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Abstract: To investigate the prognostic factors of pancreatic
cancer, a retrospective analysis of 193 patients who underwent
curative resection was conducted. Of the 193 patients, 38
(20%) survived for more than 5 years, the 5-year survival rates
for stages I, II, II1, and IV disease being 41%, 17%, 11%, and
6%, respectively. According to a multivariate analysis, lymph
node metastasis, intrapancreatic perineural invasion, and por-
tal vein invasion were significant prognostic factors. Subse-
quently, a subgroup analysis concerning nodal metastasis and
intrapancreatic perineural invasion was performed in 126 pa-
tients with records of these histological findings. In the group
of patients without nodal metastasis, the S-year survival rate
for those without perineural invasion was 75%, whereas that
for those with perineural invasion was 29%, the difference in
survival of these subgroups being significant (P < 0.02). In the
group of patients with nodal metastasis, the 5-year survival
rate for those without perineural invasion was 17%, while that
for those with perineural invasion was 10%. The most favor-
able 5-year survival of 89% was observed in the subgroup of
patients with stage I disease without perineural invasion.
Thus, pancreatic adenocarcinoma categorized by the com-
bination of these independent types of biological behavior
showed 5-year survival rates ranging from very high to low,
indicating that these two factors play an important role in the
prognosis of this disease.
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Introduction

The outcome of patients who undergo curative resec-
tion of pancreatic ductal adenocarcinoma is generally
poor unless they have early stage disease. However,
some recent studies have reported an improvement in
the survival of patients with advanced pancreatic can-
cer. To investigate the malignancy of this disease, the
records of patients who underwent pancreatectomy for
pancreatic adenocarcinoma were collected from 12
institutions in Japan, and the preliminary results of
survival were reported in 1993 in Japanese.! After a 5-
year follow-up of all these patients, the prognostic
factors in the inherently malignant biology of this dis-
ease, especially lymph node metastasis and perineural
invasion, were studied, and the results are presented in
this paper.

Patients and Methods

The records of patients with pancreatic cancer who un-
derwent pancreatectomy between 1980 and 1989 were
collected. After patients with cystadenocarcinoma,
mucin-hypersecreting papillary carcinoma in the
pancreatic duct,? acinar cell carcinoma, islet cell tumors,
ampullary carcinoma, and intrapancreatic bile duct car-
cinoma had been excluded, 357 patients with ductal
adenocarcinoma of the pancreas were enrolled. Among
these 357 patients, 164 (46%) were excluded from the
analysis for the following reasons: 99 (28 %) had under-
gone noncurative resection because of local residual
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tumor or histological evidence of cancer cells in the
surgical margins; 28 (8% ) had had peritoneal, hepatic,
pulmonary or renal metastasis; 22 (6%) had died of
surgically-related causes within 2 to 68 postoperative
days; 11 (3%) had had primary cancer in another site
found simultaneously; and 4 (1%) were lost to follow-
up or had data missing from their records. The remain-
ing 193 patients who had undergone curative resection
with no residual tumor, defined as RO according to the
UICC TNM classification,® were included in this analy-
sis. The resected specimens were handled according to
the guidelines of the General Rules for Cancer of the
Pancreas by the Japan Pancreas Society.** The pancreas
was serially sectioned at 5-mm intervals after formalin
fixation, and examined. Tumor size was measured mac-
roscopically on the cut surface. Stage grouping was
classified according to the UICC pTNM pathological
classification.?

In the statistical analysis, deaths from all causes ex-
cept those related to surgery were included as an event,
and all living patients were followed up for over 5 years.
Survival rates were calculated by the Kaplan-
Meier method,’ and differences in survival among sub-
sets were compared with the log-rank test. Prognostic
factors were examined by a multivariate analysis using
Cox’s proportional hazards model.” Other comparisons
were examined by the chi-squared test.

Results

Patient Demographics

The 193 patients comprised 114 men and 79 women,
ranging in age from 36 to 81 years, with a mean age of
61.9 years. There were 157 patients with carcinoma of
the head of the pancreas, 112 of whom underwent
pancreatoduodenectomy and 45 of whom underwent
total pancreatectomy. The remaining 36 patients had
carcinoma of the body and tail, 34 of whom underwent
distal pancreatectomy and 2, total pancreatectomy. The
disease was classified as stage I in 54 patients, stage 11 in
18, stage III in 105, and stage IV in 16 (Table 1). Stage
IV was included because of paraaortic nodal metastasis
which was “curatively” resected.

Survival

The 5-year survival rate for the 193 patients who
underwent curative resection was 20%, with a median
survival of 16.2 months, the median follow-up for sur-
vivors being 77 months. The patients who underwent
curative resection were compared with 99 patients who
underwent noncurative resection because of local re-
sidual tumor or histological evidence of cancer cells
in the surgical margins. The patients who underwent
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Table 1. UICC pTNM classification® of 193 patients who
underwent curative resection

Stage grouping No. of patients

Stage 1 (T1, T2, N0, M0) 54
Stage 11 (T3, NO, MO0) 18
Stage 11T (Any T, N1, MO) 105
Stage IV (Any T, Any N, M1) 16

T1, tumor limited to the pancreas; T2, tumor extension to the duode-
num, bile duct, and peripancreatic tissues; T3, tumor extension to the
stomach, spleen, colon, and large vessels; N1, regional lymph node
metastasis; M1, distant metastasis

SURVIVAL (%)

MONTHS

Fig. 1. Survival curves of patients who underwent pancreatic
resection. A, patients who underwent curative resection (n =
193); B, patients who underwent noncurative resection be-
cause of local residual tumor or histological evidence of can-
cer cells in the surgical margins (n = 99)

noncurative resection had a 5-year survival rate of 2%
and a median survival time of 8.7 months. Thus, survival
after curative resection was significantly better (P <
0.00000001) (Fig. 1). Among the 193 patients, the 5-
year survival rates for patients with stage I, II, III, and
IV disease were 41% with a median survival time
of 27.6 months, 17% with a median survival time of
14.8 months, 11% with a median survival time of
14.3 months, and 6% with a median survival time of
10.2 months, respectively (Fig. 2). There were 38
patients who survived for more than 5 years, 22 of
whom had stage I disease, 3 of whom had stage II
disease, 12 of whom had stage III disease, and 1 of
whom had stage IV disease. These patients consisted of
17 men and 21 women, ranging in age from 37 to 78
years, with a mean age of 59.2 years. Histologically,
there were 3 cases of papillary adenocarcinoma, 10 of
well-differentiated adenocarcinoma, 15 of moderately
differentiated adenocarcinoma, 2 of poorly differenti-
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Fig. 2. Survival curves of the 193 patients who underwent
curative resection by disease stage. A, stage I (n = 54); B,
stage II (n = 18); C, stage III (n = 105); D, stage IV (n = 16)

ated adenocarcinoma, 3 of mucinous carcinoma, 2 of
adenosquamous carcinoma, 2 of undifferentiated carci-
noma, and 1 of microadenocarcinoma, which was diag-
nosed as duct cell origin according to the description of
Cubilla and Fitzgerald.? In this case, no evidence of any
neuroendocrine or acinar component was found by the
aid of immunocytochemical markers (Table 2). More-
over, two other patients with stage I disease who under-
went noncurative resection because cancer cells were
found postoperatively at the cut stump of the pancreas
survived for more than 5 years.

Prognostic Factors

The prognostic impact of sex, age, tumor location,
tumor size, lymph node metastasis, intrapancreatic
perineural invasion (IPNI), portal vein invasion, and
adjacent large artery invasion was examined by a
univariate analysis (Table 3). The grade of differentia-
tion was not determined because the data are based on
records from 12 institutions. A tumor size larger than
2cm, lymph node metastasis, IPNI, and portal vein
invasion were associated with a worse prognosis. Subse-
quently, a multivariate analysis was performed by the
Cox’s proportional hazards model to determine inde-
pendent prognostic factors for long-term survival.
Lymph node metastasis, IPNI, and portal vein invasion
were found to be significant prognostic factors for sur-
vival (Table 4). In 126 patients who had records of the
histological finding of IPNI, a subgroup analysis con-
cerning nodal metastasis and IPNI was performed. In
the group of patients without nodal metastasis, defined
as stage I plus II, the 5-year survival rate for those
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without IPNI was 75%, while that for those with IPNI
was 29%, the median survival time being 19.1 months,
as shown in Fig. 3. The survival of patients without IPNI
was significantly better than that of those with IPNI
(P < 0.02). In the group of patients with nodal
metastasis, defined as stage III plus IV, the 5-year sur-
vival rate for those without IPNI was 17%, the median
survival time being 22.3 months, while that for those
with IPNI was 10%, the median survival time being 12.8
months. There was no significant difference in survival
between patients with or without IPNI (P = 0.15). Fur-
thermore, the survival of patients with stage I and III
disease according to the presence or absence of IPNI
was examined (Fig. 4). In stage I disease, the 5-year
survival rate for patients without IPNI was 89%, while
that for those with IPNI was 37%, the median survival
time being 36.3 months. There was a significant differ-
ence in survival between patients with or without IPNI
(P < 0.03). In stage III disease, the 5-year survival rate
for patients without IPNI was 18%, the median survival
time being 22.3 months, while that for those with IPNI
was 11%, the median survival time being 12.8 months.
There was no significant difference in survival between
patients with or without IPNI (P = 0.16). Because of the
small number of patients with stage II and IV disease,
their subgroup analyses were not performed.

The other independent prognostic factor was portal
vein invasion. Of the 193 patients who underwent cura-
tive resection, 49 (25%) also underwent resection of the
portal vein, only 4 of whom survived for more than 5
years. Histologically, one patient had PVO0 (no invasion
to the portal vein) and three had PV1 (invasion to the
tunica adventitia or media), but none had PV2 (invasion
to the tunica intima).

Regarding the tumor size, the median survival of pa-
tients with tumors 2.0cm or smaller (TS1) was 36.3
months, with a 5-year survival rate of 38%, whereas that
of patients with tumors larger than 2.0cm (TS2-4) was
13.7 months, with a 5-year survival rate of 15%. The
survival of patients with TS1 was significantly better
than that of those with TS2-4 (P < 0.01). As shown
in Table 5, the incidence of nodal metastasis and IPNI in
patients with TS1 was significantly lower than that in
those with TS2-4 (both P < 0.01). In contrast, neither
nodal metastasis nor IPNI was recognized in 21 % of the
patients with TS1, but in only 7% of those with TS2-4.

Discussion

A number of recent reports have described the
long-term survival of patients who have undergone
pancreatectomy for pancreatic adenocarcinoma, with 5-
year survival rates of more than 20%.'* Trede et al.’
stated that the 5-year survival rate for patients after
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Table 2. Characteristics of 5-year survivors after pancreatic resection

No. Sex Age Stage  Size Histology
1. F 76 I TS1 ~ Well-differentiated adenocarcinoma
2. F 60 1 TS1 Well-differentiated adenocarcinoma
3. M 40 1 TS1 Well-differentiated adenocarcinoma
4. F 71 I TS1 Moderately differentiated adenocarcinoma
S. F 64 I TS1  Moderately differentiated adenocarcinoma
6. M 72 I TS1  Moderately differentiated adenocarcinoma
7. M 73 I TS1 Poorly differentiated adenocarcinoma
8. M 59 I TS1  Poorly differentiated adenocarcinoma
9. M 67 1 TS1 Mucinous carcinoma
10. M 63 I TS1 Adenosquamous carcinoma
11. M 68 I TS2  Papillary adenocarcinoma
12. F 39 1 TS2  Well-differentiated adenocarcinoma
13. M 61 I TS2  Well-differentiated adenocarcinoma
14. F 78 1 TS2  Well-differentiated adenocarcinoma
15. F 63 I TS2  Moderately differentiated adenocarcinoma
16. F 45 I TS2  Undifferentiated carcinoma
17. F 42 I TS3  Papillary adenocarcinoma
18. F 72 I TS3  Moderately differentiated adenocarcinoma
19. F 48 I TS3 Moderately differentiated adenocarcinoma
20. F 37 I TS3  Moderately differentiated adenocarcinoma
21. M 41 1 TS3  Mucinous carcinoma
22. M 55 I TS4  Well-differentiated adenocarcinoma
23. M 65 1I TS1 Undifferentiated carcinoma
24. F 77 1I TS2  Mucinous carcinoma
25. F 49 II TS3  Well-differentiated adenocarcinoma
26. F 56 111 TS1  Well-differentiated adenocarcinoma
217. F 55 111 TS1  Adenosquamous carcinoma
28. F 45 III TS2  Well-differentiated adenocarcinoma
29. M 65 111 TS2  Moderately differentiated adenocarcinoma
30. F 56 111 TS2  Moderately differentiated adenocarcinoma
31. M 58 11 TS2  Moderately differentiated adenocarcinoma
32. M 45 111 TS2  Moderately differentiated adenocarcinoma
33. F 76 111 TS2  Moderately differentiated adenocarcinoma
34. F 67 111 TS3 Papillary adenocarcinoma
35. M 66 111 TS3  Moderately differentiated adenocarcinoma
36. F 63 111 TS4  Moderately differentiated adenocarcinoma
37. M 63 III TS4  Microadenocarcinoma?
38. M 51 v b Moderately differentiated adenocarcinoma
39. M 75 I TS1 Papillary adenocarcinoma
40. M 77 I TS2  Moderately differentiated adenocarcinoma

Nos. 39 and 40 were patients who underwent noncurative resection. TS1, 2.0cm or less; TS2, 2.1-

4.0cm; TS3, 4.1-6.0cm; TS4, >6.0cm

*Microadenocarcinoma was diagnosed as duct cell origin according to the description of Cubilla

and Fitzgerald® (see text)
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®Multiple tumors in the pancreatic head and body

radical resection with negative surgical margins was
36%, but none of those with non-radical resection with
positive surgical margins survived for more than 2 years.
Willett et al.!? also reported that there were no survivors
beyond 41 months among patients who underwent re-
section with residual tumor at the resection margins. On
the other hand, Yeo et al.'? reported that the S-year
survival rate of patients with positive margins was 8%.
According to areport by Geer and Brennan,!! there was
no significant difference in survival between positive
versus negative resection margins. In the present study,

the survival of patients who underwent noncurative re-
section because of local residual tumor or microscopical
evidence of cancer cells in the surgical margins was
much worse than that of patients who underwent cura-
tive resection associated with negative surgical margins
(P < 0.00000001). Therefore, all patients who under-
went noncurative resection were excluded from the sta-
tistical analysis. The 5-year survival rate for the 193
patients receiving curative resection was 20%, being
41% for those with stage I disease, but much lower for
those with stage II, III, or I'V disease. Thus, the progno-
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Table 3. Factors affecting survival after curative resection

Median
No. of survival
Factors patients (months) P-Value
Sex
male 114 13.5 0.057
female 79 17.4
Age
65= 117 14.8 0.858
65< 76 17.3
Location
head 157 16.1 0.417
body & tail 36 16.7
Tumor size
TS1 (=2.0cm) 34 36.3 0.010
TS2 (2.1-4.0cm) 105 15.0
TS3 (4.1-6.0cm) 40 12.3
TS4 (6.0cm<) 14 11.1
Nodal metastasis
0 (negative) 72 19.1 0.004
1 (regional?) 105 14.4
2 (paraaortic) 16 10.2
IPNI
negative 30 38.9 <0.001
positive 96 15.0
Portal vein invasion®
PVO (no invasion) 145 17.4 <0.001
PV1 (adventitia, media) 21 11.0
PV2 (intima) 25 13.5
Large artery invasion®
A0 (no invasion) 184 16.6 0.121
Al (adventitia, media) 3 6.4
A2 (intima) 6 13.5

IPNI, intrapancreatic perineural invasion. P-values were based on the
log-rank test

2Regional lymph nodes represent those defined in the UICC TNM
classification?

*The grade of invasion was proven histologically. Large artery inva-
sion includes the common hepatic, celiac, and superior mesenteric
arteries

Table 4. Multivariate analysis by Cox’s proportional hazards

model

Hazard 95% Confidence
Variable ratio interval P-Value
Nodal metastasis 2.52 1.57-4.05 <0.001
IPNI 1.83 1.11-3.01 0.018
Portal vein invasion 1.61 1.04-2.49 0.033

Multivariate analysis was performed for 124 patients with adequate
records of histological findings. The estimates and P-values were
based on the maximum likelihood method

sis in this study was determined not only by the number
of patients who underwent curative resection, but also
by the number of patients with stage I disease.

There are three main causes of local recurrence:
direct extension to the adjacent structures or the
remaining pancreas; lymph node metastasis; and
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Fig. 3. Survival curves of patients without nodal metastasis
(stage I plus IT) and those with nodal metastasis (stage III plus
IV) according to the presence or absence of intrapancreatic
perineural invasion (IPNI). A, stage I plus II without IPNI
(n = 12); B, stage I plus IT with IPNI (n = 28); C, stage III plus
IV without IPNI (n = 18); D, stage III plus IV with IPNI (n =
68). The survival of patients in curve A was significantly better
than that of those in curve B (P < 0.02). There was no signifi-
cant difference between survival curves C and D
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Fig. 4. Survival curves of patients with stage I and stage III
diseases according to the presence or absence of IPNI. A,
stage I without IPNI (n = 9); B, stage I with IPNI (n = 19); C,
stage III without IPNI (n = 17); D, stage III with IPNI (n =
55). The survival of patients in curve A was significantly better
than that of those in curve B (P < 0.03). There was no signifi-
cant difference between survival curves C and D

extrapancreatic perineural invasion. When performing
radical pancreatectomy, the importance of extended
dissection of the lymph nodes and nerve plexus has
been emphasized by many Japanese surgeons. While
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Table 5. Incidence of nodal metastasis and IPNI according to
the tumor size

Tumor size 2cm or smaller:

nodal metastasis (+)

IPNI (+)

nodal metastasis (—) and IPNT (—)
Tumor size larger than 2cm:

nodal metastasis (+)

IPNI (+)

nodal metastasis (—) and IPNT (—)

38% (13/34)
47% (9/19)
21% (4/19)

68% (108/159)
81% (87/107)
7% (8/107)

some of these surgeons perform aggressive and com-
plete dissection of the nerve plexus, including the pan-
creatic head nerve plexus named by Yoshioka and
Wakabayashi,” the superior mesenteric, hepatic, and
celiac nerve plexus, and the celiac ganglia, others per-
form incomplete or partial dissection of these plexuses
to avoid the severe diarrhea and malnutrition that fre-
quently occur after complete dissection. In this study,
IPNI was intentionally selected for analysis instead of
extrapancreatic perineural invasion because IPNI is
not influenced by the operative extent. The multivariate
analysis showed that the strongest prognostic factors
were lymph node metastasis, IPNI, and portal vein inva-
sion, the incidences of nodal metastasis and IPNI being
63% and 76%, respectively.

There are several reports concerning the correlation
between the histological malignancy of this disease and
the incidence of perineural invasion. Miller et al.!* and
Drapiewski!” reported that no correlation was found
between the grade of malignancy and the incidence of
perineural invasion; however, Nagayo et al.!® stated that
perineural invasion was found more frequently in pa-
tients with highly differentiated adenocarcinoma than
in those with poorly differentiated adenocarcinoma. On
the other hand, an experimental study demonstrated
that there was no communication between the lym-
phatic pathway and the perineural space.!” Moreover,
clinicopathologically, there was no distinct correlation
between lymph vessel invasion and perineural inva-
sion.?*2!’ As shown in Fig. 3, the survival curve of pa-
tients with IPNI without nodal metastasis (curve B) had
the same trend as that of patients with nodal metastasis
without IPNT (curve C), showing the similarity of the
malignant biological profiles of these two independent
factors. Nitecki et al.? reported that 5-year survival rate
was most favorable (23%) in the subset of patients with
negative nodes and no duodenal or perineural invasion.
In the group of patients without nodal metastasis in our
series, the 5-year survival rate for those without IPNI
was 75% versus only 29% for those with IPNI, while in
the group of patients with nodal metastasis, the 5-year
survival rate for those without IPNI was 17%, and that
for those with IPNI was 10%. The most favorable sur-
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vival was observed in the group of patients with stage I
disease without IPNI, which was associated with an
89% S-year survival rate. Thus, pancreatic adeno-
carcinoma categorized by the combination of these
two types of biological behavior showed 5-year survival
rates ranging from a very high level to a low level,
and the two factors seemed to play an important role
in the prognosis of this disease. Especially in the stage I
UICC pTNM classification, IPNI appears to be an
additional independent factor for subclassification.

The other strongest prognostic factor was portal vein
invasion. Some recent reports*?* pointed out that prog-
nosis after resection of the pancreas with the portal vein
tended to be related to the depth of invasion in the wall.
Although the outcome was poor in our series, there
were three 5-year survivors with PV1 who underwent
resection of the portal vein.

Regarding the tumor size, the 5-year survival rate for
patients with tumors 2cm or smaller in diameter was
38%, and the incidence of nodal metastasis and IPNI
was significantly lower in these patients than in those
with tumors larger than 2cm in diameter. Although ex-
tended surgery is necessary even for patients with tu-
mors 2cm or smaller because of the high incidence of
local extension of cancer cells,” in our opinion, this size
is a tentative target for early detection.

The prognosis of patients with nodal metastasis and/
or IPNI is possibly influenced by the extent of resection
of the lymph nodes and the nerve plexus, and by adju-
vant radio- and chemotherapy. However, in view of the
fact that the data were insufficient in this retrospective
study, the influence of these factors might be further
elucidated by an analysis of a prospectively randomized
controlled clinical trial.
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