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Adenomatous areas are found frequently within or
in the vicinity of carcinoma of the ampulla of Vater.
This makes definite diagnosis difficult in the preop-
erative examination. The adenoma–carcinoma de-
velopment hypothesis is generally accepted for
colorectal tumors. Recently, a genetic alteration
model during colorectal tumor development has
attracted much attention, leading to various stud-
ies. We studied clinicopathologic features, prognos-
tic factors, and the alteration of the p53 tumor sup-
pressor gene using p53 immunohistochemical
staining in pure adenomas, pure carcinomas, and
carcinomas with adenomatous areas. A proliferative
activity of the tumors using Ki-67 was also evalu-
ated. Nine cases of pure adenoma and 198 cases of
carcinoma of the ampulla of Vater were selected for
this study. Among the 198 cases of the carcinoma,
83 cases (42%) had adenomatous areas. Positivity of
p53 immunohistochemical staining was 0% in pure
adenomas, 36% in the adenomatous areas of carci-
nomas with adenomatous areas and 62% in the
carcinomatous areas of carcinomas with adenoma-
tous areas, and 56% in pure carcinoma. Accumula-
tion of p53 protein and the Ki-67 labeling index
revealed no significant difference in prognosis. The
clinicopathological factors examined were as fol-
lows: degree of invasion of the surrounding tissue,
such as duodenal wall; pancreatic parenchyma; the

presence or absence of lymphatic permeation; ve-
nous invasion; perineural invasion; the presence of
regional lymph node metastasis; and TNM stage.
Each of the clinicopathological factors showed a
significant difference. Multivariate analysis revealed
strong predictors for a worse prognosis: presence of
lymphatic permeation, invasion of the pancreas,
and perineural invasion. In conclusion, our results
are consistent with the adenoma–carcinoma devel-
opment hypothesis. It would seem that the molec-
ular events leading to p53 accumulation in neo-
plasms of the ampulla of Vater occur relatively late
during the oncogenetic process. Moreover, we think
it may be useful to refer to the p53 overexpression
in the diagnosis of ampullary tumors.
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Carcinoma of the ampulla of Vater has a relatively
good prognosis when compared with the case of
other biliary tract neoplasms such as pancreatic
carcinoma or bile duct carcinoma; nevertheless, its
5-year survival rate ranges from 6 to 61% (1–5).
Carcinoma of the ampulla of Vater can be detected
earlier than other biliary tract neoplasms because it
involves symptoms such as jaundice or obstructive
inflammation that are more easily recognizable.
However, cases of carcinoma of the ampulla of
Vater extending beyond the muscle of Oddi have
shown poor prognosis in studies elsewhere (2, 5).
There have been statistically significant differences
in the survival curves between cases confined
within the muscle of Oddi and cases showing fur-
ther extension, indicating early carcinoma and ad-
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vanced carcinoma, respectively (2, 5). These tumors
often contain adenomatous areas composed of
mild to moderate dysplastic epithelium (6 –10).
Within such limited areas, it is difficult to diagnose
histologically whether a tumor of the ampulla of
Vater is in fact benign or malignant.

A genetic alteration model of colorectal tumor de-
velopment as proposed by Vogelstein et al. has at-
tracted much interest, leading to several studies (11,
12). They considered that the accumulation of alter-
ations affecting at least one dominantly acting onco-
gene and several tumor suppressor genes is respon-
sible for the development of colorectal tumors.
Mutation of the p53 tumor suppressor gene is the
most common genetic alteration in human malignan-
cies and is considered to be one of the most impor-
tant genetic alterations in the model. The overexpres-
sion of p53 protein has been widely reported in
various neoplasms, including the periampullary re-
gion (13–18). Monoclonal antibody Ki-67, which de-
tects a nuclear antigen expressed in all the phases of
the proliferating cell cycle except for G0, has become
a reliable means of accurately assessing the growth
fraction of human neoplasms (19–22).

In this study, we compared the different clinico-
pathological findings of pure adenomas, early and
advanced ampullary carcinomas, and adenomatous
areas within these lesions, with reference to the
accumulation of p53 protein and the Ki-67 labeling
index. Our aim was to investigate the usefulness of
immunohistochemical staining with p53 protein or
Ki-67 monoclonal antibody in the diagnosis of car-
cinoma of the ampulla of Vater and to evaluate
those clinicopathological factors that were consid-
ered to predict prognosis precisely. Moreover, we
intended to evaluate whether the adenoma– carci-
noma development hypothesis held true.

MATERIALS AND METHODS

During the period from 1969 to 1996, 209 consec-
utive surgically resected cases of carcinoma of the
ampulla of Vater and 10 cases of adenoma were
placed on file in the Department of Anatomic Pa-
thology, Pathological Sciences, Graduate School of
Medical Sciences, Kyushu University. The criteria
for these tumors of the ampulla of Vater was as
follows: the tumors were derived from the duodenal
mucosa (only the ampullary region), the common
channel, the intraduodenal pancreatic duct, or the
intraduodenal common bile duct; this was con-
firmed by 5-mm stepwise tissue sections from the
specimens. These histologic sections, cut from 10%
formalin-fixed, paraffin blocks, were routinely
stained with hematoxylin and eosin. Macroscopi-
cally, the ampullary carcinomas were categorized
into three groups according to those designated by

Tasaka et al. and Yamaguchi and Enjoji (2, 23):
intramural protruding, exposed protruding, and ul-
cerating form (Figs. 1 to 3). Microscopically, the
tumors were classified by the system in the World
Health Organization (WHO) monograph (24) as
papillary adenocarcinoma, adenocarcinoma (in-
cluding well differentiated, moderately differenti-
ated and poorly differentiated), mucinous adeno-
carcinoma, signet-ring cell carcinoma, clear cell
adenocarcinoma, adenosquamous carcinoma,
squamous carcinoma, small cell carcinoma, and
undifferentiated carcinoma. We classified the de-
gree of dysplasia of the lesions adjacent to the car-
cinoma of the ampulla of Vater using the criteria of
Baczako et al. (6). We were able to classify three
degrees of dysplasia: mild, moderate, or severe. The
degree of dysplasia was assessed by structural or
cellular atypia: degrees of pseudostratification, nu-
clear atypia, loss of polarity, and occasional mitotic
figures. Mild dysplasia was characterized by elon-
gated nuclei in tall columnar epithelial cells and
mild nuclear hyperchromasia. Moderate dysplasia
was defined as the presence of pseudostratification
with moderate intraglandular budding and bridg-
ing, accompanied by certain polymorphic nuclear
changes and moderate hyperchromasia. The term
severe dysplasia was used if the epithelium showed
widening and marked pseudostratification, with
cuboidal cells as well as marked budding and bridg-
ing. The nuclei were hyperchromatic, vacuolated,
and polymorphic. Mitotic figures were frequently
detected in the areas lacking invasive growth. We
used TNM classification for staging ampullary car-
cinomas (24) as follows: Stage I, the tumor cells are
confined to the ampullary region; Stage II, the tu-
mor cells are restricted to the duodenal wall; Stages
III and IV, the tumor invasion is limited to 2 cm or
over in the pancreas. If the regional lymph node

FIGURE 1. Intramural protruding form. The tumor cells proliferate in
a papillary fashion and are restricted to within the muscle of Oddi. We
define this tumor as an early ampullary carcinoma (hematoxylin and
eosin staining, 103).
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metastasis is present, the level goes up from Stage I
or II to Stage III. In line with the procedure of
studies elsewhere (2, 25), we defined early ampul-
lary carcinoma as a tumor that was restricted to
within the muscle of Oddi and defined advanced
ampullary carcinoma as a tumor extending beyond
the muscle of Oddi. Other clinicopathological fac-
tors examined were as follows: degree of invasion of
the surrounding tissue, such as duodenal wall; pan-
creatic parenchyma; the presence or absence of
lymphatic permeation; venous invasion; perineural
invasion; and the presence of regional lymph node
metastasis.

From 219 specimens, 146 specimens of carcinoma
and 9 specimens of pure adenoma were available for
immunohistochemical staining in this study. An im-
munohistochemical study was performed on the
formalin-fixed, paraffin-embedded sections by the
streptavidin–biotin peroxidase-complex method us-
ing a Histofine SAB-PO kit (Nishirei, Tokyo, Japan),
with monoclonal antibodies specific for p53 (1;100,

Pab1801, Oncogene Science, Uniondale, NY) and
Ki-67 (1:100, MIB-1, Immunotech, Marseille, France).
After deparaffinization, the endogenous peroxidase
activity was blocked with hydration and hydrogen
peroxidase. The sections for p53 were pretreated by
heating in a microwave oven at 100° C in phosphate
buffered saline for 20 minutes, whereas the sections
for Ki-67 were boiled in pH 6.0 citrate buffer for 30
minutes. The primary antibodies were applied to tis-
sue overnight at 4° C before being incubated for 20
minutes with a secondary biotinylated antibody, fol-
lowed by further incubation with a streptavidin-
biotin-peroxidase complex reagent for 20 minutes.
The sections were thoroughly washed with phosphate
buffered saline between steps. The sites of peroxidase
were visualized with 3,39-diaminobenzidine tetrahydro-
chloride. Hematoxylin was used for counterstaining. Ap-
propriate positive and negative controls were included.

The extent of the nuclear reactivity for p53 was clas-
sified into four categories: 2, no expression; 6, low
expression (1 to 10% immunoreactive tumor cells); 1,
moderate expression (10 to 50%); and 11, high expres-
sion (more than 50%). The latter two (1, 11) were
regarded as significantly positive in this study (Fig. 4,
e-f).

In the case of Ki-67 antigen staining, the number
of positively stained nuclei out of 1000 cancer cell
nuclei was counted and expressed as a percentage
in the form of a labeling index (Fig. 4g).

Immunohistochemical analysis was performed
without access to any of the clinical information
about each specimen. With regard to the carcinoma
with adenomatous areas (CWA), adenomatous and
carcinomatous areas were separately evaluated.

Complete follow-up information was available for
198 patients with carcinoma and 10 patients with
pure adenoma. The relationship between each of the
clinicopathological factors or the expression of each
of the oncogenes and the histological groups was
assessed by x2 test or Fisher’s exact test, whereas
differences in the Ki-67 labeling index between the
groups were analyzed by the Mann-Whitney or
Kruskal-Wallis test. Survival curves were estimated by
the Kaplan-Meier method, and differences between
the curves were measured using the log rank test. All
variables that were significant at the 5% level in the
univariate or multivariate analysis were included in
Cox’s proportional hazards regression model. Model
selection for identifying the subset of significant vari-
ables was based on a forward stepwise procedure
using the maximum likelihood ratio test.

RESULTS

Sex and Age
The 198 patients with carcinoma of the ampulla

of Vater were all Japanese, ranging in age from 33 to

FIGURE 2. Exposed protruding form. Papillary proliferation of the
tumor cells in the common channel extends to the surface of the
ampulla of Vater (hematoxylin and eosin staining, 33). This case is also
included in the category of early ampullary carcinoma.

FIGURE 3. Ulcerating form. The carcinoma cells have invaded the
duodenal wall and pancreatic parenchyma, indicating advanced
ampullary carcinoma (hematoxylin and eosin staining, 33).
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FIGURE 4. a, Exposed protruding form of ampullary carcinoma. The papillary tumor proliferates in the common channel, on the surface of
duodenal papilla, and within the intraduodenal common bile duct (hematoxylin and eosin staining, 33). b, Distribution of carcinomatous and
adenomatous areas: the adenomatous areas are mostly present within the rim of the tumor and in the deep portion of the common channel and the
common bile duct. c, Carcinomatous areas: tumor cells having bizarre nuclei and prominent nucleoli exhibit irregular tubules (hematoxylin and
eosin staining, 1603). d, Adenomatous areas: the epithelium proliferates in a tubular or villous fashion, and epithelial cells have moderate to severe
nuclear atypia (hematoxylin and eosin staining, 1203). e, p53 immunohistochemical stain in carcinomatous areas: in this case, carcinoma cells
exhibit diffusely positive reaction in their nuclei (21; 1203). f, p53 immunohistochemical stain in adenomatous areas: tumor cells are diffusely
positive (21; 1603). g, 60.5% of the tumor cells are positive for Ki-67 (1203).
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81 years (mean, 60.5 y). There were 102 men and 96
women (Table 1). The 10 patients with pure ade-
noma included 7 men and 3 women, ranging in age
from 48 to 72 years (mean, 60 y).

Macroscopic Appearances
The correlation between macroscopic type and

clinicopathologic findings of carcinoma of the am-
pulla of Vater is summarized in Table 1. Macro-
scopically, 32 of the cases were of an intramural
protruding form, whereas 97 cases and 69 cases
were of an exposed protruding form and an ulcer-
ating form, respectively. The ulcerating tumors
were the largest, averaging 2.5 cm in the greater
diameter, but the intramural protruding tumors
were the smallest, averaging 1.7 cm. The average
diameter of the 10 pure adenomas was 2.4 cm.

Histopathologic Findings
Of the 198 carcinomas, 33 were papillary adeno-

carcinomas, 157 were adenocarcinomas (104 well
differentiated, 39 moderately differentiated, and 14
poorly differentiated), 2 were adenosquamous car-
cinomas, and 6 were mucinous adenocarcinomas
(Table 1). In 83 of the 198 carcinoma cases (42%),
there were adenomatous areas surrounding the car-
cinoma: these cases included 13 papillary adeno-
carcinomas; 54 well-differentiated, 12 moderately
differentiated, and 3 poorly differentiated adeno-
carcinomas; and 1 mucinous adenocarcinoma.
There were 19 early and 179 advanced carcinomas.

The degree of dysplastic epithelium within the ad-
enomatous areas in all the cases of ampullary car-
cinoma exhibited almost moderate dysplasia and
focally mild dysplasia. Ten pure adenomas were
composed of mild to moderate dysplastic epithe-
lium. In the two groups, early carcinoma (TNM
classified as Stage I) and advanced carcinoma
(Stages II to IV), cases with adenomatous areas
numbered 13 and 70, respectively.

Immunohistochemical Study
One hundred forty-six specimens of carcinoma

and nine specimens of pure adenoma were avail-
able for immunohistochemical staining with p53
and Ki-67 monoclonal antibodies. The immunohis-
tochemical staining patterns for p53 and Ki-67 are
summarized in Tables 3 and 4. Eighty-six of 146
cases with carcinoma exhibited an overexpression
of p53. The percentage of cases showing p53 over-
expression was 91.7% (11/12) for early carcinomas
and 55.9% (75/134) for advanced carcinomas.
Moreover, 0% in pure adenomas, 36% in adenoma-
tous areas of CWA and 62% in carcinomatous areas
of CWA, and 56% in pure carcinoma were positive
for p53 immunohistochemical staining.

With regard to Ki-67, the labeling index was 31.3
on average, ranging from 0 to 72.4. However, no
significant difference was found between accumu-
lation of p53 protein or the Ki-67 labeling index and
other clinicopathological factors.

TABLE 1. Prognostic Factors in 198 Patients with Carcinoma of the Ampulla of Vater

n (%)
Size (cm) Age Adenomatous

Area (1)(%)
5-Year Survival Rate (%)

Average Range Average Range

Total 198 (100) 2.3 0.4–7.3 60.5 33–81 42 42.0

Sex M 102 (51.5) 2.4 0.6–7.3 59.4 33–80 45 8.40
F 96 (48.5) 2.2 0.4–5.2 61.6 38–81 39 45.8

Macroscopic
findings

Intramural
protruding
form

32 (16.2) 1.7 0.4–3.5 41 44.3

Exposed
protruding
form

97 (49) 2.3 0.7–5.2 56 46.4

Ulcerating form 69 (34.8) 2.5 0.9–7.3 23 36.1
Microscopic

findings
Well differentiated

group
137 (69.2) 2.4 0.4–7.3 49 47.7

P 5 0.0084*
Papillary 33 (16.7) 2.5 1.1–5.0 39 54.3
Well 104 (52.5) 2.3 0.4–7.3 52 45.9

Moderately 39 (19.7) 2 0.7–5.6 31 30.0
Poorly 14 (7.1) 2.1 1.1–3.4 24 21.4
Adenosquamous 2 (1) 2.5 1.5–3.5 0 50.0
Mucinous 6 (3) 2.5 1.3–4.3 17 33.3

TNM Stage Early I 19 (9.6) 2 0.4–4.1 57 33–75 68.4 81.4
P 5 0.128*Advanced 179 39.1 38.6

II 79 (39.9) 2.1 0.6–5 63 39–81 46.8 47.6
III 95 (50) 2.3 0.5–5.6 59 38–80 34.7 33.4 P 5 0.0023*

IV 5 (2.5) 4.9 2.7–7.3 58 47–63 60 0.0

* Logrank test.
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Survival and Prognostic Factors
Follow-up times ranged from 1 to 298 months

(median follow-up, 32 months). The overall post-
operative survival rate was 42% after 5 years (Table
1). Tasaka et al. (23) had reasoned that the morpho-
logical findings were related with tumor progres-
sion because during the early phase, the tumor
assumed a protuberant form, whereas by the ad-
vanced phase, the tumor had transformed into an
ulcerating form; however, there was no significant
difference in prognosis between the two macro-
scopic forms. Size and sex had no great influence
on survival. The survival rates in the cases of pap-
illary carcinoma; well-differentiated, moderately
differentiated, and poorly differentiated carcinoma;
adenosquamous carcinoma; and mucinous carci-
noma were 54.3, 45.9, 30, 21.4, 50, and 33.3%, re-
spectively. Furthermore, there were statistically sig-
nificant differences in the survival curves among

the patients in the well-differentiated carcinoma
group (papillary and well-differentiated carcino-
ma), those in the moderately differentiated group,
and those in the poorly differentiated group (Table
1). Clinicopathology also showed a significant dif-
ference (Table 2). Moreover, there was a significant
difference in the survival probability between the
group of carcinomas restricted to within the muscle
of Oddi (i.e., early carcinoma) and the group of
carcinomas extending beyond the muscle (ad-
vanced carcinoma) (Table 1). Accumulation of p53
protein and the Ki-67 labeling index demonstrated
no statistically significant difference in prognosis.

A multivariate analysis using Cox’s proportional
hazards model evaluated the influence of the each
clinicopathologic variables on prognosis (Table 5).
Strong predictors for a better prognosis were noted
in cases without any lymphatic permeation, inva-
sion of the pancreas, or perineural invasion.

TABLE 2. Prognostic Factors in 198 Patients with Carcinoma of the Ampulla of Vater

n 5 Year Survival Rate (%) P value*

Invasion of the pancreas 2 83 59.2
P , 0.00011 115 30.3

Invasion of the duodenal wall 2 86 58.5
P , 0.00011 112 29.6

Lymphatic permeation 2 129 51.3
P 5 0.00021 69 25.1

Venous invasion 2 86 58.2
P 5 0.00031 112 30.4

Perineural invasion 2 154 47.4
P 5 0.00341 44 23.8

Total 198
Regional lymph node metastasis 2 97 53.4

P 5 0.00471 92 30.1
Total 189

* Logrank test.

TABLE 3. p53 Immunohistochemical Staining for Adenoma and Carcinoma with/without Adenomatous Areas

p53 Immunohistochemical
Staining (1)

Pure adenoma (n 5 9) 0
Carcinoma with adenomatous areas (CWA) (n 5 61)

Adenomatous area
22 (36%)

Carcinomatous area 38 (62%)
Carcinoma without adenomatous areas (pure carcinoma) (n 5 85) 48 (56%)
Total 86 (58.9%)

TABLE 4. Clinicopathological Factors and Immunohistochemical Staining in TNM Stage of the Ampulla of Vater

Early Advanced

TNM Total Stage I Stage II Stage III Stage IV
n 146 12 61 68 5

Age (range) 61 (38–81) 61 (43–75) 64 (39–81) 58 (38–79) 58 (47–63)
Sex (M:F) 73:73 7:5 25:36 38:30 3:2
Macroscopic findings (IP:EP:U) 18:75:53 3:9:0 6:38:17 9:27:32 0:1:4
Microscopic findings (Well:Mod:Por:Muc:Adsq) 98:32:9:6:1 12:0:0:0:0 43:11:5:2:0 38:21:4:4:1 5:0:0:0:0
Including adenomatous areas (%) 41.8 75 42.6 29.4 60
Ki-67 labeling index (mean) (%) 31.3 32.4 30.9 31.3 31.1
p53(1) (%) 58.9 91.7 55.7 57.4 40
5-year survival rate (%)* 39.5 83.3 43.7 33.1 0

IP, intramural protruding form; EP, exposed protruding form; U, ulcerating form; Mod, moderately differentiated; Por, poorly differentiated; Muc,
mucinous; Adsc, adenosquamons.

* Logrank test P 5 0.0226.
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DISCUSSION

In the current study, long-term survival was
found to be correlated independently with the his-
tological classification and with the degree of inva-
sion of the pancreas or duodenal wall, lymphatic
permeation, venous invasion, perineural invasion,
and regional lymph node metastasis. These results
were similar to those of studies published else-
where (2, 18). Strong predictors for a better prog-
nosis were noted in those cases without any lym-
phatic permeation or invasion of the pancreas in
multivariate analysis.

In previous studies, adenomatous areas were
found frequently within or in the vicinity of carci-
noma of the ampulla of Vater (30 –91%; 8, 9, 10, 25).
Moreover, areas with severe dysplasia and/or car-
cinoma in situ were often seen in those tubular
adenomas that showed moderate dysplasia (2, 26).
Among our 198 cases, we found 83 (42%) carcino-
mas of the ampulla of Vater that contained adeno-
matous areas. There was no significant difference in
prognosis between CWAs and carcinomas without
adenomatous areas. Carcinoma of the ampulla of
Vater showed a tendency to contain adenomatous
areas far more frequently during the early phase
(70%) than the advanced phase (38%). On the basis
of these facts, we concluded that adenomatous ar-
eas had been present at the onset of the tumors but
that the rate at which the tumors contained adeno-
matous areas decreased as the tumors advanced. In
previous studies, the basic evidence for this was the
coexistence of adenoma and carcinoma within the
same lesion. Some authors have presented the hy-
pothesis that carcinomas arise within adenomas in
the ampulla of Vater, similar to the case with the
adenoma– carcinoma development hypothesis of
colorectal carcinoma (2, 13). Recently, a genetic
alteration model during colorectal tumor develop-
ment has attracted much interest, leading to several
studies (11, 12). In our study, positivity of p53 im-
munohistochemical staining was 0% in pure ade-
nomas, 36% in adenomatous areas of CWA and 62%
in carcinomatous areas of CWA, and 56% in pure
carcinoma. This result is consistent with the adeno-
ma– carcinoma development hypothesis.

Scarpa et al. (13) reported that p53 gene mutation
was detected in 8/11 carcinomas of the ampulla of
Vater using the PCR-SSCP (single-strand conforma-
tion polymorphism) method, and 7 of those 11 carci-
nomas exhibited positivity for p53 immunohisto-

chemically, but there was no positive stain for p53
protein within the adenomatous areas of those cases
of carcinoma that had such areas. Diamantis et al.
(15) observed significantly higher p53 positivity in
high-grade neoplasms compared with low-grade
ones. Moreover, Ajiki et al. (27) reported similar re-
sults for gallbladder neoplasms in that the tumor cells
of adenoma and dysplasia were negative for p53
staining, whereas carcinoma cells were positive. On
the other hand, Younes et al. (16) reported that 40% of
adenomas and 94% of carcinomas of the ampulla of
Vater were positive for p53. In our study, we revealed
positive p53 staining present in none of nine pure
adenomas but present in 22 of 38 adenomatous areas
of CWAs (58%; Table 3). On the basis of all the above
reports, we deduced that the incidence of accumula-
tion of p53 gene alterations was smaller in pure ade-
noma with mild to moderate dysplasia than in adeno-
matous area of CWA with moderate dysplasia. Fifty-
nine percent of all 146 cases of carcinoma of the
ampulla of Vater demonstrated p53 positivity, this
being comparatively lower than in studies elsewhere
(64 to 94%; 13–16). There was no significant difference
in long-term survival between the p53-positive group
and the p53-negative group (5-y survival rates, 33 and
48.2%, respectively). p53 positivity of pure adenomas,
early carcinomas, and advanced carcinomas was 0,
92.3, and 55.6%, respectively. The current results,
showing that p53 positivity in the advanced cancer
group was lower than that in the early cancer group,
could be due to the additional allele loss on the re-
maining side of Chromosome 17 or to a new mutation
that stops the prolongation of the half-life of p53
protein, but there is no conclusive evidence for this.

In conclusion, p53 immunohistochemical staining
may be useful in the diagnosis of carcinoma of the
ampulla of Vater if the submitted specimen contains
adenomatous areas. It is most likely that the molecu-
lar events leading to p53 accumulation in neoplasms
of the ampulla of Vater occurred relatively late during
the oncogenetic process. These results did not con-
tradict the adenoma–carcinoma hypothesis. How-
ever, further molecular investigations are necessary to
verify whether this is accurate.

Acknowledgments: The authors thank Naoko
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TABLE 5. Results of Cox’s Proportional Hazards Regression Analysis Based on a Forward Stepwise Procedure

Variable
Estimated
Coefficient

Standard Error Relative Risk P value

Lymphatic permeation (1/2) 0.3001 0.1086 1.35 ,0.01
Invasion of the pancreas (1/2) 0.3017 0.121 1.3522 ,0.05
Perineural invasion (1/2) 1.2765 0.4786 3.5839 ,0.05
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