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Objectives: Gastric cancer may follow pylorus-preserving pancreaticoduodenectomy (PPPD) for diseases of
the pancreas head owing to the occurrence of duodenogastric reflux (DGR) after this procedure. In practice, how-
ever, these cancers are found in sites distant from the gastric anastomosis. We histopathologically examined the
gastric mucosa for the presence of Helicobacter pylori (H. pylori) infection and DGR by using surgical specimens ob-
tained from patients who developed gastric cancer after PPPD. Methods: We examined 4 specimens of gastric
cancer occurring after PPPD for mucosal atrophy, H. pylori infection, trefoil factor family 2 (TFF2) expression,
p53 protein expression, DGR, and gastritis cystica polyposa (GCP), which is frequently associated with DGR. Re-
sults: Mild—tofmoderate mucosal atrophy (Sydney classification) and H. pylori infection of the atrophic mucosa
were found in all specimens. TFF2 expression, which like H. pylori infection is carcinogenic, was detected in the
deep or intercellular layers of the gastric fundal mucosa in all specimens. Expression of the p53 protein, but not
GCP, was found in the atrophic mucosa. Conclusions: H. pylori infection in combination with chronic atrophic gas-
tritis promotes the development of cancer in the remaining stomach after PPPD. Further, p53 and TFF2 expres-

sion, which confers cells with enhanced proliferative capacity, may induce a highly pro-neoplastic state.
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Introduction

Gastric cancer may occur after pylorus-
preserving pancreaticoduodenectomy (PPPD) for
diseases of the pancreas head. We searched Igaku-
Chuo-Zasshi (in Japanese) databases for articles con-
taining the keyword “PPPD, gastric cancer” and
found that thus far, 27 cases of gastric cancer occur-
ring after PPPD have been reported in Japan. Our
institution is the only one to have encountered 5
such cases (gastrectomy, 4; endoscopic mucosal re-
section, 1). This unusually high incidence may be
explained on the basis of the large number of long-
term survivors as well as the considerable number
of PPPDs conducted at our institution. A number of
factors may be implicated in the pathogenesis of

gastric cancer after PPPD: Helicobater pylori (H. py-

lori) infection, duodenogastric reflux (DGR), prolif-
eration of the gastric mucosa at the site of the pan-
creaticogastrostomy, and nuclear DNA ploidy pat-
tern. However, since few such cases have been re-
ported, the mechanism of development of these can-
cers remains to be elucidated.

According to the Japanese Classification of Gas-
tric Carcinomas (13th edition)”, cancers of the rem-
nant stomach are defined as “any gastric cancer oc-
curring after gastrectomy, including recurrent gas-
tric cancer, regardless of the presence of a lesion at
the primary operation, the extent of resection, and
the type of gastric reconstruction surgery per-
formed”. However in practice, tumors within the an-
astomosis are termed “remnant gastric cancers”
and those in sites distant from the stomach side of
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the anastomosis are called “cancers of the remain-
ing stomach”. The cancers discussed in this study
are of the latter type. The clinicopathological char-
acteristics of these cancers are identical to those of
conventional gastric cancer; the background lesion
is chronic atrophic gastritis that eventually differen-
tiates into adenocarcinoma. Differentiated adeno-
carcinomas and undifferentiated gastric cancers are
the common types of cancers of the remaining
stomach. Therefore, we consider that as in the case
of conventional gastric cancer, DGR, including cyto-
toxic antibodies and bile, contributes to the develop-
ment of cancers of the remaining stomach by induc-
ing gastritis”.

Kuipers et al® conducted a prospective study in
which they found that H. pylori infection contrib-
uted to the occurrence of atrophic gastritis and the
subsequent progression from catarrhal gastritis to
intestinal metaplasia. H. pylori infection acts as a
promoter of carcinogenesis; the risk of developing
gastric cancer significantly increases in the pres-
ence of persistent H. pylori infection®”. Further-
more, in a stomach carcinogenic model of H. pylori
infection, trefoil factor family 2 (TFF2)-positive cells
were found in the deep gastric fundal mucosa; this
was accompanied by a decrease in the number of
parietal cells. TFF2-positive cells, being highly pro-
liferative, multiply ectopically and induce a highly
pro-neoplastic state®. Spasmolytic polypeptide ex-
pressing metaplasia (SPEM) is metaplasia which
stained in TFF2 (Spasmolytic Polypeptide) and re-
sembles the shape of Brunner’s glands tumor of the
gastric fundal gland base. Because a large number
of myeloid cells are involved in SPEM, and TFF2-
positive cells show differential multiplication in
SPEM, TFF 2 peptides can be visualized by im-
munostaining for proliferating cell nuclear antigen
(PCNA)”™®. Moreover, it has been suggested that
SPEM develops from chief cells because PCNA im-
munostaining, which is the marker of cell prolifera-
tion, was not observed in the original cells present
in the hypertrophy in the gastric fundal gland base;
moreover SPEM was observed in the second-cell
zone of hypertrophy and showed double-staining
with the gastric intrinsic factor which was the

O Furthermore, intestinal

marker of chief cells
metaplasia of the gastric mucosa was considered a
precursor of gastric cancer, particularly, intestinal
and differentiation type cancer, long before the de-
velopment of Correa’s multistep multifactorial proc-

2 Abnormali-

ess of human gastric carcinogenesis
ties of the p53 gene are frequently found in areas of
intestinal metaplasia, and in an experiment involv-
ing a mouse model of intestinal metaplasia, cells
showing intestinal metaplasia and p53 abnormalities
were found to eventually differentiate into cancer

13)

cells”™. H. pylori infection reportedly leads to abnor-
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malities of the p53 gene™. The p53 gene is an impor-
tant cancer-suppressing gene; however, the clinical
significance of intranuclear p53 accumulation in ar-
15)

eas of intestinal metaplasia is unclear™. Monoclonal
antibody DO-7, which we used this time recognizes
both variant and wild-type proteins; however, we
analyzed mutation of the p53 gene on the basis of
abnormal accumulation of the variant p53 protein,
because the expression of wild-type p53 protein can-
not be determined from immunostaining. The pres-
ence of the p53 protein in the gastric mucosa has
been suggested to indicate a highly pro-neoplastic
state.

With regard to the contribution of DGR, gastritis,
specifically stomal gastritis, is found in gastric anas-
tomoses; gastric cystica polyposa (GCP) are found in
the deep mucosa and indicate stomal gastritis.
These specific mucosal changes have been found to

be associated with the development of remnant gas-
16)

tric cancer in rats

In the present study, we discuss the clinicopa-
thological characteristics of 4 specimens obtained
via gastric resection for gastric cancer occurring af-
ter PPPD, and review relevant literature.

Patients and Methods

Tissue material

Of 437 patients who underwent PPPD between
1984 and 2003 at our institution, surgical specimens
were obtained from 4 patients who developed gas-
tric cancer more than 1 year after the PPPD (Ta-
ble 1). Gastrectomy was performed in all 4 patients
(Table 1). The specimens were fixed in 10% formal-
dehyde and embedded in paraffin. Slides of 4-um-



15

Table 1 Primary disease and histopathological findings of cancer of the remaining stom-

ach after PPPD in the present study

Case a b c d
Age 64 63 66 74
Sex F M M M
Primary disease Pv-Ca Bi-Ca Bi-Ca Bi-Ca
Histology tub2 tub2 tub2 pap
Stage i |l I I
Antacid internal use period (year) 2 (—) 1 (—)
Time to gastric cancer 155 167 87 39
development (month)
Location of CRS Pylous-ring Cardia Corpus Antrum
Marco of CRS 0-Tic 0-Tic 0-Iic Borr2
Histology of CRS tubl por2 tubl tubl
Depth sm mp m se
Stage of gastric cancer IA 1B IA I
Treatment Distal Proximal Total Distal

gastrectomy gastrectomy gastrectomy gastrectomy

Reconstruction of PPPD I i o i
Gastric atrophy Mild Mild Mild Moderate
H.pylori infection Moderate Mild Mild Mild
Inflammatory cells infiltration Mild Mild Mild Mild
Intestinal Metaplasia Mild Normal Moderate Mild
TFF2 (PCNA index) o+ +++ +++ +++
p53 ++ ++ ++ + +
GCP (=) (=) (=) (=)

PPPD: pylorus-preserving pancreaticoduodenectomy, Pv-Ca: carcinoma of the ampulla of Vater, Bi-
Ca: lower bile duct cancer, CRS: cancer of the remaining stomach, TFF2: trefoil factor family 2,

PCNA: proliferating cell nuclear antigen, GCP: gastritis cystica polyposa.

thick serial sections of the gastric mucosa in and
surrounding the cancer of the remaining stomach
were stained with hematoxylin and eosin (HE) and
Giemsa, and subject to immunohistochemistry.

Gastric mucosal atrophy

Gastric mucosal atrophy was evaluated by per-
forming HE staining, using the Sydney classifica-
tion™.

H. pylori infection

Because preoperative examination for H. pylori
infection had been performed in only 2 of the 4 pa-
tients, Giemsa staining of the specimens followed by
evaluation according to the Sydney classification
were performed to confirm H. pylori infection.

Expression of TFF2-positive cells

Sections were incubated for 3 min at room tem-
perature with anti-PCNA antibody (PC10, DAKO)
diluted 1 : 400 for immunostaining using the labelled
streptavidin biotin (LSAB) method. We selected 1
area of the deep region of the gastric fundal gland
mucosa with high immunostaining intensity and

counted 500-1,000 cells, which constituted a gastric
fundal gland, with a microscope (magnification,
X 100), and calculated the positive rate for PCNA
positive crypt cell nuclei (PCNA index).

Expression of the p53 protein

Sections were incubated for 3 min at room tem-
perature with anti-p53 polyclonal antibody (clone
DO-7, DAKO) diluted to 1 : 200 as the primary anti-
body; for p53 protein expression, cells were im-
munostained with the LSAB method. Cells showing
nuclear staining were considered as p53-positive
cells. The staining intensity was classified into 3
grades: 0, 1 and 2 (negative, positive by observation
with a X200 or X 400 microscope, and clearly posi-
tive by observation with a x40 microscope, respec-
tively); only cells showing grade 3 staining were
counted. On the basis of the immunostaining inten-
sity 2, we selected 1 region of the gastric fundal
gland (magnification, X 50) for which we calculated
the positive rate similar to PCNA index.
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Fig. 1 Gastric mucosal atrophy (HE staining: X 50)
Specimen (a) of differentiated-type cancer showed mild gastric atrophy with mild intestinal
metaplasia (as per the Sydney classification) (Fig. 1-1). Specimen (b) of poorly-differentiated-
type cancer showed mild gastric atrophy without intestinal metaplasia (Fig. 1-2).

Fig. 2 H. pylori (Giemsa staining: x 150)
Specimen (a) showed moderete H. pylori infection (as per the Sydney classification) (Fig.
2-1). Specimens (b) showed mild H. pylori infection (WFig. 2-2). Mild inflammatory invasion
was observed. Neutrophils, which were identified by their lobed nuclei and purple color,
were observed in the peripheral mucosa.

Scoring of immunoreactivity

Immunoreactivity was scored according to the
presence of immunoreactive cells: —, none or <5%
positive cells; +, 5-25% positive cells; + +, 25-75%
positive cells; + + +, >75% positive cells.

Effect of DGR

We tested the specimens for the precancerous le-
sion GCP'® by HE staining.

Results

Gastric mucosal atrophy

Specimens obtained from case (a), (b) and (d)
showed mild gastric atrophy (as per the Sydney
classification); specimen (c) showed intestinal meta-

plasia along with numerous goblet cells, indicating
moderate gastric atrophy. Specimen (a), which was
a differentiated-type cancer, showed mild gastric at-
rophy with mild intestinal metaplasia (as per the
Sydney classification) (Fig. 1-1). Specimen (b), which
was a poorly-differentiated-type cancer, showed
mild gastric atrophy without intestinal metaplasia
(Fig. 1-2). Overall, atrophic gastritis of the entire mu-
cosa was found in all 4 specimens (Table 1).

H. pylori infection

Although H. pylori infection was not found in the
areas of intestinal metaplasia, it was detected in the
atrophic gastric mucosa in all 4 specimens. Speci-



men (a) cancer showed moderate H. pylori infection
(as per the Sydney classification) (Fig. 2-1). Speci-
men (b) showed mild H. pylori infection (Fig. 2-2).
Moreover, inflammatory cell invasion was noted in
the H. pylori infected areas (Table 1). Because neu-
trophils in particular were observed in the same ar-
eas, it seemed to be inflammation due to the H. py-
lori infection.

TFF2 expression

Cells appearing densely brown after PCNA im-
munostaining are considered positive for TFF 2.
These cells were identified using a loupe, and in the
case of all specimens, they were seen in the deep or
intercellular layers of the gastric fundal gland mu-
cosa surrounding the cancer (Fig. 3-1, 3-2). As com-
pared with HE specimens (Fig. 3-5, 3-6), TFF2 was
detected in the chief cells of the gastric fundal gland
base by immunohistochemistry (Fig. 3-3, 3-4). The
expression of TFF2 was 85, 87, 88 and 90% in speci-
mens (a), (b), (c) and (d), respectively. There was no
clear difference in the expression of TEFF2 between
differentiated-type cancer and poorly-differenti-
ated-type cancer.

Expression of the p53 protein

TFF2 was widely distributed in the specimens,
but expression of p53 was mainly found deep in the
atrophic mucosa of the gastric fundus in all 4 speci-
mens. As compared with an HE specimen (Fig. 4-3,
4-4), p53 was detected in the chief cells of the gastric
fundal gland by immunohistochemistry, and p53-
positive cells were stained brown-yellow (Fig. 4-1, 4-
2). p53 expression was 39, 37, 30 and 38% in speci-
mens (a),(b), (c) and (d), respectively. There was no
clear difference in p53 expression between diffe-
rentiated-type cancer and poorly-differentiated-
type cancer.

Contribution of DGR

The gastric gland fossa epithelium and deep lay-
ers of the gastric fundal mucosa were subject to HE
staining. Duct distension due to mucous effusion
was observed, but hyperplasia of the gastric epithe-
lium and GCP were not observed (Table 1).

Discussion

PPPD was developed for the treatment of chronic

pancreatitis and cystic diseases of the pancreas
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head, while preserving as much organ function as
possible. Currently, PPPD is performed for the
treatment of both benign and malignant diseases of
the pancreas head. In Japan, 27 cases of gastric can-
cer occurring after PPPD have thus far been re-
ported, and the incidence of this type of cancer is
approximately 0.1% at our institution. According to
Tanikawa et al™®, this type of cancer accounts for
approximately 0.2% of all gastric cancers occurring
after operations on the stomach. The rate of detec-
tion of gastric cancer by radiographic screening of
the upper digestive tract is 0.12%. No statistically
significant difference was found between these inci-
dences, and no effect of the previous malignant tu-
mors was considered to be present.

Cancer of the remaining stomach is more com-
mon after distal gastrectomy than after PPPD. Can-
cer of the remaining stomach after PPPD is more
common among men (sex ratio, 3 : 1) and in individu-

als aged around 60 years. Matsukura et al"

exam-
ined 33 cancers of the remaining stomach and found
that gastric cancer after peptic ulcer surgery was
more likely to occur after Billroth II reconstruction
(B-II) (11/17, 65%), whereas gastric cancer after gas-
tric cancer surgery was more likely to occur after
Billroth I reconstruction (B-I) (13/16, 81%). There-
fore, they concluded that DGR is more likely to oc-
cur after surgery for gastric ulcer plus B-I,
whereas H. pylori infection is more likely to follow
surgery for gastric cancer plus B-I It is significantly
different in time to detection of gastric cancer after
gastrectomy (p < 0.01) and sites of carcinogenesis
in the remaining stomach (p < 0.05); gastric cancer
after B-I tended to be associated with H. pylori in-
Stage 1 and 1II

differentiated adenocarcinoma, whereas gastric

fection, cancer, and well-
cancer after B-II was associated with absence of H.
pylori infection, Stage III and IV cancer, and poorly
differentiated adenocarcinoma (p < 0.2). In this
study, the clinical characteristics of cancers of the
remaining stomach after PPPD, namely, male pre-
dominance, history of malignant disease, and occur-
rence after 39-167 months (average 120 months), in-
dicate that this type of cancer resembles gastric

cancer occurring after surgery for gastric cancer
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Fig. 3 TFF2 expression (PCNA immunostaining: loupe examination and x 100, HE: x 100)
Cells stained dense brown are positive for TFF2 and were widely observed in the deep or
intercellular layers of the gastric fundal gland mucosa surrounding the cancer. These cells
were identified using a loupe (Fig. 3-1, 3-2). As compared with HE specimen (Fig. 3-5, 3-6),
TFF2 was detected in the chief cells of the gastric fundal gland base by immunohistochem-
istry (Fig. 3-3, 3-4). Specimen (a) (Fig. 3-1, 3-3 and 3-5) and specimen (b) (Fig. 3-2, 3-4 and 3-6)
showed high TFF2-positive rate.

plus B-I. H. pylori infection is seen in early cancer
cells, and the age at onset is approximately 76 years
(Table 2).

Kaminishi et al® have reported that DGR is an
important factor in the development of remnant
gastric cancer after gastrectomy, and in an experi-

ment on rats, the rate of carcinogenesis was highest
when DGR, including bile and pancreatic secretions,
was present” ™. In PPPD, the preserved pyloric
ring with its intact vagus nerve (pyloric branch) is
expected to ensure less DGR than that seen after
distal gastrectomy. In the present study, PPPD-II



Cells in a portion of the atrophic mucosa in the gastric fundus were immunostained with

anti-p53 antibodies and positive cells were stained brown-yellow (arrow) (Fig. 4-1, 4-2). As
compared with HE specimen (Fig. 4-3, 4-4), the p53 gene was detected in the chief cells
of the gastric fundal gland by immunohistochemistry. These cells showed expressions of
the cancer suppressing p53 gene. Specimen (a) (Fig. 4-1, 4-3) and specimen (b) (Fig. 4-2, 4-4)

showed the same positive rate.

Table 2 Clinicopathological characteristics of cancer of the remaining stomach

Primary disease Peptic ulcer

Gastric cancer

Diseases of the Ph

Reconstruction Billroth IT
Age (mean) 55
Time to gastric cancer development 10 year <

Carcinogen (hypothesis) DGR

Background mucosa Gastritis alkaline
reflux

Cancerogenesis Neogenesis cancer

Location of CRS Anastomotic region

of the stump

Stage I, IV
Histology Por
Gastric atorophy (-)
H.pylori (-)
GCP (+)

Billroth I
60

10 year >

H. pylori

Chronic active
gastritis

Metachronous
multiple cancer

Whole remaining
stomach

LI
Well
(+)
(+)
()

PPPD-II, Il
76
10 year >
H. pylori

Chronic active
gastritis

Metachronous
cancer

Whole remaining
stomach

1,1
Well, Por
(+)
(+)
(=)

Ph: pancreas head, CRS: cancer of the remaining stomach.
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reconstruction was performed in 3 patients (includ-
ing 2 patients with Braun anastomosis), and PPPD-
III reconstruction was performed in 1 patient. Since
these reconstructions are typically associated with
little DGR, cancers in the anastomosis were attrib-
uted to GCP induced by DGR, and TFF 2-positive
gastric cancer was attributed to the effect of H. py-
lori infection at a site away from the anastomosis.
However, our findings should be confirmed in stud-
ies with a larger sample size.

Because mucosal atrophy and H. pylori infection
in the remaining stomach were found in all speci-
mens on histopathological examination, we consid-
ered that atrophic gastritis is important as a back-
ground characteristic. An epidemiological study has
reported that gastric cancer develops to a consider-
able extent when the degree of the atrophic gastri-

24)

tis is mild-to-moderate™. In the case of cancer of the
remaining stomach after PPPD, the degree of the
mucosa atrophy corresponded to the degree of de-
velopment of gastric cancer. Moreover, it seems
that the effect of H. pylori was equivalent to that of
gastric cancer because gastric cancer develops in
most cases of atrophic mucosa associated with H.
pylori infection. Increased TFF2 expression is ob-
served in the stomach of H. felis-infected mice,
which are a model of H. pylori infection, and numer-
ous myeloid cells and differentiation are observed in
SPEM. TFEF2-positive cells are likely to differentiate
into cancer cells® . Because these cells were local-
ized in the deep or intercellular layers of the gastric
mucosa in all 4 specimens, we were able to confirm
that a phenomenon similar to that in the carcino-
genic model for Helicobacter infections occurred in
the remaining stomach mucosa after PPPD. Gener-
ally, differentiated-type gastric cancer develops
from the intestinal metaplasia mucosa, and pooly-
differentiated-type cancer develops from the stom-
ach mucosa. Abnormalities of the p53 gene occur in
20-40% of well-differentiated gastric cancers and
20% of poorly differentiated gastric cancers™; these
abnormal expressions are also found in areas of in-

' In this study, expression of the

testinal metaplasia
p53 protein was not detected in areas exhibiting in-

testinal metaplasia but were detected in atrophic

gastric mucosa in all specimens. It is unclear how
p53, which is a tumor-suppressor gene, is mutated
in atrophic mucosa. However, we may estimate mu-
tation of the p53 gene on the basis of abnormal accu-
mulation of the variant p53 protein by using mono-
clonal antibody DO-7, and it has been reported that
gastric cancer does not originate from areas of in-
testinal metaplasia, but rather from atrophic gastric
mucosa®; our findings support this hypothesis. On
the basis of the above findings, we conclude that
cancer of the remaining stomach after PPPD is in-
duced by H. pylori infection in combination with
chronic atrophic gastritis, both of which lead to a
highly pro-neoplastic state with TFF2 expression
and p53 expression in the atrophic mucosa.

Finally, in this study, antacids had been pre-
scribed postoperatively to 2 of the 4 patients. How-
ever, because H. pylori infection was detected in all
specimens, it is unclear whether the incidence of
cancer of the remaining stomach can be decreased
by H. pylori eradication. Despite this, we think that
eradication of H. pylori infection must be considered
in all cases. Moreover, atrophic gastritis is expected
to pose an appreciable oncogenic risk because
TFF2 expression and p53 expression were detected
in the atrophic mucosa in the non-cancerous part of
the remaining stomach. Thus, TFF2 expression and
p53 expression may be used as biomarkers for a
high risk of gastric cancer and may facilitate the
early detection and treatment or even prevention of
cancer of the remaining stomach.

Conclusion

H. pylori infection is considered to promote car-
cinogenesis in the remaining stomach after PPPD
against a background of chronic atrophic gastritis.
This infection induces a pro-neoplastic state by in-
ducing TFF2 expression, which confers prolifera-
tive potential on cells, and by inducing p53 expres-

sion.
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BRI BB IR (PPPD) #OKE OEFEEICET 5 MRARIEMEBF IR

TWRLTER KSR v 7 — R (B4 ¢ IR —52)
R K FEMKRE RS
TNHT NS

BRI B I B - LR RE—

(BW) BEEEIBMEBR BRI L&D S 15 W PTRIRARE - 3B WM (PPPD) fESITIX, B2 &L+Z
BB M (duodenuogastric reflux : DGR) 12 & V) BICEBMHICEIRETHEEZZ bR TE . LL,
FEEREIICIE, WA ERD S BN - ERALICHEATED S b, # 2T, PPPD BISRRER L 72 BIEREBIIZ D\ T, Helicobac-
ter pylori (H. pylori) B4 & DGR @ 2 DD mih 6, PPPD D BREDIREIZOWT, HEMBARITHRE L7z
O & k) 1984~2003 4F TSR L 72 PPPD #0 B 4 Bl 2 w51, BAEBMBEOZEM, Yo R0

gastritis cystic polyposa (GCP) OFMIZOWTHE L2, (BR) BEMEOZERIL, o bh, Sydney
53T Mild~Moderate, H. pylori &, &HITEMMBENIZEED 51, Mild~Moderate Td - 7. TFF2 BiHifa
1%, &8 THE R OEE ~ B ICRBRD b, H pylori BREDFEBET N L AFOBZ RO LN &
7z, BRI T p53 BHADORKEIRD SN7zH, GCP I, 1 81b R0 SNid o7z, (i) PPPD i 0KRE
BOFAL, BUEESHEERETRIC, Hpylori BREFTOE—5—LiY, MMMEiEZAT 5 TFF2 Bk
FaR ps3 BWEEEZRY, SRERBZFEL VL EEZLN.






