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Figure 1 CT images of the target lesions showing objective tumor response. Representative CT images of the target lesions were shown,
such as liver metasiasis in case @ (a), liver metastasis in case 14 (b), bone metastasis in xiphoid process in case 24 (¢), liver metastasis in case 22
(d), liver metastasis in case 27 (e), peritoneal metastasis in case 28 (f), and liver metastasis in case 31 (g). Arrow head indicates the target lesion.

CTL response and injection site reactions

We expected that the number of CTL responded to
KIF20A peptide may be associated with the efficacy of
the vaccine treatment. Therefore, CTL response was

measured by ELISPOT assay in 29 patients who received
the vaccination at least one cycle (Table 2). Among them,
CTL responses in 24 patients were comparable in pre-
and post-vaccination. In 16 patients out of 23 (70%), the
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Figure 2 Peptide specific CTL response in case 9. Strong CTL responses specific 1o KIF20A-66 peptide were obtained at the time of 2 months
after vaccination. The responses were kept strang positive during 2 years of the observation period, The number of the spots specific to peptide
was calculated by subtracting the spot number in contol wells from that in peptide-pulsed TISH cells.,
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intensity of CTL response was increased (Table 2),
determined by the algorithm flow chart [25]. Of note, strong
CTL response specific to KIF20A-66 was observed two
months after the start of the vaccination in the patient of
case 9, who achieved CR. This response kept strong for one
year, and it was detectable even 2 years after the drug was
discontinued (Figure 2). A flow cytometry assay demon-
strated that the number of KIF20A-66 specific TCR in CD8-
positive T cells was consistent with the grades classified
according to our algorithm flow chart [25] (Figure 3a), com-
pared to the negative control stain utilizing HIV-dextramer
(Figure 3b). Also, injection site reactions were observed in 23
patients. MST of the patients with positive skin reaction was
182 days, while that of the patients with negative reaction
was 42 days (Figure 5). These results demonstrate that CTL
response and ISRs could be employed as biological markers
to rapidly diagnose the efficacy of the peptide vaccination.
Consistent with these results, when the 29 patients were clas-
sified into two groups in regard to the content ratic of
lymphocyte (more than 16% (n=23) vs. less than 16%
(n = 6)), the group with higher number of lymphocyte yielded
better prognosis with statistical significance {p = 0.0296). This

result suggests that the number of lymphocyte is positively
associated with the survival of the patients.

Discussion

Currently, there is no therapeutic strategy effective for the
patients, whose pancreatic cancer is refractory to gemcita-
bine and TS-1. Combination therapy utilizing a couple of
cytotoxic agents with gemcitabine has been investigated,
but it has been failed to prove their clinical benefit so far
[6-15]. We conducted an expression screening of proteins
that were highly up-regulated in tumor cells, and not in
normal cells, as a candidate of the target to develop novel
anti-cancer drugs [20]. We successfully identified a
member of kinesin super family protein 20A (KIF20A).
Subsequently, we established an epitope peptide that were
likely to be presented as an antigen in a HLA-A*2402- or
HLA-A®0201-restricted manner [23,24,27]. In this report,
we demonstrated that the KIF20A-derived peptide could
improve the prognosis of the patients with advanced pan-
creatic cancer, suggesting that the IKIF20A peptide vaccin-
ation is a promising approach as cancer immunotherapy.

§
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Figure 3 Flow cytometry analysis of KIF20A-66 specific TCR expression in CD8" cells in case 9. Cells were stained with either KIF20A-
dextramer (a) or Hiv-dextramer (b) after WS as described in Methods section. The content rates of KiF20A-dextramer positive or HiV-dextramer
positive cells (red dots) in CD3° CD4 CDE” cells are shown above panels in red.

In this clinical trial, we evaluated the safety and efficacy of
KIF20A-66 peptide vaccine monotherapy for the patients
with HLA-A*2402. This vaccine was well tolerated in the
doses of 1.0 mg and 3.0 mg/body, although we do not ex-
clude the possibility of two adverse events related to vaccin-
ation. The MST of 31 patients was 142 days in this phase 1/
11 trial, indicating that vaccine treatment utilizing KIF20A-66
peptide provides survival benefit. Therefore, we concluded
that the peptide vaccination improved overall survival period
of the patients with advanced pancreatic cancer, who were

resistant to chemotherapy. A placebo-controlled clinical trial
should be required to further establish this peptide vaccine
as a standard immunotherapy against pancreatic cancer.

We realized, during the course of peptide vaccination,
that an induction of peptide-specific CTL and positive skin
reaction were observed in the majority of the patients. We
assure that these reactions could be employed as bio-
markers of preferable clinical responses. Therefore, the
number of CTL induced by peptide injection and the skin
reaction at an injection site were analyzed. As we expected,
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Figure 4 (See legend on next page.)
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Figure 4 Overall survival and progression free survival in phase I/l trial. Overall survival of the patients was shown in Kaplan-Meier plots

(n = 31) (a). MST of the patients with peptide vaccine was 142 days. PFS of the patients with peptide vaccine was 56 days (b). In comparison with
the control patients who were treated with best supportive care in Chiba Tokushukai Hospital (n = 9), overall survival of the patients with the
KIF20A-peptide vaccination was fairly improved (p = 0.0468, MST: 142 vs. 83 days). In comparison with the BSC patients (n = 81), overall survival of
the vaccinated patients in Chiba Tokushukai Hospital was significantly improved (p = 00020, MST: 142 vs. 63 days) (c).

high level of CTL response specific to KIF20A-66 peptide
resulted in CR in case 9. The liver metastasis continuously
shrunk even after the peptide vaccination was discontinued
(Figure 1a), and there was no sign of recurrence or me-
tastasis at the time of 40 months after the vaccination
started. Since biopsy of the tumor lesion was not per-
formed during or after the vaccination, there is no infor-
mation regarding the tumor infiltrating lymphocyte
(TIL). This example indicates that positive correlation
between tumor shrinkage and immunological reactions
is of clinically interest (Figure 2). On the other hand,
there is no CTL induction detected in Case No. 4, 27,
and 28, while objective shrinkages were observed in
these patients during the course of treatment, Since the
number of CTL is usually low in peripheral blood, the
CTL induction is measured after the stimulation utiliz-
ing respective peptide and IL-2 to yield higher detection
limit. Despite this procedure, it is assumed that the inten-
sity of CTL induction and the efficacy of vaccine treat-
ment are not necessarily correlated according to a linear
function, possibly due to the high expression levels of
MHC Class | and/or targeted antigen KIF20A in tumor
cells. Therefore, development of sensitive and reliable
methods to detect CTL is required to evaluate the results
of peptide vaccine treatment in the patients.

The US FDA published the guidance for the therapeutic
cancer vaccine (28], describing that it is hard to expect
clinical benefit of the vaccine treatment for the patients
after multiple chemotherapy regimens due to very poor
immune status. However, unlike many trials tested so
far utilizing other peptide vaccines, this clinical study
was quite successful. Our results clearly demonstrate
that therapeutic cancer vaccination is still a promising
approach for advanced pancreatic cancer after the failure
of standard chemotherapy. In general, patients with
relapsed or recurrent metastatic disease receive multiple
treatments for their cancer. These therapies may be
detrimental to the immune system, and adequate time
is required for the cancer vaccine to elicit a detectable
immune response. Given such therapeutic conditions
affect the results of peptide vaccination, the use of
adjuvant setting and the cohort study during an early
treatment of the vaccine may be necessary to better
understand a cause-and-result relationship of cancer
immunotherapy. Furthermore, it is important to develop
the peptides with the higher immunogenicity against
active oncoproteins. Indeed, we have examined several
peptides derived from a variety of cancer-testis antigens
that have the oncogenic activity, including KIF20A,
DEPDC1, MPHOSPH1, URLC10(LY6K),TTK, KOC1(IMP3),

5o -
.81
~— DTH positive(n=23)
61 ~——— DTH negative(n=6]
8 P<0.0001 egative(n=6)
g
B 4]
=
@
.21
01 :
[} 200 400 600 800 1000 1200 1400
Time (day)
Figure 5 Correlation between OS and ISR. The local immune reactions at the site of injection were observed in 23 patients. MST of the
patients who had injection site reaction was 182 days, while MST of the patients without such reaction (n = 6) was 42 days (p < 0.0001).
-
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CDCA1, RNF43, and TOMM34 [16,17,20,22-25,27,29).
We propose that the trial of the cocktail vaccine of
these high immunogenic peptides including KIF20A-66
will provide with better treatment and cure for cancer.
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Pancreatic Intraglandular Metastasis Predicts Poorer
Outcome in Postoperative Patients With Pancreatic
Ductal Carcinoma
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Minoru Esaki, MD, PhD,t Satoshi Nara, MD,} Yoji Kishi, MD, PhD,}
Tomoo Kosuge, MD, PhD,f} Yae Kanai, MD, PhD,* and Nobuyoshi Hiraoka, MD, PhD*

Abstract: Intraorgan metastasis of a primary cancer within the
organ of origin, such as intrahepatic metastasis of hepatocellular
carcinoma, is one of the key features for clinicopathologic
staging of the cancer. Pancreatic intraglandular metastasis
(P-IM) of pancreatic ductal carcinoma (PDC) is encountered
occasionally but has not yet been evaluated. The aim of this
study was to investigate the clinicopathologic characteristics and
prognostic value of P-IM in patients with PDC. The histo-
pathologic features of 393 consecutive patients with PDC who
had undergone pancreatic resection at the National Cancer
Center Hospital, Tokyo, between 2003 and 2010 were reviewed.
For the purposes of the study, P-IM was defined as an in-
dependent tumor showing histopathologic features similar to
those of the primary one. Twenty-six cases of P-IM were iden-
tified in 21 (5.3%) of the reviewed patients. The incidence of
P-IM at each stage of the TNM classification was 0% (0/7) at
stage 1A, 17% (1/6) at stage IB, 5% (5/92) at stage 1IA, 4%
(11/252) at stage IIB, 0% (0/1) at stage III, and 11% (4/35) at
stage IV. Univariate survival analysis showed that both overall
survival and disease-free survival for patients with P-IM were
significantly shorter than for those without P-IM (P < 0.001 and
P = 0.019, respectively). Multivariate survival analysis showed
that P-IM was significantly correlated with shorter overall sur-
vival (P = 0.002; hazard ratio = 2.239; 95% confidence interval;
1.328-3.773). Our findings suggest that the presence of P-IM in
patients with PDC is an independent prognosticator and may
represent aggressive tumor behavior.
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Pancreatic cancer is the fourth and fifth leading cause
of cancer death in the United States! and Japan,? re-
spectively. Most patients with pancreatic ductal carcino-
ma (PDC) present late with locoregional advanced disease
or metastatic dissemination, and the overall 5-year sur-
vival rate for such patients is <5%.! Even for patients
whose tumors are resectable and who receive adjuvant
chemotherapy, the 5-year survival rate is still as low as
20%.3 This is partly because of a high incidence of sub-
clinical metastasis, which is not detectable by radiologic
imaging, at the time of diagnosis and surgery.
Multiplicity of a malignant tumor in any organ is
caused by intraorgan metastasis and/or multiple primary
tumors. A malignant tumor with intraorgan metastasis is
likely to be at an advanced stage. For example, in lung
cancer, an additional tumor nodule with a histologic ap-
pearance identical to that of the dominant, primary tu-
mor is regarded as intrapulmonary metastasis, which
indicates poorer prognosis and is a determinant of the T
factor and M factor in the Union for International
Cancer Control (UICC) TNM classification. Likewise,
liver cancer with intrahepatic metastasis is classified under
multiple tumors and assigned a higher T factor.* Among
patients with hepatocellular carcinoma (HCC), it has
been reported that those with intrahepatic metastasis
have significantly poorer survival than those with multi-
centric occurrence.” Sometimes such additional tumor
nodules in the pancreas are revealed by histopathologic
examination in cases of PDC, a feature known as
“pancreatic intraglandular metastasis” (P-IM).® Similar
to intrahepatic metastasis of HCC and intrapulmonary
metastasis of lung cancer, P-IM is assumed to be of
clinicopathologic importance in patients with PDC.
However, no study has yet assessed the characteristics
and clinicopathologic significance of P-IM, and its in-
cidence, pathogenesis, and impact on prognosis remain
unknown. The aim of the present study was to investigate
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-105-



Am | Surg Pathol » Volume 37, Number 7, july 2013 Pancreatic Intraglandular Metastasis

FIGURE 1. A, Representative case of P-IM with the primary tumor (case 4). A, Cut surface of a formalin-fixed specimen. The
specimen resected by distal pancreatectomy was cut sagittally into serial slices of 5 mm thickness, and each of the sections are
lined in order from the pancreatic body to the tail from the left to lower right of the figure. Three lesions of P-IM (lower column,
red circle indicated by arrowheads) are separated from a primary ductal adenocarcinoma of the pancreatic body (white arrows). B
and C, Loupe view of the primary tumor (B) and P-IM (C). (B) and (C) correspond to the rectangle in (A), respectively. D and E,
Histologic features of the primary tumor (D) and P-IM (E). Poorly differentiated adenocarcinoma infiltrated into the pancreatic
parenchyma with a marked desmoplastic reaction. Similar features are evident in both the primary tumor and the P-IM. (D) and
(E) correspond to the rectangles in (B) and (C), respectively. Black arrows indicate the P-IM in (E). (D) and (E) are low-power
views, and insets in (D) and (E) are high-power views. '
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the clinicopathologic characteristics and prognostic im-
pact of P-IM, for which purpose we reviewed the histo-
pathologic features of 393 consecutive cases of PDC with
reference to the corresponding clinicopathologic data.

MATERIALS AND METHODS

Study Population

Clinical and pathologic data were obtained through a
detailed retrospective review of the medical records of all
393 consecutive patients with PDC who had undergone
initial surgical resection between January 2003 and
December 2010 at the National Cancer Center Hospital,
Japan. None of the patients had received any previous
therapy. The surgical procedures for pancreatic resection
comprised 258 pancreatoduodenectomies with or without
resection of the pylorus ring, 117 distal pancreatectomies,
and 18 total pancreatectomies; regional lymph node dis-
section was performed in all cases. All the patients included
in this study underwent macroscopic curative resection,
which was defined as the macroscopic removal of all gross
tumors without liver metastases, macroscopic peritoneal

dissemination, bulky lymph node involvement, or apparent
tumor invasion around the common hepatic or superior
mesenteric arteries. Peritoneal washing cytology was rou-
tinely performed just after laparotomy, although positive
peritoneal cytology was not regarded as a contraindication
for surgery. Ninety-three patients (24%) received intra-
operative radiotherapy. All of the cases were conventional
PDC; adenocarcinomas originating in intraductal papillary
mucinous neoplasms (IPMNs) or mucinous cystic neo-
plasms were excluded, as were secondary tumors and
postneoadjuvant cases. Tumors were staged according to
the UICC TNM classification? as follows: stage IA (n = 7,
1.8%), IB (n=6, 1.5%), 1A (n=92, 234%), 1IB
(n =252, 64.1%), III (n=1, 0.3%), and IV (n =35,
8.9%). One patient with stage III disease had PDC in-
volving the celiac artery and underwent distal pan-
createctomy with celiac axis resection. All patients with
stage IV disease were diagnosed on the basis of para-aortic
lymph node involvement. Patients were closely followed up
every 1 to 2 months during the first year after surgery. Each
follow-up visit included a physical examination, blood
chemistry tests, and measurement of serum carbohydrate

TABLE 1. Pathologic Findings of P-IM With the Primary Tumor

Primary Tumor P-IM
Distance
From the Direction
Size Histologic No.  Size Primary From the Histologic

Case Age Sex Stage* Location (mm) Gradet lyi vi me] P-IM (mm) Tumor (mm) Primary Tumor Gradet ly§ v§ ne§
1 82 M IB Ph 44 G2 1 1 1 1 1 14 Cranial G2 + - -

2 75 F ITA Ph 15 G2 1 2 0 1 2 10 Caudal G2 + - -

3 62 M 1A Ph 34 G2 1 2 2 1 5 9 Left G2 - - -

4 79 M 1A Pb 25 G2 1 2 2 3 4 11 Left G2 - + +

3 36 Left G2 -+ -

2 21 Left G2 - - -

5 7 M 1A Pb 35 G2 I 2 3 1 10 10 Left G2 -+ -

6 74 F 1A Pb 30 G2 2 2 2 | 2 20 Left G2 + + -

7 72 M 1IB Ph 18 G2 2 2 1 2 5 5 Cranial G2 + + -

1 15 Caudal G2 -+ -

8 61 M IIB Ph 32 G2 3 2 2 2 2 14 Caudal G2 + - -

i 14 Caudal G2 - - -

9 54 M IIB Ph 35 G2 2 2 1 1 5 7 Caudal G2 + - -

10 61 M IIB Ph 20 G2 2 2 1 1 4 13 Caudal G2 -+ -
11 60 M IIB Ph 30 G3 2 1 2 1 1 12 Caudal G3 -+ +
12 67 M 1B Ph 35 G3 2 2 2 1 2 12 Ventral G3 -+ -
13 6 M 1B Ph 114 G3 2 2 2 | i 5 Left G3 + - +
14 74 M 1B Ph 37 G2 1 2 2 1 5 5 Left G2 -+ -
15 69 M 1B Ph 30 G2 2 2 2 1 1 6 Left G2 N
16 62 F 1IB Phb 78 G3 2 2 2 | 9 15 Left G3 + + -
17 58 M 1B Pb 35 G2 3 2 2 1 3 25 Left G2 - - =
18 68 M v Ph 50 G2 2 3 2 2 4 8 Caudal G2 -+ -
4 7 Caudal G2 - + -

19 67 F v Ph 40 G2 2 2 3 1 7 10 Caudal G2 + - -
20 58 M IV Ph 28 G2 3 2 2 1 3 10 Caudal G2 -+ -
21 61 F v Pb 31 G2 2 3 2 1 6 Left G2 -+ -

*Classified according to UICC TNM classification.
tClassified according to the World Health Organization classification.

$Classified according to the classification of the pancreatic carcinoma of Japan Pancreas Society (0: no invasion, 1: slight invasion, 2: moderate invasion, 3: marked

invasion).
§Classified as presence (+) or absence () of tumor invasion.

ly indicates lymphatic invasion; v, venous invasion; ne, intrapancreatic neural invasion.
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TABLE 2. Correlation of P-IM With Clinicopathologic
Variables in Patients With PDC

P-IM
No.
Characteristics Patients Presence Absence P
Age (y) 0.818
<65 178 9 169
=65 215 12 203
Sex 0.110
Male 234 16 218
Female 159 5 154
Location 0.147
Pancreas head 261 17 244
Pancreas body or tail 132 4 128
Preoperative CA 19-9 level 0.262
{median 138 U/mL)
< 138U/mL 196 8 188
=>138U/mL 196 13 183
Tumor size (mm) 0.803
<30 141 7 134
=30 252 14 238
Pathologic tumor status 0.816
TI, T2 15 1 14
T3, T4 378 20 358
Pathologic node status 0.844
NoO 105 6 99
N1 288 15 273
Pathologic metastasis status 0.094
MO 358 17 341
Ml 35 4 31
Stage 0.844
IA, 1B, 1A 105 6 99 )
B, L, IV 288 15 273
Tumor histologic grade 0.075
Gl 49 0 49
G2 or G3 344 21 323
Nerve plexus invasion* 0.605
0,1 203 12 191
2,3 190 9 181
Lymphatic invasion* 0.887
0,1 107 6 101
2,3 286 15 271
Venous invasion* 0.081
0,1 101 2 99
2,3 292 19 273
Intrapancreatic neural invasion* 0.285
0,1 136 5 131
2,3 257 16 241
Surgical margin status 0.361
Negative 295 14 281
Positive 98 7 91
Peritoneal cytology 0.589
Negative 341 20 321
Positive 29 1 28

*Classified according to the classification of pancreatic carcinoma of Japan
Pancreas Society (0: no invasion, 1: slight invasion, 2: moderate invasion, 3:
marked invasion).

antigen 19-9 (CA19-9) and carcinoembryonic antigen. Ul-
trasonography and enhanced computed tomography were
performed every 3 months. Recurrence was diagnosed
when a new local or distant metastatic lesion was found on
imaging studies or an increase in tumor marker levels with
deterioration of the patient’s general condition was recog-

© 2013 Lippincott Williams & Wilkins

nized. The follow-up period was calculated from the date of
surgery to the last day of follow-up. The median follow-up
period was 20.5 (1.1 to 100.8) months for the patients
overall: 164 patients (41.7%) were alive, 197 (50.1%) died
because of pancreatic cancer, and 32 (8.2%) died of other
causes. During the study period, adjuvant chemotherapy
was not performed routinely. A total of 124 patients re-
ceived adjuvant chemotherapy in a randomized clinical trial
setting or at the discretion of the attending physician.

This study was approved by the Institutional Re-
view Board of the National Cancer Center, Tokyo.
Written informed consent was obtained from all partic-
ipants involved in this study, and all clinical investigations
were conducted according to the principles expressed in
the Declaration of Helsinki.

Pathologic Examination

All of the ductal carcinomas were reexamined
pathologically and classified according to the World
Health Organization classification,” the UICC TNM
classification,® and the Japan Pancreas Society Classi-
fication of Pancreatic Carcinoma.? Surgically resected
specimens were fixed in 10% formalin and cut into serial
slices 5 mm thick, horizontally in the pancreas head, and
sagittally in the pancreas body and tail. All of these sec-
tions were then subjected to detailed pathologic ex-
amination after staining with hematoxylin and eosin.
The following histopathologic variables were evaluated
according to the Japan Pancreas Society classification®:
tumor margin status, nerve plexus invasion, and lym-
phatic, venous, and intrapancreatic neural invasion. The
grading of the latter 4 factors is as follows: 0, no invasion;
1, slight invasion; 2, moderate invasion; and 3, marked
invasion.

For evaluation of venous invasion and intraductal
tumor spread, tissue sections were stained for elastic fi-
bers. To investigate lymphatic invasion, we also per-
formed immunohistochemical analysis for podoplanin,
which is a specific marker of lymphatic vessels. Im-
munohistochemical analysis was performed on formalin-
fixed, paraffin-embedded tissue sections as mentioned
previously,” using an antibody against podoplanin (D2-
40, 1:100; Dako, Glostrup, Denmark). The size of the
P-IM and its distance from the primary tumor to the
P-IM were measured.

Pancreatic intraepithelial neoplasm (PanIN)-3 is
sometimes difficult to distinguish from intraepithelial
spread of invasive carcinoma in pancreatic ducts or duc-
tules. To detect multicentric tumors with certainty, we
defined solitary PanIN-3 as a PanIN-3 lesion separated
from any invasive carcinoma and located within the
pancreas. In each case, the size of the lesion and its dis-
tance from the dominant, primary invasive carcinoma,
were measured.

Criteria for Identifying P-IM
We defined P-IM with reference to the definitions of
intrahepatic metastasis of HCC'® and intrapulmonary
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FIGURE 2. Kaplan-Meier survival curves showing a comparison of OS (A) and DFS (B) between patients with and without P-IM.

P-values were obtained by log rank test.

metastasis of lung cancer.!! When multiple invasive PDCs
were detected in the specimen, we defined as P-IM those
additional tumors that met all of the following con-
ditions: (i) located within the pancreatic parenchyma
and separated from the dominant, primary tumor by a
distance of Smm or more; (ii) showing histologic ap-
pearances identical to that of the dominant, primary tu-
mor; (iii) differentiated to the same degree or less as the
dominant, primary tumor; (iv) unaccompanied by pre-
malignant lesions of PDC such as PanIN and IPMN,
implying that the tumors might be other primaries arising
through multicentric carcinogenesis. To confirm dis-
continuity between P-IM and the premalignant lesions,
we considered an invasive lesion to be separated from
PanIN-3 or noninvasive IPMN with high-grade dys-
plasia by a distance of 5mm or more. Intraepithelial
spread of the invasive carcinoma in pancreatic ducts or
ductules, that is, so-called cancerization of ducts, was also
excluded. Because at our institution resected specimens
are cut into serial slices of 5Smm thickness, a distance of
Smm from the main lesion was used to confirm dis-
continuity. A representative case of P-IM is shown
in Figure 1.

Statistical Analysis

x? analysis or the Fisher exact test was used to
compare categorical data. The postoperative overall sur-
vival (OS) rate and disease-free survival (DFS) rate were
caiculated by the Kaplan-Meier method. Univariate
analysis was performed for prognostic factors using the
log rank test. The factors found to be significant by uni-
variate analysis were subjected to multivariate analysis
using the Cox proportional hazards model (backward
elimination method). Differences at P < 0.05 were con-
sidered statistically significant. Statistical analyses were

1034 | www.ajsp.com

performed using the Statistical Package for the Social
Sciences (version 20.0; SPSS Inc., Chicago, IL).

RESULTS

Characteristics of P-IM

Twenty-six P-IMs were identified in 21 (5.3%) of
the 393 patients. None of the P-IMs had been detected by
preoperative radiologic imaging or intraoperative
examination using ultrasonography and was identified
postoperatively for the first time by microscopic
examination. Table 1 shows the pathologic features of the
P-IMs and the primary tumors. The incidence of P-IM at
each stages of the TNM classification was 0% (0/7) at
stage IA, 17% (1/6) at stage IB, 5% (5/92) at stage 1A,
4% (11/252) at stage IIB, 0% (0/1) at stage IIl, and 11%
(4/35) at stage IV. One patient had 3 P-IM lesions, 3
patients had 2, and the other patients had 1 P-IM lesion
each. The maximum size of the P-IM ranged from 1 to
10mm with a median of 3.0mm and an average of
3.4mm, and the distance from the primary tumor to the
P-IM ranged from 5 to 25 mm with a median of 10.5mm
and an average of 12.3mm. Lymphatic invasion, venous
invasion, and intrapancreatic neural invasion within the
P-IM were detected in 35% (9/26), 62% (16/26), and 12%
(3/26) of the lesions, respectively.

Forty-one of the solitary PanIN-3 lesions were
identified in 24 (6.1%) of the patients. One solitary Pan-
IN-3 lesion was detected in 18 of the patients, 2 lesions in
2, 3 lesions in 2, 5 lesions in 1, and 8 lesions in 1. The
average, median, and range of lesion size were 4.58, 2, and
< | to 20 mm, respectively. The average, mean, and range
of distance between the solitary PanIN-3 and the domi-
nant invasive carcinoma was 19.5, 15, and 5 to 60 mm,
respectively. One case involving 2 overt invasive primary
PDCs was found at surgery. One patient (case 11,

© 2013 Lippincott Williams & Wilkins
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FIGURE 3. Kaplan-Meier survival curves showing a comparison of OS (left column) and DFS (right column) between patients with
and without P-IM at each of the TNM stages. The total numbers of patients at stages IA/IB/IIA, IIB, and IV were 105, 252, and 35,
respectively. P-values were obtained by log rank test.
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Table 1) had both P-IM and solitary PanIN-3, which were
separated from each other by a distance of 20 mm.

Correlation of P-IM With Clinicopathologic
Parameters

Table 2 shows the correlation of P-IM with clin-
icopathologic characteristics of the patients with PDC.
No significant relationship was found.

Prognostic Significance of the Presence of P-IM

The median survival time for patients having PDC
with and without P-IM was 16 and 29 months, re-
spectively. The 1-year survival rates for patients having
PDC with and without P-IM were 59% and 83%, the
2-year rates were 18% and 57%, and the 5-year rates were
0% and 27%, respectively.

Univariate survival analysis demonstrated an asso-
ciation between the presence of P-IM and shorter OS
[P < 0.001; hazard ratio (HR) = 2.427; 95% confidence
interval (CI): 1.453-4.065) and DFS (P = 0.019; HR =
1.762; 95% CI: 1.089-2.850) (Figs. 2A, B). For stages IA/
IB/IIA and stage 1IB, OS for patients with P-IM was
significantly shorter than for those without P-IM
(P = 0.025 and 0.019, respectively) (Fig. 3). All the re-
currences (n = 18) in patients having P-IM involved
peritoneal dissemination or distant metastasis, rather
than local recurrence in the remnant pancreas.

Multivariate Cox regression analysis showed that
P-IM (P =0.002; HR = 2.239; 95% CI: 1.328-3.773),
tumor size, pathologic node status, histologic grade, in-
trapancreatic neural invasion, peritoneal cytology, and
adjuvant chemotherapy were independent predictors of
OS and that preoperative CA 19-9 level, tumor size,
pathologic node status, pathologic metastasis status,

TABLE 3. Univariate and Multivariate Analysis of P-IM as a Prognostic Factor Associated With OS (n=393) and DFS (n=393) in

Patients With PDC

Univariate Analysis

Multivariate Analysis

Variables HR (95% CI) P HR (95% CI) P
oS
Age (= 65y/ < 65y) 0.978 (0.754-1.269) 0.867
Sex (male/female) 1.148 (0.878-1.502) 0.313
Location (pancreas head/body, tail) 1.390 (1.039-1.858) 0.026
Preoperative CA 19-9 level (> 138/ < 138 U/mL) 1.687 (1.296-2.195) < 0.001
Size (= 30mm/ < 30 mm) 2.441 (1.809-3.293) < 0.001 1.993 (1.434-2.770) < 0.001
Pathologic tumor status (T3, T4/T1, T2) 2.323 (0.957-5.638) 0.062
Pathologic node status (N1/N0) 2.036 (1.470-2.822) < 0.001 1.612 (1.137-2.285) 0.007
Pathologic metastasis status (M1/M0) 1.748 (1.144-2.671) 0.010
Histologic grade (G2, G3/Gl) 1.839 (1.174-2.882) 0.008 2.029 (1.262-3.264) 0.004
Nerve plexus invasion (2, 3/0, 1)* 1.653 (1.271-2.149) < 0.001
Lymphatic invasion (2, 3/0, 1)* 1.704 (1.254-2.314) 0.001
Venous invasion (2, 3/0, 1)* 2.095 (1.500-2.925) < 0.001
Intrapancreatic neural invasion (2, 3/0, 1)* 2.300 (1.740-3.106) < 0.001 1.691 (1.222-2.339) 0.002
Surgical margin status (positive/negative) 1.694 (1.268-2.263) < 0.001
Peritoneal cytology (positive/negative) 3.586 (2.325-5.531) < 0.001 3.125 (2.005-4.871) < 0,001
Adjuvant chemotherapy (performed/not performed) 0.697 (0.514-0.946) 0.020 0.611 (0.443-0.843) 0.001
P-IM (presence/absence) 2.427 (1.453-4.065) < 0.001 2.239 (1.328-3.773) 0.002
DFS
Age (= 65y/ < 65y) 0.827 (0.657-1.041) 0.084
Sex (male/female) 0.981 (0.776-1.239) 0.997
Location (pancreas head/body, tail) 1.321 (1.027-1.700) 0.03
Preoperative CA 19-9 level (= 138/ < 138 U/mL) 1.914 (1.516-2.418) < 0.001 1.579 (1.235-2.019) < 0.001
Size (2 30 mm/ < 30mm) 2.297 (1.776-2.971) < 0.001 1.534 (1.153-2.042) 0.003
Pathologic tumor status (T3, T4/T1, T2) 6.127 (1.964-19.118) 0.002
Pathologic node status (N1/N0) 2.432 (1.804-3.278) < 0.001 1.597 (1.155-2.209) 0.005
Pathologic metastasis status (M1/M0) 2.108 (1.447-3.069) < 0,001 1.629 (1.106-2.400) 0.014
Histologic grade (G2, G3/Gl) 1.556 (1.078-2.248) 0.018 1.551 (1.049-2.294) 0.028
Nerve plexus invasion (2, 3/0, I)* 1.593 (1.264-2.007) < 0.001
Lympbhatic invasion (2, 3/0, 1)* 2.181 (1.635-2.909) < 0.001
Venous invasion (2, 3/0, 1)* 2.350 (1.744-3.167) < 0.001 1.522 (1.099-2.108) 0.011
Intrapancreatic neural invasion (2, 3/0, 1)* 2.552 (1.955-3.331) < 0.001 1.872 (1.404-2.496) < 0.001
Surgical margin status (positive/negative) 1.890 (1.464-2.440) < 0.001
Peritoneal cytology (positive/negative) 3.372 (2.248-5.058) < 0.001 2.854 (1.892-4.306) < 0.001
Adjuvant chemotherapy (performed/not performed) 0.812 (0.632-1.043) 0.103
P-IM (presence/absence) 1.762 (1.089-2.850) 0.019

*Classified according to the classification of pancreatic carcinoma of Japan Pancreas Society.

Statistically significant values are in bold.
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histologic grade, venous invasion, intrapancreatic neural
invasion, and peritoneal cytology were independent pre-
dictors of DFS (Table 3).

In addition, the relationship between P-IM size and
survival was analyzed among the patients with P-IM, but
no significant correlation was found. Similarly, there was
no significant correlation between survival and the dis-
tance from the primary tumor to P-IM.

There were no significant differences in the pro-
portions of patients undergoing intraoperative radio-
therapy and adjuvant chemotherapy between those with
P-IM and those without P-IM. Four (19%) of 21 patients
with P-IM underwent intraoperative radiotherapy,
whereas 89 (24%) of 372 patients without P-IM did
so (P =0.609). Nine (43%) of 21 patients with P-IM
underwent adjuvant chemotherapy, whereas 115 (31%) of
372 patients without P-IM did so (P = 0.252). In addi-
tion, among the patients with P-IM, there was no sig-
nificant difference in OS and DFS between those who
underwent intraoperative radiotherapy and those who did
not, as well as between those who underwent adjuvant
chemotherapy and those who did not.

DISCUSSION

When multiple tumors are detected in a single organ
in the absence of any primary tumors in other organs, 2
possibilities can be considered. One is a primary tumor
with intraorgan metastatic lesions, and the other is the
development of multiple primary tumors in the organ.
Although some types of tumor often show intraorgan
metastasis, details of its clinicopathologic characteristics
have been investigated only for lung cancer and HCC.
Such studies have revealed that patients with intraorgan
metastases have poorer prognosis,!?"* and the presence
of intraorgan metastasis has been used as one of the
critical factors for estimation of disease stage.*!® How-
ever, no reported study has yet assessed intraglandular
metastasis in patients with PDC. In the present study, we
defined P-IM in patients with PDC and evaluated its
characteristics and prognostic significance.

We found that P-IM was a prognostic factor in-
dicative of shorter OS (P = 0.002; HR = 2.239; 95% CI:
1.328-3.773) in patients with PDC (Table 3). P-IM was
found not only at an advanced disease stage, but also at
relatively early stages, the incidence of P-IM being 17%
(1/6) at stage IB, 5% (5/92) at stage IIA, 4% (11/252) at
stage IIB, and 11% (4/35) at stage IV (Table 1). Moreover,
the patients in stages IA/IB/IIA and stage IIB with P-IM
had significantly shorter survival than those without
(Fig. 3). The outcome of patients with P-IM at stages IIB
and IV was dismal, and among them, no patient surviving
for >3 years has yet been confirmed. These findings sug-
gest that PDC with P-IM has an aggressive nature.

P-IMs were found in 21 (5.3%) of the 393 cases of
PDC we studied; 24 (6.1%) of the cases involved solitary
PanIN-3. In our series, multiple tumors other than the
dominant, primary invasive tumor were P-IM or solitary
PanIN-3, showing almost the same incidence. The in-

© 2013 Lippincott Williams & Wilkins

cidence of P-IM in this study may have been under-
estimated for 2 reasons. One was that P-IM located within
5mm from the primary tumor was excluded on the basis of
our criteria, because continuity between the primary tumor
and P-IM could not be assessed with certainty. The other
was that most of the surgical procedures used were not total
pancreatectomy but pancreaticoduodenectomy or distal
pancreatectomy, meaning that any P-IM located in the
remnant pancreas could not be assessed. Several studies
have reported that the incidence of multiple pancreatic
cancers in resected specimens ranges from 5% to 20%.!%17
However, they did not mention whether the entire specimen
was examined histopathologically, whether the multiple
tumors were invasive, or whether the multiple tumors were
P-IM or multicentric primary tumors.

The present study has provided some insight into
how P-IM forms. For intrapulmonary metastasis of lung
cancer, 3 possible mechanisms have been postulated: tu-
mor cells spread through the lymphatic vessels, through
blood vessels, or through the airway.'? Intrahepatic
metastasis of HCC is thought to develop through tumor
cell disgersal through the portal vein or systemic circu-
lation.'*!* Two routes for the formation of P-IM are
possible: lymphatic and venous. PDC can spread through
both of these 2 routes to form P-IM, as venous and
lymphatic invasions in the area of P-IM were observed in
62% and 35% of cases with P-IM, respectively.

In conclusion, our findings indicate that the presence
of P-IM in patients with PDC is an independent prognos-
ticator and could represent aggressive tumor behavior.
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Evaluation of the Efficacy of Neoadjuvant Chemotherapy for Potentially Resectable Pancreatic Carcinoma:R0
Resection and Normalization of Serum Tumor Markers: Motoi F*1, Rikiyama T*?, Katayose Y*!:3, Egawa S*!¢ and
Unno M*135 (#1Division of Hepato-Biliary Pancreatic Surgery, Tohoku University Hospital, **Department of Surgery,
Saitama Medical Center, Jichi Medical University, **Division of Surgery and Oncology, Tohoku University Graduate
School of Medicine, *Disaster Medical Science Division, International Research Institute of Disaster Science, Tohoku
University, **Department of Surgery, Tohoku University Graduate School of Medicine)

Neoadjuvant therapy for pancreatic cancer planned resection still remains controversial. The standard regimen of ne-
oadjuvant treatment has not been established. Tumor marker (TM) kinetics has been reported as important prognostic
factor for pancreatic cancer resected. RO resection with normalized TM was defined as true RO resection. The survival
and surrogate endpoint (RO resection, normalized TM, true RO) of neoadjuvant gemcitabine (NAC-G) and gemcitabine
with S1 (NAC-GS) were compared retrospectively. There was no significant difference of baseline demographics in
both groups, which contained about 70% of borderline resectable cases. NAC-GS demonstrated the longer recurrence
free survival (median 18.1 months, p=0.030 vs 7.3 months for NAC-G), higher rate for TM normalization (65%, p=
0.030 vs 40% for NAC-G), and higher rate of true R0 (57%, p=0.016 vs 30% for NAC-G) . NAC-GS is compatible with
the best cazndidate for neoadjuvant chemotherapy to compare the standard surgery-first strategy.

Key words: Pancreatic cancer, Neoadjuvant chemotherapy, R0 resection, Tumor marker
Jon ] Cancer Clin 59(1): 61~66, 2013
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