PDAC need more frequent surveillance is
also unknown.

Conclusions

Clarification of the classification of pancre-
atic IPMNs, whether the mixed type IPMN
should be defined radiographically or histo-
logically and whether this category is neces-
sary are issues that need to be resolved.
Preoperative distinction of premalignant
mucinous cysts from nonmucinous cysts
should be further pursued and the role and
safety of cystic fluid analysis remain to be
evaluated in this context. With regard to
the diagnosis of malignancy in branch duct
IPMNG, criteria with greater specificity are
required to reduce the false-positive rate
of the 2006 international Sendai guide-
lines because approximately 80% of branch
duct IPMNSs that are resected are benign.
Preoperative determination of histological
subtype could be of interest and value.
Surveillance of branch duct IPMNss is of
the utmost importance to detect malignant
transformation, the development of distinct
PDACs and disease recurrence after resec-
tion. The best modality for surveillance is not
vet known, but the interval for surveillance
should not be longer than 6 months.

Department of Surgery and Oncology,
Graduate School of Medical Sciences, Kyushu
Uniiversity, Fukuoka 8128582, Japan.
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MicroRNA, hsa-miR-200c, is an independent
prognostic factor in pancreatic cancer and its
upregulation inhibits pancreatic cancer invasion
but increases cell proliferation

Jun Yu'2, Kenoki Ohuchida*!3, Kazuhiro Mizumoto*14, Norihiro Sato!?, Tadashi Kayashima!, Hayato Fujita’,
Kouhei Nakata' and Masao Tanaka'

Abstract

significance of miR-200c in pancreatic cancer is unknown.

" Methods: In the present study, we investigated the relationship between E-cadherin and mif-200c expression in a
- panel of 14 pancreatic cancer cell lines and in macro-dissected formalin-fixed paraffin-embedded (FFPE) tissue samples

Background: Recently, the microRNA-200 family was reported to affect cancer biology by regulating epithelial to
mesenchymal transition (EMT). Especially, the expression of miR-200c has been shown to be associated with
upregulating the expression of E-cadherin, a gene known to be involved in pancreatic cancer behavior. However, the

. obtained from 99 patients who underwent pancreatectomy for pancreatic cancer. We also investigated the effects of
* miR-200c on the proliferation and invasion of pancreatic cancer cells.

200c and E-cadherin expression.

. Conclusions: These data indicate that miR-200c may play arole in the pancreatic cancer biology and may be a novel

- marker for the prognosis of pancreatic cancer.

Results: We found that patients with high levels of miR-200c expression had significantly better survival rates than '
those with low levels of miR-200c expression. We also found a remarkably strong correlation between the levels of miR- |
1

Introduction _

Pancreatic cancer is the fifth leading cause of cancer
death and has the lowest survival rate of any solid cancer
in the industrialized countries [1,2]. In the past 20 years,
6942 Japanese patients with pancreatic cancer who
underwent pancreatectomy showed a very poor progno-
sis with an overall median survival time (MST) of 11.7
months and a 5-year survival rate of 13.4% [1]. Extensive
molecular analysis of pancreatic cancer has led to discov-
eries of genetic, epigenetic and, more recently, microRNA
alterations [3-6].
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MicroRNAs (miRNAs) are endogenous, small non-
coding RNAs of 14-24 nucleotides that can negatively
regulate protein expression at the post-transcriptional
level by translational inhibition and/or mRNA degrada-
tion, mostly through base pairing with the 3-UTR of
their target mRNAs [7]. Recently, the abnormal expres-
sion of miRNAs was shown to be correlated with cancer.
The first evidence suggesting a direct link between miR-
NAs and human cancer was the localization of miR-15a
and miR-16-1 within a 30 kb region of minimal loss on
chromosome 13 that is deleted in chronic lymphocytic
leukemia (CLL) and that both genes are often deleted or
down-regulated in CLL [8]. Other miRNAs, such as miR-
143 and miR-145 have reduced levels of expression in
adenomatous and cancerous stages of colorectal neopla-
sia [9], while let-7 expression is reduced in lung tumor
[10]. The first oncogenic miRNAs (oncomiR-1), the miR-

© 2010 Yu et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attri-

i Ceﬂ’[rdl bution License (httpy/creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.
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ell
lymphomas [11], were described as tumor suppressors or

oncogenes and brought a novel area of investigation to’

cancer research [12,13]. :

Recently; it has been reported that miR-200c is a
marker of aggressiveness and chemoresistance in female
reproductrve cancers, that miR-200c suppresses invasive-

ness and restores sensitivity to mxcrotubule targeting.

chemotherautic agents in breast and ovrian cancer cells,

and that'downregulation of miR-200c links breast cancer

stem cells with normal stem cells [14-16]. Meanwhile,
Hurteau et al. revealed that over-expression of miR-200c
leads to reduced expression of transcription factor 8
(TCF8; also termed ZEBI) and increased expression of E-
cadherin in breast cancer cells [17,18]. Also, Park et al.

reported that miR-200c regulates epithelial to mesenchy--

mal transition (EMT) and restores expression of E-cad-
herin in breast and ovarian cancer cells [18-20], EMT is a
central process in the progression of primary tumors
toward metastasis (a switch from the polarized, epithelial
phenotype to a highly motile fibroblastoid or mesenchy-
mal phenotype). Furthermore, expression of E-cadherin
can predict disease outcome in patients with resectable
pancreatlc carcmoma, and the therapeutrc restoratxon of
E-cadherin was p1oposed as a strategy to suppress cancer
metastasis [21-24].

In the present study, to identify novel relatlonshlp’

between E-cadherin and m;R 200c in pancreatic cancer,

we quannﬁed miR-200c expression in a panel of 14 pan-

creatic cancer cell lines and in 99 samples of macro-dis-
sected formalin-fixed paraffin-embédded (FFPE)

pancreatic tissues. We also investigated the in vitro
effects of miR-200c upregulation on the proliferation and
inyasion of pancreatrc cancer cells.

We found that

\The followmg 15 pancreatlc cancer. cell hnes were stud-
‘ led AsPC—l KP- lN KP-2, KP-3, PANC 1, BxPC-3 and
SUIT2 (prov1ded by Dr. H. Iguchi, National Shikoku
Cancer Center, Matsuyama, ]apan) MIA PaCa—2 (Japa-

(estabhshed in our laboratory by Dr. Sato) CAPAN— .
CAPAN-2, CFPAC-1, H48N, HS766T and S\X/199O

- (American. Type Culture Collection, Manassas, VA,
USA). In -addition, a human pancreatic ductal epithelial
cell line (HPDE, provided by Dr. Ming-Sound Tsao, Uni-’
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oronto, Otitario, Canada) was stud-
ied. The cells were mamtamed as descrlbed previously
[25). ‘ '

Pancreatic tissues

Our study consisted of 99 patients who underwent pan-
creatic resection for pancreas cancer at the Department
of Surgery ‘and Oncology, Kyushu University Hospital
(Fukuoka, Japan) from 1992 to 2007. The patients com-

- prised 64 men and 35 women with a median age of 66

years (range, 36-86 years). Survival was measured from
the time of pancreatic resection and death was the end-
point. Prognosis was examined in October 2008. The
median observation tifme fot overall survival was 15
months and it ranged from 1 to 101 months. Sixty four
patients died during follow-up and the other patients
were alive and censored.

All resected specimens were fixed in formalin and
embedded in paraffin (FFPE) for pathological diagnosis.
All tissues ad)acent to the specimens were evaluated his-
tologxcally according to the criteria of the World Health
Organization. For all cases, two pathologists were in
agreement with regard to pathological features and both
confirmed the diagnoses. The stage of tumors was
assessed accordmg to the Union Internationale Contre le

) Cancer (UICC) classification. The clinicopathological

characterlstlcs of the tumor collection are described in
Table 1, Written' informed- consent was obtained from all
patients, and:the study was approved by the Ethics Com-
mittee of Kyushu University‘and conducted according to
the Ethical Guidelines: for Human .Genome/Gene
Research enacted by the Japanese Government and the
Helsinki Declaration.

miRNA isolation

- miRNAs were extracted from cultured cells using a mir-
* Vana™ miRNA Isolation Kit (Ambion, Austin, TX, USA)
+and from macro-dissected ‘FFPE pancreatic tissues using

an RNeasy FFPE Kit' (Qxagen, ‘Tokyo, Japan), following

""’Sf’ithe manufacturers instruction: ’Consrdermg the ‘influ-

ence of genomic DNA ‘contamination, especially from the
FFPE ‘materials,”Qiagen: providesa special 'gDNA Elimi-
nator spin‘column to rapidly remove genomic DNA, and -
we also performed a DNase digestion step. The extracted
RNA was quantified by absorbance at 260 nm" and its
purity was evaluated by the absorbance ratio at 260/280
nm with a NanoDrop ND-1000 spectrophotometer (Nan-
oDrop Technologies, Rockland, DE, USA).

Quantitative real-time reverse-transcription polymerase
chain reactlon (qRT-PCR)

The expression of miR-200c and RNU6B (U6 snRNA, a
reference gene) was measured by qRT-PCR using a Taq-
Man’ MicroRNA Reverse Transcription Kit and TagMan®
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Table 1: Clinicopathological Characteristics of 99 Patients
with Pancreatic Cancer

Median age 65.7 years (range, 36-86 years)

Sex (Male/Female) 62 (62.6%)/37 (37.4%)

Histological diagnosis

Adenocarcinoma 97 (98.0%)

Adenosquamous 2(2.0%)

carcinoma
pT category

pT1 6(6.1%)

pT2 3(3.0%)

pT3 57 (57.6%)

pT4 33(33.3%)
pN category

pNoO 33(33.3%)

pN1 66 (66.7%)
UICC stage

IA&IB 5 (5.1%) & 4 (4.0%)

A &1IB 21(21.2%) & 64 (64.7%)

m 1 (1.0%)

v 4 (4.0%)
Histological grade

G1 20(20.2%)

G2 43 (43.4%)

G3 36 (36.4%)
Residual tumor category

RO v 60 (61.2%)

R1 38 (38.7%)
Vessel invasion

Paositive 61 (62.2%)

Negative 37 (37.7%)
Neural invasion

Positive 84 (84.8%)

Negative 15 (15.2%)

Universal PCR Master Mix (No AmpErase’ UNG;
Applied Biosystems, Tokyo, Japan) and a Chromo4™ Sys-
tem (Bio-Rad, Hercules, CA, USA). We followed the
manufacturer's protocols to perform two-step real-time
RT-PCR for the measurement of miR-200c and RNU6B
expression. Each sample was run in triplicate. The level of
miR-200c expression was calculated from a standard
curve constructed with small RNAs from the CAPAN-1
pancreatic cancer cell line. The expression levels of miR-
200c were normalized against the corresponding expres-
sion levels of RNU6B.
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The levels of E-cadherin mRNA and 185 rRNA were
measured by qRT-PCR using a QuantiTect SYBR Green
RT-PCR Kit (Qiagen, Tokyo, Japan) and a Chromo4™ Sys-
tem, following the manufacturer's protocols [26]. Each
sample was run in triplicate. We designed specific prim-
ers for E-cadherin (forward, 5'-tcagcgtgtgtgactgtgaa-3';
reverse, 5'-aggctgtgccttcctacaga-3'), and 185 rRNA (for-
ward, 5'-ctttcgaggecctgtaattg-3'; reverse, 5'-cctccaatggate-
ctcgtta-3") using Primer 3 software and performed
BLAST searches to ensure the specificity of the primers.
The PCR products amplified using. these primers are
small (185§ rRNA, 63 bp; E-cadherin, 53 bp), which
allowed accurate and sensitive qRT-PCR despite the frag-
mented RNA extracted from FFPE tissue specimens
[27,28]. We also included controls without reverse tran-
scriptase to confirm that there was no influence from
genomic DNA contamination. The level of E-cadherin

‘mRNA was caleulated from a standard curve constructed

with total RNA from CAPAN-1 cells and normalized
against levels of 185 rRNA. Accuracy and integrity of
PCR products were confirmed with an Agilent 1000 Bio-
analyzer (Agilent Technologies, Palo Alto, CA, USA).

Cell transfection with miRNA precursors

Upregulation of miR-200c expression was achieved by
transfection with the hsz-miR-200c precursor (Pre-miR™
miRNA Precursor; Applied Biosystems). To verify the
specificity of the transfection effect, we used a Pre-miR™
miRNA Precursor Negative Control (Applied Biosys-
tems). Transfections were performed by electroporation
using a Nucleofector system (Amaxa Biosystems, Kéln,
Germany) according to the manufacturer's instructions.
PANC-1, SUIT-2 and KP-2 cells (1-2 x 106) were trans-
fected with 100 pmol of the indicated precursor or nega-
tive control. The degree of mature miR-200c upregulation
48 h after transfection was verified by quantifying the
expression level of mature miR-200c. Cells harvested 48 h
after transfection were also used for cell proliferation or
invasion assays.

Propidium iodide (Pl) assay

Cell proliferation was evaluated using a multiwell fluores-
cence plate reader and a previously described method
[29] with modifications [30,31]. Briefly, cancer cells were
seeded at 2 x 10% cells/well in Falcon flat-bottom 24-well
plates (Becton Dickinson, Franklin Lakes, NJ, USA). 30
uM PI (Wako Ltd., Osaka, Japan) and 600 M digitonin
(Wako Ltd.) were then added to each well. After incuba-
tion for 90 min of at 37°C, the fluorescence intensities of
labeled nuclei were measured using a CYTO Fluor™ II flu-
orescence multiwell plate reader (PerSeptive Biosystems,
Framingham, MA, USA) to determine total cell numbers.
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In vitro Matrigel invasion assay

Invasion of pancreatic cancer cells was evaluated by the
numbers of cells invading Matrigel-coated transwell
inserts (Becton Dickinson) as reported previously [25,32].
Briefly, transwell inserts with 8 um pores were coated
with Matiigel (20 pg/well; Becton Dickinson). Cancer
cells were seeded in the upper chamber at a density of 1.0
x 105 cells/cm? in 250 pl of Dulbecco's modified Eagle's
medijum (DMEM) supplemented with 10% fetal bovine
serum (FBS): After iricubation’ at 37°C, cells that had
invaded to the lower surface of the Matrlgel -coated mem-
branes were fxxed wuh 70% ethanol stamed w1th hema»

selected fields under a light mlcroscope

Statistical analysis

:The in vitrodata are presented as mean values with error

bars representing the minimum and maximum or with
the standard deviation’(SD). The significance level was p
<0:05. MiR-200c expression in macro-dissected FFPE
samples ‘was split into high ‘and low expression groups
using a recursive descent partition analysis. Categorical
variables were compared with the chl»square test
(Fisher's exact probability test). S Ir S were con-
stiucted with the Kaplan- Meler product “limit’ method
and compared by log-rank tests. To evaluate mdependent
prognostic factors associated with survwal a multlvarxate
Cox’ proportional hazards regresswn analy31s was - used,
with #iR-200¢ expression, age, sex pathologxcal tumor
*(pT) 'status,’ pathologlcal node (pN) statuév, UICC stage,
residual tumor ( atus;’ blstologmaf grade (G) and ves-
sel'invasioras covariates (’Table 2). Statistical significance
was defined as p < 0:0 he stat1stxcal analyses in the

: Univariate and MultlvarlateSurvwalAnalyses
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macro-dissected FFPE samples were performed with JMP
7.01 software (SAS Institute, Cary, NC, USA).

Results

Quantitative analysis of miR-200¢ expresslon in pancreatic
cancer cell lines

We investigated miR-200c expression in 15 pancreatic
cancer cell lines and in a non-neoplastic ductal epithelial
cell line (HPDE) by quantitative real-time RT-PCR. As
shown in Figure 1la, 4 pancreatic cancer cell lines,
CAPAN-1, SW1990, CFPAC-1, and H48N, expressed
higher levels of miR-200c than HPDE. Two pancreatic
cancer cell lines, AsPC-1 and CAPAN-2, expressed simi-
lar levels of miR-200c¢ to HPDE and 9 pancreatic cancer
cell lines, BxPC-3, NOR-P1, KP-1N, KP-2, KP-3, Hs766T,
SUIT-2, PANC-1 and MIA PaCa-2, expressed lower levels
of miR-200c than HPDE.

High levels of miR-200c expression correlated with low
invasion ability

Having determined the levels of miR-200c expression in
the 15 pancreatic cancer cell lines, we investigated the
invasion ability of the cell lines that expressed high levels
of miR-200c (CAPAN-1, CFPAC-1, and H48N) and of the
cell lines that expressed-low levels of miR-200c (KP-3,
SUIT-2, and PANC-1) using the Matrigel invasion assay.
We seeded 7.5 x 104 cells per Matrigel-coated well and
counted the cells that had invaded the Matrigel 50 h after
seeding. As shown in’ Figure 1b, all cell lines that
expressed high levels of high miR-200c (CAPAN-1,
CFPAC-1, and H48N) showed fewer numbers of invading
cells compared to the cell lines that expressed low levels
of low miR-200c (KP-3, SUIT-2, and PANC-1).

“Univariate analysis

Multivariate analysis

Hazard Ratio (HR)

Characteristics Hazard Ratio (HR)  95% confidence interval P value 95% confidence interval Pvalue
Agel<6s) 09 . 05-14 062 08 05-14 - 0.50
Sex,(FemaI:e) 0.9 0.5-1.5 063 09 05-16 0.69
pTETI2) 22 14-36 <0001 18 05-54 ‘ 035
‘PN (negative) 04 02-07 <0001 05 03-10 : 0.06
uicc stage - ; - 0003 - _— 0.07
Hnstoleg‘cal grade (G3) 17 0.9-28 0.07 0.8 0.6-26 0.8
: ‘ f.Reﬂdual tumor 3.0 18- 5LO <0.001 32 ° 1.8-58 <‘0.001
(po t|ve) ‘ ;
/ Vesse‘ mva‘smn 23 14-44 0001 19 1.0-36 0.03
(positivé)
Low miR-200¢ 1.8 1.0-35 0.03 22 1.1-46 0.02

Relative risk of UICC stage was nat shawn because of 2 parameters.
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Figure 1 The levels of miR-200¢ expression in cell lines and the
correlation of miR-200c expression level and the invasion ability
of pancreatic cancer cell lines. a. The levels of miR-200cexpression in
15 pancreatic cancer cell lines and in an HPDE cell line. b. Pictures of in-
vading cells from cell lines expressing high levels of miR-200c (CAPAN-
1, CFPAC-1 and H48N) and from cell lines expressing low levels of miR-
200¢ (KP-3, SUIT-2 and PANC-1). H & E staining. Original magnification,
10 %. Each sample was run in triplicate. Error bars represent SD.

Quantitative analysis of E-cadherin mRNA levels in cell lines
and significant correlations between miR-200c and E-
cadherin mRNA levels )

We investigated E-cadherin mRNA levels by qRT-PCR in
the 15 pancreatic cancer cell lines and in the HPDE cell
line. Similar to the results of miR-200c expression, there
were high or low E-cadherin mRNA levels in these cell
lines (Figure 2a), and we found there were significant cor-
relations between miR-200c and E-cadherin mRNA levels
in all cell lines (Pearson's test p < 0.0001, Figure 2b)

Upregulation of miR-200c in pancreatic cancer cell lines

To upregulate the expression of mature miR-200c, we
transfected the pancreatic cancer cell lines that expressed
miR-200c at low levels with the miR-200c precursor. 24 h
after transfection, we isolated total RNA (including small
RNAs) and investigated the levels of miR-200c expres-
sion. As shown in Figure 3a, SUIT-2 cells transfected with
the hsa-miR-200c precursor (precursor group) showed a
38-fold increase in mature miR-200c expression com-
pared with cells transfected with the miRNA Precursor
Negative Control (control group). Similar increases of

Levels of B-cadherin

£ ecuedie: cin 1SS
™\

0 01 0203 04 035 G607
saili-2te NI 413

Figure 2 E-cadherin expression in cell lines and the correlation
between E-cadherin and miR-200c¢ expression. a. The levels of miR-
200c expression in 15 pancreatic cancer cell lines and in an HPDE cell
line. b. The correlation between miR-200¢ and E-cadherin mRNA levels
in all cell lines (p < 0.0001). Each sample was run in triplicate. Error bars
represent SD.

miR-200c expression were seen in KP»3A and PANC-1 cell
lines (data not shown).

Upregulation of miR-200c enhanced the levels of E-cadherin
mRNA in pancreatic cancer cells

We also investigated the levels of E-cadherin mRNA in
the precursor and control groups. As shown in Figure 3b,
the SUIT-2 precursor group, which expressed miR-200c
at levels 38-fold higher than the control group, showed
3.9-fold higher E-cadherin mRNA levels compared to the
control group 24 h after transfection.

Upregulation of miR-200c stimulated proliferation in cancer
cells

After confirmation of the upregulation of miR-200c in
pancreatic cancer cells, we monitored changes in cell pro-
liferation in PANC-1, SUIT-2, and KP-3 cell lines. As
shown in Figure 4a, the upregulation of mature miR-200c
expression in the precursor group enhanced cell prolifer-
ation in an upregulation rate-dependent manner for 96 h
after transfection in SUIT-2 cells (upper), and for 120 hin
KP-3 (middle) and PANC-1 cells (bottom).

Upregulation of miR-200c¢ inhibited invasion of cancer cells

Next, we investigated the effect of upregulation of mature
miR-200c expression on the invasive potential of pancre-
atic cancer cells. Representative microphotographs of
cells invading through Matrigel-coated membranes 36 h
after transfection are shown for the control and miR-200c
precuwrsor cells in the left and right panels of Figure 4b,
respectively. The numbers of invading PANC-1 cells were
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Figure 3 Upregulation of miR-200c in pancreatic cancer cell lines
and enhanced expression of E-cadherin. a. SUIT-2 cells were trans-
fected with hsa<mif-200c precursor and showed a 38-fold increase in
mature miR-200c expression compared with the control 24 h after
transfection. b, Upregulation.of miR-200¢ enhanced expression of E-
" cadheriry 3. 9- fold relatlve to the control group. Each sample was run in
mphcate Error bars repre ntSD

'manner when cell ; were transfeéted w1th the miR-200c
precursor (p < 0. 001}, and the number of cells mvadmg in
the precursor group-was approximately 75%:less than the
number of cells invading in the control group (Figure 4c).

Similar to_the inhibition rate of the PANC-1 precursor
group, the KP-3 precursor group also showed a signifi-

cant. ll’lhlbl jon of invasion compared to the control
group, w1th the control group invasion rate inhibited in
the [precursor. group by approximately 75%:(Figure 4d, e).

Quantttative analysm of mlR~200c and E-cadherin mRNA
levels in macro- dlssected FFPE pancreatlc cancer tissues
We measured miR-200c versus E-cadherin mRNA levels
in macro-dissected FEPE samples-from 99 patients who
‘ underwent pancreatic resection for pancreatic cancer at

. ourir 1nst1tut10n from 1992 to 2007. The median #4iR-200c

expression, 1evel in the macro-dissected pancreatic cancer
. samples was. O 30, and.the median E-cadherin expression
level ‘was 4, 41. Similar to the results from- cultured cells,
- we also. found that there was a significant correlation
‘between miR-200c and E-cadherin mRNA levels in all

“egulatlon rate—dependent“ e
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macro-dissected pancreatic cancer tissues (Pearson's test
p < 0.0001, Figure 5a).

Univariate and multivariate analyses of miR-200c
expression for survival time of patients with pancreatic
cancer after curative resection

We classified the patients into two groups of high versus
low miR-200c expression (cut-off value: 0.64; the partition
was constructed by the overall survival time). The high
and low miR-200c expression groups were composed of
21 and 78 cases, respectively. In univariate survival analy-
ses based on the Cox proportional hazard model, the
miR-200c levels and conventional prognostic factors,
such as pT status (pT3 and pT4 versus pT1 and pT2), pN
status (pN1 versus pNO0), UICC stage (IV, III and IIB ver-
sus 1IA, and versus IA and IB), tumor grade (G3 versus
G1 and G2), R factor (R1 versus R0) and vessel invasion
(positive versus negative), were investigated for overall
survival (Table 2). We found that pT status, pN status,
UICC stage, R factor and vessel invasion were signifi-
cantly associated with a shorter overall survival (p <
0.001, p < 0.001, p = 0,002, p < 0,001, and p = 0001,
respectively). We also found that high miR-200c expres-
sion was assocmted w1th a longer overall survival (p =
)3). . ) survxval time. (MST) and 5-year sur-
vwal rate were 42 months and 33.5% in the high miR-200c
expression group, and 19 months and 11.2% in the low
miR-200c expression group, respectively (Figure 5b). In
multivariate survival analyses, we found that the overall
survival time was s1gmﬁcantly dependent on UICC stage
{p = 0.01), R factor {p < 0.001), vessel invasion (p = 0.03)
and high miR-200c expression (p = 0,02).

Discussion
The present study shows, for he

also have found a 51gn1f1cant correlatron between mtR-
200c and E-cadherin expression, and that upregulatlon of
miR-200c expression correlated with increased expres-
sion of E—cadherm in pancreatlc cancer cell lines. This
fmdmg 18, Conswtent with previous reports investigating
other cancers [14-19] On the other hand, reduced
expression of E-cadherin is regarded as a main molecular
event in the dysfunctron of the cell-cell adhesion system,
trlggermg ‘cancer invasion and metastasis [33,34].
Recently, Liu et al revealed that, E-cadherin stimulated
cell prohferatron at intermediate seedmg densities, and
Mees et al. revealed that metastasis suppressor gene
EPBOO was regulated by mzR 200c in ductal adenocarci-
nomas of the pancreas [35, 36] These studies indicate that
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Figure 4 Upregulation of miR-200c stimulated proliferation and inhibited invasion. a. the upregulation of mature miR-200c expression en-
hanced the cell proliferation in an upregulation rate-dependent manner in SUIT-2 (upper), KP-3 (middle), and PANC-1 (bottom) cells. b and d. Pictures
of invading cells (PANC-1 and KP-3, respectively). Original magnification, 10 x. ¢ and e. The number of invading cells (PANC-1 and KP-3, respectively)
in five randomly selected fields observed under a light microscope (H&E staining, magnification, 400 X). Error bars represent SD.

s

T Pretmu 403

NEANE k)

Nt Precasm

Kir &

Previwsm (40X

H

N Treqursoy

>y

miR-200c plays a key role in the enhancement of prolifer-
ation and inhibition of invasion in pancreatic cancer via
regulation of E-cadherin. Such inconsistent function is
similar to gamma-interferon, which can inhibit tumor
growth and enhance metastasis in a TS/A mammary ade-
nocarcinoma model [37].

Furthermore, univariate and multivariate analyses of 99
macro-dissected FFPE pancreatic cancer samples
revealed that high miR-200c expression was associated
with a better prognosis. E-cadherin is considered as a
prognosis factor in some cancers {38}, and we also found
that high E-cadherin expression was associated with a
better prognosis in univariate analyses of macro-dis-

sected FFPE pancreatic cancer samples but not in multi-

variate analyses (data not shown). These findings indicate
that E-cadherin can be used as a prognosis factor by
immunohistochemistry to detect E-cadherin protein or
by qRT-PCR to measure E-cadherin mRNA levels. How-

ever, it is difficult to generate a highly specific E-cadherin
protein antibody or specific E-cadherin mRNA primers,
especially when using fragmented RNA from FFPE sam-
ples. miRNAs are small RNAs of 14 -24 nucleotides and
are more stable than mRNA from FFPE samples [39] and
the technologies of miRNA extraction and of qRT-PCR
can be controlled more easily than those for mRNAs.
Taken together, these findings suggest that #iR-200c can
be a better independent prognosis factor than E-cadherin
mRNA in univariate or multivariate analyses, while the
latter can be used as a prognosis factor in univariate anal-
yses only. Furthermore, Mitchell, et al. reported that cir-
culating miRNAs are stable blood-based markers for
cancer detection [40], suggesting that quantifying the lev-
els of miR-200c from patients' pancreatic juice or blood
may provide an important marker for indicating the suit-
ability for surgery.
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In conclusmn, our results have revealed that hlgh levels
, ” 00c. ion 1nh1b1t cancer invasion and stim-
ulate cancer cell prohferatmn, possibly via up-regulation
of E—cadherm, and that high levels of miR-200c. expres-
‘ sion corrv late with better survival of patients with cura-
tive. resecuon of pancreatic cancer. We  believe that
research into miR-200c. may bring about new opportuni-
ties for the development of drugs and therapeutic strate-
gxes for the treatment of.pancreatic cancer. On the other
,:hand the miR-200 family members, like miR-200a/b/c,
' mzR—141 and miR-429, have similar, but not identical
functions ([19 20] and [36]). We believe that it is.neces-
sary to investigate the other family members to complete

the pxcture rega1dmg the rmR—ZOO famxly and pancreatic
cancer. : :
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ORIGINAL ARTICLE

Significance of Renal Rim Grade on Computed Tomography
in Severity Evaluation of Acute Pancreatitis

Yu Imamura, 1WD * Masahzj’o Hirota, MD, PhD,* Satoshi Ida, MD,* Naoko Havas/iz‘ “MD, PhD,*
Muasayuki Watanabe, MD, PhD,* Hiroshi Takamori, MD, PhD,* Kazuo Awai, MD, PhD,t
and Hideo Baba, A[D PhD*

Objectives: Multifactor scoring systems, such as the Acute Physiology
and Chronic Health Evaluation (APACHE) 11, are useful for predicting
the severity of acute pancreatitis (AP); however, they are rather
complicated. The aim of this study was to introduce renal rim grade
(RRG) as a severity assessment measure for AP,

Methods: One hundred twenty-two eligible AP patients who under-

went abdominal computed tomography (CT) on admission were eval-
uated for RRG (grades 1-3). The end points were the severity of illness

and hospital mortality. Furthermore, RRG was compared with the

Balthazar score, the CT severity index; the Ranson score, and the Acute
Physiology and Chronic Health Evaluation (APACHE) IT score, using a
receiver operating characteristic analysis.

Results: The exacerbation rates into severe discase were 3% (grade 1),
48% (grade 2), and 89% (grade 3). The mortality rates were 3% (grade 1),
8% (grade 2), and 31% (grade 3). The area under the recciver operating
characteristic curves to predict the severe disease and mortality using the
RRG system were comparable with other scoring systems.

Conclusions: Renal rim grade is useful for the evaluation of the

severity of AP.

Key Words: acute pancreatitis, computed tomography (CT), Gerota
fascia, renal rim grade, renal rim sign, loss of renal rim sign

(Pancreas 2010;39: 41-406)

cute pancreatitis (AP) is reported to affect 5.4 to 79.8 per
100,000 population per year, ! md 15% to 25% of them
demonstrate a severe disease course.” The patients with the
severe disease develop a systemic inflammatory response syn-
drome, often leading to a fulminating course with pwn(,rmnc
necrosis and/or multiple organ dysfunction syndrome (MODS).”
Therefore, the prognosis of AP greatly depends on the measures
taken to prevent multiple organ dysfunction syndrome (MODS).
An early prediction of the prognosis is one of the most important
determinations in cases of AP about the intensity of care 'md the
use of advanced treatments.*>
Several scoring systems based on clinical and laboratory
data or those based on imaging grading were reported to be
useful for the pI‘GdiCt]OH of severe disease and mortality in AP.
The Ranson score® and the Acute Physmlory and Chronic
Health Evaluation (APACHE) I score’” have been adopted in
many guidelines and consensus conferences for AP**'2 The
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Balthazar score' and the computed tomography severity index
(cTsnt consisting of the degree of pancreatic and peripan-
creatic inflammation and that of pancneatlc necroqls is widely
accepted with an excellent predictive power.''® However, these
clinical, laboratory, and imaging evaluation systems need phy-
sicians to assess many aspects. The phvsiciam'cannot evaluate
the severity of patients with AP in a short time, as is done using
the C-reactive protein at 48 hours'® and the 4-variable BALI
(BUN, age, LDH, and IL-6) model.*°

In AP, diffuse peripancreatic inflammation is usually pro-
voked. The extension of the peripancreatic inflammation is once
blocked by the Gerota fascia, which is the boundary between the
pararenal space (pancreatic side of the fascia) and the perirenal
space (renal side of the fascia; Fig. 1A). Tn addition, only when
peripancreatic inflammation spreads more extensively and be-
comes more severe do the inflammatory changes extend beyond
the Gerota fascia to the perirenal spaces (Fig. IB). The Gerota
fascia seems to work as a barrier against inflammatory extension.
We call the noninflamed perirenal fat tissue, which is surrounded
by inflamed pararenal fat tissue with the blockade of inflam-
matory extension by the Gerota fascia, as renal rim. We call the
appearance of renal rim as renal rim sign. In addition, if the
inflammatory changes extend to the perirenal space as Figure 1B,
the demarcation line consisting the Gerota fascia between
the pararenal and the perirenal spaces would disappear on CT.
We call the appearance of the renal rim as renal rim sign and
the disappearance of the renal rim as loss of renal rim sign. Such
inflammatory changes of fat tissue can be visualized on ab-
dominal CT. Tn this study, we analyzed the significance of
assessment for pararenal and perirenal inflammation (renal rim
grade [RRG]) in AP,

MATERIALS AND METHODS

Among the 157 consecutive patients with AP who were
admitted to our department from 1992 through 2005, 122 patients
(78%) in whom abdominal CT study was performed within
24 hours after admission were eligible for this study. The mean
interval between the disease onset and the day of undergoing CT
was 1.6 days (95% CI, 1.3~1.9 days; range, 0-7 days) in these
patients. The diagnosis of AP was based on the clinical, the
laboratory, and the radiographic findings according to the crite-
ria of the Research Committee of Intractable Disease of the
Pancreas of the Japanese Ministry of Health, Labor and Welfare.”'
Severe AP was diagnosed according to the 1992 Atlanta criteria of
severity.'? All the patients initially received conservative man-
agement using proteinase inhibitor and prophylactic antibiotics.
Mechanical ventilation for respiratory failure, catecholamine ad-
ministration for hypotension, and continuous hemodiafiltration
for renal failure were initiated, if necessary. The intrapancreatic
arterial administration of proteinase inhibitor and prophylactic
antibiotics were provided to the patients experiencing necrotiz-
ing pancreatitis and for patients in stage 3 or 4 in the Japanese
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FIGURE 1. Computed tomographic images of a patlent whose RRG progressed from grade B to C after 2 weeks. A, Computed
tomographic image at admission (grade B, renal rim sign is positive). B, Computed tomographic image 2 weeks after admission

(grade C, loss of renal rim sign is positive).

severity scoring system based on 17 clinical signs and 11 labo-
ratory data.?!=** The patients diagnosed with infected pancreatic
or intestinal necrosis underwent operative therapy or radiological
intervention. '

The Ranson score at 48 hours after admission and the
APACHE 1I score on admission were calculated for all patients
enrolled in this study. All 122 patients underwent contrast-
enhanced CT within 24 hours after admission and were evaluated
for RRG (Table 1). Patients who were not subjected to CT study
within 24 hours after admission were excluded from this study.
If there is no apparent inflammatory extension fo the pararenal
space, it is assessed as grade 1 (Figs. 2A, B). If the inflammation

extended to the pararenal space along the pancreatic side of the -

Gerota fascia and the CT attenuation of this space increased, it is
assessed as grade 2 (Figs. 2C-E). If the inflammation extended to
the retroperitoneal perirenal tissue beyond the Gerota fascia and
the CT attenuation around the kidney (renal side of the Gerota
fascia) increased, then it is assessed as grade 3 (Figs. 2F-1). Peri-
pancreatic inflammation extends to the perirenal space along with
the bridging septa. When the perirenal bridging septa is thickened,
the RRG would be assessed as grade 3 (Fig. 21).

One board-certified radiologist (K. A., with 22 years of ex-
perience), | pancreatic surgeon (M.H., with 25 years of expe-
rience), and 2 junior surgeons (with more than 6 and 7 years of
experience) independently performed evaluations and judgment
of RRG in each patient. They were blinded to the severity and
mortality of the AP but were cognizant of the patient age, sex,
and clinical symptoms. All the images were reviewed in random
order on films with window level (40-50 H) and window width
(450 H).

The evaluation end points were the development of sev eae
disease as defined by the 1992 Atlanta classification of severity'>
and the hospital mortality. The correlation between the RRG
system and the other grading systems (the Balthazar score, the
CTSI, the Ranson score, and the APACHE II score) was
analyzed using the Spearman rank correlation test. The receiver

operating characteristic (ROC) curve was constructed for '

performance to predict severe disease and mortality of AP, and
the area under the ROC curve (AUC) was calculated. The
sensitivity, the specificity, the overall correctness of prediction,
the positive and the negative predictive values, the false-positive
and the negative rates, and the likelihood ratio of a positive test
were calculated; and the cutoff point giving the best Youden
index was determined.** This cutoff point was also used to
calculate the predicted and the observed severity and mortality
of AP. The differences in the AUCs were assessed as previously
described.*® To assess the degree of observer agreement for the
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quality of depiction of inflammation, we used the Cohen x
coefficient. The scale for the « coefficients for interobserver
agreement was k < 0.20, poor; 0.21 to 0.40, fair; 0.41 to 0.60,
moderate; 0.61 to 0.80, substantial; and 0.81 to 1.00, almost
perfect.?®*" Differences were considered to be significant if
the P < 0.05. '

RESULTS )

The 122 eligible patients (85 men and 37 women) of the
total 157 patients were enrolled in this study. Their ages ranged
from 13 to 81 years (mean, 53 years). Alcohol use was suspected
as the etiology in 52 patients (42%): biliary stones in 28 (23%),
idiopathic in 24 (20%), and postopérative in 6 (5%). Sixty-six .
patients (54%) were graded as mild, and the other 56 patients
(46%) were graded as severe disecase according to the 1992
Atlanta criteria of severity. Sixteen patients (13%) died of AP
during their hospital stay. Because our institution is a tertiary
referred center, the severest patients are not rare.

The rates for developing severe disease in each RRG were
as follows: 3% (1/37) in grade 1, 48% (24/50) in grade 2, and
89% (31/35) in grade 3. The mortality rates in each RRG were
3% (1/37) in grade 1, 8% (4/50) in grade 2, and 31% (11/35) in
grade 3 (Table 2). The grade can progress from lower to higher
grade. Figure 1 shows an example of such case.

The correlation between RRG and the other severity eval-
uation systems was statistically significant (Table 3). Using the
ROC curves, all the 5 scores were found to be reliable in
predicting severe disease and mortality. Tables 4 and 5 show the
performances of the various scoring systems calculated at the
cutoff point giving the best Youden index. The AUCs to predict
severe disease and mortality for RRG were 0.86 and 0.76,
respectively (Fig. 3, Tables 4, 5). According to the AUCs in the
ROC analysis, the predicting power of RRG was comparable to

TABLE 1. Renal Rim Grade

RRG Definition

1 No increase in the attenuation of the anterior pararenal and
the perirenal spaces

2 Increase in the attenuation of the pararenal space (pancreatic

- side of the Gerota fascia); renal rim sign (+)

3 Increase in the attenuation of both the pararenal and the
perirenal spaces (renal side of the Gerota fascia); loss of
renal rim sign (+). When the perirenal bridging septa is
thickened, RRG would be assessed as grade 3.

€ 2009 Lippincott Williams & Wilkins
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other 4 scoring systems (data not shown). The AUC for the
Balthazar score in predicting severe discase was significantly
smaller than those for the other 4 scores including RRG. The
AUC for the APACHE Tl score in predicting the mortality of

AP was significantly larger than those for the other 4 scores -

"including RRG.
The k coefficients for RRG was 0.81 (95% confidence
interval [CI], 0.68-0.95), indicating almost perfect agreement.

DISCUSSION
In this study, we introduced a new CT grading classifica-
tion (RRG) of AP The merit of this grading system is the

TABLE 2. Relationship Between RRG and the Patients’
Qutcome

RRG Rate of Severe Disease Mortality Rate
1 3% (1/37) 3% (1/37)

2 48% (24/50) 8% (4/50)

3 89% (31/35) 31% (11/35)

simplicity in evaluation. The petipancreatic inflammation in AP
commonly extends to the pararenal spaces. The inflammation
further extends to the perirenal space across the Gerota fascia
via the bridging septae,”*® although, simultaneously, the in-
flammatory fluid spreads inferiorly to reach the pelvic retro-
peritoneum and superiorly along the diaphragm.3® An increase
of the pancreatic and the peripancreatic pressures may cause a

" TABLE 3. Correlation Between RRG and Other Clinical and

Radiological Scores

RRG (»n = 122)
Grade 1 Grade2 Grade3

m=37) (n=30) (8=335) p P
Balthazar score B (A-D) D(A-E) E(B-E) 0.68 <0.0001
CTSI 1(0-3) 4(0-10) 6(2-10) 0.74 <0.0001
Ranson score 0(0-8) 3(0-8) 35(1-10) 0.66 <0.0001

APACHE Tl score 3 (0-14) 9 (0-28) 12 (3-34) 0.60 <0.0001

The data are expressed as the median, with the range in parentheses.

© 2009 Lippincort Williams' & Wilkins
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TABLE 4, Comparison of the Performance of the Storing Systems in Predicting Se;/efity of Acute Pancreatitis

Parameter. RRG Balthazar CTSI Ranson - APACHE II
Clitqff point* ' > >B ; >3 >1 >7
Y011¢é1i index ~ 0.53 0.41 0.51 0.60 . 061
"Sensitivity, % ; ) 98 ' 47 75 " 98 91
Specificity, % . 55 ' ‘ 98 - 76 62 70
Overall correctness of prediction, % 75 68 k 75 . 79 80
Positive predictive value, % 65 97 72 69 72
Negative predictive value, % .97 59 73 98 90

- False-positive rate, % 45 : 2 24 } 38 30
False-negative rate, % - ] 2 : 58 25 2 9
LR of positive test - . 2.16 23.76 3.09 2.59 3.01
AUC 0.86 0.74" 10.84 ) 0.90 0.87
95% CI (AUC) 0.80-0.92 0.66-0.83 0.77-0.91 10.85-0.95 0.81-0.93

*Value giving the best Youden index.
TSignificantly smaller than the AUC of RRG (P = 0.0014).
LR indicates likelihood ratio.

decrease in the pancreatic tissue blood flow, pancreatic ischemia, The importance of the assessment of peripancreatic changes

and necrosis.>' Hence, the assessment of the retroperitoneal
inflammation may reflect not only the degree of autodigestion
but also the fesultant pancreatic ischemia. The degree of retro-
peritoneal inflammatory extension efficiently reflects the sever-

ity of AP. The predictive power of RRG was comparable to other -

scoring systems in predicting severe disease and mortality.

As for the CT classification for AP, the Balthazar score and
the CTSI were reported by Balthazar et al in 1985' and 1990,
respectively. The Balthazar score needs the assessments of both
the pancreatic and the peripancreatic changes, and the CTSI
needs moreover the degree of pancreatic necrosis. They are

already widely accepted and have an excellent predictive power

for severe disease. '5'8 However, the classification system needs
physicians to assess many aspects, such as the presence of pan-
creatic enlargement, peripancreatic inflammation, and the degree
of fluid collections and pancreatic necrosis. Especially, regard-
ing fluid collection, there are many locations to evaluate, and it

in AP has been well elucidated. The extrapancreatic (EP) score
that was focused on 7 points limited to EP changes at CT was first
reported by Schroder et al. > Hjelmgvist et al*® also recommended

- early CT scan and assessiment using the EP score. Although the

EP score is useful and correlates with patients’ prognoses, rela-
tively many points have to be assessed. In addition, Lankisch
et al** also suggested that the EP changes especially in parare-

. nal space paralleled the severity of AP. However, they also indi-

cated that the extension of peripancreatic fluid to the splenic area
did not correlate with mortality. Recently, Ishikawa et al® and
De Waele et al®® also focused on the relationship between ret-
ropetitoneal inflammation and AP Ishikawa et al*® classified
the patients with AP into 5 grades according to the detailed
3-dimensional pathways of inflammatory extension. De Waele
et al*’ reported a new scoring system based on the systemic in-
flammation signs on CT as EP inflammation on CT score. Al-
though these classifications have a good predictive power of

is difficult to assess all of them promptly. the outcomes, physicians need to understand the complicated

TABLE 5. Comparison of the Performance of the Scoring Systems in Predicting Mortality of Acute Pancreatitis

Parameter RRG Balthazar CTS1 Ranson APACHE 11
Cutoff point* : =3 >D >3 >3 >12
Youden index 0.46 0.36 - 046 0.48 0.77
Sensitivity, % ' 6 _ 67 88 81 94
Specificity, % 77 69 58 67 83
Overall correctness of prediction, % 76 67 62 69 ’ 34
Positive predictive value, % 31 24 24 27 99
Negative predictive value, % 94 93 97 96 84
False positive tate, % 23 33 42 33 17
False negative rate, % 31 3t . 13- 19 6
LR of positive test 3,04 2.14 2.11 2.46 5.52
AUC ‘ 0.76 0.70 0.75 : 0.82 0.92
95% CI (AUC) 0.65-0.87 0.59-0.82 0.65-0.86 0.72-0.92 0.86-0.98

*Value giving the best Youden index.
TSignificantly larger than the AUC of RRG (P = 0.026),
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FIGURE 3. Recewer operating characteristic curves for the RRG, the Balthazar score, the CTS|, the Ranson score, and the
APACHE H score. A, Receiver operating characteristic curves for predlctmg severity defined by the 1992 Atlanta classxflcatxon.

‘B, The'ROC curves for predicting hospital mortality.

retroperitoneal anatomy and evaluate many aspects. We also
focused on the inflammatory extent to the retroperitoneal perire-
nal space. Renal rim grade has good power for prediction of
severe disease and mortality, and it is easy to use. We consider that
easiness to use is important chmcal}y particularly in emergency
‘;ettmg }

‘However, our study had 2 major limitations. First, it was a
- nonrandomized retrospective study. Second, all patients did not
-undergo CT at admission. Hence, we analyzed only the subgroup
of the patients who underwent contrast-enhanced CT within
24 hours after admission. Therefore, we need to assess RRG
prospectively in all consecutive patients with AP. Although there
are some limitations, RRG is useful and accurate clinically in
the severity assessment of AP.

;
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Abstract

Purpose. Mortality rates after pancreatlc resection are
now lower than 5% in high-volume centers; however,
morbidity remains high. This stresses the importance of
identifying accurate predictors of operative morbidity
after pancreatic resection. The Estimation of Physio-

logic Ability and Surgical Stress (E-PASS) scoring-

system was developed for a comparative audit of general
surgical patients. Our previous study confirmed its use-
fulness for predicting morbidity after pancreaticoduo-
denectomy. In the present study, we evaluated whether
the E-PASS scoring system can predict the occurrence
of complications after distal pancreatectomy (DP).

Methods. The subjects were 46 patients who underwent
. DP for pancreatic disease. We studied correlations

between the incidence of postoperative complications
and the preoperative risk score (PRS), surgical stress
score (SSS), and comprehensive risk score (CRS) of the
E-PASS scoring system.

Results. A collective total of 20 postoperatlve complica-
tions developed in 13 (28.3%) of the 46 patients. All
E-PASS scores, particularly PRS and CRS, were signifi-
cantly higher in the patients with postoperative com-
plications than in those without complications The
complication rate mcreased with increasing PRS SSS,
and CRS scores.

Conclusion. The E-PASS scoring system is- useful for
predicting morbidity after DP

‘Key words E-PASS scormg system Distal pancreatec-
tomy - Complication
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Introduction

Advances in surgical techniques and perioperative man-
agement have reduced the operative mortahty rate after
pancreatic resection to less than 5% in high-volume
centers; however; morbidity rates have changed little
and range from 30% to 40%."'® The majority of periop-
erative complications are not life-threatening, but they
can prolong the hospital stay, increase costs, necessitate
readmission, and delay adjuvant therapy. Thus, it is

~ important to identify the predictive and intraoperative

risk factors associated with operative morbidity after
distal pancreatectomy (DP). '
Haga et al. devised and validated the Estimation of

'Phy'siologic Ability and Surgical Stress (E-PASS) scoring

system for risk stratification of patients undergoing
elective general gastrointestinal (GI) surgery.”” It has
been externally validated in a different geographical
setting from where it was originally developed, and is
reproducible for accurately predicting outcomes after
elective GI surgery.'® We previously reported its useful-
ness for predicting morbidity after pancreaticoduode-
nectomy (PD)."” This system comprises a preoperative
risk score (PRS), a surgical stress score (SSS), and a
comprehensive risk score (CRS), calculated from the
PRS and SSS. The E-PASS was based on the premise
that morbidity and mortality rates are correlated with
the patient’s physiological risk and anticipated surgical
stress. The aim of this study was to evaluate whether the
E-PASS scoring system could predict. postoperative
complications in patients undergoing DP.

Patients and Methods

- Patients and Treatments

Between April 2005 and December 2007, 46 consecutive
patients underwent DP for malignant or benign pancre-
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Table 1. Equatxons for Estimation of Physmloglc Ability and Surglcal Stress (E- PASS) scormg system

' Preoperative risk score (PRS)

=-0.0686 + 0. 00345X1 + 0.323X, + 0.205X; + 0.153X, + 0. 148X5 +0. 0666X6 v
Where X, is age, X2 is presence (1) or absence (0) of severe heart-disease® X3 is presence (1) or absence (0) of severe
pulmonary disease®, X, is preserice (1) or absence (0) of diabetes mellitus, X5 is performance status index® (0—4) X6 is
American Soc1ety of Anesthesiologists physiological status class1ﬁcat10n :

Surgical stress score (SSS)
=-0.342 + 0.0139X; + 0.0392X, + 0.353X,

Where X, is blood loss/body weight (ml/kg) X, is operatlon time (h) X is extent of skin incision (0 = minor incision for

laparoscopic or thoracoscopic surgery, 1

Comprehensive risk score (CRS)
=-0.328 + 0.936 (PRS) + 0.976 (SSS)

= laparotomy or thoracotomy alone, 2 = both laparotomy and thoracotomy)

aSevere heart disease was deﬁned as heart failure of New York Heart Assoc1atxon Class III.or IV or severe arrhythmla requmng mechamcal

support

®Severe pulmonary disease was deﬁned as a condition with a % vital capacity <60% ora % forced expiratory volume in 1 0 second <50%
°Performance status index was based on the definition by the Japanese Socjety for Cancer Therapy :

atic diseases at Kumamoto University Hospital. Written
informed consent was obtained from all patients before
* the treatment. The same three surgeons performed the

operations using almost uniform procedures. The pan-

creas was routinely transected with a scalpel, the pan-
creatic duct was ligated, and the pancreatic stump was
closed with . monofilament sutures. A closed-suction
drain was placed in the vicinity of the pancreatic stump.

D2 lymph node dissection was performed in patients

with pancreatic cancer.””

E-PASS Scoring System

The equatlons used in the E-PASS scoring system are
shown in Table 1. The PRS is calculated using factors

such as age, the presence or absence of severe heart.

disease, severe lung disease, or diabetes mellitus, Ameri-

-can Society of Anesthesiologists (ASA) physiological

- status . classification, and performance status. index
defined by the Japanese Society for Cancer Therapy,”

which is the same as that defined by the Eastern Coop-
erative Oncology Group. The performance status index

is defined as follows: grade 0, conditions without symp- -

toms that restrict social activities; grade 1, conditions

with mild symptoms that restrict muscular labor but do .

not restrict walking or mild exertion; grade 2; conditions
that require some physical assistance for daily living;

grade 3, conditions that require frequent physical assis--

tance for daily living; grade 4, conditions that require
constant physical assistance. Patients in grade 2 are not
restricted to bed for more than half a day, those in grade
3 are restricted to bed for more than half a day, and
those in grade 4 are restricted to bed all day. According
to a previous study,” the expected in-hospital mortality
rate was estimated as Y = -0.465 + 1.192(CRS) +
10.91(CRS)*.

: Postoperatzve Complzcatlons

The postoperative complications, apart from pancreatlc
fistula (POPF), were assessed according to the National
Cancer Institute Common Termlnology Criteria for
Adverse Events version 3.0 (NCI CTCAE v.3.0).%* In
this study, adverse events of grade 2-5 occurring within

" 30 days after surgery were considered to be postopera-

tive complications. Adverse events corresponding to
grade 1 were excluded because medical treatment:
was not required. Postoperative pancreatic fistula was
assessed according to an international study group -
(ISGPF) definition, that is a as drainage output of any
measurable volume of fluid on or after postoperative

" day (POD) 3 with amylase content greater than three

times the serum amylase activity.”® Three different
grades of POPF (grades A, B, C) are defined according

“to the clinical impact on.the patient’s hospital course.

Grade B and grade C were considered to be postopera-
tive complications in this study. Grade A was excluded

“because it had no clinical impact. The overall complica-

tion rate was defined as the proportion of patients with
at least one complication. Operative and hospital mor-
tality was defined as death within 30 days after surgery

- or during hospitalization, respectively.

Statistical Analysis _

We used the chi-squared test, Fisher’s exact test and the
Mann-Whitney U-test for statistical analysis, as appro-
priate. Receiver operator characteristic (ROC) curves

‘were plotted to assess the extent to which CRS, PRS,

and SSS could accurately predict morbidity. The area
under the ROC curve (AUC) was used as a measure of
overall diagnostic accuracy. Statistical significance was
conmdered at P < 0.05.



