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Clinicohistopathologic and immunohistochemical studies of in-
trapancreatic development of duct cell carcinoma of the head of
the pancreas to the body and tail were done in 34 cases in which
total pancreatectomy accompanied by portal vein resection were
performed from July 1981 to June 1987. In studies of hematox-
ylin and eosin (HE) staining, intrapancreatic development from
the head to the body or tail was observed in 14 cases of 34 cases
(41.1%). Multicentricity or skip development was observed in
two of 14 cases. However, by using immunostaining of carci-
noembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-
9) and DUPAN2, small cancer nests surrounded by dense fibrous
connective tissues could be easily and accurately diagnosed, and
finally, in 25 of 34 cases (73.5%), intrapancreatic continuous
development from the head to body or tail was observed. The
intrapancreatic development correlated with portal invasion and
perineural invasion of carcinoma, hardness of body and tail, ob-
struction of the main pancreatic duct, and irregular pancreati-
cogram. The intraoperative quick immunostaining on the
cryostat sections, together with HE staining, is useful to deter-
mine the intrapancreatic development of the carcinoma. The in-
dication of total pancreatectomy or pancreatoduodenectomy for
carcinoma of the head of the pancreas can be determined by
these results.

pancreatoduodenectomy (PD) for pancreatic

head carcinoma has not yet been clarified. It is
important to diagnose the intrapancreatic development
of pancreatic head carcinoma to the body and tail before
or during the operation. Usually pancreatic head carci-
noma has severe chronic pancreatitis by the obstruction
of the main pancreatic duct due to carcinoma invasion,
so it is difficult to find small cancer nests in dense fibrous
connective tissue of the body and tail. To solve this prob-
lem, clinicohistopathologic and immunohistochemical
studies of intrapancreatic development of duct cell car-

T HE INDICATION for total pancreatectomy (TP) or
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cinoma of pancreatic head to the body and tail were per-
formed in 34 cases of TP.

The relationship between pre- or intraoperative clinical
findings and the intrapancreatic development of pan-
creatic head carcinoma was also studied.

Materials and Methods

Ninety-six operations for pancreatic cancer were per-
formed from July 1981 to June 1987 at the second De-
partment of Surgery, Nagoya University School of Med-
icine, and in 61 of these cases, radical pancreatectomy
was carried out (Table 1). Of 52 resected cases of pan-
creatic head carcinoma, 35 patients have undergone TP
and 17 have undergone PD. Of the TP cases, 34 were duct
cell carcinomas and one was an islet cell carcinoma.
Twenty-five of the 34 patients who had duct cell carci-
noma of the pancreatic head of TP accompanied by portal
vein resection were men, and nine were women. The mean
age of these 34 patients was 61 years.

Ten per cent formalin was injected promptly into the
main pancreatic duct of surgically resected specimens, af-
ter which x-ray studies of the pancreaticogram were done.
After 7 days of fixation of specimens by 10% formalin,
specimens were sectioned into 5-mm thicknesses based
on general rules of the Japan Pancreas Society.' Seven or
more sections were prepared from one block. After being
deparaffinized, these sections were stained with HE. All
histologic typing of pancreatic carcinomas were based on
the criteria of the Japan Pancreas Society.' Intrapancreatic
development of the carcinoma (DVL) is has three patterns:
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TABLE 1. Resectability Rate of Pancreatic Cancer Patients
Sfrom July 1981 to June 1987
Resectability
Location Patients Operation  Resection rate

Head 80 76 52 (46) 68.4%
Body and tail 18 17 8 (5) 47.0%
Whole 3 3 1(1) 33.3%
Total 101 96 61(52) 63.5%

Number of portal vein resections given in parentheses.

1) no evidence of intrapancreatic development of the car-
cinoma from the primary tumor mass (—), 2) evidence of
continuous development of the carcinoma from the pri-
mary tumor mass (+c), and 3) evidence of skip devel-
opment of the carcinoma from the primary tumor
mass (+s).

Immunohistochemistry

The adjacent deparaffinized sections were stained by
the indirect immunoperoxidase methods, as previously
described.??

The following antisera were used: 1) anti-CEA (DAKO,
Kyowa Medex, Tokyo, Japan), previously absorbed with
perchloric acid extract of human spleen at 1:200 dilution;?
2) anti-CA19-9 (Centocor, Toray-Fuji Bionix, Tokyo, Ja-
pan),* diluted to 1:200; 3) anti-DUPAN2 (DAKO, Kyowa
Medex, Tokyo Japan),’ diluted to 1:400.

Clinical Classification

Clinical findings were classified in terms of maximum
tumor size (T), lymph node involvement (N), invasion to
the portal vein (V), endoscopic retrograde pancreatico-
gram (ERP), pancreaticogram of the body and tail of

FIG. 1. Regular pattern of pancreaticogram. The main pancreatic duct
is obstructed, but a relatively smooth main pancreatic duct with well-
visualized branches is observed.
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FIG. 2. Irregular pattern of pancreaticogram. The main pancreatic duct
is obstructed, and irregular beaded pattern of main pancreatic duct with
decrease of branches is observed.

specimens and hardness of the body and tail of the pan-
creas. Maximum tumor size was classified into four grades;
0-2cm (T,), 2.1-4 cm (T,), 4.1-6 cm (T3) and more than
6 cm (T,). The carcinoma invasion to the portal vein was
also classified into four grades; no evidence of carcinoma
invasion to the portal vein (V), suspicious of carcinoma
invasion to the portal vein (V,), evidence of carcinoma
invasion to the portal vein (V;) and severe carcinoma
invasion to the portal vein with stenosis or obstruction
(V3). ERP was classified by Ohashi et al.® as narrowing or
obstruction of main pancreatic duct (I), Wirsung’s duct
obstruction (IIA), Santorini’s duct obstruction (IIB),
polypoid or mucinous carcinoma in the markedly dilated
main pancreatic duct (III), and no involvement of main
pancreatic duct (IV). Pattern of the pancreaticogram of
the pancreatic body and tail was classified into regular
pattern (R) and irregular pattern (I). Regular pattern
means smooth or regular beaded main pancreatic duct
with well-visualized branches (Fig. 1). Irregular pattern
means irregular beaded or rigid contour main pancreatic
duct with decrease or abscence of branches (Fig. 2). Hard-
ness of the body and tail of the pancreas was classified
into three group: soft (S), elastic hard (E) and hard (H).

The correlation between clinical finding and intrapan-
creatic development of the pancreatic head carcinoma
into the body and tail was studied.

Results

The authors have already reported on the relationship
between the classification of duct hyperplasia based on
Kozuka’s classification’ and the localization pattern of
CEA, CA19-9° and DUPAN2.® In normal pancreatic
ducts, CEA is negative (type-N) or localized faintly on
the apical surface (type-A, Fig. 3A) and CA19-9 (Fig. 3B)
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FiGs. 3A-C. CEA, CA19-9, and DUPAN?2 in normal pancreatic ducts.
CEA (A) is negative and CA19-9 (B) and DUPAN2 (C) are localized on
apical surface of the cells and in the supranuclear regions of the cytoplasm
as fine granules.

and DUPAN?2 (Fig. 3C) are localized on apical surface of
the cells and in the supranuclear regions of the cytoplasm
as fine granules [cytoplasmic type with polarity, type-
C(+)]. In some papillary hyperplasia, CEA is demon-
strated at the apical surface and in the cytoplasm near
apical membrane [type-C(+)]. In atypical or malignant
cells, these antigens were localized over the entire surface
and cytoplasm (cytoplasmic type without polarity, type-
C(-); see Figure 4). In most malignant glands, they were
distributed diffusely in the surrounding stroma adjacent
to the basal surfaces of the cells and in the phagocytes, in
addition to the type-C(—) staining pattern (stromal type,
type-S; see Figure 5). Type-S was restricted to cancer cells.
If more than one of these three antigens showed the char-
acteristics of the staining pattern in the sections of the
specimen of cancer cells as described above, we diagnosed
the specimen as “cancer positive tissue.”

Pathologic diagnosis, clinical classification, and intra-
pancreatic development of carcinoma from the head to
body or tail of 34 cases of duct cell carcinoma of the
pancreatic head of TP with portal vein resection are sum-
marized in Table 2.

In the observation of HE-stained tissue sections of these
34 cases, the intrapancreatic carcinoma development from
the head to the body or tail was observed in 14 of 34 cases
(41.2%), and skip development was observed in two of

14 cases. However, by immunostaining, small cancer nests
surrounded by dense fibrous connective tissues could be
easily detected (Fig. 6) and intrapancreatic continuous
carcinoma development from the head to the body or tail
was observed in 25 of 34 cases (73.5%) and no skip de-
velopment was observed (Table 2).

The relationship between carcinoma development and
clinical findings was observed in portal invasion, obstruc-
tion of main pancreatic duct, irregular pancreaticogram,
and hardness of the body and tail (Table 2). These cases
had commonly severe perineural invasion of carcinoma
in the intra-pancreatic nerves or peripancreatic nerve
plexus.

Discussion

A number of authors have reported that intrapancreatic
development of pancreatic head carcinoma beyond the
transection line of a usual Whipple procedure is observed
in 2.4-36% of cases.”'® The incidence of multicentricity
or skip development was reported as being between 0-
33%. Usually, by the obstruction of the main pancreatic
duct due to carcinoma invasion, pancreatic head carci-
noma has severe chronic pancreatitis, so it is sometimes
difficult to differentiate severe inflammatory lesions from
the malignancy glands. But we have already reported on
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FiG. 4. CEA in atypical hy-
perplasia. CEA is localized
over the entire surface and in
the cytoplasm.

immunohistochemical localization patterns of CEA,  nests in dense fibrous connective tissues of the body and
CA19-9° and DUPAN2® in pancreatic duct epithelium  tail. However, CA19-9 has the disadvantage of becoming
and the stromal staining was restricted to the carcinoma  negative in Lewis® negative cases.? Nevertheless, DUPAN2
glands. Therefore it has become easy to detect small cancer ~ was well-stained even in CA19-9 negative cases® and im-

FIG. 5. CA19-9 in malig-
nant glands. CA19-9 is
distributed not only over
the entire surface and cy-
toplasm of the carcinoma
cells, but also diffusely in
the surrounding stroma
adjacent to their basal
surfaces and in the
phagocytes.
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TABLE 2. 34 Cases of Duct Cell Carcinoma of the Head of the Pancreas of Total Pancreatectomy
dvl
Patient
No. Sex Age Histology T N \ ERP Pancreaticogram Hardness HE IS
1 M 47 tub., mod. 2 + 2 I I H +c(t) +c(t)
2 F 64 pap-tub. 3 - 2 I R H — +c(t)
3 F 63 tub., poor. 3 + 3 1 1 H +s(t) +c(t)
4 M 68 tub., poor. 3 + 0 1 R E —_ —
5 F 62 tub., well 2 + 2 J11:] R E —_ -
6 M 75 tub., mod. 3 - 1 I R E —_ —_
7 M 59 tub., poor. 3 + 3 I 1 H —_ —_
8 M 61 tub., well 3 + 2 I 1 E — +c(b)
9 M 53 pap-tub. 2 + 0 1IB R E — —
10 M 55 pap-tub. 2 - 2 I R E — —
11 F 60 tub., mod. 2 + 2 I | H —_ —_
12 F 63 tub., mod. 3 + 0 I 1 H —_ +c(t)
13 M 64 tub., well 2 + 3 I 1 E +c(b) +c(b)
14 M 55 pap. 3 + 1 it I S +c(b) +o(b)
15 F 49 tub., well 2 + 0 I I E —_ +c(b)
16 M 74 tub., mod. 2 + 1 1A R S — —_
17 M 52 tub., mod. 2 + 2 I 1 H +s(b, t) +c(t)
18 M 51 tub., mod. 3 + 3 1 I H +c(t) +c(t)
19 M 61 tub., mod. 3 + 1 IIB I E +c(b) +c(b)
20 M 8 tub., well 2 + 3 1 I H +c(b) +olt)
21 M 50 tub., well 3 - 1 | I E —_ —
22 M 72 tub., well 3 - 3 1 1 E — +c(t)
23 M 65 tub., mod. 3 + 2 1 I H +c(t) +c(t)
24 M 55 tub., mod. 3 + 1 I R E —_ —
25 M 55 tub., well 3 - 3 I I H +c(t) +c(t)
26 M 67 tub., mod. 3 + 3 I I H +o(t) +o(t)
27 M 70 tub., mod. 3 + 2 I I E — +c(b)
28 F 62 tub., well 2 + 2 I I H +c(t) +c(t)
29 M 70 pap-tub. 2 - 1 I I H +c(t) +c(t)
30 F 59 tub., mod. 2 + 1 I 1 E — +c(t)
31 M 63 tub., mod. 2 + 2 1 I E — +c(b)
32 F 67 tub., mod. 4 + 3 I I H +c(t) +c(t)
33 M 69 tub., mod. 3 - 3 1 1 H +c(t) +c(t)
34 M 54 tub., mod. 3 + 3 1 1 H +c(b) +c(t)

tub = tubular adenocarcinoma; pap = papillary adenocarcinoma; well
= well differentiated type; mod = moderately differentiated type; poor
= poorly differentiated type; HE = hematoxylin and eosin staining; IS

munohistochemically showed no cross reactivity with
Lewis®. On the other hand, CA19-9 was usually positive
in a DUPAN?2 negative case. Thus, combined use of both
antigens seems to act complementarily to each other. CEA
is also useful because almost all pancreatic duct carcinoma
tissues can be stained as stromal type, as reported previ-
ously in CEA immunostaining pattern in carcinomas of
gastrointestinal (G.I.) tracts.2*-22

Using the conventional HE staining method, we found
two cases of skip development; however, using the im-
munostaining method, these cases were observed as being
continuous. Moreover, the incidence of cancer develop-
ment detected actually increased from 41.2% to 73.5%,
and skip development was not observed when the im-
munostaining method was used. There have been many
reports on the multicentricity or skip development of the
pancreatic cancer’'2!*!'8 but it seems to us that intra-
pancreatic development in those cases might not have
been capable of being detected with HE stained findings

= immunostaining; b = development of carcinoma into the body of the
pancreas; t = development of carcinoma into the tail of the pancreas.

alone. Our high incidence of cancer development from
the head to the body and tail is due to the high operability
rate using extended radical operations®* to advanced pan-
creatic carcinoma. And our results do not support the
view that multicentric or skip development of the carci-
noma of the head of the pancreas occurs relatively fre-
quently.

For surgeons, it is important to make clear the rela-
tionship between pre- or intraoperative clinical findings
and the intrapancreatic cancer development. If the cancer
development is clarified before or during the operation,
the indication of TP or PD for the pancreatic head car-
cinoma can be determined. Medical technology for the
diagnosis of pancreatic cancer has progressed remarkably,
but it is difficult to diagnose the intrapancreatic cancer
development before the operation. In our department,
ultrasonography (US), computed tomography (CT), ERP,
percutaneous transhepatic bile duct drainage (PTBD) for
the patients with obstructive jaundice, and celiac and su-
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FIGs. 6A and B. (A) In the
HE-stained section, it is dif-
ficult to point out malignant
lesions, but in the adjacent
immunostained section of
CA19-9 (B), the strong im-
munoreactivity of CA19-9 in
the small group of malignant
g cells and their surrounding
. ' - stroma (type-S) can be easily
M detected (arrow).

perior mesenteric angiography have been performed rou-
tinely for the pancreatic cancer patients before the oper-
ation and the portagraphy and pancreaticography by the
puncture of the main pancreatic duct of the body and tail
during the operation. By the retrospective studies of these

clinical findings, main pancreatic duct obstruction, portal
invasion, hardness of the body and tail, and irregular pan-
creaticogram had the relation to cancer development from
the head to body and tail. Therefore these clinical char-
acteristics are helpful in deciding the indication of TP or
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PD for the pancreatic head carcinoma. But the definitive
diagnosis of cancer development is done by the rapid in-
traoperative conventional HE staining of frozen sections
at the line of resection. Sometimes diagnosis of their de-
velopment to the body and tail is hard to evaluate by
fibrosis and sparse malignant cell density. Moreover, fro-
zen sections have poorly preserved tissue structure as
compared to the usual formalin fixed paraffin-embedded
permanent sections, and this makes the suitable judgment
more difficult. So we have recently developed quick im-
munostaining,?* using the same antibodies on the frozen
sections, and this, in addition to rapid intraoperative con-
ventional HE staining, will provide important informa-
tion.

In summary, by the immunoshitochemical staining us-
ing CEA, CA19-9 and DUPAN?2 in addition to conven-
tional HE staining, the intrapancreatic development of
the pancreatic head carcinoma from the head to the body
and tail can be diagnosed more precisely. From our data,
the degree of incidence with skip development of pan-
creatic cancer seems to be negligible. And the intrapan-
creatic cancer development from the head to body and
tail can be generally diagnosed by the clinical findings
such as hardness of the body and tail with main pancreatic
duct obstruction, portal invasion, and irregular pancrea-
ticogram by the intraoperative puncture of the main pan-
creatic duct. But the definitive diagnosis can be made more
precisely by the intraoperative quick immunostaining, in
addition to rapid intraoperative conventional HE staining.
The indication of TP or PD can be determined by these
results.
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