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E B UBRAREEICTALFEREEEIELSTA Y Y E Y (GEM) 2EEFEETH -
72, ZTNITHE T GEM + Erlotinib BEH#EE, S-1AHWHLN A L HIZhk 07278 3201
VA NIFEERBICBVWTRKE 2 E1T 0o 7. FOLFIRINOX {B#EIX 7 T ¥ A TiTh
N7z GEM & OB CEFIMICKE 2 EZZ > TEREZ R L, Rk TldRERICE

EHRBO—DIIMR b

HATHIZIZFEBO L VX ¥ TR IO, BRFRE#EE

1872725 2013 4F 12 A I ISR RS Nz, HUEBMRICENTE Y, ERERT
BEASINED TV LY, 4EOERZH, TLEHILoTIHEL S WD, I
TOLV YA VIZHARTERAG 2RO & LTE L ORWER D). ZOOERERICE
WTHR E 2 BEBBEOERICIEEP O+ ALHREPLETH ), BREEHD T
HBELAEERERIINT BRI LETH 5.

F5|H5E : FOLFIRINOX

U &I

PR AR (S0 3 2L k1L, 1997 4R 1
Burris" 52888 7 A ¥ ¥ €~ (GEM) & 5-FU
EOLERBREHE L TR, £S5 < GEM ¥R
FEEDSHE— OREEERETH o 72, GEM Bk
% controlarm & L C GEM+#HHEH % L X 5
% { OEAEBALIEEAERAMT b L7228, GEM +er-
lotinib? ISz 2 & T K BEMMEZEHTE &
»o72. GEM +erlotinib (3 KETIZHMEZ T D &
—WALFEBEDF T a v L LTARASN, &
4 R4y EIZdMaon/zds, Zo%d Lo
CHHBERIDRANZZE L o/z. 2TOHK, HRT
X S1 2SRRI ARRE S Y, —RALFEBEO L T
Yarp—okhol ERINLVTROEE
D GEM HMEFE L RICKELEV TV EE
ZHNTE7.

2011 4E 12 Conroy” H 3%k & L 72 mBE B 2 F
3 5B IR 5 FOLFIRINOX #:1X GEM &
OB L LTiThNh, HOPREREERL

CIERANHERERR

* 377 B SZAT BOBR AR A1 IR SL BEARAR A A )1 IR S A
At v 5 — LS IR RERE

gl 2eS

72, ZOREI GEM ICH T A BB O ENEET
HolzZt, GEMfree DL IV XV THolzZ &,
EHICHBOENS(FHEEN 22 LN HKRER
AT VeSS ZH - mRELEELTREESN
7z.
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Table 1 FOLFIRINOX DA%k ¥

FOLFIRINOX

GEMCITABINE

N=171

N=171

Response Rate
dexes SRR i

31.6% (95%CI = 24.7-39.1)
111 A (95%CI : 9.0-131)

94% (95%CI @ 54-14.7)
68 A J1 (95%CI : 55-7.6)

1 AR 48.4% 20.6%
*HR (Hazard ratio) : 057 (95%CI : 045-0.73, p<0.001)
Table 2 FOLFIRINOX 04 %34 (Gr3, 4)7
fwdan | POIIRINOX  GRMCT

IR A 457 21.0 <0.001
SRR PR A 54 1.2 0.03
1R A 9.1 3.6 0.04
gyl 78 6.0 NS
57 23.6 178 NS
i e 145 8.3 NS
THI 127 18 <0.001
R A I 5 9.0 0 <0.001
AST - ALT 4 7.3 20.8 <0.001
M HE 6.6 4.1 NS

NS : not significant

erative Oncology Group) @ Performance Status
(PS)V230 7203 1, BED 2 v, FEEERED IR
N5 (W ERED® 1500/mm® AL, /MRS
100000/mm?® PL 1), JFl <o Bl 7 & o> BBl e i
BEDMRIZN T A I E R ETHo7- BIMVEB L
LT 76 2L L, WIES 5 M e, 1
RS B EHRERIEOSH 5 DR &L Ehi.

BikE iz g % PS (0vs 1) & REDOEAL (B
B vs R BE) TR L 72 L THAESIZ
FOLFIRINOX # & GEM #2430 F 7= (Fig. 1).
FOLFIRINOX #fid, fEH¥ 2%H#)& LT 5-FU,
VRKRYF— b AN ALY, 5575
F >~ (L-OHP), 4V / 54 ¥ (CPT-11) ™4
HITH A IGHERBEIHED2S 4 HEHETERK
L, IhE 1 YA 2 VELTEYVERLE A
ERZIN U TEHAOBEITFFMIIHE S .
T2 294 7 VR PR AW L CEE
G-CSF A A F RN S iz,

GEM #1% 1000mg/m* % 38 1 [\, e 7 A%
5 U7, 1ERE, Zokid 38%5 LT 18K
AR RLT.

56 11 AR 20 0 TR B S PUiEah 8, Bk
FHIE H etk e Uiz, 8 1M Tl £ 2 EFI
HHE AR, BIREHRE E 255 A1 1
M, PUEBR R, L4et £ L T quality of life
ThHo7z.

20054ED 12 AH 5 20094010 HEFT7 5~
ABEN® 48 figk A bEGFE S iz, BYFE (Table
1) & FOLFIRINOX #: T 316%, GEM #T 94%
Th o7z (p<0.001). AEFFROFEHH HILfE 1
266 " HTH o7z, EAFHEIE FOLFIRINOX
HTI1L1 A H, GEMEET687HTH-72. L
@ Hazard Ratio (HR) 1% 057,95% 15 #8 IX [ &
045 75 0.73, p<0.001 TH o7z, 6,12, 18 77 A
BT o % % 1X FOLFIRINOX # T 759%,
484%, 186%, GEM &t T576%, 206%, 6.0%
T & o /2. progression free survival (PFS) &
FOLFIRINOX # 64 7 H, GEM# T33# H
ThHo7: (HR=047).

TR AE # #E iE 1E FOLFIRINOX ¢ T 80 1,
GEM T 85 4o N7z, 16HNE L FOLFIR-
INOX #: CTIiX GEM % 721 GEM based ® L ¥/ £
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Table 3 ACCORD 119 & HADIRER Y DI

ACCORD 11 HARDGER

N 171 (FOLFIRINOX ##) 36
B

3% (%) 316 389

FREHIEE (%) 70.2 69.4

ZERh AT 59 (H) 170 (H)

AR SE (B) 111 107
HEES

IFFRERIRA (Gr 3 AL, %) 45.7 778

ZEEMITREREA (%) 54 22.2

G-CSF A= (%) 425 52.8

i (Gr32LE, %) 78 11.1

Y THoDIIX L, GEMETIIHA THo /2. Tho-.

AL ERE D S O ASE IR TR T EE R
SNhorz (KEE44HR).

ZaME LCgrade S EDFEFEHIZONWT
&, B ERIRA, BEEIF BRI, MR,
TR, KRR E D FOLFIRINOX B CA &2
BERTHo72. —7F, AST - ALT L 5H1x GEM
HTHBILERTH o7 (Table 2). MEIZBWT
JEE R T~ N OB X HIMEEN R EERLRR
BIED Y A7 BFEAL LI RDDTH o7 G-
CSF X FOLFIRINOX # T 425%, GEM# T
53% 12 #% 5 & 72, Quality of Life (QOL) &
EORTC OFAEZETH % QLQ-C30° THlE L 7-.
base line D H CTIIXMBICERELZEZITIR O %
Motz L LIEERFGR 6 7 H OREE T,
FOLFIRINOX BT 31% 2MET L7z & Shizas,
GEM B CIHMET L-# &3 66% 12 E-72. QOL
WZOWTREBBENTE SICHEMEMENR R SN

~7)
- .

BARDABEICOWT

ACCORDI11 Of R F TEVPETOIR L L
VA TREBEPIT DN,

RERIIEEFMEE 228 & 358 TMHR
B LTiTbNZ 36 BBBMLTLY XY, &K
BHEL CIZIZRKTITb N7, ACCORDII &
B 705 RGBS OER, HHERELETHD
R E ZREWIEI W, BR)ERIT 14/36=389%,
2% (Disease Control Rate, DCR) (% 69.4%

ACCORD 11 & LB L CTHA B & =53, JREH]
%L H ACCORD 1L EIZIZFMETH o720, F
EHE T Grade 3 UL EOIFFERFA ORI
RELEDH Y HROGEIZEETHo72. Ih
WP G-CSF =D ZH R 5 17z (Table
3). TOLDHAEDRERIIBWTIE, 5-FU D bo-
lus @ dose intensity 1 15.86% &KETH - /2.

FOLFIRINOX /A DFH - thE

Al U7z & 9 (R o bS8 ik1E, 1997 4V L
3 GEM 2% key drug & N CT& 7. ZD#% GEM
% base & L7=BEH#EIT B\ THE— GEM Hfl
HEFEITH L CTEMME % 7R L 72 GEM +erlotinib $f
FSER, HARTIEREMEDOHEROEN IZREH
0, 2011 AFIZH < RSO b7z,

F7-S-1 % GEM & B3 5 GEST B A3
BRI T B HARTHD TOHE I MR E LT
b, S-1 B SO GEM AT 5 IEH AR
STz, INLORR,ORVEORIEZEN A
I A4 T, BEEO—RIbSEEEOERB & L
T GEM, GEM +erlotinib, S-1 & 3 @D IHEE
PHEAETZY. LrLIhdbdwihdFAECn
WIHEBGETH ), g 2RI KE 2E N
W EDbFE XA HEBRRICBWTEREIZIZS

PS, BEOHE, MNEE, lifestyle 2 EZZEREL
THD BT D%\, :
FOLFIRINOX i Z D3 SN EP O KX 7%
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5-FU %45 2400mg/m?

CPT-11
180mg/m?

[90%

(30 120%
)

1205

4685

Fig. 2 ERERIZBY 5H53:0%5)

Highly emetogenic chemotherapy & L Ty, A % 3 #lGF S
T 8mg/m? & 5., VT I-LV & 2K T 200mg/m? % % 5,
30 45 #12 CPT-11 % 90 43 C 180mg/m? %

L-OHP % 2 W1
FLV o5 #iar 5

T 5. & 52 W T 5FU @ 400mg/m?

% bolus T 5. #, 2400mg/m? % day2, 346 P THE T 5. HERTHL
S5M4HECIIARIEL, HME1I—AE95. Day 150 HKDOY A 2 VIl bh, F-

CPT-1112 & % 2 ) AMEBHHER 2 /R L7,

Y ERTHTRGT 5.

KO = A LG HNCHERT o

L-OHP : A ¥ ¥ ) S FF >, FLV I LERYF—= AN T A, CPT-11:4 )/ Th >

SRR

skl - 5-HTs A& MEEETA, A7ufk, 770VEY » b
*CPT-1112 & % 2 ) RSPk % 3 8 A 1T 5

HEEYYS 2, FoRBOELE sz L
bdH Y, EITHEICHT B —REEOF T a v
?»—> % LT NCCN @ guideline {2 i #1125 #&
ENdz HRTHIEEZHET A F T4 >~ 2013 4Eh
O R 5T RIKFATH - 7295, 20134812 A
WA SN, BE—KEROBIREDO—2 Lo
TWab.

LA LEHIEHRED 720, HHNZ X 2BIEH
BELPOEHLE I LENE, ThETOLI A Y
LWL CTHEREZROMNRICHY R EEL ) LE
M b, FICHARDEE T Grade 3 ML Lo
B & 80% i WAL, FEMEMTRERRA D
20% P ER 5h, G-CSF #1113 50% LA ki fii
ENTVD. fto THEREPIRE R L FET
LHEEOBWEETH HBBICK LTix, EEL
R B 72D RRE IS S LETH S, 72
MEFEDNOFERER L LURER, W2z &0
LEREROMEESE W &, FaEREE &
OIS 2 R MR E 1, FEERICEED

HRTVWHERLTHL ZOLH) I Lhb
FOLFIRINOX D #iJis R (A D KB 2472 > Tk
ZWAZ D ) EHERRESLELEZOND.

FOLFIRINOX /A D EFR

EBEOWBEOBIG TS T TO/LFEEPITHR
T, LD PSRV &, SEEDVE VT L5 ML
% 5. F72 UGTIAL #%, L EIRER — b ORE,
BIGM A O E R EOFERZICHT HALE
NS, BEEACBVWTIRIABRILEINS.
TR OBEBERERIC LI LIESAET A BB &
FIFHREROBA % R LT WIRETH 5 72O ER
BH ATy 7 L RBLWTICHPLETH 5.
L L—HTENIEEDR, O ZOBREORE
ZIFTONETLVAEZ L2 BHICE W THREE
DPFEIZHY B UENDH 5.

EERTOHRGHEL, TR L LTl
w5 L2 ¥V T I5F % 8mg/m’ 2
B CERRNIR S, LARRYF— b I VT LE



IR REEIE 12009 % FOLFIRINOX D ER

400mg/m’, 2 RERICREIRNIR G- L, A FH 1Y 75
FUoBREKRTI05ENS, 4V T h Y E 180
mg/m’, 90 5T TEIRAEK ST 4. E6122
50OF%EGHTHT CIZ5FU % 9 400mg/m* T
bolus #5- L, %17 T 2400mg/m? % 46 B 17
TH53 % (Fig. 2). FIEREEITHERE TIEARET
ToTWah, FFICEENZRWVEIERD Full dose TH
B, FEHERLIVBEEREZIT>TWEH52
A 7V EHOTGIEHFEREAICL ) FEEBY
AfTbis 2 Li3d v, £ G-CSF 3%
ULETUHEICR S EEZ TR, FRICEERIK
FEWSIEVIRBE A RRER T 2 OC, Bl 2o xS B
TH 5. BEAO UGTIAL B FHEIIUETH
L8, BpAERI K O UGT1IAL6 £ 7213728 D Wb
5 single hetero T TH SEBEN R E LT 5.
CPT-11 oEHEHRSRIZL Y 2) U 1EBEE
W GF, LUK, s2hodllbhnky) &4
UaEaE, 7oty CEANLT 3 (Fig 2).
TR 52 OBHMIES L OBIPIER L &
DOMHEALEHERIZE L2, PR HIEH o4
A TH L. EFNTP RSO D DDARTHE
BENTWAEPERBIIBEELIKRETS VO
highly emetic chemotherapy (%3 % 5 TET 9
RETHHEE2LNS7(Fig. 2). F/-1HEIE
LU TEHBIC 5 & REMERESHEEL TL
5., CORERZEIBEERIIRELLST VD
TELLRTERHAPOHNT HRETH 5.

Modified FOLFIRINOX, @S#AICDWT

BEGRZENLTVS L OOMERLZ MO &
LB ERZOL SIS, KR INTER I DK
KTOHL®RALHMEL L Y X (modified
FOLFIRINOX) TOENENTWA. £ 1F 5
FU ® bolus < 3 R CPT-11 #MEL 72 H
DTHY, AEELIWUEREWENE EL722%E
BEEA ) VI NICE S ol b B HEDL D
AW, HZARTH bolus V72 modified L ¥ X ¥
DBEEHITHON TV D205, RIEFHERITB TV Rw,

% 72 ACCORD 11 % H & D R E& O 3 8 3 3=
EREYAETLIHRBETH D720, BFTEITEEIC
T AR, BWIUEERIRICER LT
R b2, $FIC border line resectable BEHRE 125

19 = 889

THRBPRBOMENEIN TV Wi
ERBEEON LS TELE LTS, &5
i 2 wALEEIRE L LT FOLFIRINOX # Hwv 723k
ELHAHY, LHrLINbRIELAFEIEF VA
EAHETAHLDOTRELSBROBEELBEBRETD
5.

EEtFEENDSEORRATA

FOLFIRINOX R# 1% PS AR <, igest¥peds+
SR T AEEREICIEIZOBREEZZITON
LUREEENH D, KEWRESNLHELTH 5.
B bEREOHBIE, TRTOBEEOFT
bo & QIHEICEILT APEE IS L CHEHTH 5
ZLIZMEN V. —FT, PAEERE, BRE
T, BRERDRES L OBERERE BT HHERIC
BWT, FAHET FOLFIRINOX #iEMEIL & 7
BEENEDL SV R DEDRIRABTHD. T
TRU2 A SN TV ABNMIBNTY, B
BERD % BEORRZIZIL2EORVnEDE
HbITHBY, —7F T modified FOLFIRINOX D
BHEOMENLZ L AONTWAE, SHBIFEDL
SWOIERNIH L T EDOREDEFEDHE 42D
W EOMADLETH 5.

BERE DALSEE IR 2 0 10 E L E, R RS
& 7278, FOLFIRINOX 2383 L, & 5 iZidikw
WREHTEXA2TEEODLF T2 ¥ 5%
WOLEFBENBEL I AV THY), TNOLAREFE
ACELH-LRERBICA - BbNS.

bW

BAEICBIFAEBIC X 2T HEEUL TR 25
41230672 A&, DT 35 A% 22 LTS &
HNTETOEANMDONEN LY, BB
ThbH. BERITZWEICETLTB Y EUBREO
EIEDV LW DREIIMLFEEEIEETHSH 2
EEEYFTH RV, BEOWEREOM Lo
DIZRIERORHFEREF UL, LHEENES
hHREEDHEETNSG.
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The current status of FOLFIRINOX for unresectable
pancreatic cancer

Shinichi OHKAWA*
Key words: FOLFIRINOX, Unresectable pancreatic cancer, Chemotherapy

For a long time, gemcitabine hydrochloride (GEM) had been used as standard care for unresectable
pancreatic cancer. Subsequently, GEM plus erlotinib, and S—1 were added as other standard therapies in
Japan, but there were no large differences in efficacy among these 3 regimens. FOLFIRINOX clearly
showed superiority of survival over GEM by the randomized study that was conducted in France, and
was rapidly added as a new option of standard care for the first line of unresectable pancreatic cancer. In
Japan, a phase II study was conducted following the similar regimen, and since it showed favorable re-
sults, FOLFIRINOX was approved for treatment of unresectable pancreatic cancer in December 2013.
FOLFIRINOX shows a good response rate, but it is composed of 4 drugs and has many adverse events.
It should be used with intensive and prompt care to minimize side effects when compared with the other
regimens. It is necessary for the physician to examine the eligibility of each individual case before practi-
cal use.

* Department of Hepato—Biliary and Pancreatic Oncology, Kanagawa Cancer Center (Kanagawa)



ORIGINAL ARTICLE

Clinical Characteristics of Adenosquamous
Carcinoma of the Pancreas

A Matched Case-Control Study

Hiroshi Imaoka, MD,* Yasuhiro Shimizu, MD,} Nobumasa Mizuno, MD,* Kazuo Hara, MD,*
Susumu Hijioka, MD,* Masahiro Tajika, MD,* Shinya Kondo, MD,* Tsutomu Tanaka, MD,*
Takeshi Ogura, MD,* Tomohiko Obayashi, MD,* Toshiyuki Hasegawa, MD,} Yasumasa Niwa, MD,*
and Kenji Yamao, MD*

Objectives: Adenosquamous carcinoma of the pancreas (ASC) is a
variant of pancreatic ductal adenocarcinoma (PDAC), but the prognosis
remains unclear. The purpose of this study was to clarify the prognosis
of ASC using a matched case-control design.

Methods: We evaluated clinical characteristics of ASC treated between
2001 and 2011 in our institution. As controls, PDAC cases matched with
ASC cases for sex, age, pretreatment Eastern Cooperative Oncology Group
performance status, location, initial therapy and American Joint Committee
on Cancer TNM staging for pancreatic cancer were also evaluated.
Results: Of the 914 cases of pancreatic neoplasm, 28 cases (3.06%)
of ASC were identified, and 56 cases of PDAC were matched as con-
trols. Median overall survival (OS) was significantly worse for ASC
(8.38 months) than for PDAC (15.75 months; hazard ratio [HR], 1.94;
95% confidence interval, 1.07-3.51; P = 0.026). Of the 22 unresected
cases, median OS was again significantly worse for ASC (4.67 months)
than for PDAC (12.36 months; HR, 2.39; 95% confidence interval,
1.27-4.51; P = 0.007).

Conclusion: These results demonstrate that ASC is more aggressive
than PDAC.

Key Words: adenosquamous carcinoma of the pancreas (ASC),
pancreatic ductal adenocarcinoma (PDAC), endoscopic
ultrasound-guided fine-needle aspiration (EUS-FNA), matched
case-control study, pancreatic cancer

(Pancreas 2014;43: 287-290)

ancreatic neoplasms may exhibit more than one line of cel-

lular differentiation.!”> Adenosquamous carcinoma of the
pancreas (ASC) is one such mixed neoplasm, exhibiting both
glandular and squamous differentiation.*° Herxheimer’ reported
the first case of ASC in 1907, but despite the accumulation of
reports, most descriptions have been from case studies® and small
surgical series.” Adenosquamous carcinoma of the pancreas
has anecdotally been considered aggressive and has shown poor
prognosis compared with pancreatic ductal adenocarcinoma (PDAC).
However, as 2 recent population-based analyses reported,'®!!
whether ASC is actually more aggressive than PDAC remains
unclear. Furthermore, many clinical trials have treated both

From the Departments of *Gastroenterology, TGastroenterological Surgery,

and Pathology and Molecular Diagnostics, Aichi Cancer Center Hospital,

Nagoya, Japan.
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PDAC and ASC equally. The purpose of this study was therefore
to clarify the clinical features and prognosis of ASC using a
matched case-control design.

MATERIALS AND METHODS

We evaluated the pathological and clinical records of
ASC and PDAC treated in our institution between 2001 and
2011. All cases were diagnosed based on cytological or histo-
logical confirmation from a surgical specimen or endoscopic
ultrasound-guided fine-needle aspiration (EUS-FNA). Patho-
logical diagnosis of ASC was made based on the following
criteria for surgical and EUS-FNA specimens. In the surgical
specimen, the tumor exhibits both glandular and squamous
differentiation, with the squamous component accounting for at
least 30% of the neoplasm.*> In the EUS-FNA specimen, as-
pirate shows both glandular and squamous differentiation
characterized by an infiltrating sheetlike arrangement of po-
lygonal cells with keratinization, confirmed by cytological or
histological examination (Fig. 1).!? To distinguish between pri-
mary ASC and metastasis from another site,'? patients with any
history of squamous cell carcinoma or other cancers were ex-
cluded from this analysis.

The procedure for EUS-FNA has been described previ-
ously.'* After the procedure, one slide was air-dried and ex-
amined immediately with a rapid staining method (Diff-Quik
stain; International Reagents, Kobe, Japan) to verify adequacy
of the specimen and provide a presumptive diagnosis, if possi-
ble. Multiple passes were made in each case to provide speci-
mens for cytological studies with Papanicolaou stain. Samples
were also exposed to 10% formalin and then processed as a
tissue block for histopathological evaluation using hematoxylin-
eosin staining.

As controls, PDAC cases matched in a 2:1 ratio to ASC
cases for pretreatment Eastern Cooperative Oncology Group
performance status (0—1 or >2), initial therapy and tumor stag-
ing were also included in this study. Data were abstracted from
medical records by 2 reviewers (T.O. and T.0.) who were blinded
to case-control status. Two reviewers independently assessed
these data, and disagreements were resolved by discussion with a
third reviewer (K.Y.). In surgical cases, tumor staging was made
based on pathological findings. In unresectable cases, staging was
made based on computed tomographic results. In both situations,
staging was performed in accordance with the American Joint
Committee on Cancer staging system for pancreatic cancer. Tu-
mor response and lymph node status were determined according
to the Response Evaluation Criteria in Solid Tumor.!

Statistical Analysis
All values represent mean + standard deviation. Bivariate
analysis was performed using the Student ¢ test for continuous
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FIGURE 1. Representative images of ASC pathology. A, Computed tomography shows a large heterogeneous mass in the head of
the pancreas. In the EUS-FNA specimen, aspirates show atypical keratinized cells with hyperchromatic nucleus and cytoplasmic
orangeophilia (Papanicolaou stain, original magnification x400; B), tissue fragments of neoplastic cells with cytoplasmic opacity and
glandular differentiation against a necrotic background (Diff-Quik stain, original magnification x200; C), and prominent squamous
differentiation (hematoxylin and eosin stain, original magnification x400; D). E, In the surgical specimen, both glandular and squamous
differentiation are present (hematoxylin and eosin stain, original magnification x200).

variables, and using the x? test or the Fisher exact test for cat-
egorical variables. Survival was evaluated using the Kaplan-
Meier method, and hazard ratios (HRs) were calculated using
Cox proportional hazards model. P < 0.05 was considered sta-
tistically significant, and all P values are 2 sided. Data were ana-
lyzed using STATA version 11.1 statistical software (StataCorp,
College Station, Tex).

RESULTS

First, we examined clinical characteristics of ASC based
on our diagnostic criteria. Of the 914 cases of the pancreatic
neoplasms treated between 2001 and 2011, a total of 28 cases
(3.0%) of ASC were identified. Patients’ characteristics are sum-
marized in Table 1. Median age at diagnosis was 64.0 years (range,
44-79 years). The American Joint Committee on Cancer tumor
staging was IIA in 5 patients (17.8%), [IB in 2 patients (7.1%), HI
in 5 (17.8%), and IV in 16 patients (57.1%). Adenosquamous
carcinoma of the pancreas was slightly more common in the body-
tail of the pancreas (57.1%). The initial treatment for ASC
was curative resection in 6 patients, palliative chemotherapy
using gemcitabine (Gem) in 16 cases, Gem plus S-1in 1 case,
5-fluorouracil-based chemoradiotherapy in 1 case, S-1-based
chemoradiotherapy in | case, and best supportive care in
3 cases. For the 6 cases of patients (21.4%) who underwent
curative resection, pathological tumor staging was IIA in
4 cases and IIB in 2 cases. Three of these cases were located in
the pancreatic head, and the others were in the pancreatic
body-tail. Five of these cases showed no recurrence, with only
1 case showing recurrence 13.5 months postoperatively (me-
dian observation period, 36.6 months [range, 7-90.7 months}).

Next, we clarified the clinical features and prognosis of
ASC using a matched case-control study. Characteristics of the
control group in the matched case-control study are also shown
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in Table 1. Demographic and baseline discase characteristics
of patients were similar in both ASC and PDAC groups. How-
ever, fewer measurable target lymph nodes metastases were seen
in the ASC group than in the PDAC group (42.8% vs. 17.8%,
P =0.014). In the stage IV patients with ASC, the most com-
mon metastatic sites were the liver (81.2%) and lymph nodes
(75%). In patients with PDAC, the most common sites were the
same, but with different proportions (liver, 59.3%; and lymph
nodes, 31.2%). Median duration of follow-up was 14.9 months
(95% confidence interval [CI], 11.6-18.1). Median overall
survival (OS) was 8.3 months (95% CI, 3.8-16.6 months) in the
ASC group, compared to 15.7 months (95% C1, 12.3-32.7 months)
in the PDAC group (HR for death, 1.94; 95% CI, 1.07-3.51)
(Fig. 2). Overall survival rates at 6, 12, and 24 months were
53.3%, 38.7%, and 12.1%, respectively, in the ASC group com-
pared with 86.9%, 65.3%, and 42.0%, respectively, in the PDAC
group.

In unresected patients, the median OS was 4.6 months
(95% CI, 3.8-11.8 months) in the ASC group and 12.3 months
(95% CI, 8.9-16.0 months) in the PDAC group (HR for death,
2.39; 95% CI, 1.27-4.51) (Fig. 3). Overall survival rates at
6, 12, and 24 months were 43.2%, 24.7%, and 0.0%, respec-
tively, in the ASC group, compared with 83.1%, 55.0%, and
26.9%, respectively, in the PDAC group. Among patients re-
ceiving either chemoradiotherapy or chemotherapy, the objective
response rate was 10.5% in the ASC group and 13.5% in the
PDAC group (P = 1.000). On the other hand, among patients re-
ceiving palliative chemotherapy using Gem, the objective re-
sponse rate was 6.25% in the ASC group and 12.5% in the
PDAC group (P = 0.652). In patients with stage IV disease, the
median OS was 3.9 months (95% CI, 3.1-8.3 months) in the ASC
group and 9.3 months (95% CI, 6.9—-14.8 months) in the PDAC
group (HR for death, 2.27; 95% CI, 1.07-4.83). In patients with liver
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Prognosis of Adenosquamous Carcinoma

TABLE 1. Patient Characteristics

ASC PDAC

P
n=28) (n=56)

ECOG performance status score, %

0-1 27 (96.4) 54 (96.4)

>2 1(3.5) 2(3.5) 1.000
Initial treatment

Curative resection 6 12

Chemoradiation 2 4

Gem 16 32

Gem+S-1 1 2

BSC 3 6 1.000
Tumor stage (AJCC)

A 5 10

1IB 2 4

11 5 10

v 16 32 1.000
Age, mean * SD, yr 645+9.1 63.8+87 0.639
Sex, %

Male 19 (67.8) 38 (67.8)

Female 9(32.1) 18(32.1) 1.000
Location, %

Head 12 (42.8) 24 (42.8)

Body-Tail 16 (57.1) 32(57.1) 1.000
Measurable metastatic sites, %

Liver 13 (46.4) 19 (33.9) 0.266

Lymph node 12 (42.8) 10(17.8) 0.014

Lung 1(3.5) 6 (10.7) 0416

Peritoneal 5(17.8) 12(21.4) 0.780

40.6+£13.6 351+163 0.929

BSC, best supportive care; ECOG, Eastern Cooperative Oncology
Group; GEM, gemcitabine; SD, standard deviation.

Size, mean + SD, mm

metastasis, the median OS was 3.9 months (95% CI, 2.4—8.3 months)
in the ASC group and 10.4 months (95% CI, 7.4-14.8 months) in the
PDAC group (HR for death, 3.03; 95% CI, 1.26-7.28).

DISCUSSION

Adenosquamous carcinoma of the pancreas is a variant of
PDAC that accounts for 3% to 4% of malignant neoplasms of
the pancreas.!®'® Adenosquamous carcinoma of the pancreas
has been considered to show poor prognosis owing to its ag-
gressive behavior,'®~?! but the clinical features of ASC have
been based primarily on case studies® and small surgical series
with early-stage cancers.® Thus, whether ASC is actually more
aggressive than PDAC has remained controversial. Two population-
based analyses of ASC have recently been reported.'®!! Boyd
et al'® described OS after surgical resection of ASC as signifi-
cantly worse compared to that after resection of PDAC. On the
other hand, Katz et al'! reported that median OS for ASC was
4 months, similar to that for PDAC. They also mentioned that
treatment of patients with ASC by surgical resection was associ-
ated with a favorable prognosis.!! These reports about the prog-
nosis of ASC have shown several problems. One is the prejudiced
staging of disease. Although ASC has been regarded as a more
progressive malignancy, reports have mainly mentioned loco-
regional disease, not metastatic disease. The other drawback is a
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FIGURE 2. Kaplan-Meier curve comparing ASC with PDAC.
Kaplan-Meier estimates show overall survival, with median
values of 8.3 months in the ASC group and 15.7 months in the
PDAC group.

lack of specific information about treatment. Based on registry data,
they did not mention detailed palliative treatments in unresectable
cases. This information seems essential to clarify the real clinical
characteristics and behaviors of ASC. This study therefore exam-
ined the clinical characteristics and prognosis of ASC in a matched
case-control study.

The present study examined the clinical characteristics and
prognosis of ASC. Among all pancreatic neoplasms, 28 cases
(3.06%) of ASC were identified. Adenosquamous carcinoma of
the pancreas predominantly affected males (67.8%), and the
mean age at diagnosis was 64.5 years. These findings resemble
the results from other reports for ASC!7*? and shared clinical
characteristics with conventional PDAC. On the other hand, our
matched case-control study showed that ASC metastasizes to
lymph nodes more frequently than PDAC. Although the dif-
ference was not significant, tumors also tended to be larger in
ASC than PDAC. Boyd et al'® reported in a population-based
analysis that ASC was more likely to be larger and node

0.75 1.00
L N

Proportion Surviving
0.50

0

Follow-up (months)
No. at Risk
PDAC 44 25 7 5 2
ASC 22 7 1 1 1

FIGURE 3. Kaplan-Meier curve comparing ASC with PDAC

in unresected patients. Kaplan-Meier estimates show overall
survival, with median values of 4.6 months in the ASC group and
12.3 months in the PDAC group.
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positive compared with PDAC. Results from our matched case-
control study support their findings. Because we used cancer
stage as a matching valuable, we could not examine the fre-
quency of distant metastases in patients with ASC compared
with PDAC. However, ASC being more likely to be larger and
node-positive may indicate more aggressive behavior of ASC
compared with PDAC.

Our results clearly show that ASC was more progressive
than conventional PDAC. The median OS was significantly
worse for ASC (8.38 months) than for PDAC (15.75 months).
Of the 22 unresected cases, OS was significantly worse for
ASC than for PDAC, with an HR 0f 2.39 (95% CI, 1.27-4.51;
P =0.007; median, 4.67 months vs 12.36 months). This seems
attributable to the aggressive behavior of ASC. As previously
mentioned, ASC tends to metastasize to lymph nodes more
frequently than PDAC, even within the same cancer stage.
Furthermore, in patients with stage IV disease, simultaneous
metastases to the liver and lymph nodes were seen more fre-
quently in the ASC group (43.7%) than in the PDAC group
(3.1%, P = 0.001). This aggressiveness may contribute to the
poor prognosis. We suppose that stronger chemotherapy is one
promising option for patients with ASC. In this study, Gem
was the most frequently administered agent as palliative chemo-
therapy. However, Gem shows modest survival benefit in patients
with pancreatic cancer. Other newer combination chemothera-
peutic regimens, such as GEM-erlotinib®* and FOLFIRINOX,?*
may thus offer promising therapies for ASC.

In summary, we investigated the clinical characteristics and
prognosis of ASC using a matched case-control study. The pre-
sent results show that ASC was more progressive than conven-
tional PDAC. Conversely, in resectable cases, surgical resection
can provide a better prognosis for these patients.
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Natural History of Branch Duct Intraductal Papillary
Mucinous Neoplasm With Mural Nodules

A Japan Pancreas Society Multicenter Study
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Objective: This study aimed to elucidate the natural history of intraductal
papillary mucinous neoplasm (IPMN) of the pancreas with mural nodules
(MNs) in branch duct IPMN (BD-IPMN).

Methods: Among the 402 registered patients with BD-IPMN on
long-term follow-up at 10 institutions in Japan, 53 patients with MNs of
less than 10 mm in height detected by endosonography were included in
this study. The morphological changes of the BD-IPMN in these patients
and histologic findings of the resected specimen were investigated.
Results: The median height of the MNs at the initial diagnosis was
3 mm (range, 1-8 mm), and 12 (23%) of the 53 patients showed an
increase in the height of the MNs during follow-up (mean duration,
42 months). Six patients underwent surgery because of an increase in the
height of MNss, yielding high-grade dysplasia in | patient and low-grade
dysplasia in 5 patients. No patients developed invasive carcinoma derived
from IPMN, and distinct pancreatic ductal adenocarcinoma developed in 1
(2%) patient. The incidence of the development of malignancy in BD-
IPMNSs, including distinct pancreatic ductal adenocarcinoma, was similar
to that of those without MNs.

Conclusions: In patients who have BD-IPMN with MNs of less than
10 mm in height, observation instead of immediate resection is considered
to be possible.

Key Words: intraductal papillary mucinous neoplasm, natural history,
follow-up, endoscopic ultrasonography, pancreatic ductal
adenocarcinoma

From the *Department of Gastroenterology, Sendai City Medical Center,
Sendai; fCenter for Gastroenterology, Teine-Keijinkai Hospital, Sapporo;
tDepartment of General Medicine, Asahikawa Medical College, Asahikawa;
§Department of Gastroenterology, Aichi Cancer Center Hospital, Nagoya; ||Center
for Gastroendoscopy, Onomichi General Hospital, Hiroshima; §Department of

Surgery, Institute of Gastroenterology, Tokyo Women’s Medical University,

Tokyo; #Department of Surgery and Oncology, Graduate School of Medical

Sciences, Kyushu University, Fukuoka; **Department of Gastroenterology, Chiba

Cancer Center, Chiba; {1Department of Gastroenterological Surgery, Tokai

University School of Medicine, Kanagawa; {{Department of Hepato-Biliary-

Pancreatic Surgery and Transplantation, Kyoto University; and §§Department

of Pathology, Kyoto Prefectural University of Medicine, Kyoto, Japan.

Received for publication March 18, 2013; accepted December 15, 2013.

Reprints: Go Kobayashi, MD, PhD, Department of Gastroenterology, Sendai
City Medical Center, 5-22-1, Tsurugaya, Miyagino-ku, Sendai,
983-0824, Japan (e-mail: go-koba@mua.biglobe.ne.jp).

The Working Group for the Natural History of Intraductal Papillary Mucinous
Neoplasm of the Japan Pancreas Society includes all authors of this article.

The authors declare no conflict of interest.

This is an open-access article distributed under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 3.0 License, where it is permissible
to download and share the work provided it is properly cited. The work cannot be
changed in any way or used commercially. http://creativecommons.org/licenses/
by-nc-nd/3.0.

Copyright © 2014 by Lippincott Williams & Wilkins

532 | www.pancreasjournal.com

Abbreviations: BD-IPMN - branch duct intraductal papillary mucinous
neoplasm, CT - computed tomography, ERCP - endoscopic retrograde
cholangiopancreatography, EUS - endoscopic ultrasonography,

IPMN - intraductal papillary mucinous neoplasm, MD-IPMN - main
duct intraductal papillary mucinous neoplasm, MN - mural nodule,
MPD - main pancreatic duct, MRCP - magnetic resonance
cholangiopancreatography, PDAC - pancreatic ductal adenocarcinoma,
US - ultrasonography

(Pancreas 2014;43: 532-538)

ccording to the international consensus guidelines 2012 for

the management of intraductal papillary mucinous neoplasms
(IPMNs) and mucinous cystic neoplasms of the pancreas, main
duct IPMN (MD-IPMN) and branch duct IPMN (BD-IPMN) are
significantly different with regard to the prevalence of carcinoma,
and therefore, the classification has prognostic implications.
When MD-IPMN is diagnosed in a patient, surgical treatment
should be considered. In BD-IPMN, however, it is important
to differentiate low-grade dysplasia from high-grade dysplasia
(carcinoma in situ) or ordinary invasive pancreatic ductal ade-
nocarcinoma (PDAC) to avoid excessive surgery.

The presence of mural nodules (MNs) has reportedly been the
most important factor for predicting malignancy and determining
the indication for surgery of BD-IPMN. However, there is a paucity
of data on the morphological and histologic changes in patients
with BD-IPMN with MNs during follow-up. The aim of this study
was to evaluate long-term follow-up results of patients with BD-
IPMN who had MNs on initial imaging in a retrospective multi-
center series for better management of patients with BD-IPMN.

MATERIALS AND METHODS

Patients

The working group of the Japan Pancreas Society for the
investigation of the natural history of IPMN,? 5 university hos-
pitals and 5 tertiary referral institutions, collected information on
417 follow-up patients for more than 1 year who had undergone
endoscopic ultrasonography (EUS) at the time of initial diagnosis
during the period from November 1993 to February 2008. Those
patients who had been followed up due to an inoperable PDAC
derived from IPMN were excluded.

The indications for follow-up were based on the sugges-
tions described in the international consensus guidelines 20067;
these are as follows: BD-IPMNs with no symptoms such as ab-
dominal pain, jaundice, or pancreatitis, MNs of less than 10 mm
in height, cyst size of less than 3 cm, and main pancreatic duct
(MPD) dilation of less than 10 mm. Ten patients with an initial
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cyst size of 3 ¢cm and 5 patients with that of more than 3 cm
were included.

Among the 417 follow-up patients, 15 were excluded from
the analysis because they did not satisfy the inclusion criteria,
which are as follows: follow-up periods of less than 1 year in
4 patients, MPD dilation of more than 10 mm in 5 patients,
histologically diagnosed as non-IPMN in 3 patients, MN height
of more than 10 mm in 1 patient, and incomplete data in
2 patients. Accordingly, 402 patients with BD-IPMN without
MNs of 10 mm or greater in height on EUS at the time of initial
diagnosis who had been followed up by several surveillance im-
agings for 1 year or more were eligible for this study.* Finally, a
total of 53 patients with BD-IPMN with MNs of less than 10 mm
in height who underwent EUS, ultrasonography (US), and/or
computed tomography (CT) at least twice, including the initial
EUS during follow-up, were included.

Definitions

A diagnosis of IPMN was made by imaging when a dilated
MPD or a cystically dilated branch duct was recognized in asso-
ciation with secretion of mucin from the major or minor papilla or
mobile filling defects in the pancreatic duct on endoscopic retro-
grade cholangiopancreatography (ERCP) or when multilocular
cystic lesions were recognized on EUS, magnetic resonance
cholangiopancreatography (MRCP), and/or CT. Branch duct
IPMN was defined as a condition in which the main lesion was a
cystically dilated branch duct with an MPD diameter of less than
10 mm. The size of the dilated branch duct was measured en bloc
in patients with multilocular cysts. The presence or absence of
MNs in cystic branches was determined based on morphological
features on EUS at the initial diagnosis. Color Doppler imaging
or contrast-enhanced EUS was not applied in most of the cases
because of the dominant use of a mechanical radial scanner.
The change in the height of MNs was assessed essentially by
follow-up EUS at registration, as available. In patients who
underwent surgery after follow-up, the diagnosis of IPMN was
confirmed histologically. Pathologic results were determined by
the World Health Organization criteria published in 2010%; these
are as follows: low-grade dysplasia (“intraductal papillary mu-
cinous adenoma”), intermediate-grade dysplasia (“IPMN with
moderate dysplasia”), high-grade dysplasia (“intraductal papil-
lary mucinous carcinoma, noninvasive,” “carcinoma in situ”),
and PDAC. The highest pathologic grade was adapted when there
were multifocal lesions.

Pancreatic ductal adenocarcinoma was divided into 2 types,
as reported by Yamaguchi et al,> 1 derived from IPMN (“IPMN
with an associated invasive carcinoma”) showing a histologic
transition between IPMN and invasive carcinoma and the other
concomitant with IPMN in which invasive carcinoma developed
at a site in the pancreas different from that of the IPMN,
according to the radiologic images and macroscopic or micro-
scopic findings.

Methods

In patients with evident MNs in the cystic lumen, the height
of the most prominent MNs was measured by EUS. During the
follow-up period, strict monitoring of BD-IPMNs was performed
by EUS, US, MRCP, and/or CT at intervals of 3 to 6 months. The
modality used for the monitoring of BD-IPMNs was at the dis-
cretion of each institution and on a case-by-case basis, not fol-
lowing a unified protocol.

The maximum diameter of cystically dilated branch ducts
and MPDs was measured by EUS in combination with US, CT,
and/or MRCP, as available. Morphological findings at the initial
examination, including the height of MNs, size of cystic branch,
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diameter of MPD, and presence of multifocal lesions, were
collected. The frequency of enlargement of the cystically dilated
branch, progression of MPD dilation, and an increase in the
height of MNs were investigated using the follow-up data.
Then, the characteristics of patients with BD-IPMN showing an
increase in the height of MNs during follow-up were evaluated
and compared with those patients without such an increase. In
patients who had undergone surgery with morphological pro-
gression during follow-up, histologic findings of the resected
specimens were evaluated, and the incidence and background
of the development of invasive carcinoma associated with those
lesions during follow-up were investigated.

These characteristics and morphological changes in the pa-
tients with IPMN with MNs were compared with those of the
patients who did not show MNs on EUS at the time of initial di-
agnosis. The incidences of the development of PDAC derived
from IPMN and PDAC concomitant with IPMN during follow-up
were compared as well. Furthermore, the factors predictive of
PDAC concomitant with IPMN were investigated.

Statistical Analysis

The average age, maximum size of cystic branch, maximum
diameter of the MPD, and maximum height of MNs at the initial
examination were compared using Student ¢ test. The differences
in the incidence of sex, enlargement of cystic branch, progression
of MPD dilation, progression of MNs height, and multifocal le-
sions were examined with the x? test or Fisher exact test. P value
of less than 0.05 was considered significant. The predictive fac-
tors for PDAC concomitant with IPMN were investigated by
univariate analysis. The calculations were carried out using SPSS
11 for Windows (release 16.0; SPSS, Chicago, Il1).

RESULTS

Follow-up Results

The mean follow-up period of the 53 patients with BD-IPMN
with MNs was 42.4 (SD, 22.2) months (range, 12—196 months).
There were 28 men and 25 women, with a mean age of 66.1
(SD, 8.1) years (range, 4483 years).

At the time of the initial diagnosis, all 53 patients underwent
EUS. Computed tomography, US, MRCP, and ERCP were also
carried out in 32, 30, 26, and 40 patients, respectively. At regis-
tration, EUS, CT, US, MRCP, and ERCP were carried out in
43, 25, 15, 27, and 20 patients, respectively. The mean height of
MNs among the 53 patients at the start of follow-up was 3.2
(SD, 1.6) mm (median, 3 mm; range, 1-8 mm), and MN heights
of less than 5 mm and those 5 to 10 mm were found in 41
(77.4%) patients and 12 (22.6%) patients, respectively. The mean
maximum size of the cystically dilated branch and the mean di-
ameter of the MPD were 2.2 (SD, 0.9) cm (range, 0.84.2 cm)
and 3.9 (SD, 1.4) mm (range, 1-9 mm), respectively. The
cystically dilated branch with the main MN was located in the
head of the pancreas in 32 patients, in the body in 16 patients,
and in the tail in 5 patients. Ten patients underwent surgery
because of an increase in the height of the MNs (n = 6), en-
largement of the dilated branches (n = 1), development of con-
comitant PDAC (n = 1), emergence of symptoms (n = 1), and
patient’s request (n = 1).

Changes in the Size of Cystic Branches

During follow-up, enlargement of the cystic branch was
identified in 4 (7.5%) of the 53 patients, none of whom showed an
increase in the size of the MNs (Fig. 1). One patient, a 68-year-old
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BD-PMN with MNs
followed up for 1 year or more
in 53 patients

!

No change in height of MNs
41 77%

Cystic branch size MPD diameter

—

Enlargement Neo change No change Progressnon

Resection 3
(PDAC concomitant with IPMN 1)
(Low-grade dysplasia 2)
(Symptom, Patient’s request)

Resection 1
(Low-grade dysplasia 1)

'

Increase in height of MNs
12 23%

Cystic branch size MPD diameter

—

Enlargement No change No change Progresswn

Resection 5
(Low-grade dysplasia 4)
(High-grade dysplasia 1)

Resection 1
(Low-grade dysplasia 1)

FIGURE 1. Changes in MNs, cyst size, and MPD diameter during follow-up.

man, underwent surgery because of an increase in the size of
the cystic branch from 3 to 4.5 cm in 37 months, whereas the
height of MN (3 mm) remained unchanged during follow-up.
The histologic examination of the resected specimen verified
low-grade dysplasia.

Changes in the Size of MPD

Of the 53 patients, 4 (8%) showed progression of MPD
dilation during the follow-up (Fig. 1). All of these 4 patients
exhibited an increase in the size of the MNs as well; these are
as follows: from 3 to 6 mm, from 8 to 13 mm, from 4 to 8 mm,
and from 5 to 8 mm, respectively. One patient underwent resec-
tion, leading to a pathologic diagnosis of low-grade dysplasia
(patient 7; Table 1). The other patients are now under follow-up.

Changes in the Height of MNs

Of the 53 patients, 12 (23%) showed an increase in the
height of the MNs during follow-up (Fig. 1). In those 12 patients,
the mean size of the cystic branch, the mean diameter of the
MPD, and the mean height of the MNs at the initial examination
were not significantly different from those in the group without
an increase in the size of the MNs during follow-up (Table 2).
Furthermore, none of these 12 patients showed an enlargement
of the cystic branch during follow-up. The frequency of pro-
gression of MPD dilatation during follow-up was significantly
higher in the group with an increase in the height of MNs than
those in the group without (33% vs 0%, P = 0.002). Furthermore,
there was no significant difference in the frequency of enlarge-
ment of cystic branch between the groups (0% vs 10%, P=0.35).

TABLE 1. Patients With BD-IPMN Showing an Increase in Height of MNs During Follow-up (n = 12)

Progression of
MN Size, mm MPD Dilation, mm  Cystic Branch Resection

Patient no Age,y Sex Follow-up, mo

Enlargement of Histologic

Findings

1 58 F 60 1—4
2 76 F 40 1—5
3 74 F 32 3-8
4 69 F 60 36
5 75 M 74 8 — 13
6 75 M 67 438
7 61 F 82 5—8
8 56 F 24 35
9 54 M 15 1—-3
10 63 M 26 7—-13
11 60 M 91 5—-10
12 72 M 71 6— 13

!
\
|
|

Low-grade dysplasia
Low-grade dysplasia
Low-grade dysplasia
Low-grade dysplasia
Low-grade dysplasia
High-grade dysplasia

l
i
+ o+ o+ o+

F indicates female; M, male.
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TABLE 2. Comparison of Characteristics Between the Patients With BD-IPMN With and Without an Increase in Height of MNs

During Follow-up (n = 53)

Height of MNs

Increased No Change
n =12 (23%) n =41 (77%) P

Mean (SD) age, y 66.1 (8.3) 66.1 (8.2) 0.99
Sex (male/female) 21/20 0.66
Initial average (SD) size of cystic branch, cm 2.6 (1.0) 2.1 (0.8) 0.07
Initial average (SD) diameter of MPD, mm 4.3 (1.50) 3.8(1.4) 0.29
Initial average (SD) height of MNs, mm 3924 3.0(1.4) 0.24
Enlargement of cystic branch 4 (10%) 0.35
Progression of MPD dilation 4 (33%) 0 <0.01 (0.002)
High-grade dysplasia 1 (8%) 0
Invasive carcinoma derived from IPMN 0
Invasive carcinoma concomitant with IPMN 1 2%)

Six of the 12 patients showing an increase in the height of
MNs underwent surgery. Histologic examination of the resected
specimens verified high-grade dysplasia in 1 patient and low-
grade dysplasia in 5 patients. None of them showed develop-
ment of PDAC (Table 1). Among the 6 other patients who did not
undergo surgery, | patient with MNs of 13 mm in height refused
surgery and the remaining 5 patients who had MNs of less than
10 mm in height are under follow-up.

Of the 41 patients without an increase in the height of MNs,
4 underwent surgery, 1 of whom had a new appearance of a solid
mass in a different portion in the pancreas. Histologic examination
of the resected specimen revealed the mass to be a PDAC con-
comitant with IPMN and the IPMN itself was a low-grade dys-
plasia (Fig. 1). In the remaining 3 patients, pathologic diagnosis
was all low-grade dysplasia.

Development of Malignancy Among Surgical Cases

To summarize the 10 surgical cases, 1 (2%) patient devel-
oped PDAC concomitant with IPMN without enlargement of the
cystic branch, an increase in the height of MNs, or progression of
MPD dilation.

In the remaining 9 patients, 1 (2%) had high-grade dysplasia
and the others had low-grade dysplasia. The patient with high-
grade dysplasia showed an increase in the height of the MNs
from 6 to 13 mm in 71 months without enlargement of the cystic
branch or progression of MPD dilation (Fig. 1).

Comparison of Morphological Changes and
Histologic Findings Between Patients With
BD-IPMN With and Without MNs

Size of Cystic Branches

The comparison of morphological changes and histologic
findings between patients with BD-IPMN with and without MNs
is shown in Table 3. At the time of the initial diagnosis, the mean
maximum size of the cystically dilated branch in the patients with
and without the MNs was 2.2 (SD, 0.9) cm and 2.0 (SD, 0.9) cm,
respectively. There was no significant difference between the
2 groups (P = 0.28). Furthermore, there was no significant dif-
ference in the incidence of enlargement of cystic branch during
follow-up between the groups (8% vs 9%, P = 0.47).

Diameter of MPD

The initial diameter of the MPD in the patients with MNs
was significantly greater than that in those without (3.9 [SD,
1.4] mm vs 3.3 [SD, 1.3] mm, P = 0.001). On the other hand,
there was no significant difference in the frequency of pro-
gression of MPD dilation during follow-up between the groups
(8% vs 7%, P = 0.52).

Development of Malignancy

The number of patients who underwent surgery in each
group with and without MNs was 10 of the 53 patients and 29

TABLE 3. Comparison of BD-IPMNs With and Without MNs by EUS at the Initial Examination (n = 402)

MNs by Initial EUS Present (n = 53) Absent (n = 349) P
Mean (SD) age, y 66.1 (8.1) 65.7 (10.0) 0.79

Sex (male/female) 28/25 178/171 0.80
Initial average (SD) size of cystic branch, cm 21.7 (8.8) 20.2 (9.3) 0.28
Initial average (SD) diameter of MPD, mm 39014 33(1.3) <0.01 (0.001)
Enlargement of cystic branch 4 (8%) 32 (9%) 0.47
Progression of MPD dilation 4 (8%) 24 (7%) <0.01 (0.002)
High-grade dysplasia 1 (2%) 8 2%) 0.66
Invasive carcinoma derived from IPMN 0 1(0.3%) 0.87
Invasive carcinoma concomitant with IPMN 0 1 (2%) 0.72
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TABLE 4. Risk Factors of PDAC Concomitant With IPMN During Follow-up by Univariate Analysis n = 402

PDAC Concomitant With IPMN (n = 8) Others (n = 394) P
Mean (SD) age, y 69.0 (6.6) 65.7 (9.8) 0.34
Sex (male/female) 5/3 201/193 0.39
Presence of MNs 1 (13%) 52 (13%) 0.72
Initial average (SD) size of cystic branch, cm 2.0(1.2) 2.0 (0.9) 0.81
Initial average (SD) diameter of MPD, mm 34(7.4) 34(1.3) 0.97
Initial average (SD) height of MNs, mm 0.3 (0.7) 0.4 (1.3) 0.69
Enlargement of cystic branch 0 36 (9%) 0.47
Progression of MPD dilation 1 (13%) 27 (7%) 0.44
Increase in height of MNs 0 38 (10%) 0.45
Multifocal lesions 2 (25%) 129 (33%) 0.49

of the 349 patients, respectively. Among the 53 patients with
MNs, the PDAC derived from IPMN developed in 0 patient, the
PDAC concomitant with IPMN in 1 (1.9%) patient, and high-
grade dysplasia in 1 (1.9%) patient. The corresponding numbers
in the group without MNs including 3 patients with unresected
PDAC concomitant with IPMN were 1 (0.3%), 7 (2.0%), and
8 (2.3%). There were no significant differences in the develop-
ment of malignancy—high-grade dysplasia (P = 0.66), PDAC
derived from IPMN (P = 0.87), and PDAC concomitant with
IPMN (P = 0.72)—Dbetween the 2 groups.

Factors Predictive of Development of Malignancy
in BD-IPMNs During Follow-up

One patient with PDAC derived from IPMN did not show
the emergence of MNs, enlargement of cystic branch, increase in
the height of MNs, or multifocal lesions. However, MPD dilation
progressed during the follow-up. In other patients with BD-IPMN
without PDAC derived from IPMN, the frequency of progression
of MPD dilation was 7%.

The factors predictive of PDAC concomitant with IPMN in
the follow-up patients were investigated by univariate analysis.
There was no significant difference in each morphological feature
between the patients with PDAC concomitant with IPMN and
those without (Table 4).

DISCUSSION

The international consensus guidelines recommend that
patients with BD-IPMNs who have MNs should basically con-
sider surgery if clinically appropriate. The subjects of the pres-
ent study, however, were patients who had been observed because
the height of MNs was less than 10 mm. In these patients, strict
monitoring of BD-IPMNs had been performed at short intervals,
which enabled investigation of the natural history of BD-IPMNs
with MNs of less than 10 mm in height. Among these pa-
tients, 23% showed an increase in the height of the MNs during
follow-up for over 40 months. In this group, there were no pa-
tients who showed enlargement of the cystic branch; however,
all 4 patients who showed progression of MPD dilation exhib-
ited an increase in the size of the MNs. The frequency of pro-
gression of MPD dilatation during follow-up was significantly
higher in the group with an increase in the height of MNs than
in the group without.

In the follow-up patients who had BD-IPMN with MNs,
none developed PDAC derived from IPMN. The incidence of
the development of malignancy in BD-IPMNs including a dis-
tinct PDAC was similar to that of those without MNs reported
in the literature. Therefore, in those who have a BD-IPMN with
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MNs of less than 10 mm in height, observation instead of im-
mediate resection is considered to be possible.

It is well known that IPMNs are characterized by slow
progression and a favorable prognosis in contrast to ordinary
PDAC, which is recognized as being very invasive.%"'! Histo-
logic studies of resected IPMNs have revealed that most IPMNs
are dysplasia without parenchymal invasion such as high-grade
dysplasia (carcinoma in situ), intermediate-grade dysplasia (bor-
derline, moderate dysplasia), and low-grade dysplasia.* On the
other hand, the presence of PDAC derived from IPMN showing
parenchymal invasion has also been recognized, colloid carcino-
ma and tubular adenocarcinoma being its predominant histologic
cell types. Therefore, the indications for surgery and determina-
tion of operative procedures based on the biologic behavior of this
tumor are currently of great concern.

There are 2 opinions as to the indications for surgery in
IPMN. One is that all patients with IPMN, including those with
low-grade dysplasia, should undergo resection. This idea is based
on the possible existence of an adenoma-carcinoma sequence in
the evolution of this type of neoplasm and is also supported by the
observations of oncogene activation. Yanagisawa et al'2 reported
that the same point mutation was detected both in the area of
carcinoma and in coexisting adenoma components. Furthermore,
duct-ectatic mucinous cystic neoplasms accompany K-ras point
mutation similar to typical exocrine pancreatic carcinomas.

On the other hand, with the increase in clinical knowledge
on the progression of IPMNs, the demand for establishing surgical
indications that take the biologic behavior of such neoplasms into
consideration is increasing.'*~'¢ There are some groups who rec-
ommend surgery only in cases of high-grade dysplasia or invasive
carcinoma, avoiding excessive surgery for benign conditions.

Main duct IPMN and BD-IPMN are significantly different
with regard to the prevalence of carcinoma,'*'® and therefore,
the classification has prognostic implications. In the review by
Tanaka et al,! the frequency of invasive carcinoma in MD-IPMN
and in BD-IPMNs have a mean of 43% (range, 11%-81%) and
18% (range, 1%—37%), respectively.

According to the new international consensus guidelines
2012 for the management of IPMNs,! when MD-IPMN is diag-
nosed in a patient with an IPMN, surgical treatment is strongly
recommended. In BD-IPMN, however, the likelihood of invasive
carcinoma is substantially less compared with that in MD-IPMNs.
Thus, the differentiation of low-grade dysplasia from high-grade
dysplasia or PDAC derived from IPMN would enable us to
avoid excessive surgery.

Among the subjects of the present study on BD-IPMN,
surgical resection was indicated according mainly to the previ-
ous international guidelines 2006, which are as follows: the
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appearance of symptoms attributable to IPMN (eg, pancrea-
titis), a cyst size greater than 30 mm, and dilation of the MPD
(>6 mm).'®"!” The usefulness of the previous consensus cri-
teria for resection has been validated by many reports.2%-24
According to the international consensus guidelines 2012, be-
cause a cyst size of more than 3 cm is a weaker indicator of
malignancy than the presence of MNs and positive cytology,
a BD-IPMN of more than 3 cm in size without MNs or positive
cytology can be observed without immediate resection, partic-
ularly in elderly patients.

Some researchers consider the measurement of the max-
imum height of the MNs in BD-IPMNs to be effective for
the differentiation between high-grade dysplasia and low-grade
dysplasia and have suggested the height of the papillary pro-
trusion of 3 to 10 mm as a cutoff value for determining the in-
dication for surgical treatment.?>° In our retrospective study on
the relationship between the height of MNs on EUS and histo-
logic findings,?® most patients in whom the maximum height of
the MNs was more than 10 mm experienced high-grade dys-
plasia (86%). Furthermore, among those who underwent sur-
gery due to the presence of MNs, no patients with MNs of
5 tol0 mm in maximum height as shown by EUS developed
PDAC derived from the BD-IPMN. Considering the biologic
behavior of this neoplasm, performing surgery only in cases of
BD-IPMN with a maximum height of MNs of more than 10 mm
is likely to be justified.

Unfortunately, these retrospective studies entailed selection
bias, that is, only patients with BD-IPMN who had been con-
sidered to have indications for surgery due to the presence of
MNs and had undergone surgery were included. To verify the
appropriateness of surgical indications based on the maximum
height of MNs, a better understanding of the developmental
course and the process of invasion in IPMN is necessary. The
investigation of the morphological and histologic changes in
patients with BD-IPMN who have undergone follow-up studies
before resection is thus indispensable.

In 2011, the same working group of the Japan Pancreas
Society? reported long-term follow-up results of 349 patients
who had no MNs on EUS at initial diagnosis. The results
showed that the PDAC derived from IPMN and the distinct
PDAC developed in 0.3% of the patients and 2.0% of the pa-
tients, respectively. In contrast, among the patients with MNs in
the present multicenter study, PDAC derived from IPMN and
PDAC concomitant with IPMN developed in 0% of the patients
and 2% of the patients, respectively; that is, the incidence of
the development of invasive carcinoma in BD-IPMNs with
MNs was similar to that of those without MNs.

As previously reported, there may possibly be 2 develop-
mental patterns of PDAC derived from IPMN, | with an in-
crease in the height of MNs of more than 10 mm'° and the other
at a site that is rather flat.?® Therefore, periodical surveillance is
mandatory in BD-IPMNs regardless of the presence/absence
and height of MNs.

Concerning the histologic type, most of the patients with
PDAC had tubular adenocarcinomas showing few papillary
growths, whereas approximately 30% of the patients with PDAC
derived from IPMN had colloid carcinomas with high papillary
protrusions. Colloid carcinoma derived from intestinal type?” is
deemed to show more expansive and slower progression com-
pared with other invasive carcinomas.'! Therefore, PDAC derived
from IPMN shows a different invasive behavior from ordinary
PDAC. Yamaguchi et al® reported that the median survival time
of 122 patients with PDAC derived from IPMN was 46 months,
which was significantly longer than what was reported (12 months)
in 7605 patients with ordinary PDAC.

© 2014 Lippincott Williams & Wilkins

Another problematic issue in patients with BD-IPMNs is
that a distinct PDAC may develop in patients with IPMN, either
synchronously or metachronously. Ohtsuka et al*® reported that
the incidence of synchronous and metachronous multifocal
occurrence of IPMNs in the remnant pancreas during follow-up
evaluation after pancreatectomy for IPMNs was 20% and that
of distinct PDAC was 9.9%. Izawa et al*® stated the possibility
of multicentric development of cancer in IPMN, based on the
observation that hyperplasia developed multifocally in different
branch ducts with a different frequency of K-ras point mutation.
In this study, we could not detect any significant predictive fac-
tors for the development of PDAC concomitant with IPMN.

The present study has several limitations. First, because of
the retrospective nature of this study, the modality used for
monitoring of BD-IPMN at intervals of 3 to 6 months was at the
discretion of each institution, not following a unified protocol.
Second, the presence of MNs was determined based solely on
morphological features on EUS without color Doppler imaging,
which may have resulted in inclusion of mucus nodules. How-
ever, the requirement in the inclusion criteria to have undergone
EUS, US, and/or CT at least twice is thought to have minimized
this risk. Third, the number of patients with MNs included in
this study was not large because the presence of MNs is con-
sidered to be the most important factor for the surgical indica-
tion of BD-IPMN regardless of its height. However, the subjects
were patients who had been followed up despite having MNs,
and the number is the largest in the literature to date owing
to multicenter cooperation. Fourth, patients with BD-IPMN
who underwent surgery and histologic examination of resected
specimens included not only patients showing an increase in
the MN height to more than 10 mm but also those with no
change or a change within 10 mm in height of MNs during
follow-up. Furthermore, there is no way to investigate the inci-
dence of high-grade dysplasia in the 43 patients who had not
had surgical resection.

In summary, no PDAC derived from BD-IPMN developed
in patients with MNs of less than 10 mm in height during
follow-up for over 40 months. Furthermore, the incidence of
the development of malignancy in BD-IPMNs including a dis-
tinct PDAC was similar to that of those without MNs. In pa-
tients who have BD-IPMN with MNs of less than 10 mm in
height, observation instead of immediate resection is consid-
ered to be possible.
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