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1 Introduction
Pancreatic cancer is the fifth most common cause of

death by malignant neoplasm in Japan [1]. The number
of deaths in Japan due to pancreatic cancer has steadily
increased, reaching 17000 in 1996 [1]. After the first
successful pancreatoduodenectomy by Whipple et al.
[2], many kinds of reconstruction of the alimentary
tract after pancreatoduodenectomy have been reported
[3–5]. However, the resection rate and prognosis in
cases of pancreatic cancer have been very low and
poor. The regional pancreatectomy introduced by
Fortner [6] impressed many Japanese pancreatic sur-
geons. Consequently, the resection rate has gradually
improved, but the postoperative prognosis is still
poor. This paper introduces our surgical experience
and recent advances in molecular-biological studies in
pancreatic cancer.

Patients and Methods
Isolated Pancreatectomy 
Using Catheter-Bypass Method
of the Portal Vein

In 1981, we developed an antithrombogenic bypass
catheter for the portal vein to decompress portal con-
gestion or prevent hepatic ischemia caused by portal
vein resection or simultaneous resection of the hepatic
artery (Fig. 1) [7, 8]. Since then, we have been aggres-
sively performing extensive surgical resections, includ-
ing portal vein resection by the non-touch isolation
technique [9, 10] using this bypass method accompa-
nied by extensive lymph node dissection and extrapan-
creatic nerve plexus dissection (Fig. 2, 3).

From 1981 to 1998, 182 patients with duct cell car-
cinoma of the pancreas underwent surgical resection.
Portal vein resection was performed in 126 (69%) of
these 182 cases. The cumulative survival rates includ-
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ing operative and hospital deaths according to Japan
Pancreas Society conclusive stage [11] are shown in
Figure 4. Postoperative prognosis of stage I and II is
relatively good, but that of stages IVa and IVb is poor
in spite of aggressive surgery. The most important
problem is that the 75% of the resected cases belong to
the advanced stages IVa or IVb.

Results
Histopathological 
and Immunohistochemical Studies
of Resected Specimens

Indication for total pancreatectomy or pancre-
atoduodenectomy in pancreatic head cancer is one of
the key problems in pancreatic cancer surgery. It is
very important to know how the carcinoma developed
from the pancreatic head to the body or tail. However,
it is very difficult to diagnose intrapancreatic carcino-
ma development before an operation. Thus, the oper-
ative quick pathological diagnosis using frozen sec-
tions is very important. However, due to poor fixation
and abundant fibrous connective tissues, an intraoper-
ative quick pathological diagnosis using conventional
H&E staining of fresh frozen sections cannot always
detect small cancer nests. In our series using total pan-
createctomized specimens of pancreatic head carcino-
ma, carcinoma development from head to body or tail
was clarified as continuous by the conventional
pathological diagnosis using H&E staining combined
with immunohistochemical staining using anticarci-
noembryonic antigen (CEA) and carbohydrate antigen
(CA) 19−9 [12, 13]. Intraoperative quick immuno-
staining [14, 15] combined with conventional quick
pathological diagnosis can diagnose intrapancreatic
carcinoma development more precisely. We have
been trying to preserve the pancreatic body and tail if
intrapancreatic carcinoma development from head to
body or tail is not observable [10].

The cumulative survival rates according to lymph
node metastasis are shown in Figure 5. The survival
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Despite the development of more sophisticated diagnostic techniques, it remains difficult to
detect pancreatic carcinoma in the early stage compared with distal bile duct carcinoma or
duodenal papilla carcinoma. The resection rate of the pancreatic carcinoma has been increas-
ing due to recent advances in surgical techniques and the application of extensive surgery.
However, the postroperative prognosis has been poor due to commonly occurring liver
metastasis. Recent molecular-biological studies have been clarifying occult liver metastasis
and systemic disease in pancreatic cancer. This paper will review our surgical experience and
oncological problems in pancreatic cancer.
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rates of the negative lymph node metastasis (N0) group
were significantly higher than those of the positive
lymph node metastasis groups (n1, n2, and n3). The in-
cidence of paraaortic lymph node metastasis was 26%
(16) in pancreatic head carcinoma and 13% (17) in pan-
creatic body and tail carcinoma. Perigastric lymph
node metastasis in pancreatic head carcinoma was ob-
served only in infrapyloric lymph nodes, and the inci-
dence was 14% (16). Based on these data, pylorus-pre-
serving pancreatoduodenectomy will be indicated if the
cancer has no perigastric lymph node metastasis and no
serosal or duodenal invasion.

The cumulative survival rates according to the inva-
sion of surgical margins are shown in Figure 6. Surviv-

al for more than two years after operation was seen in
the carcinoma-free surgical margins (ew(–)) group.
A portal vein resection is necessary to obtain a carcino-
ma-free surgical margin in pancreatic cancer surgery
[18, 19]. Recently, a more accurate diagnosis of portal
vein invasion using intraportal ultrasonography has
been developed [20, 21].

Pancreatic carcinoma often invades the extrapan-
creatic nerve plexus. The prognosis with positive carci-
noma invasion to this group is extremely poor com-
pared with the negative carcinoma invasion group [22].
In pancreatic head carcinoma, complete dissection of
the extrapancreatic nerve plexus, especially the nerve
plexus around the superior mesenteric artery, causes
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Fig. 1. Scheme of catheter placing for portal vein bypass
a) Mesenteric vein – Femoral vein
·) Mesenteric vein – Left portal vein though Umbilical vein
‚) Mesenteric vein – Intrahepatic branch of portal vein
Fv – Femoral vein; GSv – Great saphenous vein; Ivc – Inferior vena cava; Pv – Portal vein; Sv – Splenic vein; SMv – Superior
mesenteric vein.
êËÒ. 1. ëıÂÏ˚ ÛÒÚ‡ÌÓ‚ÍË Í‡ÚÂÚÂ‡ ‰Îfl ¯ÛÌÚËÓ‚‡ÌËfl ‚ÓÓÚÌÓÈ ‚ÂÌ˚.
‡ – ·˚ÊÂÂ˜Ì‡fl ‚ÂÌ‡ – ·Â‰ÂÌÌ‡fl ‚ÂÌ‡;
· – ·˚ÊÂÂ˜Ì‡fl ‚ÂÌ‡ – ÎÂ‚‡fl ‚ÂÚ‚¸ ‚ÓÓÚÌÓÈ ‚ÂÌ˚ (˜ÂÂÁ ÔÛÔÓ˜ÌÛ˛ ‚ÂÌÛ);
‚ – ·˚ÊÂÂ˜Ì‡fl ‚ÂÌ‡ – ‚ÌÛÚËÔÂ˜ÂÌÓ˜ÌÓ ‡ÒÔÓÎÓÊÂÌÌ‡fl ‚ÂÚ‚¸ ‚ÓÓÚÌÓÈ ‚ÂÌ˚.
Fv – ·Â‰ÂÌÌ‡fl ‚ÂÌ‡; GSv – ·ÓÎ¸¯‡fl ÔÓ‰ÍÓÊÌ‡fl ‚ÂÌ‡; Ivc – ÌËÊÌflfl ÔÓÎ‡fl ‚ÂÌ‡; Pv – ‚ÓÓÚÌ‡fl ‚ÂÌ‡; Sv – ÒÂÎÂÁÂÌÓ˜Ì‡fl
‚ÂÌ‡; SMv – ‚ÂıÌflfl ·˚ÊÂÂ˜Ì‡fl ‚ÂÌ‡.
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severe diarrhea after surgery. Recently, it has become
possible to diagnose carcinoma invasion to the second
portion of the pancreatic head nerve plexus using in-
traportal ultrasonography [23]. In our department, if
patients have no carcinoma invasion to the second por-
tion of the pancreatic head nerve plexus, the left semi-
circular nerve plexus around the superior mesenteric
artery is preserved to prevent postoperative severe diar-
rhea, which causes malnutrition.

Postoperative Recurrence

Even in extended surgery with an isolated pancre-
atectomy, a high incidence of postoperative liver me-
tastasis, local recurrence, and peritoneal metastasis has
been observed with a poor postopertaive prognosis (Ta-
ble 1) [24–27]. The first cause of a poor postoperative
prognosis in pancreatic cancer is liver metastasis. Al-
though occult liver metastasis may be suspected on the

Fig. 2. View of abdominal cavity after pancreatoduodenecto-
my in combination with portal vein resection.
êËÒ. 2. ÇË‰ ·˛¯ÌÓÈ ÔÓÎÓÒÚË ÔÓÒÎÂ Ô‡ÌÍÂ‡ÚÓ‰ÛÓ-
‰ÂÌ‡Î¸ÌÓÈ ÂÁÂÍˆËË, ‰ÓÔÓÎÌÂÌÌÓÈ ÂÁÂÍˆËÂÈ ‚ÓÓÚ-
ÌÓÈ ‚ÂÌ˚.

Fig. 3. Portal vein and superior mesenteric vein anasto-
mosis.
êËÒ. 3. ÄÌ‡ÒÚÓÏÓÁ ÏÂÊ‰Û ‚ÓÓÚÌÓÈ Ë ‚ÂıÌÂÈ ·˚-
ÊÂÂ˜ÌÓÈ ‚ÂÌ‡ÏË.

Table 1. Incidence of postoperative recurrence in pancreatic cancer

Author Year Cases Liver Local Peritoneal Bone Lung

Kayahara et al. [24] 1993 30 60% 83.3% 40%

Takahashi et al. [25] 1995 25 80% 100% 56% 24% 56%

Sperti et al. [26] 1997 78 62% 72% 6%

Nakao et al. [27] 1997 76 57% 34% 41% 3% 1%
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Fig. 4. Survival after radical surgery depending on pancreatic cancer stage (classification of Japanese Pancreatologic Associa-
tion).
êËÒ. 4. Ç˚ÊË‚‡ÂÏÓÒÚ¸ ·ÓÎ¸Ì˚ı ÔÓÒÎÂ ‡‰ËÍ‡Î¸Ì˚ı ‚ÏÂ¯‡ÚÂÎ¸ÒÚ‚ ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ÒÚ‡‰ËË ‡Í‡ èÜ (ÍÎ‡ÒÒËÙËÍ‡-
ˆËfl flÔÓÌÒÍÓÈ Ô‡ÌÍÂ‡ÚÓÎÓ„Ë˜ÂÒÍÓÈ ‡ÒÒÓˆË‡ˆËË).

20

0 1

Ç˚ÊË‚‡ÂÏÓÒÚ¸, %

ÉÓ‰˚
2 3 4 5

40

60

80

100
n0 (n = 64)

çÂÓÔÂ‡·ÂÎ¸Ì˚Â (n = 101)

n1 (n = 62)

n2 (n = 51)

n3 (n = 5)

Fig. 5. Survival after radical surgery considering metastatic lymph nodes.
êËÒ. 5. Ç˚ÊË‚‡ÂÏÓÒÚ¸ ·ÓÎ¸Ì˚ı ÔÓÒÎÂ ‡‰ËÍ‡Î¸Ì˚ı ÓÔÂ‡ˆËÈ Ò Û˜ÂÚÓÏ ÔÓ‡ÊÂÌËfl ÏÂÚ‡ÒÚ‡Á‡ÏË ÎËÏÙÓÛÁÎÓ‚.

5



66 ÄççÄãõ ïàêìêÉàóÖëäéâ ÉÖèÄíéãéÉàà       ÚÓÏ 6      ‹ 1      2001

PANCREAS SURGICAL TREATMENT AND ONCOLOGICAL PROBLEMS

bases of extensive clinical data, no criteria have been
definitely determined. Surgical therapy combined with
effective adjuvant therapy is necessary in view of these
types of recurrence.

Occult and Micrometastasis

Recent progress in immunohistochemistry and mo-
lecular biological studies has been clarifying the occult

and micrometastasis in pancreatic cancer. The inci-
dence of cancer cells from abdominal washing cytolo-
gy using conventional staining has been 0–17% (28–
32). However, an incidence as high as 57% by immu-
nocytochemical staining using monoclonal antibodies
against tumor-associated antigens and cytokeratins was
reported [33]. The high incidence of K-ras point muta-
tion of codon 12 in pancreatic cancer has also been ob-
served. Occult pancreatic cancer cells have been de-

Table 2. Incidence of pancreatic cancer cells in peripheral blood, bone marrow, and liver tissue

Author Year Incidence

Tada et al. [34] 1993 peripheral blood, K-ras: 2/6 (33%)

Juhl et al. [33] 1994 bone marrow, immunostaining: 15/26 (58%)

Inoue et al. [39] 1995 liver tissue, K-ras: 13/17 (76%)

Nomoto et al. [31] 1996 peripheral blood, K-ras: postoperative period 10/10 (100%)

Funaki et al. [36] 1996 peripheral blood, CEAmRNA: 3/9 (33%)

Aihara et al. [37] 1997 peripheral blood, Keratin 19mRNA: 2/38 (5%)

Miyazono et al. [38] 1999 peripheral blood, CEAmRNA: 13/21 (61.9%)
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Fig. 6. Survival depending on radical surgery, ew – cancer invasion.
êËÒ. 6. Ç˚ÊË‚‡ÂÏÓÒÚ¸ ·ÓÎ¸Ì˚ı ‡ÍÓÏ èÜ ÔÓÒÎÂ ÓÔÂ‡ˆËÈ ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ‡‰ËÍ‡Î¸ÌÓÒÚË ‚ÏÂ¯‡ÚÂÎ¸ÒÚ‚‡: ew – ‡-
ÍÓ‚‡fl ËÌ‚‡ÁËfl.
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tected in peripheral blood [34–38], bone marrow [33],
and liver [39] by studies of K-ras, CEAmRNA, Keratin
19mRNA, along with immunocytochemical staining
(Table 2).

Occult lymph node metastasis in pancreatic cancer
has been also detected by the studies of K-ras [40].

Discussion
Surgical techniques for pancreatic cancer have been

developed, and the resection rate has increased in Japan
over the past 20 years. These developments have con-
tributed to an improved prognosis for pancreatic can-
cer. However, the prognosis of stage IV patients with
pancreatic cancer is still poor even with extended sur-
gery. The reason for such a poor prognosis after surgi-
cal resection is the high incidence of recurrence. Occult
and micrometastasis have been more precisely diag-
nosed by immunocytochemical and molecular biologi-
cal studies. On the basis of such data, adjuvant multi-
modal therapies targeting occult and micrometastasis
combined with radical surgery are recommended. Peri-
operative liver perfusion chemotherapy [41] or intraop-
erative radiation therapy [42, 43] may decrease postop-
erative liver metastasis or local recurrence. Neverthe-
less, the effectiveness of these adjuvant multimodal
therapies must be clarified and more effective adjuvant
therapies must be developed.
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