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Table 5. Neutropenia by cycle in chemotherapy-naive Japanese
patients with metastatic pancreatic cancer treated with FOLFIRINOX
(n = 36)

>Grade 3
Cycle Total patients per cycle (n) neutropenia
n %

Total 36 28 778
! 36 24 66.7
2 33 13 394
3 30 5 16.7
4 28 5 17.9
> 27 6 22
6 24 4 16.7
/ 19 1 53
8 19 1 53

phase II/III study (PFS, 6.4 months; OS, 11.1 months).”’ The
results of this study were also favorable compared to those of
previous studies of first-line treatment in patients with MPC,
including Japanese patients, wherein the OS was 7.0-9.4
months.”~'? Accordingly, we consider the FOLFIRINOX regi-
men to be very effective in Japanese patients with pancreatic
cancer.

Grade 3-4 neutropenia and febrile neutropenia were more
common in this study than those in the FOLFIRINOX phase
I/ study (77.8% and 22.2% vs 45.7% and 5.4%, respec-
tively).® We hypothesize that these discrepancies are due to
differences in the laboratory testing frequency, with weekly
testing in this study versus testing every 2 weeks in the phase
II/TI study.

Despite the high incidence of severe neutropenia, febrile
neutropenia and infections identified as SAEs were noted in
only three and two patients, respectively, in this study.
Although febrile neutropenia was observed in eight patients,
all of these patients recovered quickly (median recovery time,
2.5 days; range, 2-4) under the appropriate supportive care. In
addition, the incidence of neutropenia decreased along with the
number of cycles, and febrile neutropenia occurred only in the
first cycle. On the basis of these findings, it is considered that
active management, including hospitalization, frequent labora-
tory testing, supportive care for toxicity, and appropriate dose
modifications during the treatment period is important, espe-
cially during the initial period.

With regard to non-hematological toxicities, the incidences
of grade 3 or higher fatigue, vomiting, diarrhea, and peripheral
sensory neuropathy were lower in this study than in the FOLF-
IRINOX phase II/III study (0.0%, 0.0%, 8.3%, and 5.6% vs
23.6%, 14.5%, 12.7% and 9.0%, respectively).® It is specu-
lated that the lower incidence of vomiting might be associated
with the implementation of active prophylactic supportive ther-
apy, including the use of selective neurokinin 1 receptor antag-
onistic antiemetics in 34 patients in this study.

As anticipated, biliary tract-related events, severe infection,
and febrile neutropenia frequently occurred in patients with
biliary stents at baseline, indicating that careful management is
required in these patients to avoid the development of cholan-
gitis or infection.

In this study, patients homozygous for UGTIAI*28 or
UGTIAI*6 or heterozygous for both UGTIAI*6 and
UGTIA1*28 were excluded. UGTIAI is involved in the metabo-
lism of SN-38, an active metabolite of irinotecan, and variants of
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UGTIAI have been re})orted to intensify myelosuppression, such
as severe neutropenia.'’'™'* The efficacy and safety of FOLFIRI-
NOX have not yet been evaluated in patients homozygous for
UGTIAI*28 or UGTIAI%6 or heterozygous for both UGTIAI*6
and UGTIAI*28 in Japan; genetic polymorphism was not
included in the eligibility of the phase III trial of FOLFIRINOX.
Considering the high incidence of neutropenia in this study, indi-
cation of FOLFIRINOX and intensive follow-up for these
patients should be considered carefully, especially in Japan.

In 2013, combination therapy of nab-paclitaxel and GEM was
found to prolong the survival of patients with MPC compared to
GEM alone (the MPACT study)."'* The RR, median OS, and
median PFS associated with nab-paclitaxel plus GEM were 23%,
8.5, and 5.5 months, respectively, indicating that this may repre-
sent another prospective regimen for patients with MPC. How-
ever, no randomized controlled study has yet been carried out to
compare FOLFIRINOX and nab-paclitaxel plus GEM.

Because of the severe toxicity of FOLFIRINOX, it cannot
be applied to all patients with metastatic pancreatic cancer as a
standard of care. At present, the choice of regimen, whether
FOLFIRINOX or GEM-based chemotherapy, depends on gen-
eral conditions in each patient, and FOLFIRINOX is generally
recommended to the patients who fulfill the eligibility criteria
of this study. Recently, several clinical studies of a modified
FOLFIRINOX regimen have been carried out to reduce its tox-
icities.">'® The FOLFIRINOX regimen is also investigated in
patients with genetic polymorphisms of UGTIAI*28 or *6,
which were excluded in this study."” As it is important to
select the most appropriate treatment regimen based on the
clinical information of the patients, these results may provide a
guide to selection for each individual patient.

In conclusion, on the basis of our findings in this study, the
FOLFIRINOX regimen appears to be effective in Japanese
patients, and the associated toxicity can be adequately con-
trolled by careful observation and appropriate supportive care.
Thus, FOLFIRINOX can be the standard treatment for Japa-
nese patients with MPC with good performance status (ECOG
PS 0 or 1) and normal bilirubin level.

Acknowledgments

This study was supported by Yakult Honsha Co., Ltd. We thank all
patients, clinicians, and support staff who participated in this study.
We are grateful to Yuh Sakata, Ichinosuke Hyodo, and Fumitaka
Nagamura for their helpful advice as members of the Independent Data
Monitoring Committee, and Atsushi Sato, Kunihisa Miyakawa, and
Kouki Yoshikawa as members of the Independent Review Committee.
We also thank Noriko Miwa for her helpful advice.

Disclosure Statement

Takuji Okusaka received research grants from Yakult Honsha and
Kyowa Hakko Kirin; he has also received honoraria from Pfizer. Akira
Fukutomi and Junji Furuse received honoraria from Yakult Honsha. Hi-
royuki Isayama and Narikazu Boku received honoraria from Yakult
Honsha and Daiichi Sankyo. Masafumi Ikeda, Tatsuya Ioka, and Shinichi
Ohkawa have no conflict of interest.

Abbreviations

5-FU fluorouracil
CI confidence interval
FAS full analysis set

FOLFIRINOX oxaliplatin, irinotecan, fluorouracil, and leucovorin
G-CSF granulocyte-colony stimulating factor
GEM gemcitabine

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.



Original Article
FOLFIRINOX in Japanese patients with MPC

IDMC
MPC

Independent Data Monitoring Commiittee
metastatic pancreatic cancer

nab-paclitaxel albumin-bound paclitaxel

(0N overall survival
PES progression-free survival
References

(o]

W

ESN

w

~

oo

A=l

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer
statistics. CA Cancer J Clin 2011; 61: 69-90.

Japanese Ministry of Health, Labour and Welfare. Statistical investigation
result. 2012: [cited 27 November 2013} Available from URL: htp://www.
mhlw.go.jp/toukei/saikin/hw/jinkou/kakuteil 2/index.htm! [In Japanese]
Center for Cancer control and Information Services, Latest Cancer Statistics.
[cited 21 November 2013] Available from URL: http://ganjoho.jp/public/sta-
tistics/pub/statisticsO1.html [In Japanese]

Burris HA 11, Moore MIJ, Anderson J et al. Improvements in survival
and clinical benefit with gemcitabine as first-line therapy for patients
with advanced pancreas cancer: a randomized trial. J Clin Oncol 1997; 15:
2403-13.

Moore M, Goldstein D, Hamm J er al. Erlotnib plus gemcitabine compared
with gemcitabine alone in patients with advanced pancreatic cancer: a phase
III trial of the national cancer instutite of Canada Clinical Trials Group.
J Clin Oncol 2007; 25: 1960-6.

Conroy T, Desseigne F, Ychou M er al. FOLFIRINOX versus gemcitabine
for metastatic pancreas cancer. N Engl J Med 2011; 364: 1817-25.

Ueno H, Okusaka T, Funakoshi A et al. A phase 1I study of weekly irinotec-
an as first-line therapy for patients with metastatic pancreatic cancer. Cancer
Chemother Pharmacol 2007; 59: 447-54.

Okusaka T, Funakoshi A, Furuse J et al. A late phase 11 study of S-1 for meta-
static pancreatic cancer. Cancer Chemother Pharmacol 2008; 61: 615-21.
Kindler HL, loka T, Richel DI et al. Axitnib plus gemcitabine versus
placebo  plus gemcitabine in patients with advanced pancreatic

Supporting Information

www.wileyonlinelibrary.com/journal/cas

PS performance status

RR response rate

SAE serious adverse events

SD stable disease

UGT uridine diphosphate-glucuronosyltransferase

adenocarcinoma: a double-blind randomized phase 3 study. Lancet Oncol
20115 12: 256-62.

Ueno H, loka T, lkeda M er al. Randomized phase III study of gemcitabine
plus S-1, S-1 alone, or gemcitabine alone in patients with locally advanced
and metastatic pancreatic cancer in Japan and Taiwan: GEST study. J Clin
Oncol 2013; 31: 1640-8.

Ando Y, Saka H, Ando M er al. Polymorphisms of UDP-glucuronosyltrans-
ferase gene and irinotecan toxicity: a pharmacogenetic analysis. Cancer Res
2000; 60: 6921-6.

Innocenti F, Undevia SD, lyer L er al. Genetic variants in the UDP-glu-
curonosyltransferase 1Al gene predict the risk of severe neutropenia of
irinotecan. J Clin Oncol 2004; 22: 1382-8.

Marcuello E, Altes A, Menoyo A et al. UGT1Al gene variations and irino-
tecan treatment in patients with metastatic colorectal cancer. Br J Cancer
2004; 91: 678-82.

Von Hoff DD, Ervin T, Arena PF er al. Increased survival in pancreatic cancer
with nab-paclitaxel plus gemcitabine. N Engl J Med 2013; 369: 1691-703.
Mahaseth H, Brutcher E, Kauh J e al. Modified FOLFIRINOX regimen with
improved safety and maintained efficacy in pancreatic adenocarcinoma. Pan-
creas 2013; 42: 1311-5.

Oikonomopoulos GM, Syrigos KN, Skoura E, Saif MW. FOLFIRI-
NOX: from the ACCORD study to 2014. JOP 2014; 15: 103-5.
Sharma M, Catenacci DV, Karrison T et al. A UGTIA1 genotype guided
dosing study of modified FOLFIRINOX (mFOLFIRINOX) in previously
untreated patients (pts) with advanced gastrointestinal malignancies. J Clin
Oncol 2014; 32(Suppl): 4125.

Additional supporting information may be found in the online version of this article:

Table S1. Dose level at dose adjustment in chemotherapy-naive Japanese patients with metastatic pancreatic cancer treated with FOLFIRINOX
(n = 36).

Table S2. Dose adjustment criteria in hematological toxicity in chemotherapy-naive Japanese patients with metastatic pancreatic cancer treated
with FOLFIRINOX (n = 36).

Table S3. Dose adjustment criteria in non-hematological toxicity in chemotherapy-naive.

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

Cancer Sci | October 2014 | vol. 105 | no. 10 | 1326



22892

F 8] BERtEEEOH 5 RFA

WS A o4
B HwEY ®WE 372
Wi AEP K BABRY
I wEY A BREO
E D BES
ﬂ#éw%ﬁgmﬁ%ﬁﬁ)

R 29 ¢ 892~897, 2014

2013 22 6 A7 R E O R E

KRE 2 PRk gRaE?
hE BKRY  BE 2
LU 1 %:11)

ST A BT 4 21& 2013 4RI 4 SE R D) OUWETIAS AR S A7z, SIBRTT eSS
B L T, JASPAC-01 HERDMER % 9 1F T S-1 BHR DS

HIE SN, YRR T AILEREICE LTI, PASHEBORBRE I T Ty oY

VIEERIE + TV F = TR RS,
BhInaEnz. F-UBRARERIC

GEST #HERD#ER % 9 17T S-1 g
B L Cid 2014 4E12 H HETHMTH 1, PRODIGE 4/ACCORD

HEIEIZ

11 B ORERITHT & FOLFIRINOX SEOHEREASEN S 7z, BRIt 5 B b2k id
SHOBRZEEORFEIHS L TFHEEINTBY, BEOFROEILLIUBIIFES TS

CEPHREI TV

REIFHEE - WERBEAA T4~

iU oI

EESIBETA N9 4 VI HARRIRF X RS
HARTA MNP RERIT X 5T 2006 F125
1 AT E L, 34E Z ISR Z S LT
WETEERIT 5N TW A, 2009 FEICIEEE 2 R
ﬁ,%thMB@K@%3mﬁmm3EmaLf
Bzt E3IMOHBRARRPENT-D
2013 4F 1 A o EBA %f“ﬁ#%méhfwt
JASPAC-01 B O BAEHTA ¥4 Y ONE
WCKELEBERIITWERELRD 72720 TH
D, 2013 4R (B3R I ORFOIEF U R
BEDTHED R ENTW S, LB BES

D ESLA AR v & — R R BE AT AR R
2 EREEALEE AL v & —HLE AR
O RIS R BETH AL g R
O JUINREER FE B R A S e RE S R 22
V BEHAREEFEES AR
O R EE ST EmbEsi e
D RERFEFAH LA
¥ RIERERFRHE AR EED B

O FRIEETERR A v 5 —IF - IE - BESLRL
 TUERKE SLEE YR S U RS Tt AR 2 R
W EESEEE AL KR SRR O i T R AR

{LAERR R

B R

LWERELZIESHE SN, ERITRIEEED
BB BV, A4 K54 VUETRES TR
RLELZUETZEBINL, AR F—AX—=Y ETO
REZETH)ZEELTVS

PIRREIRERIC & (F 2 HBY L E

1. BEREHIRSAI2013I2803FEEH
ESTORA > b

WBNEREICE L CEAA K94 Y0 3ETHR
D EFehTBY, ULFD420CQ (Clinical
Question) PERE SN TW5D

CQ3-1 ﬁfkﬁ?éﬁméﬁ(@ﬁ%ﬁ%ﬁ
BEB XL, OfbFHE) JHERS N ?

CQ3-2 MR OMP A HIFLIHERINS
7

CQ3-3 EEOMBLF R L RSN
BT

CQ3-4 MM EELIT) T LIRS
nan»?

ZDH B, fLFEHEDEIZCQ3-1, CQ3-3,CQR34
WZBWTHE SN TWAER, SEO 2013 SERRICE
WTIE CQ3-4 1K ELRYETVIMA STz,

A Y 2O, BEURERENEZ S A5



WEREREHEAT 4 BT 4 > 2013 20 6 A 2R L e o0 e 8

VIEERYE AN X 2 iAo ek e & OBk Hp:
AR 028 0 4 0 72 CONKO-001 38U, 35 &
ORI CEN S 7z JSAP-02 ik OfE R L 1 |
HA KT A V2BV, [HEiEr LAYy ¢
N X BRI AR, A Retto
FCHEI RAF 2 A /R L TB D IEE s s
(7 L—FB)JE BT F0, L2EICH
W, IR BRI IE B & R B A v & Y R
WP L S-1 o8 3L EGRER (JASPAC-
0?1, Sl Ay ¥ ¥ BRI~
T, EALFNIH B X OB SR AE I & A4 3 (A
E3H5Z L)% 20134 s, 22T,
HA KT A v 2013 EMT ORI BT, T
BRI LA L U B BN L BT 72 TR
ZRLTBY, ElT 5 EBBHHOLNL(FL—

FA). WBEPEEEO LY A 2 d S ke
PHEREN (L —F A), S1ISHT 525 MHAH
RVER 7% & T L Y ¥ © 2 I Bk A
Bhooshs (FL—FB)JERESEETENL.

2. FHINWZETHOELERERER

1) Wbk LTor sy vy ¥ Ui
Y+ S-1 PR# M (GS #1) D5 2/3 ARG 3Bk
(Prep—02/JSAP-05)

IR ERES E, A Yy ¥ UIERRE L S
BERNC X AR LSRR 2 AT o 7218, FiliZ 47w
PIBBIC S X AL 40— 2479 &K
BRipmEE L P2 AT, WBRHBIZS-1IC X 24
B 4 3 — A7) MIBHE LT V7 AIZED
FF 2TV, FAYy Y UEREE S PEHIC X
% WA EER O A & MGES 5 720 O R ER D F )
ENCBWTEmBIN TS, FEFHGEB ZAEE
WM ThH. 2017 SFOREMT % BIE L CHER
BEGFEPED SN TV 5.

2) FAYY VY IERRE +S-1 B (GS B
H) LYY IR EMRE L R T 5
M b EE O 3 HRE (JSAP-04)

BB EE EZNRIZ, YAV Y U IEmIER
MRS A7 LYY VIEREE E S-1 R
BEOEFHMICB I 2BEREERIET 57200
HEEDSKRIMTER SN TS, BEBFIITTIC
BT LHAERBSHBTTHY, TLREEST
EE ORI PERINLEITFETH 5.

23+ 893

3) mFOLFIRINOX #{l: & &5 ¥ & ¥ v Bl
Bk & & Lo A s sl DALk O 5 3 FHEAER
XTI F L, AT h VIEERE, TV
Faw g v, R F— AT AL
(FOLFIRINOX ##i:) &, WERAREFEREICB VT
TAYy Y U TR OB B RE
RERLIZVI AV THELEN, ZOLIAYD—
% Wit L 72 modified FOLFIRINOX (mFOLFIR-
INOX) Ol mibifbagti & LCof A% ik
AL B 720 DRERDS, T T A, hF T THEME X
NTWa, FEEHEE AR TH D,
2018 AE DA & H IR L CHUEZ G ED ST
Wi,

4) FT R Z ) FF N+ LYY R
BRI L 7 o v 4 ¢ v Mk & % i3 5
Wi AL 0 7 & A AL 48 11 AH 30 Bk
(Apact #UEk)

FT R F X NESF LYY VERIED
DERREE, UBRARBEICBVW YAy ey
WEAE SN CHEAHIB OB B RIERZR L2
) —=DDVL I AV THBHH, FOLFIRINOX ik
WZHARTEWEH A BETH Y, MittoBFICDHI
B EI G TELZ eI TWnWSE. 2
DV T A OffitemfbEgk s LToFHEE
MREES % 72D OFERDS, Wk - 7 97 K
TEBEINTWAS, HEREBMLTwiw, FE
FEAIGE B I3 A I T D, 2019 SE DT &
B L TEBEEHI DO LN TWD.

3. HARTAhoH-MBEEEEICS T
25BDEE

HEWFREREPEONLIHABRE LTI ERD
JSAP-04 HABRDSH V), FERIRETHA FI4 0D
WEIPDEE B EBbND. WHEEE LTFE
HENaFRA » bELTE, 12@MEIHEEDCE
MTHhY, &9 1 DFETHPATEREEZRL
FOLFIRINOX #ERF 7 - N2y s F k&7
LAY ¥ VIRBIEO B LR EomBELICE
FARETHY, TNENEELRRBRAIETLT
WAEY, FERPBFOLNLFETIZIEDL) LITSHLD
ERPHPPBERARTH S, BEMBILFREL
LTS 1IHHERINTWEDEIEVEOATD
D, N TEBINTWAREBRICHEARISMLIC



24 : 894 i i

CVRBIZH S, 2D LX) ZREOFT, FIE
CBWTH LI ET VA2 ED L) ITHELT
W Dh, FLENPOREINEIET VAR
FEKAENCED XD IZHY AATH L D25, KA
RS ONSBROREGHEEL Lo T 5,

PIRRABEBIC & 1 BIEFEE

1. BESEHAIRS1203(28 734K
STORA > b

YIRS REHI 4 AL FEICE L TE A4 F
SAVOESETRY EIFohTBY, UTo4
DD CQAFREINTVS.

CQ5-1 EMERLTATAIBEEE I LT
FREFHERINL D ?

CQ5-2 LI N D —RILEIBRE I ?
CQ5-3 UUBRASEEMERE X L CHEdE S 5 {bE:
L O SHMITATA ?

CQ5-4 YIBRARERRE N L T RILZEG I
HRINLD?

ZDHHCQ-1 IS RFHINT-CQTH A
23, HEROABFELTREINETTOTAL NS4 >
DT NVITYALETRINTELLDEBRELT
BY, FEEOH L LD TIER, 2013 ERMIZB
WTIE CQ5-2 ICKRE RYETINZ S,

B2MICBVTIE, ZoCR-2IZ LT, 7
AT Y VIRRIBEMBEEOAPHER I TY
72, BE2AHRENEZICEIE IR LT
F =T DEIEANDOBICTERDVAKREN, FHv ¥
VU + v uF = PR AR I R &
Teolz. REHRIE, UEARR (BFTETEED 5
WITEBEREET L) BERELZNRL LS
3R PAIHE)YICBWT, Yoy ryU v
MR EARE 2 AR B LT TEEIC L
FAZEWREINIZVLIASTHL. RKITERM
BN725 2 AHAER T LB BRI 2 A 298
ENTwBY Lal, FEEOEMRIRITKE S
%<, FTREWERAEM T AMENARDL L
5, YAYVY U VIEEERMEL R ICEET
HICEELSRVEOHBIL Y, YA 5 VIERE
HHRE L L D CHERISINZ S,

Z0%, BA - GEXFERBRE LTEBI N
AV F Y IEERE + S-1 R (GS BEE), &

29% 6% (2014)

A8 IR BAERTE, S-1 HHURE O 3B
% LI$ A 55 3 MHEER (GEST :B%) Off R8s
ERD, FAYH Y UIEBRERBREEICTT S
S-1 BMRFEOFSEI R ENZ". KBTI
QOL i s NTHE Y, AT ¥ ¥ VIEREE Bk
B E S BEMEETENRD O TR W,
SSIPARRELVHIFEREZ SO LR, FTAY
YU UEBRIEE BB L ARERH e 7 A VEE
THILEND, BREBRBEO12E2DH2ED
HEr LD, S-1 B R HERICEMEI L Z &
Lol

DLE XY, 2013 FERRICBVCIE, BT ET R
ARG - BMBRE LA T A B I 5~k
SEEL LT, AV VY UV EBRERAE,
A UERIE+ I VOF = T HHEE, 7
& S-1 BRSNS (FL—FA) L
"AxNBZ L ERoT.

2. 2014 EICEBI N AWABETORA > b
FIREZERATA 94 Y idBLZ3EL2D Y
SEEAR D TV A, BEELRMARLH 72 %KD
MBS N E 7 EIIE  USRE RIS T 5 72
B, T4 F74 VYURTRBR TR L ELUET
ZEML, ZEF—2RXR—VETORMETH Z
L LTWwW5h. 2013412 LAP 07 SRER® D #5 2 A%
WESINZ LR, URARERECHLTH:Y
VTIFr, 4V T h UERBE, svtay s
T, R F— AN Ty APEHEEE (FOLFIR-
INOX #¥%) %% PRODIGE 4/ACCORD 11 #RER®,
EWNE 2 BB OO BICESERFL o
b, HEHBEOARGWETEEML /2.
SEOHR D KELRYWETMZ b N HHE,
[CQ5—2 RSN —RALFHEEIT? ] TH
5. SEOYEITEET, nFT—HLTHR
T & 7R EAT IR RERE & ERERIEEICD
WTC, BEFEENEFNEEOIET VAP ELNT
ETWnAZENDL, CQ52% [CQH-2-1 ElFEx
Ba2AT5EEICH LTS B —RkIbSEE:
A ? JTCQ5-2-2 R EAT I RAS REIE R 2 X
L CHESR S N B —RALFEEIMH P | D 2012
My d3wAHZ EELT.

CQ5-2-1 GRFEER) ICH L Cid, E@EBH %
gL L CEFIMOEER %77 L7 PRODIGE 4/



WEHAFEIEIT A BT A > 2013 2> & AT IRERRA LI D e 2

ACCORD 11 i 5" o #5 HAZ 52 & FOLFIRINOX
OETEABIN S AL, AFRLEOHEIEIC B 72 - T
EIER O X b MOl AT EE & O REEATO R
WCEOE, MRS TR T A3 R
5B —UA b & L, FOLFIRINOX ##ik,
FAYY U UERRIERANGR, T AV Y e R
Wz = 7HEEREH G, T3S
HHREIER SN L (L= FA). 72720,
Fmﬁmmoxﬁdi LI A5 T BB D
HAHEMOD &T, BEIRAEPS), i, &bk
RE, I - TW@rﬂ,MHMU@ﬁ&%%@&
ERERBL, EMICELTE, BRARCHEY A
IR TED L9, AHEFRIIHNT 5T % B
EXPRDVLETH S RSN DH L LT,
%ﬁ(%w@ﬁ)“ﬁmfiﬁﬁt“%%T%
W - BRIERS % A9 B IR ISR B — U b
BEE LT, YAy ¥y UIERIEEANGE, SAY
7V R + v a9 = TR b R, F
7o S-1HARABED 3 LY X VRN (FL—F
A) & L7288, AR oWET Tl RaTEs ) A fe i
FOAERNGE L CHEM S N7 LAP 07 3RERVIC
BWT, Tud= 7RO EAEICHT S
LHEEREPED NG o/ LD, CQEH2-
2 (BT CELTRTZ LAY e v iEmE+ =
u F = TR O R e SR S R L7z,
T/, AV VIERE S BRI O W
TR HET V) B AR IR (0 2 Bk 25 &
B GRELVREINLELDOD, FOMNEDITE
HIEICT 5700121, SO MEPLETHS
B%, B3l CICER L.

3. FEEhZEFTFOELEE
EET)

1 1 RiE#E

(1) BRI BTBFT -2 ) FF LNV +57 L
vy VIEREIELEOE 1/2 AR
FAYIE UEBIEICFT - 2 v LD
FHEERREEBGET 5 8 3 AR BRI %
MR/ TERS N, WHOHFHEEZTS LY
¥V UIERRE BRI, BB LA O
EENREINZY. CORREEZITT, RHPETE
2 HEBBBERSNTEBY, F7 -7 ¥*x
YV DPERE~OFEISIER DS 2014 £/ F 7214 2015

PREVER (IR T E#R

251 895

ERACEONLOTR VW2 EHFINTY
5.

(2) Ay v IR + TH-302 PEH#E L &
NV H Y VIR + 7S R RO A T
% 45 3 HIEREE (MAESTRO 5-05%)

TH-302 1, KR RELEWE LT R
Sy FTRBFEIREIC R L ETOE, VKRR T 7
I N AY — PR S NYUIESIEE % 5T
L. ¥ MEE 2D HREBICBWT YAV S Y
¥+ TH-302 P 28 s A AW O B B 2%
EEZRRLIERSNTwAE, BAERT &0 7E
Bt [ 45 3 AHEERAS 2017 4E 2 H o T %2 HiB L
THITHTH S,

(3) 74y H ¥ IR+ NC-6004 BF FI 9 =
ET ATy IR RRIR B 2 LY 5 58 3 4
AR

NC-6004 1 AT S5F DI NVEHAITHY,
VAT T T OB, RO BIRAHIRE X
NTW5b, XLy rEmE~D RS E%E
MifiEd % % 3B HE, &/, U AR—L
THRBE N TS

2) 2 WiRE

(1) Ao e VERERNTEREEE NS L
Lzt ay Sy jv+R)F— AT oA,
MM=398, 7 VA0 I )v+FR)F—F AN
7 A +MM-398 % I 3 % £ 34 B (NA
POLI-1 #5%)

MM-398 1+ URY—=LHA ) )5 H #l
HITHY, 4V 5H Y ORWEHD RIS L, PuUE
BRI ROBEMPE SN AEHTH L. 7t n
7SN HRYF— ATy AP HERE T
FE—E LT, MM-398 Bl 7t awy
FIN+ERYF— ATy A E MM-398
BEOR AW ERIET 5 55 3RS, EIREE
EET DT LYY E VIERRIER RS 2 RIHE
MCEBSN, 3EPABREVERREFHHO
WEZR L2 ED, 201445 BiRBEIN.

(2) Favy v UEBREMEREEEZ NS L
L7z TAS-118 & S-1 % L3 5 5 3 tHEER

TAS-118 (FH 7= - FAFTIN - FFF Y
VAN - R)F—=FANVT T L) FS1ICE
VFr—= "IN LEMATBRERTHY, KY



26 - 896 FEE figi

F—FANTTLADS1I~NDLEFETRREE
LTHREBBHED ONTN S, K TEBSI NS
v T AL 2 HEBROMER T b o T, BAE, HA -
BEOLFREBEE LT20164FE3H 31 HOKRT %
His L T8 3HRABIED LN TN,

@) IREEMERERZZSR L L
Ruxolitinib + # XY ¥ ¥ U H#EE L 75 K +
HRT I UBEREE R R T 58 3 AR
(JANUS )

Ruxolitinib X JAK 1/2 HEHITH D, T ¥ 5 A
15 2 HRBRDFE R, 7Y ¥ ¥V L O EE
BT AT VIRBIETH RGBT EER
WERERLIZ LD, 2014 FOXREBRER S
THEINTWD., CORREMRIET 58 3 HR
ERAS 2016 SEFOENT 2 BHIE L Tl CHRIBE T
Wwh,

(4) Fuv v VIEBIET TR ERE LR L
L7z W7 4 A7 7I V&7V Furs vzt
B 55 3 AR

FVT+ AT 7 I RIEAFRAT 73 FOEHEAL
We 7 na— 2ot T, BEEME TR
fa b R THEOFENT VD, FVIT+ AT 7
I NIIEEME LY & B ICEEMEICRITT
LI EHFENA TS, KAN 1 RIGEIZBW
TREIEZRTIENTE L o727, BAE2
WIRFETOE 3R 2015 FOfTx HIgL
THEDOLNLTNAS,

4. A4 RS 5H-ETREICHT 31
FEECBIIDISHROEE

HEATHERE O ) bRBEZFICEL T, kil
T2EIICTRBFECEHL IS 7 - 320 7 F &
W+ T LYy VIEBREORBERAEINTE
D, 2WIEHFICHE L TIE MM-398 &R ZRT
WEVRH o2, RFTETENCELTDH, ERERE
THRAMAR SN2 FOLFIRINOX 5 7 - /37
JyELN+7 LY F Y VEBEORESHEAT
B, HihrCF U ARETNLWREEYTD 5.
HA BT A4 MBI T 2 HE3E % 2013 4,
2014 FEICHET L7228, Z20H%B DL HICKREL
B E2MNTEBY, A BEOUETVLEE LS
LEbhb.

29% 675 (2014)

BhHIC

PERZETA NI 4 Vi3 L bRk L U2
YOMKRSEBRHIZLY, 5% BHREIPLEL
FRINTWE. A R4 VOHFIINF T,
AIETORBAEE o TUEITHPNLTWES
B, BHERRILDYE S NI HEF IS RBRARRE S &
NBATHoTOINA FTA THIEEZLTDH &
WOTEZWRLDOERDD Y, BEER?MTH
NTWw5, 262, RSB TIE R WG
BICELT, BWEOHA FIA4 yTRREMELT
HREZIT o TRWA, HA4 FI A4 v EBREYE
EDOMICKELFEEHEIELZ2VEHITTHIED
BETHY, HlzemBEOHETOWTHIEMES
FiToTWwWA, 2016 ETAHICHEARAZTh TV
5 &khiix, GRADE (Grading of Recommendations,
Assessment, Development and Evaluation) ¥ A
TAEHAVLEZELETFELTBED, &5
MINDS ® % 4 N 5 4 Y {ER Y — ) GUIDE
(Guideline Innovation and Development) % 8
THIEILLDRERWLUETZzHIELTWA.,

X ®|

1) BAEBESEEDENL K94 VRETRESEFE. &
FRRIICE D REBET A F T4~ 2013 F IR
3. EE - &R, 2013

2) Uesaka K, Fukutomi A, Boku N, et al. Randomized
phase IIT trial of adjuvant chemotherapy with gemcit-
abine versus S—1 for resected pancreatic cancer pa-
tients (JASPAC-01 study). 2013 Gastrointestinal Can-
cers Symposium. 2013; abstr 105691.

3) Oettle H, Post S, Neuhaus P, et al. Adjuvant chemo-
therapy with gemcitabine vs observation in patients
undergoing curative—intent resection of pancreatic
cancer: a randomized controlled trial. JAMA 2007; 297:
267-77.

4) Ueno H, Kosuge T, Matsuyama Y, et al. A randomised
phase III trial comparing gemcitabine with surgery—
only in patients with resected pancreatic cancer: Japa-
nese Study Group of Adjuvant Therapy for Pancre-
atic Cancer. Br ] Cancer 2009; 101: 908-15.

5) Moore M]J, Goldstein D, Hamm ], et al. Erlotinib plus
gemcitabine compared with gemcitabine alone in pa-
tients with advanced pancreatic cancer: a phase III
trial of the National Cancer Institute of Canada Clini-
cal Trials Group. J Clin Oncol 2007; 25: 1960—6.

6) Okusaka T, Furuse ], Funakoshi A, etal. Phase II
study of erlotinib plus gemcitabine in Japanese pa-



7)

8)

WEREZZHEN A N T 4 > 2013 2> 6 I T R LA E 0 i 2

tients with unresectable pancreatic cancer. Cancer Sci
2011; 102: 425-31.

Ueno H, Toka T, Ikeda M, et al. Randomized phase 111
study of gemcitabine plus 5—1, S—1 alone, or gemcit-
abine alone in patients with locally advanced and me-
tastatic pancreatic cancer in Japan and Taiwan: GEST
study. J Clin Oncol 2013; 31: 1640-8.

Hammel P, Huguet F, Van Laethem JL, et al. Compari-
son of chemoradiotherapy (CRT) and chemotherapy
(CT) in patients with a locally advanced pancreatic
cancer (LAPC) controlled after 4 months of gemcit-

9)

10)

11)

27 - 897

ternational phase III LAP 07 study. J Clin Oncol 2013;
31(suppl): abstr LBA4003.

Conroy T, Desseigne I, Ychou M, et al. FOLFIRINOX
versus gemcitabine for metastatic pancreatic cancer.
N Engl ] Med 2011; 364: 1817-25.

Okusaka T, lkeda M, Fukutomi A, etal. Phase II
study of FOLFIRINOX for chemotherapy—naive Japa-
nese patients with metastatic pancreatic cancer. Can-
cer Sci 2014; 105: 1321-6.

Von Hoff DD, Ervin T, Arena FP, et al. Increased sur-
vival in pancreatic cancer with nab—paclitaxel plus

abine with or without erlotinib: Final results of the in- gemcitabine. N Engl ] Med 2013; 369: 1691-703.

EBM-based Clinical Guidelines for Pancreatic Cancer (2013):
perspectives on chemotherapy
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Medical evidence—hased Clinical Guidelines for Pancreatic Cancer have been revised in 2013 for the
first time in 4 years since the previous version was published in 2009. In this revised set of guidelines, S—1
is recommended as adjuvant chemotherapy based on the results of the JASPAC-01 trial. Gemcitabine
and erlotinib combination therapy and S—1 monotherapy are recommended as the regimen for patients
with unresectable disease based on the results of the PA3 study and those of GEST study, respectively.
The recommendations for unresectable disease have been revised in 2014, and FOLFIRINOX has been
added to the therapeutic strategies recommended in the previous version. The development of more ef-
fective chemotherapeutic protocols is eagerly anticipated in the belief that they will improve the survival
of patients with pancreatic cancer.
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Molecular Biomarkers for Progression of Intraductal Papillary
Mucinous Neoplasm of the Pancreas

Yuko Kuboki, MD, PhD,*} Kyoko Shimizu, MD, PhD,} Takashi Hatori, MD, PhD,f
Masakazu Yamamoto, MD, PhD,} Noriyuki Shibata, MD, PhD,§ Keiko Shiratori, MD, PhD,
and Toru Furukawa, MD, PhD¥*//

Objectives: We aimed to identify molecular biomarkers for assessing
the progression of intraductal papillary mucinous neoplasm of the pancreas
(IPMN).

Methods: We retrospectively investigated molecular aberrations and their
associations with clinicopathological features in 172 JPMNs.

Results: GNAS and KRAS mutations were detected in 48% and 56% of
IPMN:ss, respectively. No mutations of EGFR, PIK3CA GNAOI, GNAQ,
or GNAI2 were observed. Significant associations were observed between
IPMN morphological types and GNAS mutations, KR4S mutations, the
expression of phosphorylated MAPK (pMAPK), AKT, and phosphorylated
AKT (pAKT), nuclear accumulation of 3-catenin, SMAD4 loss, and TP53
overexpression; histological grades and the expression of EGFR,
pMAPK, AKT, and pAKT, the nuclear B-catenin, SMAD4 loss, and
TP53 overexpression; invasive phenotypes and KRAS mutations, the
nuclear B-catenin, and SMAD4 loss; and prognosis and SMAD4 loss
and TP53 overexpression. Multivariate analysis to compare prognostic
impacts of multiple molecular features revealed that TP53 overexpression
was an independent prognostic factor (P = 0.030; hazard ratio, 5.533).
Conclusions: These results indicate that mutations in GNAS and KRAS,
the expression of EGFR and pMAPK, the nuclear 3-catenin, SMAD4 loss,
and TP53 overexpression may be relevant for assessing the clinical course
of IPMN, including its progression into different morphological types,
invasion, and prognosis.

Key Words: pancreatic cancer, GNAS, KRAS, B-catenin, SMAD4, TP53
(Pancreas 2015;44: 227-235)

l ntraductal papillary mucinous neoplasm of the pancreas (IPMN)
is primarily a slow-growing, indolent, noninvasive intraductal
neoplasm characterized by dilated ducts filled with mucin, and
thus readily distinguishable from ductal adenocarcinoma of the
pancreas, which is usually an aggressive solid invasive tumor.!
However, IPMN often becomes invasive and develops adenocar-
cinoma with a desmoplastic or colloidal phenotype, which leads
to poor prognosis.! Current recommendations for the management
of patients with IPMN rely heavily on detailed imaging studies to
detect signs of high-grade or invasive lesions. This requires
frequent, often invasive, examinations.” The reliance on imaging
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studies is partly due to the lack of sensitive and specific biomarkers
to monitor the development and progression of IPMN. Molecular
aberrations associated with clinicopathological features in IPMN
could be used as such biomarkers.

The IPMNs harbor mutations in KRAS commonly but less
frequently than pancreatic ductal adenocarcinomas.® Recent studies
using large-scale sequencing have uncovered that 40% to 60%
of IPMNs harbor mutations in GNAS.*> Interestingly, GNAS
mutations are not observed in pancreatic ductal adenocarcinomas
or other cystic neoplasms. Thus, mutation of GNAS is considered
to be a specific molecular aberration in IPMN.*® Moreover,
several molecules that function in signal transduction pathways
are suggested to be associated with IPMN.”2 However, the
clinicopathological relevance of the molecular aberrations, which
is crucial for the identification of molecular biomarkers, is largely
unknown. In this study, we analyzed gene mutations and aber-
rations in protein expression and their associations with clini-
copathological features in 172 TPMNs.

MATERIALS AND METHODS

Materials

We retrospectively analyzed data obtained from 172 patients
with IPMN who underwent surgery at Tokyo Women's Medical
University Hospital between 2001 and 2010. Archived formalin-
fixed and paraffin-embedded tissues were used for molecular
and immunohistochemical studies. Clinical information including
age, sex, carcinoembryonic antigen value, carbohydrate antigen
19-9 value, and imaging studies was collected. This study was
approved by the ethical committee of Tokyo Women's Medical
University (#2419).

Histopathological Examination

The IPMNs were classified into 4 histopathological subtypes,
namely, gastric, intestinal, pancreatobiliary, and oncocytic types,
according to criteria published previously.'® Histological grades
of IPMN, namely, IPMN with low-grade dysplasia, IPMN with
high-grade dysplasia, and IPMN with an associated invasive
carcinoma, were evaluated according to the World Health Orga-
nization Classification of Tumors of the Digestive System.! The
tumor stage was evaluated according to General Rules for the
Study of Pancreatic Cancer defined by the Japan Pancreas
Society. In this study, we defined low- to intermediate-grade
dysplasia of IPMNs as Tisa and TisaNOMO as stage 0A.'

Direct Sequencing

Foci of tumor and normal tissues were dissected separately
from serial sections of formalin-fixed and paraffin-embedded
tissues (thickness, 12 pm) under microscopic guidance. DNA was
isolated, and somatic mutations in exons 20 to 23 of EGFR (for
118 cases), exons 2, 3, and 4 of KRAS, exon 15 of BRAF, exons
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10 and 21 of PIK3CA, exons 8 and 9 of GNAS, exon 9 of GNAOI,
exon 5 of GNAQ, and exon 6 of GNAI2 were analyzed by Sanger
sequencing using Bigdye Terminator and 3100 Genetic Analyzer
(Life Technologies, Carlsbad, Calif) according to the method
described previously.'® The primers used are listed in Table S1,
Supplemental Digital Content 1, http:/links.lww.com/MPA/A338.

Immunohistochemistry

Protein expression was examined by immunohistochemistry
using the following antibodies: anti~epidermal growth factor re-
ceptor (EGFR) (DAK-HI1-WT, 1:200; Dako, Glostrup, Denmark),
anti-phosphorylated EGFR (pEGFR) (DAK-H1-1197, 1:100; Dako),
anti~-mitogen-activated protein kinase (MAPK) (137 F5, 1:250;
Cell Signaling Technology Inc, Danvers, Mass), anti-phosphorylated
MAPK (pMAPK) (20G11, 1:100; Cell Signaling Technology Inc),
anti-v-Akt murine thymoma viral oncogene homolog (AKT)
(C67ET, 1:300; Cell Signaling Technology Inc), anti-phosphorylated
AKT (pAKT) (736E11, 1:50; Cell Signaling Technology Inc),
anti-Sma and Mad homolog 4 (SMAD4) (B-8, 1:500; Santa Cruz
Biotechnology Inc, Santa Cruz, Calif), anti-pB-catenin (14/p-
Catenin, 1:1000; BD Transduction Laboratories, San Jose, Calif),
anti-p53 protein (DO-7, 1:500; Dako), anti-guanine nucleotide
binding protein o stimulating subunit (Gs-a) (1:500; Life Span
Biosciences, Seattle, Wash), and anti-phosphorylated substrates

wise SR LA,

of cyclic adenosine monophosphate-dependent protein kinase
(PKA) (1:500; Cell Signaling Technology Inc). Anti-EGFR and
anti-pEGFR were stained using CSAIl, a biotin-free tyramide
signal amplification system (Dako), according to the manufac-
turer's instructions. Other antibodies were stained using a Histo-
fine SAB-PO kit (Nichirei Corp, Tokyo, Japan) according to the
manufacturer's instructions. Staining of EGFR and pEGFR was
evaluated according to Zymed evaluation guidelines: score 0, no
staining; 1+, faint or barely perceptible membrane staining; 2+,
moderate membrane staining; and 3+, strong membrane staining.
A score greater than 2+ was considered evident expression. The
intensity scores (ISs) for other molecules were evaluated by
comparing the intensity of the staining in neoplastic cells with that
in appropriate control cells as follows: score 0, no staining; 1+,
lower intensity staining; 2+, equal intensity staining; and 3+,
greater intensity staining. Internal control staining was determined
in endothelial cells for MAPK, pMAPK, AKT, and pAKT and in
islet cells for Gs-o and phosphorylated substrates of PKA. The
proportional score (PS) was graded as 0 for staining in less than
5% of the area, 1 for staining in greater than or equal to 5% but
less than 30% of the area, 2 for staining in greater than or equal
to 30% but less than 70% of the area, and 3 for staining in greater
than or equal to 70% of the area. The final score (FS) was
calculated and graded as follows: low (FS 1), IS x PS = 0-1;
moderate (FS 2), IS x PS = 2-4; and high (FS 3), IS x PS 2 6.

e L e

FIGURE 1. Morphological variation and protein expression in intraductal papillary mucinous neoplasms. Panels A to D show the 4 distinct
morphological types of IPMN: gastric-type IPMN (A), intestinal-type IPMN (B), pancreatobiliary-type IPMN (C), and oncocytic-type IPMN
(D). Panels E to O show the expression of EGFR (E), phosphorylated EGFR (F), Gs-a (G), phosphorylated substrates of protein kinase A (H),
MAPK (1), phosphorylated MAPK (J), AKT (K), phosphorylated AKT (L), nuclear accumulation of B-catenin (M), loss of SMAD4 (N), and
overexpression of TP53 (O). A-D, Hematoxylin-eosin staining. E-O, Indirect immunohistochemical staining visualized by diaminobenzidine
and counterstained with hematoxylin. Original magnification of all panels is x200.
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Molecular Biomarkers of IPMN

TABLE 1. Mutations in KRAS and GNAS and Their Associations With Clinicopathological Features in Patients With IPMN

KRAS GNAS
Total Wild Mutant P Wild Mutant P

Overall 172 76 96 90 82

Size of ecstatic duct Mean, mm 28.6 29.0 0.869* 28.4 29.3 0.713*

Morphological type Gastric 97 34 63 0.006" 52 45 0.033"
Intestinal 56 31 25 23 33
Pancreatobiliary 11 4 7 8 3
Oncocytic 8 7 1 7 1

Grade Low grade 87 36 51 0.303" 43 44 0.5237
High grade 36 20 16 18 18
Invasive 49 20 29 29 20

Macroscopic type Branch 81 39 'y} 0.590" 41 40 02327
Mixed 41 16 25 26 15
Main 50 21 29 23 27

Mural nodule Not detected 43 17 26 0.595" 22 21 0.862
Detected 129 59 70 68 61

Mean size, mm 5.0 6.1 0.300* 5.1 6.2 0.245%

Invasive phenotype Ductal 24 5 19 0.005" 17 7 0.386"
Mucinous 18 12 6 8 10
Oncocytic 2 2 0 1 1
Minimally 5 1 4 3 2

Stage 0A 87 36 51 03317 43 44 0.575"
0 36 20 16 18 18
I 9 3 6 5 4
i 10 5 5 4 6
m 19 5 14 14 5
IVA 8 5 3 4 4
IVB 3 2 1 2 1

Recurrence? Recurrence 27 14 13 0.4067 18 9 0.1407
Not recurrence 140 60 80 69 71

Survival rate’ 5y (%) 92.5 92.0 0.645" 89.4 95.8 0.405"

*One-way analysis of variance.

%2 test.

*Recurrence and outcome were analyzed in 167 patients.
SKaplan-Meier analysis.

ISurvival analysis was conducted in 155 patients.

TLog rank analysis.

TP53 overexpression, loss of SMAD4, and nuclear accumulation
of p-catenin were assessed as described previously.!”

Statistical Analysis

Statistical analyses were performed using SPSS (SPSS
Inc, Chicago, 1ll). A P value of less than 0.05 was considered
statistically significant.

RESULTS

Clinicopathological Characteristics of IPMNs

Of the 172 IPMNs studied, 97 (57%) were gastric type, 56
(33%) were intestinal type, 11 (6%) were pancreatobiliary type,
and 8 (5%) were oncocytic type (Fig. 1). In histological grading,
87 (51%) showed low- or intermediate-grade dysplasia, 36 (21%)
showed high-grade dysplasia, and 49 (29%) showed an associated
invasive carcinoma.

© 2014 Wolters Kluwer Health, Inc. All rights reserved.

Somatic Mutations and
Clinicopathological Features

In 172 IPMNs, we analyzed somatic mutations in genes en-
coding G-proteins, namely, GNAS, GNAOI, GNAQ, and GNAI2,
those involved in the MAPK pathway, KRAS, BRAF, and EGFR,
and that in phosphoinositide 3’-kinase (PI3K) pathway, PIK3CA.

Somatic mutations in GNAS were detected in 48% (82/172)
of IPMNs, in which the mutations were observed at codon
201: R201C in 39 tumors, R201H in 39 tumors, and R201S in 4
tumors, but not at codon 227, another mutational hotspot in
solid tumors'® (see Fig. S1, Supplemental Digital Content 2,
http:/links.;lww.com/MPA/A339). The GNAS mutation was sig-
nificantly associated with the morphological type of IPMN (P =
0.033); it was more common in IPMNs of the intestinal type than
in IPMNss of the pancreatobiliary type or oncocytic type (Table 1).
We found no mutations in GNAOI, GNAQ, or GNAI2, in any of
the IPMNs examined.
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Somatic mutations in KRAS were detected in 56% (96/172)
of IPMNs. The KRAS mutations were significantly associated
with the morphological type of IPMN, occurring more frequently
in IPMNs of the gastric type and pancreatobiliary type than in
IPMNs of the intestinal type and oncocytic type (P = 0.006)
(Table 1). The mutations were also associated with the histology
of the invasive component (P = 0.005); KRAS mutations were
more common in IPMNs with tubular adenocarcinoma or mini-
mally invasive carcinoma than in those with mucinous carcinoma
or oncocytic carcinoma (Table 1). Mutation of either GNAS or
KRAS was found in 73% (125/172) of IPMNs. GNAS mutations
and KRAS mutations were significantly associated with each other
(P = 0.026). Mutation of GNAS only, mutation of KRAS only,
mutation of both GNAS and KRAS, and mutation of neither were
found in 17% (29/172), 25% (43/172), 31% (53/172), and 27%
(47/172) of IPMNs, respectively (see Table S2, Supplemental
Digital Content 3, http://links.lww.com/MPA/A338). These binary
mutation patterns were associated with the morphological type
of IPMN (P = 0.006): mutation of GNAS only was more
frequently observed in intestinal-type IPMNs, and mutation of
KRAS only was more frequently observed in gastric and pan-
creatobiliary type IPMNs (see Table S2, Supplemental Digital
Content 3, http://links.lww.com/MPA/A338). A somatic mutation
in BRAF was observed in 1 IPMN of the oncocytic type, which
was reported previously.'® No EGFR or PIK3CA mutations were
observed in any [PMNs.

Expression of Molecules and
Clinicopathological Features

We investigated the expression of molecules involved in
multiple signaling pathways and their associations with clinico-
pathological features (Fig. 1 and Tables 2—4). EGFR expression
was more frequently observed in IPMNs of a higher histological
grade (P = 0.002) and a more advanced stage (P = 0.031)
(Table 2). The expression of pMAPK was more commonly
observed in IPMNs with low-grade dysplasia (P = 3.6 x 107%),
of the gastric type (P = 1.2 X 107, with smaller size of mural
nodules (P = 0.012), and of lower stages (P = 0.002) (Table 2).
The expression of AKT was more commonly observed in IPMNs
of the oncocytic type (P = 0.004). The expression of pAKT was
more commonly observed in IPMNs of the oncocytic type (P =
7.4 % 107 and in those with high-grade dysplasia (P = 0.034)
(Table 2). The nuclear accumulation of P-catenin was more
commonly observed in IPMNs of the intestinal type (P = 0.001),
with high-grade dysplasia and invasive carcinoma (P = 0.001),
of the main duct type (P = 0.001), with invasive mucinous
carcinomas (P = 0.018), with mural nodules (P = 5.9 x 10~ for
detection and P =22 x 107'° for size), and of a more advanced
stage (P = 0.002) (Table 3). The loss of SMAD4 was more
commonly observed in IPMNs of the pancreatobiliary type (P =
1.6 x 107, with invasion (P=4.4 x 107'%), of the mixed or main
duct type (P = 0.045), with mural nodules (P = 0.001 for detection
and P = 0.001 for size), with invasive tubular adenocarcinoma
(P = 0.0274), of a more advanced stage (P = 7.3 x 107'"), and
with poor prognosis (P = 3.73 X 107%) (Table 3). The over-
expression of TP53 was more commonly observed in IPMNs of
the Pancreatobiliary type (P = 0.017), with invasion (P = 4.4 x
107", of the mixed or main duct type (P = 0.003), with mural
nodules (P = 0.006 for detection and P = 3.7 x 107" for size),
of a more advanced stage (P = 1.1 x 107%), and with poor
prognosis (P =3.25 x 10~*) (Table 3). Any tumors with SMAD4
loss or TP53 overexpression were either high-grade or invasive
lesions, that is, none of them were low-grade lesions. The ex-
pression of Gs-a or phosphorylated substrates of PKA was
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not associated with any of the clinicopathological features
of IPMNs (sce Table S3, Supplemental Digital Content 4,
http://links.lww.com/MPA/A338).

Recurrent IPMNs

Tumor recurrence is directly associated with poor progno-
sis. Therefore, we analyzed the molecular aberrations associated
with recurrence. EGFR expression and loss of SMAD4 were sig-
nificantly associated with recurrence (P = 0.045 for EGFR, P =
0.006 for SMAD4). Our cohort included 5 recurrent cases with
surgical resection after an original surgery. All the cases were
negative for surgical margins in the original surgery. We com-
pared the original and the recurrent tumors (see Table S4, Sup-
plemental Digital Content 5, http:/links.lww.com/MPA/A338)
and observed different morphological types in 2 cases, different
histological grades in 1 case, different macroscopic types in 2
cases, and different molecular features in 4 cases. Of the 5 cases,
only 1 had the same features in the original and the recurrent
tumors (case 4 in Table S4, Supplemental Digital Content 5,
hitp:/links.lww.com/MPA/A338).

Survival Analysis Associated With
Molecular Aberrations

Prognoses according to clinicopathological and molecular
features were estimated using the Kaplan-Meier method in 155
patients (6 recurrent tumors and 11 tumors accompanied by
PDACs without an apparent association with IPMN were excluded).
The mean follow-up period was 55.1 months, ranging from 1 to
133 months after operation. Among the molecular features, loss
of SMAD4 and overexpression of TP53 were strongly associated
with patient survival (P =3.73 x 10™* for SMAD4 and P=3.25 x
107 for TP53 by log-rank test) (Fig. 2). Prognostic impacts of
molecular features including GNAS mutation, KRAS mutation,
pMAPK expression, pAKT expression, [>-catenin accumulation,
SMAD4 loss, and TP53 overexpression were compared using
the multivariate Cox hazard analysis, which indicated that TP53
overexpression was an independent prognostic factor (P =
0.030; hazard ratio, 5.533) (Table 4).

DISCUSSION

In this study, we examined associations between molecular
aberrations and clinicopathological features in 172 IPMNss to find
molecular biomarkers for disease progression of IPMN. We found
significant associations between the morphological type and
GNAS mutations, KRAS mutations, the expression of pMAPK,
AKT, and phosphorylated AKT (pAKT), the nuclear 3-catenin,
SMAD4 loss, and TP53 overexpression; the histological grade
and the expression of EGFR, pMAPK, AKT, and pAKT, the
nuclear B-catenin, SMAD4 loss, and TP53 overexpression; the
involved part of the duct and the nuclear 3-catenin, SMAD4 loss,
and TP53 overexpression; mural nodules and the nuclear -
catenin, SMAD4 loss, and TPS53 overexpression; histology of
the invasive component and the nuclear B-catenin and SMAD4
loss; the tumor stage and the expression of EGFR and pMAPK,
the nuclear B-catenin, SMAD4 loss, and TP53 overexpression;
tumor recurrence and EGFR expression and SMAD4 loss; and
prognosis and SMAD4 loss and TP53 overexpression. The
multivariate analysis indicated that TP53 overexpression was an
independent prognostic factor. These associations may indicate
their relevance to the clinical course of IPMN.

Somatic mutations in GNAS and expression of Gs-ov and
phosphorylated substrates of PKA were common in IPMN. This
result indicates that GNAS mutations and expression of G-protein
signaling molecules have crucial roles in IPMN, which is consistent
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TABLE 2. The Expression of EGFR, MAPK, and AKT and Their Associations With Clinicopathological Features in Patients with IPMN

Phesphorylated
EGFR Phosphorylated EGFR Phosphorylated MAPK AKT AKT
Total Pos Neg P Pos Neg P Pos  Neg P Pos Neg P Pos Neg P
Overall 172 153 19 127 45 114 58 141 31 18 154
Size of ecstatic duct Mean, mm 294 244 0.192* 296 269 0.329* 297 273  0342* 277 340  0.045% 269 29.1 0.586*
Morphological type Gastric 97 85 12 0.448" 72 25 0.535" 76 21 12x107*t 84 13 0004" 6 91 74x107%
Intestinal 56 49 7 39 17 31 25 44 12 7 49
Pancreatobiliary 11 11 0 10 1 2 9 5 6 0 11
Oncocytic 8 8 0 6 2 5 3 0 5 3
Grade Low grade 87 70 17 0.002 64 23 0.5107 70 17 36x107T 78 9 00290 6 81 0.034°
High grade 36 35 1 29 7 19 17 27 9 8 28
Invasive 49 48 1 34 15 25 24 36 13 4 45
Macroscopic type Branch 81 72 9 0480 60 21 0.684" 60 21 00957 63 18 00917 10 71 0.687"
Mixed 41 39 2 32 9 26 15 32 9 3 38
Main 50 42 8 35 15 28 22 46 4 5 45
Mural nodule Detected 129 118 11 0.090" 94 35 0.692" 82 47 0204 104 25 049" 15 114 0.567"
Not detected 43 35 8 33 10 32 11 37 6 340
Mean size, mm 57 46 0562 53 64 0.329* 47 73 0012* 55 62  0549% 71 54 0.288*
Invasive phenotype Ductal 24 24 0 06247 16 8 0.856" 12 12 0536 15 9 036 123 0.099"
Mucinous 18 17 1 13 5 9 9 15 3 117
Oncocytic 2 2 0 1 1 2 0 2 0 1 1
Minimally 5 5 0 4 1 2 3 4 1 1 4
Stage 0A 87 70 17 0.031" 64 23 0.2917 70 17 0.002" 78 19 02467 6 81 0.108"
0 36 35 1 29 7 19 17 27 9 8 28
I 9 8 1 8 1 5 4 2 2 7
i} 10 10 0 6 4 4 6 8 2 1 9
11 19 19 0 12 7 8 1l 13 6 0 19
IVA 8 8 0 7 1 5 3 6 2 1 7
IVB 3 30 1 2 3 0 2 1 0 3
Recurrence® Recurrence 27 27 0 0.0457 18 9 0.3427 15 12 0.268" 22 5 1.000" 1 26 0.313"
Notrecurrence 140 121 19 106 34 95 45 114 26 16 124
Survival rate’ ! 5y (%) 912  — 0200" 925 918 09127 952 86.6 0256 952 819 00677 — 915 0.3421
*One-way analysis of variance.
52 test.
*Recurrence and outcome were analyzed in 167 patients.
§Kaplan-Meier analysis.

Isurvival analysis was conducted in 155 patients.
Log rank analysis.
AKT indicates anti~v-Akt murine thymoma viral oncogene homolog; Neg, negative; Pos, positive.
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TABLE 3. The Expression of B-Catenin, SMAD4, and TP53 and Their Associations With Clinicopathological Features in Patients

With IPMN
#-Catenin SMAD4 TP53
Total Nuc Acc  Nor P Loss Ret P Ove Nor P
Overall 172 31 141 22 150 25 147
Size of ecstatic duct Mean, mm 26.2 294 0.304* 243 295 0.143%* 27.5 29.1 0.637*
Morphological type Gastric 97 9 88 0.001" 9 88 lex10T 11 86 0.017°
Intestinal 56 19 37 5 51 7 49
Pancreatobiliary 11 3 8 6 5 5 6
Oncocytic 8 0 8 2 6 2 6
Grade Low grade 87 6 81 0.001" 0 87 4.4 x 107107 0 87 44x107'#
High grade 36 10 26 3 33 3033
Invasive 49 15 34 19 30 22 27
Macroscopic type Branch 81 6 75 0.001" 5 76 0.0457 4 77 0.003"
Mixed 41 9 32 7 34 10 31
Main 50 16 34 10 40 11 39
Mural nodule Detected 129 31 98 59x 107" 22 107 0.001" 24105 0.006"
Not detected 43 0 43 0 4 1 42
Mean size, mm 11.8 42 22x107" 96 5.0 0.001* 129 44 37 x107'"
Invasive phenotype Ductal 24 3 21 0.0187 14 10 0.027" 13 11 0.328
Mucinous 18 10 8 4 14 5 13
Oncocytic 2 0 2 1 1 1 1
Minimally 5 2 3 0 5 3 2
Stage 0A 87 6 81 0.002" 0 87 73 x 1071 0 87 11x107t
0 36 10 26 3 33 3033
I 9 3 6 2 7 4 5
1l 10 5 5 1 9 4 6
1l 19 4 15 10 9 9 10
IVA 8 3 5 4 4 4 4
IVB 3 0 3 2 1 ] 2
Recurrence Recurrence 27 4 23 0.788" 8 19 0.006" 5 22 0.360"
Not recurrence 140 26 114 12 128 17 123
Survival rate’ 5y (%) 91.8 924 0974 727 949 373 x 1077 760 945 3.25x 1074

*One-way analysis of variance.

52 test.

Recurrence and outcome were analyzed in 167 patients.
SKaplan-Meier analysis.

ISurvival analysis was conducted in 155 patients.

Log rank analysis.

Nor indicates normal; Nuc Acc, nuclear accumulation; Ove, overexpression, Ret, retain.

with published results.*® On the other hand, mutations in GNAOI,
GNAQ, or GNAI2, other G-protein encoding genes mutated in
breast carcinoma, melanoma, and adrenal and ovarian tumors,'*2!
were not found in IPMNs, which has been unveiled first ever to the
best of our knowledge. This indicates that GNAS encoding Gs-o is
a principal player in the aberrant activation of GPCR pathway in
IPMNs. Mutations in GNAS were exclusively observed in codon
201 as R201H, R201C, and R201S. R201H and R201C are com-
mon mutations in IPMNs as well as in other tumors.*%** They
render Gs-o constitutively active by impairing its ability to hydro-
lyze bound GTP. The R201S mutation is novel in IPMN and
uncommon in other cancers, which was detected only in 8 tumors
including 6 pituitaries, 1 colorectal, and 1 thyroid among 492
examined tumors according to the catalog of somatic mutations
in cancer (http://cancer.sanger.ac.uk/cancergenome/projects/cosmic/).>>
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TABLE 4. Cox Proportional Hazard Analysis Comparing Molecular
Features for Survival

Hazard 95% Confidence
P Ratio Interval
GNAS mutation 0.853 0.935 0.461-1.896
KRAS mutation 0.872 1.054 0.552-2.013
PMAPK expression  0.344 0.743 0.402-1.375
PAKT expression 0.984 0.002 0.000-5.6E261
3-catenin 0.380 0.687 0.298-1.587
accumulation

SMAD4 loss 0.057 3.670 0.961-14.013
TP53 overexpression 0.030 5.533 1.184-25.863

© 2014 Wolters Kluwer Health, Inc. All rights reserved.
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Mutant GNAS can upregulate expression of mucin genes via excess
production of cyclic adenosine monophosphate in pancreatic cancer
cells.2* Hence, the frequent mutation in GNAS may play a crucial
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FIGURE 2. Kaplan-Meier survival analysis according to

GNAS mutations (A), KRAS mutations (B), loss of SMAD4
expression (C), and overexpression of TP53 (D). P values were
obtained by the log-rank test.

© 2014 Wolters Kluwer Health, Inc. All rights reserved.

role in the characteristic phenotype of IPMN, that is, secretion of
abundant mucin.

The morphological type of IPMN is known to be associated
with clinicopathological features and an independent prognostic
factor.!® In this study, the morphological type was associated with
molecular aberrations, specifically GNAS mutation, KR4S muta-
tion, pMAPK expression, AKT expression, pAKT expression, the
nuclear B-catenin, SMADA4 loss, and TP53 overexpression. Among
gastric-type IPMNs, 65% harbored KRAS mutations, 78% showed
PMAPK expression, and 46% carried GNAS mutations. KRAS
mutations and pMAPK expression were more common in gastric-
type IPMNs than in other types, which suggests that the RAS-
MAPK pathway may play a significant role in the development
and maintenance of gastric-type IPMN. Gastric-type IPMN is
considered an initial lesion because it consists primarily of small
IPMNs that usually manifest as small dilatations of branch ducts
with low-grade dysplasia and occurs with other types of IPMN as
a background field'*%; therefore, the results suggest that activation
of the RAS-MAPK pathway, rather than the G-protein pathway,
may play a primary role in the initial development of IPMN. GNAS
mutations and aberrant expression of [3-catenin occurred more
frequently in intestinal-type IPMNs (59% and 34%, respectively)
than in other types of IPMNs. Interestingly, recent reports indicate
that GNAS mutation is common in villous adenomas of the colon
and in Jow-grade mucinous appendiceal tumors.?*2® These tumors
resemble intestinal-type IPMN histomorphologically, which sug-
gests that the GNAS mutation may be associated with neoplastic
mucinous intestinal differentiation in endoderm organs. On the
other hand, intestinal-type IPMN often seems to develop in a field
of gastric-type IPMN,>?7 which suggests that GNAS mutation
may play a role in the progression of gastric-type [PMN into
intestinal-type IPMN. The association between GNAS mutation
and intestinal-type IPMN is consistent with results reported else-
where, although the frequency of mutation seems to be lower than
the published results,” which may be due to low sensitivity of
the used method, the direct PCR and Sanger sequencing, or dif-
ferent ethnics of cohort.* The aberrant expression of B-catenin
is associated with aberration of the wingless type MMTV
integration site familg (WNT) signaling, which is common in
intestinal cancers.?®? This result suggests that aberrant WNT
signaling may contribute to the progression of intestinal-type
IPMNs. Pancreatobiliary-type IPMNs showed frequent KRAS
mutation, SMAD4 loss, and TP53 overexpression, but relatively
less frequent GNAS mutation, compared with other types of
IPMN. The pancreatobiliary-type IPMN is frequently associated
with invasive tubular adenocarcinoma; hence, it shows the worst
prognosis.'> The SMAD4 loss and the TP53 overexpression were
strongly associated with an invasive phenotype of IPMN. This
suggests that accumulation of aberrations in KRAS, SMADA4,
and TP53 may contribute to the progression of pancreatobiliary-
type IPMN into invasive tubular adenocarcinoma. Moreover, the
comparable frequency of KRAS mutation in pancreatobiliary-
type IPMNs and gastric-type IPMNs suggests that these types of
IPMNSs represent a common lineage; gastric-type IPMNs may
progress into pancreatobiliary-type IPMNs. Oncocytic-type IPMNs
showed less frequent KRAS and GNAS mutations and more
frequent AKT and pAKT expression, compared with other types
of IPMN. Paradoxically, although the KR4S mutation was rare,
we found BRAF mutation in oncocytic-type IPMNSs, as we re-
ported previously,'® and relatively frequent expression of EGFR,
PEGFR, and pMAPK. These results suggest that the development
of oncocytic-type IPMN may involve the activation of the EGFR-
RAS-MAPK pathway, not by KRAS mutation, but by other mech-
anisms, such as mutations in other molecules or activation of
EGFR. Also, just one oncocytic-type IPMN harbored GNAS
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mutation; however, expression of Gs « and phosphorylated sub-
strates of PKA were common, as in the other IPMN types, which
suggests that activation of G-protein signaling by mechanisms
other than GNAS mutation may play a role in development of
oncocytic-type IPMN. The frequent expression of AKT and
pAKT suggests that activation of the PI3K-AKT pathway may
contribute to the development of oncocytic-type IPMNSs, although
PIK3CA mutation was not found. To clarify the mechanisms
underlying activation of the PI3K-AKT pathway, further inves-
tigation of genes associated with this pathway, including PTEN
and AKT!, might be required as reported elsewhere,*® although
our previous analysis using overlapping cohort with current study
indicates that the expression of phosphatase and tensin homolog
protein encoded by PTEN seems to be not particularly associated
with pAKT expression in [PMNs.*'

The grade of IPMN, that is, Jow-grade dysplasia, high-grade
dysplasia, or invasive carcinoma, was associated with the expres-
sion of EGFR, pMAPK, AKT, and pAKT, the nuclear 3-catenin,
SMAD4 loss, and TP53 overexpression. Interestingly, although
MAPK expression was observed in all the cases examined,
PMAPK expression was observed more frequently in IPMNs with
low-grade dysplasia than in those with high-grade dysplasia or
invasive carcinoma. This apparent paradoxical result suggests
that active MAPK may contribute to the development of IPMNs
with low-grade dysplasia but not to the progression to high-
grade dysplasia or invasive carcinoma. Thus, activation of other
molecules might be required for the progression. On the other
hand, EGFR expression, the nuclear accumulation of B-catenin,
SMADA4 loss, and TP53 overexpression were more often observed
in IPMNs with high-grade or invasive carcinoma, which suggests
that these molecules may be associated with the progression from
low-grade tumors to high-grade tumors. Moreover, SMADA4 loss
and TP53 overexpression were rather strongly associated with
IPMNs with an associated invasive carcinoma, which suggests
that these molecules may play a role in the progression of IPMNs
into invasive tumors and is consistent with previous reports.®? In
contrast, mutations in KRAS or GNAS were not associated with
the grade, which suggests that these mutations are involved in
the development, rather than the progression, of IPMN.

The macroscopic type, that is, main duct type, branch duct
type, or mixed type,® and the presence and size of mural nodules
were associated with the aberrant expression of >-catenin, SMADA4,
and TP53. Aberrant expression of these molecules was more often
observed in IPMNs of the main duct type and in IPMNs with a
mural nodule. The main duct type and presence of mural nodules
are regarded as high-risk stigmata of malignancy in the consensus
guidelines for the management of IPMN.? These results indicate
that the aberrant expression of B-catenin, SMAD4, and TP53
may be useful as biomarkers that are associated with the high-
risk stigmata.

The tumor stage was associated with the expression of EGFR
and pMAPK, the nuclear [3-catenin, SMAD4 loss, and TPS3
overexpression. EGFR expression, the nuclear (3-catenin, SMAD4
loss, and TPS53 overexpression were more often observed in tu-
mors of an advanced stage, which is consistent with the association
of these molecules with high-grade or invasive tumors, as noted
previously. On the other hand, the expression of pMAPK was
associated with early stage tumors, which is consistent with its
association with low-grade tumors, as noted previously. EGFR
expression and KRAS mutation are supposed to accelerate MAPK
activation. However, our results suggest that the activation of
MAPK is associated with the development and maintenance of
low-grade tumors, rather than with high-grade or invasive tumors.

Recurrence of IPMN may occur as regrowth of an original
tumor or as metachronous development of a tumor not associated
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with an original tumor. Investigation of our cohort indicated that
the morphological and molecular features of recurrent tumors
and original tumors differed in most cases. This suggests that
recurrent tumors may arise from a different clone of neoplastic
cells than the original tumors, which is consistent with a previous
report.3 3

Among the molecular features, SMAD4 loss and TP53 over-
expression were associated with survival by univariate Kaplan-
Meier analysis. Multivariate analysis to compare prognostic impacts
of multiple molecular features revealed that TPS3 overexpression
was an independent prognostic factor, which indicates that TP53
overexpression is a robust biomarker for malignant and aggressive
phenotype of IPMN.

We found a number of molecular aberrations to be associa-
ted with clinicopathological features in IPMNs. These molecular
aberrations may be assessed in aspirate cells as cell-block specimen
through endoscopic retrograde pancreatic juice drainage®* or,
although controversial, endoscopic ultrasound-guided cyst fluid
aspiration.*® We could assume that if a tumor reveals SMAD4
loss or TP53 overexpression, the tumor may be high-grade or
invasive: Sensitivity of this assumption is low (42%) but spec-
ificity is high (100%) in our cohort, so that using these molecular
markers for assessing high-grade or invasive lesions could be
warranted.

In this retrospective study, we evaluated molecular aber-
rations in tumors with respect to clinicopathological features,
which necessitated studying patients with surgical samples for
analysis and thus introduced some bias in the selection of the
cohort. Although there was no standardization of treatment, all
patients were treated in a single institution, and significant
differences in treatment procedures were not apparent. Never-
theless, to the best of our knowledge, this was the largest study
ever, with 172 patients enrolled for molecular analysis of IPMN,
so that bias due to the small sample size could be avoided
compared with other studies.

In conclusion, we elucidated numerous significant associa-
tions between molecular aberrations and clinicopathological features.
GNAS mutations, KRAS mutations, EGFR expression, and pMAPK
expression were strongly associated with the development of [IPMN
and subsequent selective progression into a specific morphological
type of tumor. Aberrant expression of {3-catenin, SMAD4, and
TP53 were strongly associated with high-grade and invasive pheno-
types. TP53 overexpression was an independent prognostic factor.
Therefore, these molecules may be useful as a molecular panel of
biomarkers to assess the progression of IPMN. Thus, the use of
molecular aberrations as biomarkers of IPMN warrants evaluation
in future studies.
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KEYWORDS Abstract Background: Neural invasion is a characteristic pattern of invasion and an impor-
Pancreatic cancer tant prognostic factor for invasive ductal carcinoma (IDC) of the pancreas. M2 macrophages
Pancreaticoduodenecto- have reportedly been associated with poor prognosis in various cancers. The aim of the pres-
my i ent study was to investigate the prognostic impact of M2 macrophages at extrapancreatic
Neural invasion nerve plexus invasion (plx-inv) of pancreatic IDC.

M2 macrophages Methods: Participants comprised 170 patients who underwent curative pancreaticoduodenec-
Overall survival tomy for pancreatic IDC. Immunohistochemical examination of surgical specimens was per-
Peritoneal dissemination formed by using CD204 as an M2 macrophage marker, and the area of immunopositive cells
Locoregional recurrence was calculated automatically. Prognostic analyses of clinicopathological factors including
Adjuvant chemotherapy CD204-positive cells at plx-inv were performed.

Results: Plx-inv was observed in 91 patients (53.5%). Forty-eight patients showed a high per-
centage of CD204-positive cell area at plx-inv (plx-inv CD204%"€"). Plx-inv CD204%"" was
an independent predictor of poor outcomes for overall survival (OS) (P < 0.001) and disease-
free survival (DFS) (P < 0.001). Patients with plx-inv CD204%"&" showed a shorter time to
peritoneal dissemination (P <0.001) and locoregonal recurrence (P <0.001). In patients
who underwent adjuvant chemotherapy, plx-inv CD204%"€" was correlated with shorter
OS (P =0.011) and DFS (P = 0.038) in multivariate analysis.
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Conclusions: Plx-inv CD204%"" was associated with shortened OS and DFS and early
recurrence in the peritoneal cavity and locoregional space. The prognostic value of plx-inv
CD204%ME" was also applicable to patients who received adjuvant chemotherapy. High
accumulation of M2 macrophages at plx-inv represents an important predictor of poor

prognosis.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Pancreatic cancer is an aggressive malignancy with a
high incidence of recurrence and low rates of survival,
even when curative resection is achieved {1,2]. However,
the mechanisms underlying this intractability have yet to
be elucidated. Neural invasion has been accepted as an
important prognostic factor for invasive ductal carci-
noma (IDC) of the pancreas [2-7]. Patients with severe
neural invasion are categorised as unresectable cases
[8] and experience pain, cachexia, peritoneal dissemina-
tion and poor prognosis [9-11].

In vivo and in vitro models have been established to
shed light on the mechanisms underlying neural invasion
[9.12-15]. In our previous study [12], highly expressed
genes in nerve tissues of the mouse model using
Capan-1, a human pancreatic cancer cell line, included
macrophage-related genes such as lysozyme [16], macro-
phage-expressed gene 1 glycoprotein [16] and early
growth response 1 [17]. In other experimental studies,
the paracrine regulation of neurotrophins was associ-
ated with the recruitment of macrophages in neural
invasion and the migration of tumour cells [14.15].
Accumulation of macrophages at sites of neural inva-
sion is considered to support tumour cell proliferation
and is presumably related to poor prognosis.

Macrophages that have infiltrated into cancer
stroma are termed tumour-associated macrophages
(TAMs) and promote tumour progression and metas-
tasis [18]. Increased density of TAMs is associated with
poor prognosis in cancers of the thyroid, prostate,
stomach, bile duct and pancreas [19-23]. TAMs
express an M2-skewed phenotype, which is activated
in chronic inflammation, scavenge debris and promote
angiogenesis and tissue remodelling [18]. M2 macro-
phages show high expression of scavenger receptor
(SR)-A (CD204). High accumulation of CD204-posi-
tive cells at the periphery of pancreatic IDC was cor-
related with shorter overall survival (OS) and disease-
free survival (DFS) in our previous study [23]. How-
ever, to the best of our knowledge, the clinical impact
of M2 macrophages in neural invasion sites has not
been elucidated in any kind of malignancies. The aim
of the present study was to investigate the prognostic
value of M2 macrophages at neural invasion in
patients with pancreatic IDC who underwent curative
pancreaticoduodenectomy.

2. Methods
2.1. Patients

A total of 177 patients underwent curative (R0) pan-
creaticoduodenectomy and were histologically diag-
nosed with pancreatic IDC at our institution between
September 1992 and June 2011. Seven patients were
excluded due to surgical mortality (n = 3), incomplete
follow-up data (n = 2) and poor-quality surgical speci-
mens (n = 2). The remaining 170 patients were included
in this investigation. The median patient age at the time
of surgery was 65 years [range, 34-84 years], and 63
(37.1%) were women. Sixty patients received postopera-
tive adjuvant chemotherapy, consisting of gemcitabine
in 40 patients (66.7%), S-1 (an oral fluoropyrimidine)
in 10 (16.7%), gemcitabine plus S-1 in 6 (10.0%) and
5-fluorouracil plus cisplatin in 4 (6.7%). Inclusion crite-
ria for adjuvant chemotherapy basically conformed to
the criteria of the nationwide Japanese randomised
phase I1I trial [24]. Neoadjuvant therapy was performed
in four patients. Lymphadenectomy was performed
according to the Japanese General Rules for the Study
of Pancreatic Cancer [25]. All patients signed an institu-
tional review board-approved informed consent form.

2.2. Evaluation of clinicopathological features

Each resected specimen was fixed in 10% formalin at
room temperature, and the size and gross appearance
of the tumour were recorded {3]. The entire tumour was
cut at intervals of 0.5-0.7 cm, and the specimens were
routinely processed and embedded in paraffin. Serial
sections (3-pm thick) of each tumour were cut, and one
section was stained with haematoxylin and eosin (HE).
Histopathological findings were examined according to
the definitions of the Japan Pancreas Society [25]. The
following clinicopathological factors were investigated
to assess their prognostic value: age; sex; Eastern Coop-
erative Oncology Group performance status (ECOG
PS); presence of adjuvant chemotherapy; serum level of
carcinoembryonic antigen (CEA); serum level of carbo-
hydrate antigen (CA)19-9; tumour differentiation;
tumour size; serosal invasion; retroperitoneal invasion;
portal vein invasion; lymphatic invasion (ly); vessel inva-
sion (v); intrapancreatic neural invasion (ne); lymph node
involvement and extrapancreatic nerve plexus invasion
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Fig. 1. (a) CD204-positive cells at an extrapancreatic nerve plexus invasion (plx-inv) (magnification, x400). (b) Red areas represent CD204-positive
cells, and the percentage area of CD204-positive cells was calculated as (area of CD204-positive cells/measured area) x 100 using the automeasure
function in Axio Vision 4.7.1 software (Carl Zeiss, Oberkochen, Germany). (c) CD204-positive cells at the tumour periphery (magnification, x400).

(d) CD204-positive cells are expressed as red areas.

(plx-inv). Ly, v and ne were classified into four groups
based on the most extensively involved area observed
under low-power magnification (x100): no invasion of
cancer cells; slight invasion of a few cancer cells (1-3
points); moderate invasion (4-8 points) and severe inva-
sion (>8 points). Pathological stage was evaluated
according to the 7th edition of the International Union
Against Cancer (UICC) classification (IA/IB/IIA versus
IIB/III/IV) [26]. Cut-off values for continuous variables
were determined from median values for all patients.

2.3. Definition of the tumour periphery and plx-inv

HE-stained sections at the maximal diameter of the
tumour were evaluated at a magnification of x40, and
the margin of the tumour was marked on each slide.
The periphery of the primary tumour was defined as
fields that included cancer cells and adjacent non-
cancerous cells at a magnification of x100 [23]. As
described in our previous study [3], plx-inv was defined
as invasion of tumour cells inside the perineurium, apart
from both the pancreatic capsule and main tumour, and
was evaluated at a magnification of x400 in all sections.
Plx-inv distance was defined as the distance from the
plx-inv to the main tumour. The cut-off for plx-inv

distance was set at 2500 pym, and the prognostic value
was evaluated [3].

2.4. Immunohistochemical staining and evaluation

Mouse anti-human CD204 antibody (Scavenger
Receptor class A-ES, 1:400 in blocking buffer;
Transgenic, Kumamoto, Japan) was used for immuno-
histochemical staining [23]. The percentage area of
CD204-positive cells (CD204%) was calculated as (area
of CD204-positive cells/measured area) x 100 using
the automeasure function in Axio Vision 4.7.1 software
(Carl Zeiss, Oberkochen, Germany) {23]. The mean
CD204% for three hot spots at the tumour periphery
and plx-inv was calculated in each patient. Median
CD204% for all patients with plx-inv was used to deter-
mine CD204%"€" as equal to or above the median.
Prognostic analyses for CD204%"€" at the periphery
and plx-inv were performed.

2.5. Assessment of recurrence
Contrast-enhanced computed tomography or mag-

netic resonance imaging was performed every 3 months
after surgery. Sites of recurrence were categorised as



