors and xeno-
grafts for both primary tumors and cell lines with biological data
on the cell lines for both basic and preclinical research. To add
more clinically relevant functional data, we examined the gem-
citabine sensitivities of these cell lines.

Previously, several predictive markers for the effects of gem-
citabine chemotherapy have been reported in various types of
tumor, including equilibrative nucleoside transporter-1
(hENT1),"'? ribonucleotide reductase subunit M2 (RRM2),' P
and heat shock protein 27 (HSP27)"'*' for pancreatic_carcinoma,
ribonucleotide reductase subunit M1 (RRMD™® for non-
small-cell lung cancer (NSCLC), hENT1 for ampulla of Vater

carcinoma,"" carcinoembryonic antigen-related cell adhesion
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(B} Non-effective group
Case 6
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Resected specimen

MAGEH1

Case 9

Fig. 4. Immunohistochemical analysis of MAGEH1 protein in primary tumor specimens of gemcitabine (Gem)-effective and non-effective groups.
Tumor histology (H&E staining) of primary tumor specimens, split into Gem-effective (A) and Gem-non-effective (B) groups and MAGEH1 protein
expression detected by anti-MAGEH1 antibody in the same area are shown. All three cases that lacked MAGEH1 expression belong to the Gem-

effective group. Scale line = 200 pm.

molecule 6 (CEACAMG) for intrahepatic cholangiocarcinoma,"’
and RRMI for biliary tract carcinoma.''> Among these previ-
ously reported biomarkers, our microarray analysis validated
that RRM2 expression was significandy (P = 0.03) increased
(three-fold on average) in the resistant group compared to the
sensitive one (data not shown). However, most of these studies
analyzed a small number of cell lines (maximum two), for
example, comparing a gemcitabine-sensitive cancer cell line
with its subclone that had acquired gemcitabine resistance, and
focused on molecules that are already known to be associated
with gemcitabine transport and metabolism. No study has yet
tested its efficacy in clinical samples. The present study exam-
ined the largest number of BTC cell lines to be detailed in pub-
lished reports to date, including six novel ones, in relation to
clinicopathological information. To discover potential biomar-
kers in an unbiased way, we examined genome-wide expression
profiles using a microarray, identified several biomarker candi-
dates including MAGEH!, and validated its significance in
another cohort of clinical BTC cases.

MAGEH] is a member of the melanoma antigen family
(MAGE)"'®. The human MAGE family was originally identitied
as 4 tumor-gpecific untigcn,m’ and is now classified into two
subtypes (type I and type 11).""™ Type I MAGE is completely
silenced in normal tissues except male germ cells and placenta,
whereas type 1l MAGE is expressed in both tumors and a frac-
tion of normal tissues. MAGEH1 belongs to the type 11 MAGE
family and is also expressed in normal human tissues. '
MAGEHI is expressed in 69% of NSCLC"" and in 100% of
renal cell carcinomas,*” but no data for BTC have been
reported. MAGEH1 associates with the intracellular domain of
the p75/NGF receptor®" and regulates the cell cycle,""” but its
precise role in cancer is largely unknown. In the Gene Expres-
sion Omnibus (GEO) database at National Center for Biotech-
nology Information (NCBI) (http://www.ncbi.nlm.nih.gov/geo/),
there is one set of public microarray data showing the associa-
tion between MAGEH! expression and gemcitabine resistance
in NSCLC cells. Comparison of the gene expression profile
of parental Calu3 cell with those of gemcitabine-resistant
subclones (Calu3-GemR) revealed that the mean expression of
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MAGEH! mRNA in Calu3-GemR clones was more than twice
as high as that in the parental cells.”?’ However, there was no
significant difference between the two, probably because of the
small sample size analyzed (P = 0.2481; Fig. S1).

We further investigated whether MAGEH! protein expression
can be used for predicting clinical response to gemcitabine treat-
ment, as protein expression is more stable and easier to test in
clinical samples than RNA expression. Consistent with the
mRNA expression data, we found that MAGEHI protein was
expressed in all resistant and non-effective cases. However,
MAGEHI1-positive cases also included a portion of sensitive or
effective cases, possibly because of post-translational regulation
of MAGEH! protein expression. Significantly, however,
MAGEH I-negative cell lines and primary cases were all gemcit-
abine-sensitive or effective cases, suggesting that MAGEHI
expression could be used as a negative predictor of gemcitabine
response. That is, if immunohistochemical staining for
MAGEHI is negative, it is highly likely that a particular case
would respond to gemcitabine therapy. Based on its previously
reported functions, it remains unclear why MAGEH! expression
would be inversely correlated with gemcitabine response. It
could function as a regulator of gemcitabine metabolism or
might simply be a surrogate marker of distinct BTC subtypes.
Because we analyzed only cases for which the result of gemcita-
bine treatment had been assessed objectively, it was difficult to
collect a large number of retrospective cases. Moreover, we
were unable to examine the expression of MAGEH1 RNA in the
clinical specimens by RT-PCR because only small amounts of
the frozen samples were available. Therefore, further prospec-
tive analysis of a larger cohort will be necessary to determine
the clinical efficacy of MAGEHI expression as a predictive bio-
marker of gemcitabine response.

Recently, a report has indicated that both the amount of
stroma and vascularity in the tumor are associated with gemcita-
bine sensitivity in pancreatic cancer.* It was proposed that the
hypovascularity and poor vascular architecture of pancreatic
ductal carcinomas might impose an additional limitation to ther-
apeutic delivery. Therefore, it was hypothesized that disrupting
the stroma of pancreatic tumors might alter the vascular network
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and thereby facilitate the delivery of chemotherapeutic agents.
Accordingly, we recognized that the tumors in the non-effective
group showed a tendency to have more of the stromal compo-
nent than the tumors in the effective group (Fig. 4). Thus the
stromal component would also play an important role in drug
resistance of BTC.

In spite of the limited number of cases we examined, our
result is consistent with the idea that more complex mecha-
nisms regulate the gemcitabine sensitivity of BTC. In this
sense, combination of other biomarker candidates obtained
from the present screening or ones discovered through different
approaches such as proteomic analysis with MAGEHI1 should
predict the drug response more accurately. In any event, the
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Abstract

Background Optical surgical management of infrahilar/suprapancreatic cholangiocarcinoma remains controversial.
Methods Between 1988 and 2006, 77 patients with infrahilar/suprapancreatic cholangiocarcinoma underwent curative
surgical resections following our intention-to-treat strategy. The clinicopathological factors affecting survival were evaluated
using univariate and multivariate analyses with regard to the surgical procedures and surgical margins.

Results The surgical procedure included extrahepatic bile duct resection alone (EHBD; #n=17), major hepatectomy combined with
extrahepatic bile duct resection (MHx; n=26), pancreaticoduodenectomy (PD; #=28), and MHx and concomitant PD (HPD; n=
6). Performance of MHx and/or PD in addition to EHBD increased surgical morbidity (p=0.001). Among patients undergoing
the four surgical procedures (EHBD, MHx, PD, and HPD), no significant difference was found in the incidence of positive
overall surgical margins (53%, 65%, 46%, and 67%, p=0.51) or long-term survivals (median survival time, 51, 27, 41, and
22 months, p=0.60). A multivariate analysis revealed that perineural invasion (95% confidence interval, 1.1-12.3, p=0.009),
nodal metastasis (1.6-6.8, p=0.001), and blood transfusion (1.1-3.9, p=0.02) were independent predictors of a poor outcome.
‘Perineural invasion was associated with positive radial margins (p=0.045) and submucosal ductal infiltration (p=0.03).
Conclusion Perineural invasion, rather than the type of surgical procedure, had a significant impact on surgical curability and
survival of patients with infrahilar/suprapancreatic cholangiocarcinoma treated according to our intention-to-treat strategy.

Keywords Cholangiocarcinoma - Upper and middle - Introduction
Perineural invasion - Major hepatectomy -
Pancreaticoduodenectomy Recent advances in imaging modalities and surgical strategies

have improved the outcome of the surgical treatment for
cholangiocarcinoma. Surgical resection for perihilar cholan-
giocarcinoma often involves major hepatectomy combined
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Superior cholangiocarcinoma corresponds to Bismuth types 1
and 1I cholangiocarcinoma,'’ and middle cholangiocarci-
noma corresponds to classical middle third cholangiocarci-
noma.'®!* These types of cholangiocarcinoma are originated
from the bile duct in the hepatoduodenal ligament and not
only do they often involve the adjacent hepatic artery and
portal vein but they also often extend along the biliary tract
in a mucosal and/or submucosal fashion.?® Therefore,
extrahepatic bile duct resection (EHBD) is sometimes
insufficient to secure negative surgical margins and MHx
and/or PD in addition to EHBD is required to obtain a
favorable prognosis.ﬂ‘22 MHx with concomitant PD (HPD)
enables the extensive resection of biliary trees, but it is
associated with significantly higher morbidity and mortality
rates. Consequently, surgical procedure for the removal of
infrahilar/suprapancreatic cholangiocarcinoma should be de-
termined on the balance of the surgical curability and safety.
In this study, we reviewed the medical records of 77 patients
undergoing curative surgical resection with pathologically
proven infrahilar/suprapancreatic cholangiocarcinoma and
determined the prognostic factors for survival with regard
to the impact of surgical procedures and surgical margins.

Patients and Methods

Between 1988 and 2006, 212 patients with extrahepatic
cholangiocarcinoma underwent resectional surgery in the
Hepatobiliary and Pancreatic Surgery Division, National
Cancer Center Hospital, Tokyo. They were classified into
hilar (n=92), superior or middle (»=77), and distal (n=43)
cholangiocarcinoma, as determined using the final patholog-
ical diagnosis according to the Japanese classification as
follows'®: hilar, arising from the hilar bile duct; superior or
middle, arising from the infrahilar/suprapancreatic bile duct;
and distal, arising from the intrapancreatic bile duct. The
infrahilar/suprapancreatic bile duct was equally divided into
two parts; the upper part was termed as the “superior” bile
duct, and the lower part was termed the “middle” bile duct.'®
In the present study, clinicopathological data on patients with
superior or middle cholangiocarcinoma was reviewed.

Indication of Surgical Procedures

Preoperatively, the predominant location of the tumor and the
extent of the tumor along the biliary tract were evaluated using
imaging studies, including an enhanced computed tomogra-
phy scan, ultrasonography, magnetic resonance imaging,
cholangiography, and angiography. The surgical procedure
was decided by each attending surgeon after considering the
balance between the tumor extent and the safety of each
surgical procedure, following our intention-to-treat strategy.
All patients with obstructive jaundice underwent preoperative

£\ Springer

biliary drainage with a percutaneous approach via the future
remnant hemiliver, in principle.**’” MHx and PD were
performed afier the serum total bilirubin concentrations had
decreased to less than 2 and 5 mg/dL, respectively.

After laparotomy and the exclusion of distant metastasis,
all of the following four surgical procedures included a
regional lymphadenectomy at the hepatoduodenal ligament,
the upper part of the retropancreatic area, and the common
hepatic artery. In patients with localized cholangiocarci-
noma in the hepatoduodenal ligament, EHBD with lym-
phadenectomy was adopted, especially in patients with a
poor general condition or high-risk factors.

When the tumor was predominantly located in the superior
bile duct or tumor involvement in the right hepatic artery was
observed on the preoperative images, an extended right
hemihepatectomy combined with EHBD was scheduled,
following preoperative portal embolization of the right hemi-
liver. The caudate lobe was completely removed during
extended right hemihepatectomy. When the tumor was
predominantly located in the left hemiliver, an extended left
hemihepatectomy with EHBD was performed without preop-
erative portal vein embolization. The Spiegel lobe and part of
the paracaval portion of the caudate lobe were removed, but
part of the caudate process was sometimes preserved during
extended left hemihepatectomy. The indications for preoper-
ative portal vein embolization and the fundamental strategy
for major hepatectomy are described elsewhere.'”*7

When the tumor was predominantly located in the middle
and distal bile duct, PD was performed.'I5 Since 2000,
pylorus-preserving PD (PPPD) has become the standard
procedure, rather than the standard Whipple procedure.

HPD was indicated in patients with widespread chol-
angiocarcinoma or in patients with infrahilar/suprapancre-
atic cholangiocarcinoma involving the right hepatic artery,
when the general condition of the patient was favorable. -
Preoperative portal embolization was performed in all the
patients undergoing HPD.

When the tumor involved the major portal vein, aggressive
combined resection of the portal vein and reconstruction was
performed. When the tumor involved the future remnant main
hepatic artery, hepatic arterial resection and reconstruction was
performed under a surgical microscope by plastic surgeons.”

Diagnosis and Definition of Surgical Margins

Intraoperative evaluation of the hepatic-side and/or duodenal-
side ductal margins was performed using frozen sections in all
patients. When the duodenal-side ductal margin was positive,
additional resection of the intrapancreatic bile duct was
performed, as far as possible and in principle. When the
hepatic-side ductal margin was positive, additional resection
of the hepatic duct was performed, if possible. Positive
surgical margins were classified into two categories: “mucosal
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infiltration” and “submucosal infiltration”.>° When the ductal
margins were positive for both mucosal and submucosal
infiltration, they were defined as positive for submucosal
infiltration in the following discussion: Radial margins were
defined as surgical margins other than the ductal margins of
the resected specimen.

Definition of Surgical Complications

Postoperative pancreatic fistula was defined according to the
definition proposed by an international study group on
pancreatic fistula®: an amylase concentration in the drain
fluid (obtained on or after postoperative 3) greater than three
times the standard serum amylase concentration. Pancreatic
fistulas were classified into grades A, B, or C according to
severity: briefly, grade A, a “transient fistula” that was not
associated with a delay in hospital discharge; grade B, a fistula
that led to a delay in discharge, with persistent drainage for
more than 3 weeks; and grade C, a fistula that was usually
associated with major complications. Grades B and C fistulas
were considered significant complications. Delayed gastric
emptying (DGE) was classified into grades A, B, and C
according to the definitions used in the recently report®:
grade A, unable to tolerate solid oral intake by postoperative
day 7 but vomiting is uncommon; grade B, unable to tolerate
solid oral intake by postoperative day 14 and vomiting is
common; and grade C, unable to tolerate solid oral intake by
postoperative day 21 and vomiting is common. Grades B and
C DGE were considered significant complications. Postoper-
ative hepatic insufficiency was defined as an increase in the
postoperative total bilirubin value of more than 10 mg/dL.

Comparison of Clinicopathological Variables Among
. the Four Procedures )

The clinicopathological variables were compared among the
four groups of patients undergoing each procedure: EHBD,
MHx, PD, and HPD. All of the sequential parameters were
dichotomized at the median value of each variable.

Univariate and Multivariate Analyses of the Predictors
of Survival

A univariate analysis of the two groups was performed using
the following categorized variables: age (=65, <65 years),
gender, period of surgical resection (1988-2000 vs. 2001—
2006), surgical procedures (EHBD, MHx, PD, HPD), opera-
tive time (=10, <10 h), blood loss (=1,200, <1,200 mL), blood
transfusion, morbidity, dominant location of the tumor
(superior vs. middle bile duct), tumor differentiation (papillary
to well-differentiated adenocarcinoma vs. moderately to
poorly differentiated adenocarcinoma), depth of tumor infil-
tration (T1 vs. T2 or T3 in TNM classification®®), presence or

absence of pathological lymphatic invésion, venous invasion,
perineural invasion, nodal metastasis (N factor in TNM
classification®®), distant metastasis (M factor in TNM
classification®® including hepatic metastasis and para-aortic
nodal metastasis), status of hepatic-side ductal margin,
duodenal-side ductal margin, overall ductal margins, radial
margin, and overall surgical margins. Each threshold value
was determined according to the median value of each
category. A multivariate analysis was performed using factors
that proved to be significant in the univariate analysis.

Statistical Analysis

The results are reported as the median and range unless
otherwise specified. A parametric statistical analysis was
performed using the chi-square analysis or Fisher’s exact
test. The cumulative survival rates were generated using the
Kaplan—Meier method; and the difference between the rates
of the groups was assessed using the log-rank test. Sta-
tistical significance was defined as a p value of less than
0.05. The statistical analyses were performed using a
statistical analysis software package (SPSSII 11.0, SPSS
Inc., Chicago, IL, USA).

Results
Summary of Surgical Procedures

The surgical procedures for infrahilar/suprapancreatic cholan-
giocarcinoma included EHBD alone (n=17), MHx combined
with EHBD (#=26), PD (n=28), and MHx and concomitant
PD (n=6). The hepatectomy procedures consisted of extend-
ed right hemihepatectomy (n=19), right trisegmentectomy
(n=1), extended left hemihepatectomy (n=5), left trisegmen-
tectomy (n=1), and right HPD (n=6). The PD procedures
consisted of PPPD (n=18) and the standard Whipple
procedure (n=10). Combined portal vein resection was
performed in 12 patients (16%), and hepatic artery resection
and reconstruction was performed in two patients (3%).
Overall surgical morbidity was 71%, and two patients
(2.6%) died as a result of surgery; one patient who underwent
an extended left hemihepatectomy plus EHBD died of intra-
abdominal bleeding and hepatic insufficiency on day 6, and
another patient who underwent EHBD died of intra-
abdominal bleeding on day 8. No deaths occurred after
1999. The overall S-year survival arte and median survival
time of the 77 patients were 32% and 38 months, respectively.

Comparison of the Four Surgical Procedures

Table 1 showed the comparative results among the four
surgical procedures. Selection of the surgical procedure was
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Table 1 Comparison of Clinicopathological Variables Among the Four Groups of Patients Undergoing Four Types of Surgical Procedures in the

Management of Superior or Middle Cholangiocarcinoma

“EHBD (n=17) MHx (n=26) PD (n=28) HPD (n=6) p value
Surgical period 1988-2000 11 10 8 1 0.06
2001-2006 6 16 20 5
Age (year) <65 5 11 12 3 0.76
>65 12 15 16 3
Predominant location Bs 6 18 3 3 <0.001*
Bm 11 8 25 3
Operative time (min) <600 14 11 16 0 0.003*
>600 3 14 12 6
Blood loss (mL) <1,200 15 8 16 0 <0.001*
>1,200 2 18 12 6
Additional ductal resection Performed (%) 9 (53%) 13 (50%) 12 (43%) 4 (67%) 0.73
Blood transfusion Performed 2 (12%) 7 (27%) 9 (32%) 3 (50%) 0.27
Morbidity Overall 6 (35%) 19 (73%) 24 (86%) 6 (100%) 0.001*
POPF 2 (12%) 4 (15%) 22 (79%) 5 (83%) <0.001*
Bile leakage 1 (6%) 12 (46%) 3 (11%) 2 (33%) 0.004*
DGE 6 (35%) 4 (15%) 13 (46%) 4 (67%) 0.035*%
Cholangitis 2 (12%) 5 (19%) 3 (11%) 1 (17%) . 0.84
Hepatic failure 0 0 0 1 (17%) 0.007*
Hospital stay (days) <35 11 12 10 2 0.26
>35 6 14 18 4
Mortality 1 (6%) 1 (4%) 0 0 0.62
T factor T1 4 1 1 1 0.09
T2-4 13 25 27 5
Nodal status Positive 7 (41%) 18 (69%) 14 (50%) 5 (83%) 0.13
M factor M1 0 4 (15%) 1 %) 0 0.15
Perineural invasion Positive 12 (71%) 22 (85%) 25 (89%) 6 (100%) 0.25
Clinical stage LI 17 21 26 6 0.13
1L, IV 0 5 2 0
. Overall surgical margin Positive 9 (53%) 17 (65%) 13 (46%) 4 (67%) 0.51
Hepatic-side ductal margin Positive 8 (47%) 11(42%) 10 (36%) 2 (33%) 0.87
Mucosal 4 S 6 1
Submucosal 4 6 4 1
Duodenal-side ductal margin Positive 5 (29%) 14 (54%) 0 0 <0.001*
Mucosal 3 8 0 0
Submucosal 2 6 0 0
Radial margin Positive 6 (35%) 3 (8%) 6 (21%) 2 (33%) 0.28

Three M1 patients in hepatectomy group were found to have hepatic metastasis, and the remaining two M1 patients had para-aortic nodal

metastasis

EHBD extrahepatic bile duct resection, MHx major hepatectomy, PD pancreaticoduodenectomy, HPD major hepatectomy plus pancreaticoduo-
denectomy, Bs superior bile duct, Bm middle bile duct, POPF postoperative pancreatic fistula (grade B or C), DGE delayed gastric emptying

(grade B or C)

related to the predominant location of the tumor. Perfor-
mance of MHx and/or PD in addition to EHBD was
associated with increased operative time, blood loss, and
surgical morbidities, but not with the hospital stay and
mortality. PD guaranteed negative duodenal-side ductal
margin; however, the incidence of positive overall surgical
margin was comparable among the four groups of patients
undergoing four types of surgical procedures.

4 Springer

Univariate and Multivariate Analyses of Prognostic Factors

In the univariate analysis of prognostic variables, blood
transfusion, depth of tumor invasion (T2, T3), nodal
metastasis, distant metastasis, perineural invasion, and a
positive radial margin were significantly predictors of a
poor outcome (Table 2). A multivariate analysis of these six
variables revealed that blood transfusion, nodal metastasis,
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Table 2 Univariate Analysis of Prognostic Factors of 77 Patients Undergoing Surgical Resection for Superior or Middle Cholangiocarcinoma

Number Overall 5-year survival rate (%) MST (months) p value
Patient characteristics
Age <65 35 41 51 0.21
>65 42 24 34
Gender Male 57 v 36 38 0.25
Female 20 23 29
Operative period . 1988-2000 30 30 38 0.85
2001-2006 47 37 33
Surgical parameters
Surgical procedure EHBD 17 29 51 0.60
MHx 26 32 27
PD 28 35 41
HPD 6 44 22
Operative time <10 h 41 32 51 0.18
>10 h 35 38 33 )
Blood loss <1,200 mL 39 30 51 0.29
: >1,200 mL 38 38 29
Blood transfusion Not performed 56 36 51 0.02*
Performed 21 21 24
Morbidity Absent 22 29 51 0.37
Present 55 33 34
Pathological factors ‘
Dominant location Bs 30 30 28 0.36
Bm 47 35 51
Differentiation® pap, well 29 32 51 0.24
mod, por 47 34 33 -
T factor in TNM Tl 7 100 ND 0.01*
T2, T3 70 27 33
Lymphatic invasion Absent 11 ) 60 83 0.054
Present 66 28 33
Venous invasion Absent 20 53 75 0.15
_ Present 57 24 33
Perineural invasion Absent 12 132 69 0.005*
Present 65 23 33
N factor in TNM NO 33 52 A 0.0004*
Nl 44 16 26 :
M factor in TNM MO 72 33 36 0.048*
Ml 5 ND 15
Hepatic-side ductal margin Negative 46 : 34 33 0.98
) Positive 31 24 39
Duodenal-side ductal margin Negative 58 31 33 0.58
‘ Positive 19 34 51
Overall ductal margins Negative 41 30 33 0.52
Positive 36 35 51
Radial margin Negative 60 38 51 0.03*
Positive 17 10 . 23
Overall surgical margin Negative 34 35 38 0.47
Positive 43 29 39

T and N factors are determined by TNM classification of malignant tumors, 6th edition

EHBD extrahepatic bile duct resection, MHx major hepatectomy, PD pancreaticoduodenectomy, HPD major hepatectomy plus pancreaticoduo-
denectomy, Bs superior bile duct, Bm middle bile duct, pap papillary adenocarcinoma, well well-differentiated adenocarcinoma, mod moderately
differentiated adenocarcinoma, por poorly differentiated adenocarcinoma

*p<0.05
“Excluding one patient with mucinous carcinoma
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and perineural invasion were independent predictors of a
poor outcome (Table 3). No significant survival difference
was found among the four groups of patients undergoing
the four procedures (Fig. 1).

Perineural invasion was positive in all the patients with a
positive radial margin (»=17) or a positive intestinal ductal
margin (n=19). There was a significant relationship
between perineural invasion and a positive radial margin
(p=0.045) and between perineural invasion and a positive
submucosal ductal margin (p=0.03; Table 4).

Ductal Margin Status and Local Recurrence

The frozen section was positive in 32 patients, but it turned to
be negative on the permanent section in one patient. The
positive predictive value was 0.97. The frozen section was
negative in 45 patients, but it turned to be positive on the
frozen section in five patients. Thus, the negative predictive
value was 0.89. Among the 36 patients with a positive ductal
margin, 17 patients had only mucosal infiltration, while 19
patients had submucosal infiltration. One of the 17 patients
with positive mucosal infiltration (6%) developed a ductal
recurrence, while eight of the 19 patients with positive
submucosal infiltration developed a ductal recurrence (42%);
the incidence of ductal recurrence was significantly higher in
patients with submucosal infiltration than in patients with
mucosal infiltration (p=0.01). Among the 31 patients with
positive hepatic-side ductal margins, the survival of patients
with positive submucosal infiltration (r»=16) was worse than
that of patients with only positive mucosal infiltration (n=15,
p=0.004; Fig. 2).

Discussion

Although many authors have discussed the surgical treatment
of perihilar and distal cholangiocarcinoma,'™'* optical surgi-
cal management of infrahilar/suprapancreatic cholangiocarci-
noma has not been discussed in a lump. As infrahilar/
suprapancreatic cholangiocarcinoma is located midway of
the biliary tree, four types of surgical procedures, i.e., EHBD,
MHx, PD, and HPD, can be indicated for removal of the

Table 3 Multivariate Analysis of Prognostic Factors of 77
Patients Undergoing Surgical Resection for Superior or Middle
Cholangiocarcinoma

Variables A Risk ratio 95% CI p value
Perineural invasion  1.433 4.191 1.428-12.295  0.009*
Nodal metastasis 1.210 3.354 1.644-6.843 0.001*
Blood transfusion 0.722 20.59 1.102-3.847 0.024*

*p<0.05
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Figure 1 Cumulative overall survival of 77 patients with infrahilar/
suprapancreatic cholangiocarcinoma treated with four types of surgical
procedures. No significant difference was found in the survival of
patients undergoing extrahepatic bile duct resection (EHBD; dotted
line with cross (n=17)), major hepatectomy (MHx; solid line with
black square (n=26)), pancreaticoduodenectomy (PD; dotted line with
white circle (n=28)), or major hepatectomy plus pancreaticoduode-
nectomy (HPD; bold line with black circle (n=6); p=0.60).

tumor. The present study clearly showed that the perineural
invasion was significantly associated with incidence of
positive radial and submucosal ductal margins and was also
an independent predictive factor for survival together with
blood transfusion and nodal metastasis. Performance of MHx
and/or PD in addition to EHBD increased surgical morbid-
ities, but the type of procedure did not have significant
impact on the incidence of positive overall surgical margins
or on the long-term survivals of patients, if applied according
to our intention-to-treat strategy.

Regarding the surgical treatment of perihilar cholangiocar-
cinoma, it has been repeatedly advocated that the surgical
margin is an important prognostic factor,' %1131 Iy these
reports, the ductal and radial margins were discussed together
as the “surgical margin”. We previously reported that when
treating middle or distal cholangiocarcinoma, it is important
to secure a negative radial margin, although it may be less
beneficial to obtain a negative hepatic-side ductal margin.'
In this study, the radial margin, which was associated with
perineural invasion, was a predictor of survival according to
a univariate analysis, but the ductal margin was not.
Considering these results, when the radial margin is
apparently positive, additional ductal resection for a positive
ductal margin may not improve the survival of patients.

On the other hand, it is noteworthy that a positive
submucosal ductal margin resulted in a higher incidence of
local recurrence and a worse survival outcome, compared with
the results for a positive mucosal ductal margin. The hepatic-
side submucosal margin was a possible prognostic factor as
shown in Fig. 2. As shown in Table 4, positive submucosal
infiltration and positive ductal margins are strongly associ-
ated with perineural invasion, which proved to be an
independent and significant prognostic factor. That is, the
prognosis of patients might be largely influenced not by the
ductal status but by the presence or absence of perineural
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Table 4 Relationship Between

the Perineural Invasion and the Perineural invasion p value
Radial and Ductal Margins
Negative Positive
Radial margin Negative 12 48 0.045*
) Positive 0 17
Ductal margin Negative or mucosal positive 12 46 0.03*
Submucosal positive 0 19

*p<0.05

invasion. This strong relationship between perineural inva-
sion and the extent of cancer invasion has been reported by
other authors.®***7 Bhuiya et al.*’ reported that perineural
invasion was an independent prognostic factor that was not
influenced by the site, size of the tumor, or lymph node
metastasis. These results may suggest that the presence of
perineural invasion represents a malignant behavior of the
tumor and that this type of tumor infiltrates the adjacent
structures in the hepatoduodenal ligament via neural path-
ways and also exhibits replacement growth along the ductal
wall, resulting in positive radial or submucosal ductal
margins. This importance of perineural invasion on a
negative prognosis has been reported not only in patients
with cholangiocarcinoma”*#2%?” but also in patient with
gallbladder cancer.?*%*

Ikeyama et al. reported that an extended right hemi-
hepatectomy is essential for nodular and infiltrating (as
classified according to the gross type on a cholangiogram)
Bismuth type I or II hilar cholangiocarcinomas but that
EHBD with or without limited hepatectomy is adequate in
patients with papillary tumors.”! In our series, 28 patients
with macroscopically nodular and infiltrating Bismuth type
I or II tumors underwent surgical resection (detailed data
not shown). The median survival of the 14 patients who
underwent extended right hemihepatectomy or right trisec-
tionectomy was 2.0 years, while that of the 14 patients who
underwent other procedures (EHBD, PD, or other types of
hepatectomies) was 3.3 years (p=0.38). Therefore, we
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Figure 2 Cumulative overall survival of 31 patients with positive
hepatic-side ductal margins. The survival of patients with positive
mucosal infiltration (dotted line, n=16) was significantly better than
that of patients with positive submucosal infiltration (solid line, n=15;
p=0.004).

cannot conclude that extended right hemihepatectomy is
necessary for Bismuth type I or II hilar cholangiocarci-
noma. The 5-year survival rate of the patients undergoing
extended right hemihepatectomy in lkeyama’s series was
favorable (63%) probably because negative surgical mar-
gins were obtained in 18 patients who underwent extended
right hemihepatectomy.

MHx combined with EHBR enables the resection of the
hilar bile duct including the biliary trees in the caudate
process and should be one of the ideal surgical procedures
for hilar cholangiocarcinoma.'™ The introduction of pre-
operative adequate biliary drainage and portal vein embo-
lization of the future resectable liver’® has dramatically
increased the safety of the extensive hepatectomy. We
previously reported a zero mortality rate for major

- hepatectomy for hilar cholangiocarcinoma between 2000

and 2004.” When the duodenal-side ductal margin is
positive, additional resection of the intrapancreatic bile
duct can be performed as far as the confluence with the
main pancreatic duct. We have examined the ductal margins
using frozen sections, and the positive and negative
predictive values of frozen section were 0.97 and 0.86.
We believe that these predictive values are acceptable and

frozen sections are useful for intraoperative decision

making. Nevertheless, the hepatic and duodenal sides of
the ductal margins are positive in 41% and 44% of cases,
respectively. These percentages illustrate the difficulty in
obtaining a negative ductal margin against the ductal spread
of cholangiocarcinoma.

Historically, we have been increasingly performed PD
rather than other resections since 2001 mainly because of
the improved safety of this procedure. The most trouble-
some drawback of PD for biliary cancer is the high
incidence of pancreatic fistula from normal and soft
pancreas tissue. HPD enables a broad resection of the
biliary system, but is associated with a considerable risk of
major pancreatic leakage and subsequent hepatic insuffi-
ciency. A two-staged PD may be an alternative approach
that could enable life-threatening complications associated
with pancreatic fistula to be avoided,®' but we have only
performed a one-stage pancreatic reconstruction using
mucosa-to-mucosa anastomosis of the pancreatic duct.
Although the incidence of pancreatic fistula was very high

in our series (79%), no deaths occurred among the 34
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patients undergoing PD. This outcome may be partly due to
the adequate postoperative drainage of pancreatic juice and
the prevention of bleeding by wrapping the stump of the
gastroduodenal artery with the falciform ligament.** PD
guaranteed a negative duodenal-side ductal margin, but the
overall incidence of a positive surgical margin was
comparable between the PD group and the non-PD group
(50% vs. 60%, p=0.36). These results indicate the difficulty
in achieving a complete resection of cholangiocarcinoma
arising in the hepatoduodenal ligament and also suggest
that HPD should be indicated in highly select patients with
widespread cholangiocarcinoma who have an acceptable
general condition for surgery. All of the six patients
undergoing HPD for widespread cholangiocarcinoma had
perineural invasion, and five of them had nodal metastases,
but the 5-year survival rate was 44%, which was relatively
favorable. HPD could be indicated in patients with positive
submucosal ductal margins and negative radial margins
following MHx or PD because the submucosal infiltration
on the hepatic-side ductal margin was a possible prognostic
factor, associated with the presence of perineural invasion
(Fig. 2; Table 4). In this sense, aggressive and safe
application of HPD in selected patients might improve the
curability and the survival.

Blood transfusion is reportedly associated with a poor
outcome in several other malignancies, such as colorectal,™
breast,>* gastric,® periampullary,®® and hepatocellular
carcinoma.’’ The immunosuppressive effect of transfusion
has been proposed as a possible reason.*® Blood transfusion
might also reflect the extensiveness of the operation, and
extensive surgery, rather than blood transfusion itself, may
be related to a poor outcome. Surgeons should make all
possible efforts to prevent blood loss during the surgery and
to avoid blood transfusion.

In summary, in the surgical management of infrahilar/
suprapancreatic cholangiocarcinoma, no significant differ-
ence was found in the incidence of positive overall surgical
margins or long-term survivals among the four groups of
patients undergoing four types of surgical procedures if
applied within our intention-to-treat strategy. Perineural
invasion, rather than the type of surgical procedure, had a
significant impact on surgical curability and survival.
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