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Table 5 Risk factors influencing severe complications after pancreaticoduodenectomy by univariate analysis
Severe complications”
= (n = 89) (%) + (n = 38) (%) P value

Age (y)

<75 64 (71.9) 26 (68.4)

>75 25 (28.1) 12 (31.6) 692
Gender

Male 46 (51.7) 25 (65.8)

Female 43 (48.3) 13 (34.2) .143
Total bilirubin level (mg/dL)

<10 58 (65.2) 29 (76.3)

>10 31 (34.8) 9 (23.7) 216
Type of biliary drainage

Internal drainage 41 (46.1) 26 (68.4)

External drainage 48 (53.9) 12 (31.6) .021
Preoperative cholangitis'

Yes 6 (6.7) 10 (26.3)

No 83 (93.3) 28 (73.7) .002
Waiting periods for operation from drainage

<4 wk 65 (73.0) 22 (57.9)

>4 wk 24 (27.0) 16 (42.1) .093
Histology

Pancreatic cancer 47 (52.8) 8 (21.1)

Other disease 42 (47.2) 30 (78.9) .001
Operative procedure

PpPD 64 (71.9) 27 (71.1)

PD/PrPD 25 (28.1) 11 (28.9) .922
Operative time (min)

<420 66 (74.1) 26 (68.4)

>420 23 (25.9) 12 (31.6) 508
Intraoperative bleeding (mL)

<1000 64 (71.9) 25 (65.8)

>1000 25 (28.1) 13 (34.2) 490
Red blood cell transfusion

Yes 31 (34.8) 10 (26.3)

No 58 (65.2) 28 (73.7) 347
Pancreatic texture

Soft 38 (42.7) 28 (73.7)

Hard 51 (57.3) 10 (26.3) .001

PD = pancreaticoduodenectomy; PpPD = pylorus-preserving pancreaticoduodenectomy; PrPD = pylorus-resecting pancreaticoduodenectomy.
*“Severe complications” was defined in this study as a condition that was grade III or more based to the Clavien classification.
tPreoperative cholangitis was defined by the new diagnostic criteria of acute cholecystitis referred to as the Tokyo Guidelines 2013.

All postoperative complications were significantly

higher in the internal drainage group (41.8%) than in the
external drainage group (23.3%; P = .027). Moreover, se-
vere complications (grade III or more) were significantly
higher in the internal drainage group (38.8%) than in the
external drainage group (20.0%; P = .021). The overall
incidence of pancreatic fistula was significantly higher in
the internal drainage group (38.8% vs 21.7% in external
drainage group; P = .037). Pancreatic fistula was classified
into 3 categories by the International Study Group on
Pancreatic Fistula (12). The proposed clinical grading of
the 26 patients with pancreatic fistula in the internal
drainage group were grade A, n = 12; grade B, n = 9;
and grade C, n = 5. The 13 patients with pancreatic fistula

in the external drainage group were grade A, n = 6; grade
B, n = 7; and grade C, n = 0. Twenty-five of 127 patients
with preoperative biliary drainage had infectious complica-
tions. There was no significant difference between internal
drainage and external drainage (15% in external drainage
group vs 23.9% in internal drainage group). There were
no significant differences between the 2 groups concerning
the incidence of other postoperative complications, such as
DGE, bile leakage, intra-abdominal abscess, and intra-
abdominal hemorrhage.

The mortality rate in this study was 3.1% (4 of 127
patients). Two patients died because of pancreatic fistula, 1
patient because of intra-abdominal hemorrhage, and 1
patient because of nonocclusive mesenteric ischemia.
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Table 6 Risk factors influencing severe complications” after pancreaticoduodenectomy by multivariate analysis

Risk factor P value 0dds ratio 95% (1
Internal drainage 125 2.01 .8-4.9
Preoperative cholangitis’ ; 019 4.61 1.3-16.5
Soft pancreas .846 1.79 -.1-5.1
Other disease except pancreatic cancer 141 4,22 .6-28.8

CI = confidence interval.

*“Severe complications” was defined in this study as a condition that was grade III or more based to the Clavien classification.
tPreoperative cholangitis was defined by the new diagnostic criteria of acute cholecystitis referred to as the Tokyo Guidelines 2013 (TG13).

The association between preoperative
cholangitis and postoperative complications

Table 4 shows the association between preoperative
cholangitis and postoperative complications. The incidence
of preoperative cholangitis in this study was 12.6% (16 of
127 patients). Ten of 16 patients (62.5%) with preoperative
cholangitis were given plastic stent exchange or change to
ENBD and the administration of antibiotics.

All postoperative complications were significantly
higher in patients with cholangitis (62.5%) than patients
without it (22.8%; P = .007). Severe complications (grade
III or more) were significantly higher in patients with
cholangitis (62.5%) than patients without it (25.2%; P =
.002). Likewise, the overall incidence of DGE was signif-
icantly higher in patients with cholangitis (31.2% vs 5.4%
in patients without cholangitis; P = .001). DGE was clas-
sified into 3 categories by ISGPS.'" The proposed clinical
grading of 5 patients with DGE among those with cholan-
gitis were grade A, n = 1; grade B, n = 3; and grade C,
n = 1. The 6 patients with DGE among the 111 without
cholangitis were grade A, n = 4; grade B, n = 1; and
grade C, n = 1. The incidence of wound infection was
significantly higher in patients with cholangitis (25%)
than patients without it (4.5%; P = .003). There was no
significant difference between patients with and without
preoperative cholangitis (31.3% in patients with preopera-
tive cholangitis vs 18.0% in patients without preoperative
cholangitis). There were no significant differences be-
tween the 2 groups concerning the incidence of other post-
operative complications, such as pancreatic fistula, bile
leakage, intra-abdominal abscess, and intra-abdominal
hemorrhage.

Risk factors influencing severe complications
after PD

Univariate and multivariate analyses were used to
reveal risk factors influencing severe complications (grade
III or more) after PD. Table 5 shows the results of 12 pa-
rameters univariately examined as potential risk factors
for 38 patients with severe complications (grade III or
more) vs 89 patients without severe complications after
PD. Four factors were extracted as being useful for

discriminating between patients with and without severe
complications after PD: internal drainage (P = .021), pre-
operative cholangitis (P = .002), soft pancreas (P = .001),
and other disease except pancreatic cancer (P = .001)
were identified. A multivariate logistic regression analysis
revealed that preoperative cholangitis (odds ratio 4.61,
95% confidence interval 1.3 to 16.5; P = .019) was the
significant risk factor for morbidity after PD (Table 6).

Comments

Routine preoperative biliary drainage for jaundiced
patients with PD remains still controversial for occurrence
of biliary drainage-related complications. However, pre-
operative biliary drainage for jaundiced patients is gener-
ally accepted in Japan. Because period for the expected
waiting time until surgery in Japan generally requires a
few weeks. All 127 jaundiced patients with PD in the
present study underwent preoperative biliary drainage.
Therefore, the present study focused on the advantage or
disadvantage by various types of preoperative biliary
drainage. This is the first study to compare whether
internal drainage or external drainage is better for preop-
erative biliary drainage in patients with PD. Moreover, it
remains controversial how biliary drainage-related com-
plications affect the incidence of postoperative complica-
tions after PD. In the present study, we evaluated the
associations between biliary drainage-related complica-
tions and postoperative complications after PD between
internal drainage and external drainage.

The occurrence of preoperative cholangitis during
biliary drainage was clarified to be the independent risk
factor of severe complications after PD. Two previous
studies reported that occurrence of preoperative cholangi-
tis significantly increased postoperative complications
including pancreatic fistula or DGE.'®'" Preoperative
cholangitis significantly increased DGE and wound infec-
tion in the present study. Many pancreatic surgeons
believe that DGE after PD is secondary caused by pancre-
atic fistula or intra-abdominal abscess. However, in the
present study, there was no significant difference between
patients with and without intra-abdominal abscess
according to the incidence of DGE (18.7% in patients
with intra-abdominal abscess vs 7.2% in patients without
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intra-abdominal abscess, P = .144). This study demon-
strates that there was no significant association between
intra-abdominal abscess and DGE.

Stent occlusion was reported to cause more than half the
incidence of preoperative cholangitis, and cholangitis
occurred in 26% of patients who underwent internal
drainage.” The cause of cholangitis because of internal
drainage may be stent occlusion or ascent of micro-
organisms from the open passage to the duodenum and
subsequent reflux of duodenal contents.'™'” In this study,
patients undergoing internal drainage had significantly
higher incidence of cholangitis because of biliary drainage
(22.4% vs 1.7% in external drainage group). As a result, in-
ternal drainage, which was associated with more preopera-
tive cholangitis, significantly increased the incidence of
morbidity compared with external drainage (41.8% vs
22.3%). Biliary drainage was shown to increase infectious
complications such as wound infection after PD.” On the
other hand, Jagannath et al”' reported that a positive intra-
operative bile culture was associated with higher morbidity
rates after PD, and biliary drainage was not associated with
increased morbidity. In addition, biliary drainage with
complications such as cholangitis was reported to increase
significantly the incidence of positive bile culture.”' There-
fore, clinicians have to take special care not to initiate pre-
operative cholangitis because of biliary drainage.

Preoperative internal biliary drainage may increase
postoperative complications after PD compared with
external drainage. However, there are some disadvantages
in external drainage such as PTBD or ENBD. Drains for
external drainage may be dislodged or pulled out by
patients at the unconscious level. Other drawbacks of
PTBD are the invasiveness of the technique or seeding
risk. Other drawbacks of ENBD are patient discomfort or
cosmetic problems because of the presence of the tube
through nasopharynx. In contrast, compared with external
drainage, internal drainage allows normal bile flow, which
is important from the viewpoint of intestinal immunity and
the prevention of bacterial translocation.”” " One problem
with internal drainage is cholangitis because of stent occlu-
sion. In this study, plastic stents in all cases were used as
internal drainage. Metallic steénts in patients with unresect-
able pancreatic cancer were reported to provide large
caliber, longer patency, and lower incidence of acute chol-
angitis compared with plastic stents.” A few studies re-
ported that metallic stents have more advantages
compared with plastic stents as preoperative internal
biliary drainage in patients awaiting PD, such as those un-
dergoing neoadjuvant therapy for pancreatic cancer.” =
Moreover, covered metallic stents may be possible not
only to protect against tumor ingrowth but also to minimize
bacterial adherence and sludge formation that cause biliary
infections.””" Additional studies are required to evaluate
how the use of metallic stents as preoperative biliary
drainage affects surgical technique or perioperative course.

There are several limitations to this study for the
retrospective study. First, external drainage by PTBD was

performed by choice in the early period. One might
consider that there is a bias because of the increasing
experience between the early period in this study and the
latter period concerning the operative time, intraoperative
bleeding, and red blood cell transfusion. Second, in our
institution, we have performed pylorus PrPD instead of
PpPD by the result of clinical trial since February 2009.” A
bias for the period affects a significant difference between
drainage type and operative procedure. However, we
checked that there was no significant difference between
patients with and without severe complications concerning
operative procedures.

In conclusion, preoperative cholangitis during biliary
drainage significantly increases the incidence of postoper-
ative complications after PD. In particular, plastic stents as
internal biliary drainage may increase preoperative chol-
angitis related to stent occlusion during the waiting period
for PD. Therefore, management of biliary drainage to
prevent preoperative cholangitis should be standardized
for patients who require preoperative biliary drainage for
PD.
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. Strategy by vaccine-immunotherapy for the patients with pancreatic cancer
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7o, RRRRRETEEE (epidermal growth factor
receptor | EGFR) [Ci§ 20 FENBERTHL
NaF B, FAY YU EERE A L B L
THAFCBNTERES R LA THEY. LiL,
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y, IL2 % EOKREDT A PaAd rREM bz -
BHBEELR C—BORRICEIESTO 6N, HE
BESEHCOEERICH T A REREE TS LW
Bk o/, BILBBCENELED P
7250 b OBRIEB W TIRIERENICEML
7z NK R ) v gk R R Ho Tk
EZXHOEHFTED. B, VYR RBREHES
FTHEARNICBAT BT RBRESAS LRI,
TOBRPHRERERRD OTH o725,

T ARG EY & 7 5 U R RN L CHR T
5%, HESEACTHL THRZAGIERERES
LW EPHRE BB RS ZATH L. IR
O EWETH BT T B, FEHSEAEESE
(major histocompatibility complex : MHC) ZfE& L,
REIREEFET L. BERELRICEWTE, il
B T (cytotoxic T lymphocyte : CTL) 7%
BT E BEEREAT T PSRN, g
TEERE LW EERESHEL AL 2D, RN
BRI L - BBHE R BN LY 7 7 Rk
| REEERBC IR :

B & 7 2 JEEIRICEBREDICRR L Cv A EE
PR TH 5 BERERER, BRERCHRYATA,
FUFTI—AICE BTy FEEE S TS
F FWiR- L7220, MHC (& MR HLA) class I 4F

Doy, @y RALVICHESTE, ZLTINIHEA

L CHlfEsEm~EH L, MHC (HLA)-X7F FiEs&
RIZ X ) T F FACDS Btk THINE ISR X R,
CD8 B T Mg & VB HAL S 2 = 2 10 X Y BB R Y
% CTLAHEE NG, T F K7 VEETRE
EREGCTLAFHEL ) aRTIF F2EEL, ¥h
PEMBHICBRETAZ LT, BIRERICE Y AT h,
LROVEREBEC L D IEEREN CTL SHE 3 LS.
EEPEOFRECE - THEN THBOSEES Y7
o N EPEATHREBETLY Spbd, T
HEAYEMEOEERH- T A Z L S5,
CTL &2 k a2 HilEEEEE BB L LB REiE
& FOVREEIMEERR L R E o BB
Ph, HEFROERSCHNESHEENS, LiL,
BRI R sz X 9 RBRMBEA SR E -
729, zoERE U CBMBOREREBEOEE
PRBEND.

R R

IEERBET VR T A VABEEF VL ZRRD,
HASE W BRI E R g2 70
BIHELTwh., —B LOEEHMBEEI T TRE
LB ~T O RERTH Y, He gk
BN S P, BEENRERETEESES
L3, EEHEREOREDLRRETH D,
CTL B TE 2 WHBSEET 5. BEREST
T < HLA class I DEBAMET T 57280, HLA-X
7F FEARPER ST, CTL 2RI % 35
TERwv, ZOHLA class I ORBIMET T 48B3
% OERETHESNTHE YT, BETHRBEO
WMEFENTWAEY, E7z, HLA classI BHOME
T HARBEETFOETEMHEL, BBbEw
EWMOBEETHE IR TN A,

& B ICERVNRBRIC BT BB R T ORENE
Bans, ERMeEBROMTRRrbEESLS
LI AREN L REHNHETF A AL VR
TGFA®, T M X )2, CTL BeEis
REBE 2D,

JEEAEmE 2T L L
W T VR |

VEGF-A iZF LA EDEBCREAFLALTEY,
VEGFR-1 3 X Uf VEGFR-2 ® 20D L7 ¥ — o
0y VEF—EriEaT 5P VEGFRL B I O
VEGFRZ #A L7z v 7 F VRR R ENT 2 2 & T,
MEFHEDOHERLTMB oM - ERL2IT A2 &
PP TE 2%, F7:, VEGFR2 I VEGFRL XY
VEGF-A € X 5 M A MO B e B8 7
EOFEERVIFVEEEBREI VRS —THD,
VEGFR2 O ¥ &7 F VEERWHT 5 = L 1, BED
EMEOHER L CCEEMEORE - B8 215 <
XBWRELTRELTWS,

YR THAT L 7= BB 8 TR T Wi
RS Fik VEGFR2 sk ¥ b — /75 ¥ (VEG-
FR2-169, Elpamotide; T V355 F) Th D,
VEGFR-2 Z B L, §bRv B
REETLHCTLRHETLZENTERD, i,
HEREDP O DIFEN CTL MFETE L 2 LW 5
P o TwWab,. VEGFRIBRRTF FHRAES R
THY, ~FSF PR LR LiE g
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PR/SD/PD 0/4/2 0/4/2 1/3/2
24EEE (B 233 207 344
(3Tik 28 7 BHE)

BRET L LR, VEGERL & WEMIC S
B U2 T B YRR IR AL CTL O FEL%TE
BOETWAD, ol e IR 5101k, ¥
U EARZ T 50 Cita <, FEiRoiEmL
BRI LETHT, o0 HLA class I FEBBEE LT
VB BB A AT 280G & B3 LW RO SuER
EEETTAZ L E L

BEHBITIT 758 | {HERR 5

HLA-A*2402 % 43 5 YIBA RIS B g & M4,
ERFEAE TR [N T BRI
Xd B BEE T AR A & AERY & L Js HLA-A 2402 Fo 5k
o p— S RTF R & gemcitabine R X 245 1
MRS ] (ClinicalTrials. gov ID : NCT00622622)
AT L7e, fia O S drop out L7z 3443 B
&, BMv& BT 18a T, FEFMER 3EEN
& Ue, REFERAL UG R CTL BUSHRAT 2 & D RyER
B, ERERE RS % BRI RHGIEE & L, ks Et
W’ETHZ L E Lz VEGFR2-169 % 05mg, 10
mg, 20mg D4R —F64EL, Bl EHOERSE
Liz, 7oy ¥ rEmiEiE 1,000 mg/m? & L, &
BHRELFET 3 BERIE - AR U,

IR IO T 1k VEGFR2-169 458 59 CTL 48 11
B (61%) CTFHE I, FBHIBALEED 15680 (83%)
ED b (1), BMEREHAHEATSY,
BER AT SRR B0 . BRI,
NTF FREE ORI RB A RETH 572 15
B9 51240 (80%) #° partial response (PR) F
721 stable disease (SD) TdHo=4s, BHETH -7
3 B4 T2 progress disease (PD) Tho o (F
2). XL 2mgREBOEFHHIRLEP o7
(1), DLoEREerd, #EEHR5E T 2me/body
LB,

... 3o VEGER2-169335(c k2 BRRERIS L EETS

(STHR 28 HDBWE)

B5E I/ ARG PR IR PR DR SR—PEGASUS-PC B8

DRI TARRRIRORE A 5, pivotal
study & 7 5 4 1 /I AH B R B (PEGASUS-PC 38
W) ~EFEEL, 13 EERE N FEFmER
ChHaEFYH T, FERE 79 R TR
MAFZEED NP odz, LHL, BB
WL BT TN =T Tolzb 25, MwEER
JEAFRD BN BF OV THEFIBRPEE LTy
HAENAH O, EHEEML OB IEERICBLTOA
BOONIHRTHLZEPD, TVNEFFICLY
SN VEGFRZ AN CTLIC X & B &
NiHERW LSS e EZ LN DRI, ZssE
F FEANE—EoBF T L CEFHM 2 EETE 5
WHBEEA D B E W S L ko™, SBOEM
TR AT §E B B VEGFR2-169 O & %) 72 subset 78 E
I 59, FISREMRBATRGFE LT F
PO SLE Z T 5.
PEGASUS-PC BER CH AT E OB ERIEEIZER
DiepolzbDD, ARTHDCORTF T 7T
ICE BRI 2 BOBIERTH B2 TR L,
PEFDOBLIEIFIE L 13 % o 7o Bl o 2287 LT HE
TITIIZ DS, SHROMEREOBROE 25 &
ERLNBY, Thbb, BE FHEEIECKa
plan-Meier {EIC X ) BFEAFEB L, logrank iR5E
& % v i Willcoxon BRFEIT & o CIHREEHEM © e
BIT9 T, REMIEECH B AEFPES 50
el oZEIC LIS s, UL, ey
FRUZFVICBOCR, HEBRGREREEANL
FeREREER D b BRUEOPRBAFBEE LTS
(1), cocrHEL, BEPBBHCERTT
%8 { Harrington-Fleming %0 i X 2§75 7 bR,
ATV AR E RS RAHE (PMDA) At
CHEHT L2C E RREREOFMARR U SEs
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ORIGINAL ARTICLE

Predictors of Malignancy in Intraductal Papillary Mucinous
Neoplasm of the Pancreas

Analysis of 310 Pancreatic Resection Patients at Multiple
High-Volume Centers

Yasuhiro Shimizu, MD,* Hiroki Yamaue, MD,1 Hiroyuki Maguchi, MD,} Kenji Yamao, MD,§
Seiko Hirono, MD,+ Manabu Osanai, MD,} Susumu Hijioka, MD,§ Waki Hosoda, MD,/|
Yasushi Nakamura, MD,9 Toshiya Shinohara, MD,# and Akio Yanagisawa, MD**

Objectives: The present study was a retrospective investigation of pre-
dictors of malignancy in intraductal papillary mucinous neoplasm (IPMN)
of the pancreas.

Methods: The subjects were 310 patients who underwent pancreatic
resection at 3 high-volume centers. Preoperative laboratory and imaging
findings were analyzed in logistic regression analyses. Endoscopic ultra-
sonography measurements were essential for the size of mural nodules,
and a central review was conducted for pathological diagnosis.
Results: Pathological diagnosis was benign IPMN in 150 cases and
malignant in 160 (noninvasive carcinoma, n = 100; invasive, n = 60). In
multivariate analysis, size of mural nodules, diameter of main pancreatic
duct, and cyst size of branch pancreatic duct were independent predictors
of malignancy, and areas under the receiver operating characteristic curve
for these 3 factors were 0.798, 0.643, and 0.601, respectively. With 7 mm
taken as the cutoff value for the size of mural nodules, the diagnosis of
malignant IPMN had sensitivity of 74.3% and specificity of 72.7%.
Carcinoma without nodules was present in 15 patients (15/160 [9.4%]).
Conclusions: The size of mural nodules measured with endoscopic
ultrasonography showed high predictive ability. However, about 10%
of carcinoma patients did not have nodules, and the handling of the
diagnosis in such cases is a problem for the future.

Key Words: predictor of malignant IPMN, mural nodule, diameter of
MPD, cyst size of BPD, EUS, multicenter analysis

(Pancreas 2013;42: 883-888)

I ntraductal papillary mucinous neoplasms (IPMNs) of the
pancreas are mucin-producing neoplasms of the pancreas that
cause cystic dilation of the pancreatic duct. They were first
reported by Ohashi et al' in 1982. These tumors are characterized
by papillary proliferation by mucin-producing, atypical epithelia
within the pancreatic ducts and cystic dilation of pancreatic ducts
from mucus.? This tumor was defined as intraductal papillary
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mucinous tumor by the World Health Organization (WHO) in
1996 and renamed IPMN in 2000. Since that time, the number of
patients diagnosed with IPMN has been increasing as the disease
concept spread and advances were made in diagnostic imaging.
In 2006, international consensus guidelines that set the
clinical treatment approach to IPMN were published.* In the
2006 guidelines, resection is recommended for main pancreatic duct
(MPD)-IPMN, whereas in branch pancreatic duct (BPD)-IPMN,
surgery is indicated in cases with mural nodules, BPD 30 mm or
greater, and MPD dilation. However, controversy exists regarding
the need for surgical resection in BPD-IPMN because of the
relatively lower risk of malignant IPMN.*® With the 2006
guideline indications,” it is reported that resection is performed
in many cases of adenoma.”® In the new International Consensus
Guidelines revised in 2012,'° BPD-IPMN size of >30 mm is a
weaker indicator of malignancy than the presence of mural
nodules and positive cytology, and BPD-IPMN >30 mm with-
out these signs can be observed without immediate resection.
In this study, we standardized preoperative examination mo-
dalities and used common definitions for the type of lesion in a
large number of patients who underwent pancreatic resection at
multiple institutions. We also conducted a central review of path-
ological findings and investigated predictors of malignancy using
objective data. To our knowledge, this is the first detailed report of
an investigation of a large number of cases in multiple institutions.

MATERIALS AND METHODS

Study Population

The study population was 372 patients with IPMN who un-
derwent pancreatic resection at Wakayama Medical University
(WMU), Aichi Cancer Center Hospital (ACC), or Teine-Keijinkai
Hospital (TKH) between 1996 and March 201 1. Fifty-nine cases in
which endoscopic ultrasonography (EUS) was not performed
preoperatively and 3 cases with missing tumor marker data were
excluded. A retrospective investigation of preoperative examina-
tion findings and pathological findings was done with 310 patients
as subjects. Indications for surgery were not consistent in the
3 hospitals.

Patient background factors investigated were age at time of
operation, sex, presence or absence of symptoms, complication
with cancer of other organs, preoperative laboratory values (serum
amylase, carcinoembryonic antigen [CEA], and carbohydrate an-
tigen 19-9 [CA-19-9 level]), imaging findings (tumor location, size
of mural nodules, diameter of MPD, cyst size of BPD, type of le-
sion), operative procedure, and pathological findings.

In preoperative examination, EUS and computed tomog-
raphy (CT) were considered to be essential. As for size of mural
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nodules, height of nodules from EUS observation was used in
all 310 cases. For diameter of MPD and cyst size of BPD, the
CT measurement values were used in all cases.

In this study, type of lesion was classified as MPD-IPMN,
mix-IPMN, and BPD-IPMN. With MPD-IPMN, the lesions
exist in the MPD, and there is no cystic formation of 10 mm or
greater of the surrounding branches. Cases with cystic dilation
of BPD are taken to be mix-IPMN or BPD-IPMN. Mix-IPMN is
defined as when the diameter of MPD is 10 mm or greater, and
BPD-IPMN as when the diameter of MPD is less than 10 mm.
The 310 subjects were classified as MPD-IPMN, mix-IPMN, or
BPD-IPMN subsets, and predictors of malignancy were investi-
gated for each group.

According to the WHO (2000) histological classification
of IPMN,? pathological diagnosis is classified as intraductal pap-
illary mucinous adenoma (IPMA), borderline IPMN (IPMB), and

noninvasive and invasive intraductal papillary mucinous carcinoma
(IPMC). Invasive IPMC is defined when a histological transition is
evidently present between IPMN and pancreatic ductal adenocar-
cinoma.!! Pathological diagnosis was performed by pathologists at
3 hospitals (WMU, ACC, TKH), and the central review was done
by A.Y. of Kyoto Prefectural University of Medicine in the cases
of IPMB and noninvasive and invasive IPMC. In this study,
patients’ lesions were categorized as benign (IPMA and IPMB)
or malignant (noninvasive and invasive IPMC) on the basis of the
pathological diagnosis.

The investigation of predictors of malignancy was done for
10 factors: age at time of surgery, sex, presence or absence of
symptoms, serum amylase, CA-19-9, CEA, tumor location, size of
mural nodules, diameter of MPD, and cyst size of BPD. The sur-
gical indications from diagnostic images in the 2006 international
consensus guidelines* are supposed to be (1) diameter of MPD

TABLE 1. Characteristics of IPMN Patients Who Underwent Pancreatic Resection (n = 310)

WMU ACC TKH Total
No. patients 120 115 75 310
Background
Age at pancreatectomy, 69.2 (9.1) 65.7 (7.8) 65.7 (8.9) 67.1 (8.7)
mean (SD),> y
Sex, n (%)
Male 66 (55.0) 72 (62.6) 43 (57.3) 181 (58.3)
Female 54 (45.0) 43 (37.4) 32 (42.7) 129 (41.7)
Symptom +, n (%) 52 (43.3) 29 (25.2) 17 (22.7) 98 (31.6)
Other organ cancer, n (%) 31 (25.8) 31 (27.0) 13 (17.3) 75 (24.2)
Laboratory data
Amylase level, 103.0 (106.4) 117.2 (39.6) 143.3 (154.3) 118.0 (115.2)
mean (SD), IU/L
CEA level, 2.6 (2.8) 4.4 (9.0) 2.6 (2.4) 33(5.9)
mean (SD), ng/mL
CA-19-9 level, 55.8 (190.2) 69.4 (245.6) 32.1 (50.9) 55.1 (192.4)
mean (SD), U/mL
Image findings
Tumor location (%)
Head 74 (61.7) 76 (66.1) 44 (58.7) 194 (62.6)
Body 37 (30.8) 23 (20.0) 24 (32.0) 84 (27.1)
Tail 9 (7.5) 16 (13.9) 7(9.3) 32 (10.3)
Size of mural nodules, 8.8 (8.0) 9.3 (10.5) 8.7(7.3) 8.9 (8.9)
mean (SD), mm
Diameter of MPD, 8.9 (7.8) 7.6 (8.0) 7.9 (6.8) 8.2 (7.6)
mean (SD), mm
Cyst size of BPD, 22.7 (16.0) 235 (15.7) 30.2 (17.3) 24.8 (16.5)
mean (SD), mm
Type of lesion, n (%)
MPD 27 (22.5) 18 (15.6) 6 (8.0) 51 (16.4)
Mix 23 (19.2) 20 (17.4) 14 (18.7) 57 (18.4)
BPD 70 (58.3) 77 (67.0) 55(73.3) 202 (65.2)

Operative procedure
PD, PpPD/DP, MP,
PR/TP, n (%)
Pathology
Benign [PMN, n (%)
Malignant IPMN, n (%)
Noninvasive/invasive, n

79/32/9 (65.8/26.7/7.5)

58 (48.3%)
62 (51.7%)
37/25

73/36/6 (63.5/31.3/5.2)

59 (51.3%)
56 (48.7%)
29/27

40/33/2 (53.3/44.0/2.7)

33 (44.0%)
42 (56.0%)
34/8

192/101/17 (61.9/32.6/5.5)

150 (48.4%)
160 (51.6%)
100/60

PD indicates pancreatoduodenectomy; PpPD, pylorus-preserving pancreatoduodenectomy; DP, distal pancreatectomy; MP, middle pancreatec-
tomy; PR, partial resection of the pancreas; TP, total pancreatectomy.
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10 mm or greater, (2) cyst size of BPD 30 mm or greater, or (3)
presence of nodules. The predictive accuracy for malignant [PMN
of the surgical indications in the 2006 guidelines* was investigated.

Statistical Analysis

The significance of each prognostic factor was assessed by
univariate logistic regression analyses. Multivariate logistic regres-
sion analysis was used to determine which factors were independent
predictors of malignant IPMN in the data set. A receiver operating
characteristic (ROC) curve'? was used to measure the predictive
accuracy of each independent predictor of malignant IPMN.

The area under the ROC curve (AUC) expresses how well the
factor is able to discriminate between patients with malignant
IPMN and those with benign IPMN. Higher values indicate better
discrimination: a value of 0.5 indicates no predictive discrimina-
tion, whereas 1.0 indicates perfect separation of patients,'?

We selected the cutoff value for the predicted probability of
malignant IPMN. The cutoff value was selected to provide a high
sensitivity while at the same time reducing the number of resec-
tions of benign IPMN. JMP 7.0.1 statistical software (SAS Insti-
tute, Incorporation, Cary, NC) was used in the analysis. P < 0.05
was taken to indicate statistical significance.

RESULTS

Characteristics of Patients

The mean age of the patients was 67.1 (SD, 8.7) years, and
they included 181 men (58.3%) and 129 women (41.7%). Symp-
toms were present in 98 patients (31.6%), whereas 212 (68.4%)
had no symptoms. The symptoms were abdominal pain in
81 patients, jaundice in 9, and weight loss in 8 patients. Com-
plications with other organ cancer were present in 75 patients
(24.2%), including stomach cancer in 30, colon cancer in 14,
bile duct cancer in 8, pancreatic cancer in 7, prostate cancer in
5, uterine cancer in 5, liver cancer in 3, and breast cancer in
3 patients. Preoperative laboratory findings were amylase 118.0
(SD, 115.2) IU/L, serum CEA 3.3 (8D, 5.9) ng/mL, and serum
CA-19-9 of 55.1 (SD, 192.4) U/mL. Tumor location based on
imaging findings was the pancreas head in 194 patients
(62.6%), body in 84 patients (27.1%), and tail in 32 patients
(10.3%). The mean size of mural nodules was 7.0 (SD, 8.9) mm,
the mean diameter of MPD was 6.2 (SD, 7.6) mm, and the mean
cyst size of BPD was 25.0 (SD, 16.5) mm (Table 1).

The type of lesion was MPD-IPMN in 51 patients (16.4%),
mix-IPMN in 57 patients (18.4%), and BPD-IPMN in 202 patients
(65.2%). The operative procedure was pancreatoduodenectomy/
pylorus-preserving pancreatoduodenectomy in 192 patients
(61.9%), distal pancreatectomy in 73 (23.6%), middle pancre-
atectomy in 24 (7.7%), total pancreatectomy in 17 (5.5%), and
partial resection of the pancreas in 4 patients (1.3%). Pathological
diagnosis was benign IPMN in 150 patients (48.4%) and malig-
nant IPMN in 160 patients (51.6%). Among the 160 patients with
malignant IPMN, 100 (62.5%) had noninvasive carcinoma, and
60 (37.5%) had invasive carcinoma.

Univariate Analyses

The 10 factors of age at the time of pancreatic resection, sex,
presence or absence of symptoms, serum amylase, serum CEA,
serum CA-19-9, tumor location, size of mural nodules, diameter
of MPD, and cyst size of BPD were tested as predictors of ma-
lignancy. The size of mural nodules (P < 0.0001), diameter
of MPD (P = 0.0004), and cyst size of BPD (P = 0.0044)
were strongly associated with malignant IPMN. Other impor-
tant prognostic factors were age (P = 0.0066) and CA-19-9
(P = 0.0080) (Table 2).

© 2013 Lippincott Williams & Wilkins

TABLE 2. Logistic Regression Univariate Analysis of Factors
Associated With Malignant IPMN in Patients Who Underwent
Pancreatic Resection

95%
Confidence

Variables Relative Risk Interval P
Age 1.04 1.01  1.07 0.0066*
Sex

Male 1

Female 1.49 094 234 0.0877
Symptom

+ 1.09 0.67 1.76 0.729

- 1
Amylase level 1.001 0.996 1.004 0.1253
CEA level 1.08 1.01 119 0.0764
CA-19-9 level 1.006 1.003 1.012  0.0080%*
Tumor location

Head 1 0.6443

Body 0.79 047 131

Tail 0.87 041 1.83
Size of mural nodules 1.19 1.14 124 <0.0001*
Diameter of MPD 1.09 1.04 1.14 0.0004*
Cyst size of BPD 1.02 1.007 1.036  0.0044*

*Statistically significant.

Multivariate Analyses

Multivariable analyses of factors identified as significant
by univariate analysis revealed that the size of mural nodules
(P < 0.0001), diameter of MPD (P = 0.0347), and cyst size of
BPD (P = 0.0277) were statistically significant (Table 3).

ROC Analysis

Receiver operating characteristic analysis was conducted
for the cancer diagnosis prediction ability of 3 factors that were
significant in multivariate analysis, from which size of mural
nodules was found to have very high diagnostic prediction
ability with AUC = 0.798. Area under the ROC curve of other
factors was 0.643 for diameter of MPD and 0.601 for cyst size
of BPD. Area under the ROC curve of surgical indications on
diagnostic imaging in the 2006 international consensus guide-
lines* was 0.578 (Table 4).

Size of Mural Nodules and Diagnostic Ability

Mural nodules were detected in 240 (77.4%) of the 310 IPMN
patients. Investigation of the cancer diagnostic ability of the size of
mural nodules with a cutoff value of 7 mm in the 310 patients
revealed that the size of mural nodules was 7 mm or greater in
119 of the 160 malignant [IPMN patients (sensitivity, 74.3%)
and that the size of mural nodules was less than 7 mm in 109 of
the 150 benign IPMN patients (specificity, 72.7%). There were
15 patients (9.4%) who had cancer with no nodules. The mean
age of these patients was 69.5 (SD, 6.9) years, and they included
6 men (40.0%) and 9 women (60.0%). The type of lesion in
these 15 patients was MPD-IPMN in 3 patients, mix-IPMN in
1 patient, and BPD-IPMN in 11 patients. Pathological findings
were noninvasive carcinoma in 14 patients and invasive carci-
noma in 1 patient. The mean cyst size in the 11 BPD-IPMN
patients was 32.2 (SD, 15.4) mm. The cyst size was less than
30 mm in 6 of these 11 patients (Fig. 1, Table 5).
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TABLE 3. Results of Multivariate Analysis Evaluating Risk of
Malignant IPMN

TABLE 5. Diagnostic Ability of Size of Mural Nodules
Measured by EUS, n = 310 (Cutoff Value: Nodule Size 7 mm)

95%
Confidence

Variables Relative Risk Interval P
Age 1.028 0.997 1.061 0.0844
CA-19-9 level 1.005 1.001 1.012  0.0819
Size of mural nodules 1.156 1.106 1.214 <0.0001*
Diameter of MPD 1.060 1.001 1.122  0.0347*
Cyst size of BPD 1.020 1.002 1.039  0.0277*

*Statistically significant.

Type of Lesion and Predictors of Malignancy

- Carcinoma patients were 27 (52.9%) of 51 patients with
MPD-IPMN, 38 (66.7%) of 57 patients with mix-IPMN, and
95 (47.0%) of 202 of patients with BPD-IPMN. The number
of carcinoma patients was greater with mix-IPMN than with
BPD-IPMN (P = 0.0082), but no significant differences were
seen between MPD-IPMN and mix-IPMN (P = 0.1454) or be-
tween MPD-IPMN and BPD-IPMN (P = 0.4504) (Table 6).

Univariate and multivariate analyses were done with the

10 factors as predictors of malignancy in the MPD-IPMN, mix-
IPMN, and BPD-IPMN. It was found that, with MPD-IPMN
and mix-IPMN, only the size of mural nodules was a significant
factor in univariate analysis (MPD-IPMN P = 0.0059, mix-
I[PMN P =0.0013). With BPD-IPMN, sex (P=0.0311), CA-19-9
(P = 0.0125), size of mural nodules (P < 0.0001), diameter of
MPD (P = 0.0002), and cyst size of BPD (P = 0.006) were
significant factors in univariate analysis, and size of mural
nodules (P < 0.0001), diameter of MPD (P = 0.0031), and sex
(P = 0.0060) were independent predictors (Table 7). By type of
lesion, AUCs related to the carcinoma prediction of size of mural
nodules were 0.77, 0.82, and 0.79 in MPD-IPMN, mix-IPMN,
and BPD-IPMN, respectively (data not shown).

DISCUSSION

Predictors of malignancy were investigated with objective
data in the 310 patients who were the subjects of this study, using
standardized preoperative examination modalities, shared defini-
tions of type of lesion, and standardized pathological diagnostic
criteria. Many reports have attempted to identify prognostic factors
that might influence the management of IPMN patients,'#1¢ but
this is the first detailed report from an investigation in multiple
high-volume centers and with many pancreatic resection patients.

The examination modalities of CT'” and magnetic reso-
nance cholangiopancreatography'® have low invasiveness and
are most suitable for depicting an overall image of the lesion.
Endoscopic ultrasonography,'>2° endoscopic retrograde cho-
langiopancreatography,?° intraductal ultrasonography,?' and

TABLE 4. Comparison of Predictors by ROC Analysis

Model AUC
Size of mural nodules 0.798
Diameter of MPD 0.643
Cyst size of BPD 0.601
Surgical indication in the guidelines 0.578

“Guidelines” indicates the international consensus guidelines 2006.*
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Size of Mural Pathological Diagnosis

Nodules Malignant (n = 160) Benign (n = 150)
<7 mm (n = 150) 41 109
>7 mm (n = 160) 119 41

peroral cholangioscopy?? are invasive, but it is reported that
detailed findings can be obtained. Endoscopic ultrasonography
in particular is good for depicting papillary protrusions and
is useful in measuring nodule size, especially height, and di-
agnosing lateral spread.!? It is reported to be a useful diagnostic
method in differentiating between benign and malignant tumors
with detailed investigations.’>?* In the present study, EUS mea-
surements were used in all cases for the size of mural nodules
within pancreatic ducts, and CT measurements were used for
measurements of MPD diameter and cyst size of BPD. Thus,
measurements from standardized modalities could be used for
these 3 factors.

The newer WHO classification®* uses the terms low-grade,
intermediate-grade, and high-grade dysplasia in place of ade-
noma, borderline, and noninvasive carcinoma. However, in this
study, the subjects were 310 patients who underwent pancreatic
resection at 3 hospitals between 1996 and 2011. Pathologists at
these 3 hospitals (WMU, ACC, TKH) diagnosed the lesions as
IPMA (mild, moderate, severe) or IPMC (noninvasive, invasive),
according to the Classification of Pancreatic Carcinoma Japan
Pancreatic Society.>?® We used the WHO (2000) histological
classification of IPMN,> in which pathological diagnosis is clas-
sified as IPMA, IPMB, or noninvasive and invasive IPMC.

In this study, the dysplastic changes of adenoma are graded
as mild, moderate, or severe, and IPMB is classified as adenoma
with severe dysplasia among benign IPMNs.?>2¢ When investi-
gating risk factors for malignancy in patients in multiple centers,
such standardization of pathological diagnostic criteria and a
central review are important.

In the present investigation of 10 objective factors, size
of mural nodules measured with EUS and diameter of MPD and
cyst size of BPD obtained from CT measurements were sig-
nificant independent predictors of malignancy (Tables 2 and 3).
The size of mural nodules is demonstrated to be a very strong
predictor of malignancy, and carcinoma prediction with size
of mural nodules only showed high diagnostic ability, with
AUC = 0.798. This diagnostic predictive ability for malignancy
is better than the AUC = 0.578 obtained with the surgical
indications of (1) diameter of MPD of 10 mm or greater, (2) cyst
size of BPD of 30 mm or greater, or (3) presence of nodules on
diagnostic imaging in the 2006 international consensus guide-
lines.* It has also been reported that whereas the sensitivity of
the 2006 guidelines* for predicting malignancy of IPMN is
high, the specificity is low.27-*® Therefore, in the revised 2012
guidelines,'° cyst size of BPD >30 mm is a weaker indicator of
malignancy than the presence of mural nodules and positive
cytology. Branch pancreatic duct IPMN cyst size of 30 mm or
greater and MPD dilation of 5 to 9 mm are classified as a
“worrisome feature,” and EUS observation is recommended
to decide a treatment strategy.

With regard to the diagnostic ability of the size of mural
nodules from EUS observations, the sensitivity and specificity for
differentiating between benign and malignant IPMN are reported
to be good with a cutoff value of 5 mm in BPD-type IPMN.2 In

© 2013 Lippincott Williams & Wilkins
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Predictor of Malignancy—Analysis of IPMN Patients

TABLE 6. Type of Lesion and Pathological Diagnosis

Pathology MPD-IPMN (n = 51) Mix-IPMN (n = 57) BPD-IPMN (n = 202) Total (n = 310) P
Malignant 27 (52.9%) 38 (66.7%) 95 (47.0%) 160 (51.6%) 0.1454*
Benign 24 (47.1%) 19 (33.3%) 107 (53.0%) 150 (48.4%) 0.0082"

0.4504%

*MPD versus mix.
™Mix versus BPD.
IMPD versus BPD.

the present study, good results for diagnostic ability, showing
sensitivity of 74.3% and specificity of 72.7%, were obtained when
the cutoff value for the size of mural nodules observed with EUS
was 7 mm. Size of mural nodules by EUS measurements with a
cutoff value of 7 mm is thought to be useful as a surgical indication
criterion for IPMN.

There are also reports that pancreatic juice cytology is
useful in diagnosing malignancy,”?%3° but currently there are
no standardized diagnostic criteria for all institutions. There are
also reports of differences in sensitivity of pancreatic juice cy-
tology depending on the collection method*!*? and that cyto-
logical diagnosis of pancreatic juice is indeed difficult even for
experienced pathologists and cytologists.*> When investigating
patients at multiple institutions, it is difficult to standardize di-
agnostic criteria for cytology, so it was not used in the analysis
in the present study.

In the classification of MPD-IPMN, there is no strict def-
inition regarding the size of the lesion existing in the MPD, and
even with a classification of BPD-IPMN, there are cases in
which the lesion also spreads to the MPD. In fact, there are
cases that are difficult to clearly classify as MPD-IPMN or
BPD-IPMN. Classification of IPMN into MPD-IPMN, mix-
IPMN, and BPD-IPMN is reported to be useful,* but there is
currently no international consensus. In this study, cases in which
the lesion was in the MPD only were taken to be MPD-IPMN,
and other cases were classified as mix-IPMN or BPD-IPMN with
an MPD diameter of 1 cm as the reference.

TABLE 7. Multivariate Analysis of All Univariate Predictive
Parameters for Type of Lesion

There were significantly more cases of carcinoma in mix-
IPMN than in BPD-IPMN, whereas no significant difference
was seen between MPD-IPMN and BPD-IPMN (Table 6). This
is thought to be influenced by the fact that patients who had
pancreatic resection at multiple centers were investigated ret-
rospectively, and the surgical indications were not consistent at
cach of the institutions.

Looking at predictors of malignancy by type of lesion, the
only significant factor in MPD-IPMN and mix-IPMN was size
of mural nodules (Table 7). In BPD-IPMN, size of mural
nodules, diameter of MPD, and sex were significant indepen-
dent factors, but cyst size of BPD was not a significant predictor
of malignancy (Table 7). Several recent studies reported that the
size of mural nodules was a more significant factor than the cyst
size in BPD for predicting the malignancy of BPD-IPMN.23-30
The size of mural nodules from EUS measurements also
showed high diagnostic predictive ability for malignancy in an
investigation with groups by type of lesion with MPD-IPMN;
mix-IPMN, and BPD-IPMN, having AUCs of 0.77, 0.82, and
0.79, respectively.

In the present investigation using objective data, the size
of mural nodules observed by EUS was shown to be a significant
predictor of malignancy, but there were 15 (9.4%) of 160 patients
who had carcinoma with no nodules (Fig. 1). Eleven of these
15 patients had BPD-IPMN, and the pathological finding was
noninvasive carcinoma in 14 of the 15 patients. It is also
reported that among cases of BPD-IPMN with no nodules,
6 (8.2%) of 73 patients who underwent pancreatic resection
had carcinoma and that 5 of these 6 had noninvasive carci-
noma.?’ Nearly all of these cases were noninvasive carcinoma,

Sensitivity and specificity are estimated based on the size

95%
Confidence of mural nodules
Variable Relative Risk  Interval P (%)
MPD-IPMN (n = 51)
Size of mural nodules 1.136 1.048 1.258 0.0059*
Mix-IPMN (n = 57)
Size of mural nodules 1.243 [.108 1.450 0.0013*
BPD-IPMN (n = 202) —sensitivity
Sex “rspeciticity
Male 1
Female 2.732 1.352 5.709  0.0060* 20~
CA-19-9 level 1.005 1.000 1.013 0.1444 10
Size of mural nodules 1.174 1.107 1.257 <0.0001* 0 6 2 4 & 8 10 12 14 16 18 20 (mm)
Diameter of MPD 1.271 1.087 1.496 0.0031* Cutoft value for the size of mural nodules
Cyst size of BPD 1.024 0.996 1.055  0.0992 FIGURE 1. The cutoff value for the size of mural nodules was set
*Statistically significant. every T mm from 0 to 20 mm, and sensitivity and specificity were
calculated and plotted.
© 2013 Lippincott Williams & Wilkins www.pancreasjournal.com | 887
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but the probability of carcinoma in patients without nodules is
conjectured to be nearly 10%.

The combination of cytology and diameter of MPD®2° and
pancreatic juice CEA measurements?? are reported to be effective
in identifying carcinoma patients among IPMN patients without
nodules. There is also a report of a carcinoma predicting nomo-
gram using multiple factors based on risk ratio.>® For more ac-
curate identification of carcinoma cases in the future, more
detailed investigation of large numbers of patients at multiple
centers and formulation of a carcinoma predictive model based
on multiple versatile and objective factors will be necessary.
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Abstract

Purpose A multicenter survey was conducted to explore
the role of adjuvant surgery for initially unresectable pan-
creatic cancer with a long-term favorable response to non-
surgical cancer treatments.

Methods Clinical data including overall survival were
retrospectively compared between 58 initially unresectable
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pancreatic cancer patients who underwent adjuvant surgery
with a favorable response to non-surgical cancer treatments
over 6 months after the initial treatment and 101 patients
who did not undergo adjuvant surgery because of either
unchanged unresectability, a poor performance status, and/
or the patients’ or surgeons’ wishes.

Results Overall mortality and morbidity were 1.7 and
47 % in the adjuvant surgery group. The survival curve in
the adjuvant surgery group was significantly better than in
the control group (p < 0.0001). The propensity score
analysis revealed that adjuvant surgery was a significant
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independent prognostic variable with an adjusted hazard
ratio (95 % confidence interval) of 0.569 (0.36-0.89).
Subgroup analysis according to the time from initial
treatment to surgical resection showed a significant favor-
able difference in the overall survival in patients who
underwent adjuvant surgery over 240 days after the initial
treatment.

Conclusion Adjuvant surgery for initially unresectable
pancreatic cancer patients can be a safe and effective
treatment. The overall survival rate from the initial treat-
ment is extremely high, especially in patients who received
non-surgical anti-cancer treatment for more than 240 days.

Keywords Adjuvant surgery - Unresectable pancreatic
cancer - Chemotherapy - Radiotherapy - Super-responder

Introduction

Pancreatic cancer is a lethal disease, and contributes to the
increasing number of cancer deaths worldwide. Only 20 %
of patients can be treated by surgery, and the overall 5-year
survival rate is less than 5 % [1, 2]. Irrespective of the
treatment strategy adopted, prognosis in patients with
unresectable pancreatic cancer continues to be disap-
pointing, with a median survival of 8-14 months [3-7].
These patients rarely have a chance to live more than
3 years.

Medical oncologists or pancreatic surgeons have iden-
tified candidates for surgical resection in patients with
initially unresectable pancreatic cancer who favorably
responded to multimodal treatment. Additional surgical
resection during multimodal treatment is called “adjuvant
surgery” [8]. The role of adjuvant surgery has not been
fully determined because the number of patients who
received this type of treatment was very small in each
institution. Is adjuvant surgery a safe or effective treatment
option for patients with unresectable pancreatic cancer?
When should a shrunken tumor be removed in the process
of maintaining chemotherapy and/or radiation therapy?
There is no study indicating the clinical efficacy, safety and
optimal timing of adjuvant surgery. There are long-term
survivors and a comparable survival rate among this subset
of patients after surgical resection following multimodal
treatment [8-12]. However, the duration of multimodal
treatment before pancreatectomy varies from a few months
to several years in previous reports [8~[2]. The clinical
data on initially unresectable pancreatic cancer patients
with a favorable response to chemo(radio)therapy over
6 months were collected as a project study of pancreatic
surgery under the supervision of the Japanese Society of
Hepato-Biliary-Pancreatic Surgery (JSHBPS), to assess the
role of adjuvant surgery in the clinical setting.

Patients and methods

A multicenter survey was conducted to collect clinical
data on patients who underwent adjuvant surgery for
initially unresectable pancreatic cancer following a
favorable response to chemo(radio)therapy over 6 months
from 2001 to 2009. Detailed data on 58 patients (adjuvant
surgery group) were retrospectively collected from 39 out
of 150 training institutes for highly advanced surgery
registered by the committee of JSHBPS in 2009. The
study criterion was initially unresectable pancreatic cancer
patients who underwent surgical resection following the
achievement of stable disease (SD), partial response (PR),
or complete response (CR) defined by Response Evalua-
tion Criteria In Solid Tumors (RECIST version 1.1 [13}])
over 6 months after initiating non-surgical anti-cancer
treatments. The clinical data on 101 patients with initially
unresectable pancreatic cancer with a long-term favorable
response to non-surgical anti-cancer treatments who did
not undergo surgical resection was collected as a control
group from the same 39 centers. The unresectability of
pancreatic cancer was based on the clinical criteria in
each institute.

All patients had cytologically or pathologically proven
ductal adenocarcinoma of the pancreas. The clinical vari-
ables shown in Table 1 were collected. Radiological
assessment was performed according to RECIST version
1.1 [13]. The pathological parameters included residual
tumor grading, Evans classification [14], and tumor staging
according to TNM classification [15]. Serial data on tumor
markers such as carbohydrate antigen 19-9 (CA19-9),
carcinoembryonic antigen (CEA), DUPAN-2 or Span-1
were collected every 1-3 months during multimodal
treatment. Post-operative follow-up data included serial
data on tumor markers, adjuvant chemotherapy, the date
and the primary site of disease recurrence, the date and
cause of death, and the last follow-up date. The observa-
tion period was defined as the time from the initial treat-
ment to the date of death for censored patients or the last
follow-up date for non-censored patients. This study was
performed in accordance with the precepts of the Helsinki
Declaration, and was approved by the local ethics
committee.

Statistical analysis

Continuous variables were expressed as median values and
range. All parameters were compared between the adjuvant
surgery and control groups. Statistical analyses, including
the Mann-Whitney U test for continuous variables, and
chi-squared statistics or Fisher’s exact test for categorical
variables, were performed using SAS software version 9.2
(SAS Institute, Cary, NC, USA). The primary outcome
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Table 1 Clinical backgrounds in the adjuvant surgery and control groups

Parameters Category Adjuvant surgery (n = 58)  Control* (n = 101)  p value

Sex Male 37 (63.8 %) 59 (58.4 %) 0.61
Female 21 (36.2 %) 42 (41.6 %)

Age (years) Median (min—-max) 62.5 (40-80) 65 (41-85) 0.01

Reason for unresectability Local advance 41 (70.7 %) 56 (55.4 %) 0.07

Distant organ metastasis

Overall 17 (29.3 %) 45 (44.6 %)
Peritoneal metastasis® 1 (1.7 %) 17 (16.8 %) 0.003

Tumor diameter Median (min—max) 30 (16-75) 35 (13-76) 0.009

Tumor location Ph 31 (534 %) 50 (49.5 %) 0.74
Pbt 27 (46.6 %) 51 (50.5 %)

Change in tumor marker® Increase 4 (6.9 %) 4 (40 %) 0.46
Decrease or no tumor marker 54 (93.1 %) 97 (96.0 %)

Tumor marker (number of patients showing CA19-9 40 (69.0 %) 83 (82.2 %) 0.06

an increased level) Others 12 (20.7 %) 8 (7.9 %)
None 6 (10.3 %) 10 (9.9 %)

CA19-9 Median (min-max) 313 (9-13080) 440 (11-144400) 0.13

Chemotherapy GEM base 53 (914 %) 89 (88.1 %) 0.60
Others 5 (8.6 %) 12 (11.9 %)

Gemcitabine (g) Median (min-max) 28.2 (0-173.6) 28.0 (0-168) 0.55
>28 g 29 (50 %) 50 (49.5 %) 1.00
<28 g 29 (50 %) 51 (50.5 %)

S-1 (mg) Median (min-max) 3850 (0-53768) 6300 (0-64120) 0.19
>5650 mg 26 (44.8 %) 52 (51.5 %) 051
<5650 mg 32 (55.2 %) 49 (48.5 %)

Radiotherapy Done 26 (44.8 %) 19 (18.8 %) 0.001
None 32 (55.2 %) 82 (81.2 %)

Immunotherapy Done 2 (3.4 %) 6 (5.9 %) 0.71
None 56 (96.6 %) 95 (94.1 %)

TNM by UICC I 10 (17.2 %) 14 (13.9 %) 0.63
111 31 (53.4 %) 45 (44.6 %)

v 17 (29.3 %) 42 (41.6 %)

RECIST CR 7 (12.1 %) 2 (2.0 %) <0.0001

PR 39 (67.2 %) 38 (37.6 %)
SD 12 (20.7 %) 61 (60.4 %)
Duration until PR/CR? Median (min-max) 151.5 (21-919) 174 (36-1669) 0.11

Data are the number (%) or median (range) unless otherwise specified

Met metastasis, Ph pancreas head, Pbt pancreas body and tail, CA19-9 carbohydrate antigen 19-9, GEM gemcitabine, RECIST Response Evaluation
Criteria In Solid Tumors, CI confidence interval, CR complete response, PR partial response, SD stable disease

 The reasons for initially unresectable pancreatic cancer in the control group were locally advanced tumors in 56 (54 %, 50 arterial invasions and 6
portal vein invasions with long segment) and distant organ metastases in 45 (46 %, 19 liver, 17 peritoneal metastasis or peritonitis carcinomatosa, 7
cervical or para-aortic lymph nodes, and 2 lung). Eighty-nine patients received gemcitabine-based chemotherapy, and 73 patients had S-1
chemotherapy

® Peritoneal metastasis includes peritonitis carcinomatosa
¢ Tumor marker: this category is divided into increased tumor marker and decreased or no tumor marker

9 The days between the initiation of treatment and the identification of a partial/complete response of the tumor according to the RECIST criteria

variable was overall survival, defined as the time from non-
surgical anti-cancer treatments to death or the last follow-
up date. Comparisons of the overall survival between the

two groups were made using the log-rank test. In addition,
profound factors identified by the univariate analysis were
further examined by multivariate Cox proportional-hazard
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models to determine independent significant factors for
survival.

A propensity score methodology was used to provide
adjustments since a propensity score can calculate the
conditional probability of receiving a treatment given all
potential confounders measured. The propensity score
analysis required calculation of the conditional probabili-
ties for the adjuvant surgery group using a multivariate
logistic regression to generate a propensity score [16]. The
selection of variables for calculating the propensity score
was based on the potential association with the overall
survival results (sex, age, radiation therapy or not, tumor
marker decrease or not during non-surgical anti-cancer
treatment, PR/CR vs SD, tumor size, amount of gemcita-
bine administration, reason for unresectability). Model
discrimination was assessed with C-statistics, and model
calibration was assessed with Hosmer—Lemeshow statis-
tics. The propensity score was subdivided into quartiles as
shown in Table A (Electronic Supplementary Material).
The treatment effect was separately estimated within each
quartile, and quartile estimates were combined to give an

Table 2 Type of surgery in the adjuvant surgery group

overall estimate of adjuvant surgery. A survival analysis
using Cox proportional-hazard models was used. The
hazard ratio and 95 % confidence intervals were calculated
for all estimates. A 2-tailed p value less than 0.05 was
considered to be statistically significant.

Results

Clinical background in the adjuvant surgery and control
groups

Tables 1 and 2 show that the reason for the initially
unresectable pancreatic cancer was 41 locally advanced
tumor and 17 distant organ metastases in the adjuvant
surgery group. Fifty-three patients received gemcitabine-
based chemotherapy, and 32 patients had S-1 chemother-
apy. The radiological response of SD, PR, or CR was found
in 7, 39, and 12 patients, respectively. The median duration
between the initial therapy and the detection of PR/CR was
150 days (21-739). The median duration between the

Reasons Locally advanced (n = 41) Metastasis (n = 17) Total
for UN number (%)
SMA/(PV) CHA/(PV) CA/CHA/GDA CA/SMA PV Liver No 16 LN* Pn=1)
(n = 16) (n=28) (n=9) (n=25) (n=3) (n = 13) (n=23)
Operation type
PD° 13 7 0 1 2 7 0 0 30 (51)
TP 0 1 0 1 1 0 (4] 0 3(5)
DP 3 0 3 0 0 5 3 1 15 (26)
DPCAR 0 0 6 3 0 1 0 10 (17)
Combined resections of other organs
None 5 2 3 0 0 5 2 i 18 (31)
PV/SMV 9 4 2 1 3 4 0 0 23 (40)
Ad 0 0 6 3 0 1 I 0 11 (19)
CA/CHA 0 0 6 3 0 1 0 0 10 (17)
CHA 0 2 0 - 0 0 0 0 2(3)
SMA 1 0 0 0 0 0 0 0 1(2)
Liver 0 0 0 0 0 5 Bx2 0 0 59
Colon 1 0 0 0 0 1 0 0 2(3)
Pathological findings
CR* 1 i 2 i 0 1 1 0 7(12)
RO/1/2° 36/5/0 12/4/1

Data are the number (%) or median (range) unless otherwise specified

UN unresectability, SMA superior mesenteric artery, CHA common hepatic artery, CA celiac axis, GDA gastroduodenal artery, PV portal vein, LN lymph
node, P peritoneal metastasis, PD pancreaticoduodenectomy, DP distal pancreatectomy, DPCAR DP with celiac axis resection, TP total pancreatectomy
(TP), SMV superior mesenteric vein, Ad adrenal, Bx biopsy, CR complete response

* No 16 LN, paraaortic lymph node
® Includes pylorus preserving PD

¢ Complete pathological response was defined as the absence of identifiable tumor cells in the resected specimen. The pathological examination was done
using 5-mm specimens slices according to the standard method defined by the Japan Pancreas Society

4 Residual tumor grading; RO, negative microscopic margin; R1, positive microscopic margin; R2, positive gross margin
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