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Table 1 Patients’ Characteristics

Parameters Group A Group B p value

+ Pancreaticojejunostomy invagination maodified —Kakita
+ Omental wrapping none done
+ Drain open closed —suction
+ Criteria of drain removal none done
- Pancreatic duct diameter

(>3mm : <3mm) 49 : 28 35:16 ns.
* pancreatic duct drainage ( + : ~ ) 75:2 16:35 < 0.0001
+ bile duct drainage ( + : — ) 76:1 13:38 < 0.0001
cAge (y) 65 (47 -83) 68 (51 —-84) ns.
- Male : female 42:35 33:18 n.s.
+ Disease (P:B: A) 42:20:15 29:9:13 ns.
+ Benign : malignant ratio 4:73 447 n.s.
+ Total Bil (mg/dl) 08 (0.3-5.6) 0.7 {0.3-47) ns.
- AST (U/]) 27 (12-132) 24 (12-77) ns.
« Amylase (U/]) 73 (8- 404) 70 (11—-473) n.s.
- Albumin (g/dl) 37(23-46) 37 (23~45) ns.
- WBC (% 10%/ml) 48 (16—154) 50 (31 -98) ns.
- Hb (g/d) 116 (85-154) 116 8.3-14.1) ns.
+ Co—morbid disease { + : — ) 28 : 49 19:32 n.s.
DM (+: ) 43:34 32:19 n.s.
- Jaundice { + : — ) 60:17 33:18 ns.
*CRT(+:-) 16: 61 7:44 ns.
- Type of op (PD : PpPD) 53:24 33:18 ns.
+ Operation time (min) 545 (300-905) 523 {355-795) ns.-
- Blood loss (ml) 1170 (375 -7250) 1140 (212-6420) ns.
- Transfusion {allo : auto : none) 39:12:26 16:30:5 < 0.0001
* Resection of other organs { + : — ) 13:64 7:44 n.s.
» Food intake (KPOD—7t% vs>>8) 14% : 86% 67% : 33% < 0.0001
- Day of drain removal 1% - 99% 53% : 47% < 00001

(LPOD -6 vs>T7)°

Table shows median value (range) or number of patients.
P:B: A pancreatic disease : biliary disease : ampullary disease; Bil, Bilirubin: AST, aspartiate
aminotransferase; WBC, white blood cell count; Hb, hemoglobin; DM, diabetes mellitus; CRT,
preoperative chemo - radiation therapy; PD, pancreaticoduodenectomy: PpPD, pylorus pre-
serving pancreaticoduodenectomy; allo, allogenic blood transfusion: auto, autologous blood
transfusion; none, no transfusion; food intake (<POD - 7 vs >8), food intake was initiated
within post—operative day - 7% vs over post—operative day —8t, ’

127 1127
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Table 2 Comparison of post—operative complications

Parameters Group A Group B p value
- overall complications 49/77 (64%) 20751 (39%) 0.0109
* septic complication 23777 (30%) 10/51 (20%) n.s.

* re—operation 4/77 (5.2%) 1/51 (2.0%) ns.

* in—hospital death 0/77 { 0%) 1/51 (2.0%) ns.

* pancreatic fistula 21 (27%) 7 (14%) 0.0828
Grade A : B/C 6:14/1 4:3/0 0.0376

- DGE 18 (23%) 3( 6% 00133

» drain infection 4 (5.2%) 3 {5.8%) ns.

+ abdominal abscess 7 (9.1%) 2 (3.9%) n.s.

* hemorrhage 1 {1.2%) 0( 0%) n.s.

* wound dehiscence 22 (29%) 10 (20%) n.s.

* pneumonia 1 (1.3%) 1 (2.0%) n.s.

- bile leakage 1 {1.3%) 1 (2.0%) ns.

* marginal ulcer 10 (13%) 1(2.0%) ns.

+ peritoneal/pleural effusion 14 (18%) 6(12%) n.s.

-+ GJ leakage 2(2.6%) 0( 0%) n.s.

+ GJ stricture 4 {5.2%) 0( 0%) n.s.

- liver dysfunction 10 (13%) 4 (7.8%) n.s.

Figure represents number of patients (%),
DGE : delayed gastric emptying, fluid collection : pleural effusion or/and as-
cites, GJ : gastro—jejunostomy.

& (19% 5 6%) BHEEIERE:L), BHE

PEHEERE (23% 226 6%) RPEEMHERELDL Hooduodoneo: oo .

. R 13 . pancreaticoduodenectomy of patients with pancreatic

BLET (64% % C), 39%) HER® 6T (Table cancer. Pancreas 2006; 33; 45-52.

2, p<005). 61, BERORKRS BiReE 3) Kakita A, Yoshida M, Takahashi T. History of pancre-

HMOEEL KFlL— VIREH OEER B0 aticojejunostomy in pancreaticoduodenectomy: devel-
,' . . N ) - opment of more reliable anastomosis technique. ] He-

REGARICBE L 22 2 E X b S BERM patobiliary Pancreat Surg 2001 8: 230-7.

&Y, HHEEEOEAD, £464EE B 4) Bassi C, Dervenis C, Butturini G, et al, Postoperative

iR (grade B/C) # 5 P BRILETE 0 554 AR R pancreatic fistula: an international study group
. ) {ISGPF) definition. Surgery 2005; 138: 8-13.
%‘m T &) o 7:_. 5)

Group. Br ] Surg 1997: 84: 1370-6.
2) Satoi S, Takai S, Matsui Y, et al. Less morbidity after

Varco RL. A method of implanting the pancreatic
TLHDHE, MBEEER R LS LT 2 EHY
EHEOHIEEE, £AHE  Grade B/C BEHIE,
BAFIREREEREROERICHEL, %4n
PDRATICERTH &£ b/

X ®
1) Neoptolemos JP, Russel RC, Brambhall S, etal Low
mortality following resection for pancreatic and peri—
ampullary tumours in 1026 patients: UK survey of
specialist pancreatic units. UK Pancreatic Cancer

duct into the jejunum.in the Whipple operation for
carcinoma of the pancreas. Surgery 1945; 32: 569~73.

Expanded abstract cited from the original paper:

Sohei Satoi, Hideyoshi Toyokawa, Hiroaki Yanagimoto,
Tomohisa Yamamoto, Jun Yamao, Songtae Kim, Yoichi
Matsui, Soichiro Takai, Hynek Mergental, Yasuo Kami- .
yama A new guideline to reduce postoperative morbidity
after pancreaticoduodenectomy. Pancreas 2008; 37: 128-33.
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BREABML, VU AFEBECRITEREEY K
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Z 2 TEME, bivbiid, NACRT 8061 & 1)
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(DFS) *MEBRERA Z LB L7z

B &

200041 A5 20054 12 B 5 TITERRIIC
BEsE L BT LB 175 B0, a7 o708
EHBEESF = H & L. 2001 &£ 5 5 2004
FF T, EELE TNM 5312817 5 T3/T4 EH
@ 35 Fizxt LT NACRT (A4 B8 & 40Gy +low
dose 5FU + CDDP ; n=13 or Gemcitabine 400
mg/m* 33 14K n=22) %17\, WIBZHIT L
27 6% NACRT & & L7-. —FH TIRIZTREFHIZY
OB EITo7- A1 Bl BEMEE L LT, EBER
F, OS, DFS #HEHRE L2, 2512, SER
BEIRRBI O RE b BRI HE L7 £ T OEmIT,
WELEEET T T, RBRIE 25 » AEE

mFE—R ="

BEE T o7z
TR CER

Crane H%id, WRTRETMRILSHEE (NACRT) @
MEE LT, BESBPIISBRIZEEERZTT
EFZBENATERERNIERTHAZ L, BIF
e BENE, UL A BERBREEED TR &
WL TD. —FHTNACRT OREE LT,
Tse b, EHEREC RUMEEE O3 288105
BOTRBIZERLTE .

AT BT, NACRT BCIXBESR B L
T23% DEFIHFELIBE 2D, BERBIZT7T%
(27/35) 1280 % 1T - 7-. NACRT E 27 #lCI3,
OEBEA LB LTY VR BEBRENE

BT (32% vs59%, p=0044), MREFERE

UBEFPERILEETH o7 (52% vs22%, p=
0.004). Wiz EE B OB IR IR B O OS D ik
BTYb, NACRT 2 18 liZ YUk BB 30 41 & H:
BLTEEIIFREET TH-/2(1,3,5 EAFER,
NACRT : 94,59,52% vs ) B B fi : 83, 34, 13%,
p=00425 Fig.1). 2 H5ZDFSOHEBEIZH VT
b, I ELNIEWEL DERTH 7205, TRk
BRI ALY A SN, NACRT BETHEEICRIF
T -7 (p=00359. Fig. 2). #AEIBEEERL DM
TE, WEHEMTEREBELIRSETH o 7295
NACRT BOBFITEHEEIIL 11% &, YEERED
47% LB L THEIEETH -2 (p=0.0024).
MD Anderson Cancer .Center @ Evans® I3,
Gemcitabine—base O W51 B EZ DR %17
Vo 33y RO&EFEHBFRRE (MST) #5872 &
TIFEL TV %, T/, Talamonti 5%, full-dose
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chemoradiation strategies in pancreatic cancer. Semin
Oncol 2007; 34: 335—46.

3) Tse RV, Dawson LA, Wei A, Moore M. Neoadjuvant
treatment for pancreatic cancer—A review. Critical
reviews in Oncology/Hematology 2008: 65: 263-74.

4) Evans DB. Preoperative chemoradiation for pancre-
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dose gemcitabine and concurrent radiation for pa-
tients with potentially resectable pancreatic carci-
noma. Ann Surg Oncol 2006; 13: 150-8.

Expanded abstract cited from the original paper:

Sohei Satoi, Hiroaki Yanagimoto, Hidevoshi Toyokawa,
Kanji Takahashi, Yoichi Matsui, Hiroaki Kitade, Hynek
Mergental“. Noboru Tanigawaz', Soichiro Takai, A~Hon
Kwon''. Surgical results after preoperative chemoradia-
tion therapy for patients with pancreatic cancer. Pancreas
2009; 38: 282-8.

1)Department of Surgery, Kansai Medical University

2’Department of Radiology, Kansai Medical University



FEOMRR 2855% 585 2009488 601(39)

=

BEMREREF 2B OOEFIAEEE

B4 21 F F WA F WY L HEEY
& HmFE OWE JET WA F AN EBERE A
B B ST

‘Multi-Disciplinary Management for Obtaining Long-Term Survivors in Patients with Pancreatic Cancer: Satoi
S#*1, Toyokawa H*!, Yanagimoto H*}, Kitade H*!, Sonte Kim*!, Yamao J*!, Yamamoto T*!, Hirooka 5*1, Matsui Y*!
and A-Hon Kwon*! (*!Department of Surgery, Kansai Medical University)

We explored the outcome of the multi-disciplinary management for obtaining long-term survivors in patients with pan-
creatic cancer that extended beyond the pancreas. Our experiences of surgical resection following the pre-operative
chemoradiation (pre-CRT) therapy showed that pre-CRT could be associated with a lower rate of lymph node metasta-
-sis and a higher rate of R0 resection, resulting in improved prognosis of patients with pancreatic cancer that extended be-
vond the pancreas.
Key words: Pre-operative chemoradiation, Curative resection, Lymph node metastasis, Overall survival rate, Disease-
free survival rate
Jpn J Cancer Clin 55 (8): 601~605, 2009
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ABSTRACT | ' o eseounity
Background/Aims: Accurate pre-operative stag- and angiography (5-7 mm slice thickness, 1st period Potentially
Ing 1n patients with pancreatic cancer is crucial for 2000-2002), and 80 patients underwent MD-CT resectable tumor:
avoiding unnecessary laparotomy and for selecting  (1.25 mm slice thickness, 2nd period 2002-2005). Incurabie tumor;
patients accurately for curative resection. In this Results: The introduction of MD-CT had a signifi- | Unresectable

study, tumor resectability and residual tumor grad-
ing in patients evaluated by MD-CT (Multi-detector
row CT) or by SD-CT (single-detector CT) were com-
pared to determine whether more accurate imaging
has a significant clinical impact on patient selection
and surgical outcomes.

Methodology: One hundred-fifty consecutive
patients with pancreatic cancer evaluated from Jan-
uary 2000 to April 2005 were included in this retro-
spective study. Seventy pancreatic cancer patients
underwent pre-operative evaluation using SD-CT

cant impact on the selection of suitable patients,
this group showing a lower frequency of surgical
intervention in cases of incurable disease
(p=0.0383). Pre-operative evaluation using MD-CT
in the resected cases also provided a higher per-
centage of accurate RO/R1 grading relative to SD-
CT evaluations (p=0.0164).

Conclusion: MD-CT imaging has a significant
impact on preventing unnecessary exploratory
surgery and on the selection of appropriate pancre-
atic cancer patients for surgical resection.

INTRODUCTION

Pancreatic cancer is a lethal disease with poor
prognosis. Even after radical operation, the five-year
survival rate varies between 10-30% (1-4). At the
time of pancreatic cancer diagnosis, only 15-20% of
patients have potentially resectable disease without
evidence of major vessel involvement or distant
inetastases (5). For these cases, surgical resection
remains the only potentially curative treatment.
Since the management of patients with incurable dis-
ease should be primarily non-surgical, it is essential
to select patients who may benefit from surgery by
staging cancers accurately. Relapsed disease, partic-
ularly at an early post-operative phase, can also
affect surgical outcome adversely in pancreatic can-
cer patients. Underestimation of pre-operative
tumor extension, inability to perform surgical clear-
ance of the tumor, and biological features of the
tumor all can contribute to early relapse of the tumor,
even in patients who have undergone curative resec-
tion.

We reported previously that the accuracy of
multi-detector row CT (MD-CT) for detection of pan-
creatic cancer liver metastasis or vascular involve-
ment was superior to single detector (SD) CT (6).
Between 2000 and 2002, SD-CT and abdominal
angiography were used routinely for pre-operative

Hepato-Gastroenterology 2009; 56:529-534
© H.G.E. Update Medical Publishing S.A., Athens-Stuttgart

staging. In September 2002, we began applying MD-
CT for pre-operative evaluation of pancreatic cancer
patients. In addition to the superior spatial resolu-
tion of MD-CT and the possibility of multi-planar
reconstructions, MD-CT images with thinner colli-
mation provide more accurate and detailed informa-
tion than images from conventional contrast-
enhanced CT (7,8). We hypothesized that using MD-
CT to improve the accuracy of liver metastasis and
vascular invasion diagnoses would reduce the fre-
quency of unnecessary laparotomy, resulting in
improved surgical results for eligible pancreatic can-
cer patients.

The goal of this study was to compare tumor
respectability and residual tumor grading between
patients examined before or after the introduction of
MD-CT.

METHODOLOGY

One hundred-fifty consecutive patients with duc-
tal adenocarcinoma of the pancreas that were evalu-
ated between January 2000 and April 2005 in Kansai
Medical University Hospital were included in the
study (Table 1). After clinical diagnosis of pancreat-
ic cancer using ultrasonography, CT, MRCP, ERCP,
endoscopic ultrasonography, cytological examination
of the bile juice and/or biopsy of the bile duct mucosa

turnor; Grading of
residual tumer;
Overall survival
rate; Disease-free
survival rate;
CTHA, CTAP;
Angiography.

ABBREVIATIONS:
CT During Hepatic
Arteriography
(CTHA), CT During
Arterioportgraphy
(CTAP)
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(conducted at the Department of Gastroenterclogy),
all patients were referred to the Department of
Surgery for pre-operative evaluation of tumor exten-
sion. Pre-operative staging was focused on (1) the
detection of liver or lymph-node metastases, (2) iden-
tifying tumor vascular involvement, and (3) obtain-
ing information about the anatomy of the celiac trunk
and superior mesenteric arteries. Cases involving an
endocrine tumor of the pancreas, intraductal papil-
lary mucinous cancer, acinar cell cancer, or anaplas-
tic cancer were excluded.

Patients in the study were classified according to
radiological -results into one of four groups: “incur-
able”, “locally advanced”, “potentially resectable”,
and “unresectable”. “Incurable” cases involved diag-
nosis of peritoneal carcinomatosis or distant organ
metastasis. ‘“Locally-advanced” cases consisted of
patients without any distant organ metastasis, but
with (1) vascular involvement of a major peripancre-
atic artery (defined as tumor in-growth with >50%
vessel contiguity in the celiac trunk, common or prop-
er hepatic artery or superior mesenteric artery), (2)
extended obstruction of the portal vein to distal

branches of the superior mesenteric vein, or (3) with

cavernous transformation of the porta hepatic. At
the time of laparotomy, patients demonstrating
tumors with any of the features above were classified
as “unresectable” and were not treated surgically.
Patients with no distant organ metastasis or tumor
extension to a major peripancreatic artery [as defined
in (1)} were classified into the “potentially resectable”
group. Patients with tumors that invaded the portal
vein were also classified as candidates for surgical
resection but only in the absence of extended obstruc-
tion of the portal vein to distal branches of the supe-
rior mesenteric vein, or cavernous transformation of
the porta hepatis. Patients with cancer in the pan-
creatic body and tail, with celiac trunk invasion and

s

2nd term

1st term p value
Time 2000.1-2002.8 2002.9-2005.4
Number of patients 70 80
Age 64 (47-82) 65 (39 - 83) n.s,
Gender (Male : Female) 31:39 37:43 .S,
Incurable cases 27 (39%) 48 (60%) 0.0138
Reason (local:distant) 8:19 10:38 n.s.
Potentially resectable cases 43 (61%) 32 (40%) 0.0138
Resected cases 33 (47%) 29 (36%) n.s.
6 (18) 15 (62) 0.0164
13 (39) 8 (28)
14 (43) 6 (20)
Unresected cases 10 (14%) 3 (4%) 0.0383
Reason (local:distant) 2.8 0:3 .S,

Unresectable case: patients who had no indication for surgical resection on
laparotomy. Incurable case: patients who had no indication for laparotomy
due to detection of distant metastasis and/or locally advanced tumor during
pre-operative radiological examination. Local, locally advanced disease;
distant, distant metastasis. RO, negative margin; R1, positive microscopic
margin; R2, positive gross margin

without SMA invasion, were classified as “potenti:].
Iy resectable” candidates for curative resection.

The following strategy was basically applied 73y
treatment of the remaining pancreatic cancszy
patients: Patients with potentially resectable canc -
underwent only surgical resection, primarii-,
Patients with locally advanced cancer receivzi
chemo-radiation (possibly followed by surgical rese -
tion), and patients with distant organ metastas :
received systemic chemotherapy. MD-CT or SF.
CTs/angiography was performed for tumor staging : -
least two weeks before surgery, chemotherapy «
chemo-radiotherapy. Informed -consent from eac
patient included in the study was obtained in accor
dance with the provisions of the Declaration ¢
Helsinki. Patient data were obtained from the
prospective database of Pancreatic Disease at Kansa.
Medical University Hospital.

MD-CT was used to evaluate 80 patients with
pancreatic cancer from September 2002 to April 200%
(2nd term). Subsequently, staging laparoscopy was
performed during the 2nd term on patients whe
showed ring-enhanced lesions or nodular low-attenu-
ation lesions (less than 10-mm diameter) of the liver
on MD-CT. Seventy patients with pancreatic cancer
who underwent pre-operative evaluation using SD-
CT/angiography between January 2000 and Augusi
2002 (1st term) served as the historical control group.
During this period, staging laparoscopy was not per-
formed. All operations were performed by two expe-
rienced hepato-pancreato-biliary surgeons who were
in agreement about the extent of the surgery to be
performed.

Settings for contrast-enhanced Multidetector
row CT (MD-CT)

Since September 2002, MD-CT imaging on
patients with pancreatic cancer has been performec
using a Hi-speed advantage QX/T (General Electric
Medical System, Milwaukee, WI). Arterial and por-
tal phase images were collected using a 1.25 mm x 4-
detector configuration and a multi-slice pitch of &
(High quality mode), with a table speed of 3.7%
mm/rotation. After reconstruction of the raw scans,
data from serial 1.25-mm thick slices with a 0.6-mm
mterval were transferred to a workstation (Advan-
tage Window 3.1). The scans were evaluated by an
experienced hepatopancreatobiliary surgeon and &
consultant radiologist. At the top of axial scans, 2L
and 3D coronal and sagittal anatomical reconstruc-
tions were also performed. A recent publication from:
this unit6 provides more detailed information.

CT during hepatic arteriography (CTHA) and
CT during arterioportgraphy (CTAP)

Between January 2000 and August 2002
patients with pancreatic cancer underwen:
CTHA/CTAP at the time of pre-operative angiogra-
phy. As described previously (6), whole-liver scar:-
ning (single-slice helical CT: thickness 7 mm, interva:
7 mm, 120 kV, 250 mA, 0.8 sec/rotation) was done for
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CTAP and CTHA. CTHA/CTAP/angiography find-
ings were evaluated independently by an experienced

radiologist, and conventional SD-CT was performed 1st term 2nd term _ p factor
with a slice thickness of 5 mm. Total number of patients 33 29 n.s.
Age 64 (52-78) 65 (47 - 83) n.s.
Comparison of pre-operative patient selection Gender(Male : Female) 17:16 13: 16 n.S.
. . . . CA19-9 (U/ml) 93 (5-8470) 89 (1-9116) n.s.
and grading of residual tumor with different Site of primary lesion
. pre-operative radioAlogical dealities. . Head : Body-tail %49 236 e
Pre-operative patient selection and grading of  Tumor size (mm) 30 (13-90) 32 (16-80) ns
residual tumors (R classification) were compared  Co-morbid disease (+:-) 16:17 16:13 n.s.
between 29 patients that underwent resection after  Pre-operative chemo-radiation (+:-) 8:25 20:9 p=0.0008
pre-operative MDCT evaluation in the 2nd term, and  Type of surgery (PD:PpPD:TP:DP) 21:1:2:9 19:3:0:7 n.s.
33 patients evaluated by SD-CT/angiography in the PV resection (+:) 8:25 5:24 n.s.
1st term (Table 1 and 2). Residual tumors were CAresection (+:) 1:32 1:28 1.5,

Operative duration (min)
Extent of blood loss (ml)
Stage LILIIL:IVa:IVb
Pathological differentiation

510(266-900)
1380(450-5503)
2:3:3:13:12
10:16:6:1

565(265-815) I.s.
1140(400-7250) n.s,
2:0:9:12:6 n.s.
4:20:0:5 n.s.

graded as follows: RO, radical resection with tumor-
free resection margins; R1, palliative resection with
microscopically proven tumor on resection margins;

R2, palliative resection with macroscopically tumor-
positive margins. For strict evaluation of surgical
margins, intra-operative frozen or permanent patho-
logical sections from the dissected stump of the extra-
pancreatic nerve plexus around the celiac trunk or
the superior mesenteric artery (SMA) and from
retroperitoneal tissues were routinely used. All
pathological findings were evaluated by an experi-
enced pathologist according to the General Rules for
Clinical and Pathological Management of Carcinoma
of the Pancreas of the Japan Pancreas Society (9).
Tumor staging was graded as M1 (stage IVb) when
para-aortic lymph node metastasis was detected.
There was one in-hospital death in each period.

Statistical analysis

All data are expressed as median values and
range. Data analysis was undertaken using Statview
Version 5.0 for Windows (Abacus Concepts, Inc.
USA). When appropriate, chi-square or Fisher’s
exact tests were used for comparison of categorical
variables. Kaplan-Meier curves of disease-free sur-
vival and overall survival were generated, and com-
parisons between the groups were performed using
log-rank test.

RESULTS

Comparison of pre-operative patient selection
and grading of residual tumor with different
pre-operative radiological modalities.

Based on SD-CT/angiography images in the 1st
term, 27 of 70 patients (39%) were classified as pri-
mary incurable or locally advanced cases. Among the
43 patients (61%) that were classified as potentially
resectable, 10 patients (14%) underwent surgical
exploration without pancreatic resection and 33
patients (47%) underwent resection (Table 1). In
the 2nd term, 80 patients were pre-operatively eval-
uated by MD-CT. Among 10 patients who displayed
suspicious small metastases (less than 10-mm diam-
eter) in the liver on MD-CT, subsequent staging
laparoscopy confirmed the presence of liver metas-
tases in seven, and the other three patients under-
went pancreatectomy. In total, 48 of 80 patients

(well:mod:por:other)

The data was expressed as median (range). PD, pancreaticoduodenectomy;

PpPD,pylorus preserving PD; TP,total pancreatectomy; DP,distal
pancreatectomy; PV, portal vein; CA, Celiac trunk; mod,moderately;

por,poorly; other, papillary/adenosquamous cell carcinoma.

(60%) in the 2nd term were not eligible for pancrea-
tectomy, 29 patients (36%) underwent surgical resec-
tion and 4% underwent unnecessary laparotomy
(Table 1). Thus, introduction of MD-CT followed by
staging laparoscopy in selected patients not only
resulted in a higher frequency of primary diagnosed
incurable or locally advanced cases, but also in fewer
unresectable cases who underwent unnecessary
laparotomy, vrelative to SD-CTs/angiography -
(0<0.02).

There were few significant differences in the clin-
ical backgrounds of the 29 patients in the 2nd term
relative to the 33 patients in the 1st term (Table 2).
Patients in the 2nd term were significantly more like-
ly to be treated pre-operatively with chemo-radio-
therapy (»=0.0008). The frequency of portal vein
resection, which was performed in 24% of 1st term
and 21% of 2nd term patients, was not statistically
different. In each term, distal pancreatectomy with
celiac trunk resection was performed in one patient
(8%). Of the cases that underwent pancreatectomy
with vascular resection, 27% of tumors were RO
grade, 40% R1 and 33% R2. Although 25% of all R2-
grade cases underwent this procedure, there was no
significant difference in the frequency of R2 tumors
resected in pancreatectomies with or without vascu-
lar resection.

In comparisons of residual tumor staging, the fre-
quency of RO/1 in patients evaluated by MD-CT
(80%) was significantly higher (p<0.05) than R0/1
evaluated by SD-CT/angiography (57%). The fre-
quency of R2 grading was only 20% in the 2nd term,
significantly less (p<0.05) than in the 1st term. All
grade R1 cases showed microscopic tumor invasion to
the retroperitoneal tissue or the stump of extra-pan-
creatic nerve plexus between the SMA and the pan-
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creatic parenchyma. In contrast, R2 cases primarily
showed major vessel invasions such as SMA, celiac
trunk or common hepatic artery.

DISCUSSION

In this study, the pre-operative patient selection
was compared to surgical resectability, and grading
of residual tumor of patients with pancreatic cancer
evaluated by MD-CT (slice thickness of 1.25 mm in
the axial, coronal and sagittal phases) relative to con-
ventional SD-CT/angiography (standard slice thick-
ness of 5-7 mm). In selected patients, introduction of
MD-CT followed by staging laparoscopy not only
vielded a higher frequency of incurable or locally
advanced cases-during primary diagnosis, but also in
fewer unresectable cases, relative to conventional
forms of CT. Furthermore, the frequency of grade
RO/1 tumors in patients evaluated by MD-CT was
significantly higher than in patients evaluated by
SD-CT/angiography. These data demonstrate that
routine pre-operative imaging by MD-CT can signifi-
cantly reduce the frequency of unnecessary surgical
exploration and improve the selection of appropriate
pancreatic cancer patients for surgical resection.

Technical developments in contrast enhanced
MD-CT are useful not only for examination of thinner
sections (which allow less partial-volume averaging
to pick out mass lesions in solid organs, as well as dif-
ferent orthogonal plane display), but also for
increased imaging speed (which allows greater bolus
injection and a correspondingly higher cancentration
of iodine load to the portal vein and to the liver for
better metastatic discernment). A faster injection
rate also allows better segmentation of contrast phas-
es. MD-CT cine-images with thin collimation in the
axial, coronal and sagittal phases can provide
detailed information in regions around peri-pancre-
atic major vessels and small liver metastases.

It is widely accepted that surgical resection is the
only curative treatment that offers a significant
chance for long-term survival in pancreatic cancer
patients (10,11). Patients diagnosed with distal

metastases, where the main treatment goal is tg
improve quality of life using less invasive procedur 38,
should be managed non-surgically. Accurate stagiag
to select patients who may benefit from resectior. is
essential. Recent reports indicate that approxime a.
ly one-third of patients diagnosed with resectz™le
pancreatic tumors on CT were then found to hz-e
unresectable tumors upon surgery (12-15). This ty e
of incorrect diagnosis is most often due to undetectz4
vascular invasion, or small peritoneal or liver metc¢ :.
tases. We reported previously that the accuracy -f
diagnosis of liver metastasis and vascular involv:.
ment by MD-CT in patients with pancreatic canc:-
was favorable compared to radiclogical findings fro.-
SD-CTs/angiography (6). Others have also reporte.1
that the sensitivity and specificity of vasculs:
involvement diagnosis are 80-100% for MD-C "
(16,17). These findings, and our experiences, lead
to conclude that accurate evaluation of liver metaste.
sis and vascular involvement by MD-CT could resul”
in fewer surgical cases without resection, and mor-
curative cases relative to patients evaluated by ST
CT/angiography.

The problem of undetected metastases has led
many surgeons to perform staging laparoscopy an:’
laparoscopic biopsy routinely in an effort to avoic
unnecessary laparotomy (12-14,18) . In this study
staging laparoscopy was performed in selected caser
to confirm the presence of liver metastasis detectec
by MD-CT, because use of the operating room fo.
pancreatic surgery was limited in our hospital. Ir
cases where MD-CT detected a small liver mass (<1(
mm in diameter, and not definitive for the diagndsis
of liver metastasis), laparoscopic exploration, ultra-
sonography and biopsy were used for confirmation.
The 4% frequency of unresectable cases found in the
2nd term of this study would be considered accept-.
able in usual clinical practice. Thus, we suggest tha"
routine staging laparoscopy after MD-CT pre-opera-
tive evaluation is not essential for selecting
resectable cases with reasonable accuracy.

Factors that define resectability include the sur

reason for unresected .

Imaging potentially resection rate

studies n’ resectable resected % (R0:1:2:%) distant local
Rumstadt et al..27 CcT 398 194 172 83 (NR) NR NR
White et al..28 CT 103 68 38 56 (68:NR:NR) 18% 26%
Friess et al..29 CT 119 102 71 70 (NR) 14% 16%
Saldinger et al..30 CT NR 52 36 69 (78: NR:NR) 6%  25%
Volimer et al..18 CT 84 84 47 56 (NR) 26% 17%

Lap 84 60 47 78 (NR) T% 13%
Jimenez et al..12 Lap 125 31 23 74 (NR) 3% 23%
Ellsmere et al..13 MD-CT NR 44 23 52 (66:17:17) 18% 30%
Vargaset al.. 17 MD-CT 59 25 22 88 (95:5:0) 12% 0%
In this study
2000-2002 CT 70 43 33 77(18:39:43) 18% 5%
2002-2005 MD-CT 80 32 29 91(52:28:20) 9% 0%

"Number of patients with pancreatic cancer. MD-CT, multidetector row-CT; NR, not reported; Lap, staging laparoscopy
Resection rate, resected number/potentially resectable number
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geon's opinion on the necessity of venous or arterial
resection (18-20), and whether high-risk margins for
resection of a tumor are acceptable. In our center,
pancreatectomy with portal vein or celiac trunk
resection was performed in some cases in which
resection had been predicted to generate surgical- or
pathological-free margins. During the period of this
study, surgical indication was fixed, and two experi-
enced surgeons performed all resections. Relative to
SD-CT/angiography, pre-operative evaluation using
MD-CT led to a higher frequency of curative resection
and fewer cases of palliative resection. The frequen-
cy of RO resected cases in the 1st and 2nd term (18%
and 52%, respectively) was relatively low; however in
the 2nd term, the frequency of RO/R1 in resected
cases was 80% (an acceptable value). Because we
examined pathological specimens of the surgical
stump of perineural and retroperitoneal fat tissues
between the pancreatic parenchyma and the SMA or
the CA strictly, the frequency of R1l-grade resected
cases was relatively high. All 1st- and 2nd-term R1-
grade cases showed positive microscopic margins of
perineural and retroperitoneal fat tissues, but no
extended invasion into major peri-pancreatic arter-
ies. The significant decrease observed in the fre-
quency of R2-grade tumors in the 2nd term was
attributed to cases involving extended invasion to the
major peri-pancreatic artery. Thus, a use of MD-CT
contributes to accurate pre-operative imaging of
major peri-pancreatic vessel invasion. Relatively
high rates of R2 operation at our facility may also be
due to broad surgical indications. To reduce frequen-
cy of R2 resection, “potentially resectable” cases cate-
gorized in this study should be defined as tumor in-
growth with vessel contiguity less than 0-25%, but
not less than 50% in the major peri-pancreatic artery.

A caveat to interpreting the increase in curative
resection in the 2nd term as significant is that, in
addition to surgical resection, there is a difference in
the number of patients receiving pre-operative
chemo-radiation therapy (CRT) between the 1st and
2nd terms. A group at Duke University has reported
that pre-operative CRT, in particular, can result in
down-staging of pancreatic cancers (21,22). Breslin

et al. at the M. D. Anderson Cancer Center have sug-

gested that patient survival time with potentially
resectable pancreatic cancer is maximized by a com-
bination of chemoradiation and pancreaticoduo-
denectomy (23). Authors of a recent review from
Sweden suggested that nec-adjuvant therapy repre-
sents an interesting solution to the poor prognosis of
pancreatic cancer, although trials that include ran-
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