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were estimated with the Kaplan—Meier method, and the
groups were compared using the log—rank test. All results
were considered significant at P <0.05. StatMate IV soft-
ware (ATMS, Tokyo, Japan) was used for all statistical
analyses.

RESULTS

Patient characteristics and interventions

EAN AGE OF the 61 included patients (35 males) was
64.0 + 10.3 years. Baseline demographics and clinical
characteristics are shown in Table I. Pancreatic cancer was
the most common etiology (60.7%), and the site of obstruc-
tion was at the duodenum in 93.4% and at the pylorus in

Table 1 Patient demographics and clinical characteristics
N =61)

Mean age =+ SD {years) 64.0+103
Sex, n {%)
Male ) 35 (57.4)
Female j 26 (42.6)
Tumor diagnosis, n (%)
Pancreatic cancer 37 (60.7)
Gastric cancer 6(9.8)
Duodenal cancer 3{4.9)
Cancer of duodenal papilla 1{1.6)
Bile duct cancer 9(14.8)
Gallbladder cancer 233
Metastasis 3{4.9)
Renal cancer 1{1.6)
Colon cancer 1{1.8)
Breast cancer 1{1.6)
Site of obstruction, n (%)
Pylorus 4 (6.6)
Duodenum, pars | 21 (34.4)
Duodenum, pars 1l 17 (27.9)
Duodenurn, pars i 19{31.1}
Ability of oral intake (GOOSS)
Median score, n (%) [quartile] 110-1]
0 26.(42,6)
1 25 (41.0)
2 10 (16.4)
Karnofsky performance score
Median score, n (%) {quartile] 60 [60-70]
20-30 21{3.3)
 A0-50 14 (23.0)
7 60-70 39 (63.9)
80 6 (9.8)

GOOSS, gastric outlet obstruction scoring system.
0, no oral intake; 1, liquids only; 2, soft solids; 3, low-residue diet;
4, normal diet.

6.6% patients. Twenty-six (42.6%) patients bad no oral
intake (GOOSS <0), and 16 patients (26.3%) had a
KPS < 50 before stenting.

Clinical outcomes related to
stent intervention

Clinical results

Additional stent interventions were required in 14 of 61
cascs (11 second stents and 3 third stents). There was no
difference in median procedure time between the first stent
interventions (First-stent group) and the additional stent
interventions (Add-stent group) (21 vs 22 min, P=0.72)
(Table 2), with 100% technical success rates in both. Median
post-procedure length of hospitalization was also similar: 11
days for the First-stent group, and 10 days for the Add-stent
group (P =043).

Median time to oral fluid intake and oral solids intake was
1 day and 2 days, respectively, in both groups (P = 0.27, and
0.09, respectively). Median maximum GOOSS after inter-
vention was 3 (P = 0.87), and median recovered GOOSS was
2 in both groups (P =0.12). Clinical effect at | week was
good, moderate, and poor in 83.6%, 6.6%, and 9.8% in the
First-stent group, and 85.7%, 0%, and 14.3% in the Add-
stent group, respectively, Median stent patency was 230 days
in the First-stent group and 172 days in the Add-stent group
(P=047) (Fig. ).

Stent dysfunction and complications

Causes of 15 episodes of initial stent dysfunction were tumor
ingrowth in seven, tumor overgrowth in six, and stent migra-
tion in two patients. Causes of five repeat stent dysfunctions
were tumor ingrowth and stent breakage in one patient each,
and tumor overgrowth in three patients (Table 3). Early com-
plications, occurring within [ week of the procedure, and
late complications, occurring | week after the procedure, are
shown in Table 3. In one case, we detected that the stent was
spontancously disrupted by a CT scan 205 days after the
previous intervention. In four cases, bilirubin levels
increased 1 day after the procedure, suggesting the possibil-

ity that the duodenal stent had accelerated the jaundice.

Factors related to poor effectiveness

Gastroduodenal stent intervention was ineffective for
resumption of oral intake and/or symptom relief in 12 cases
{Table 4). We examined the following factors for any rela-
tionship with poor effectiveness: sex, tumor type, site of
obstruction, tumor stage, baseline-GOOSS, KPS < 50, addi-
tional stenting, previous biliary stenting, ascites, and perito-
neal dissemination, Univariate analysis identified KPS <50
(P = 0.03), aseites (P = 0.009), and peritoneal dissemination
(P=0.001) as significant factors (Table.4). On multivariate
logistic regression analysis, peritoneal dissetnination was a
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Table 2 Clinical feasibility and efficacy of stent interventions

First-stent group Add-stent group P-value
N =61 N=14
Technical success, n (%) 61 (100} 14 {100} NA
Median procedure time, min [quartile] 21 [18-30] 22 {18-33] 0.72
Median time to oral fluids, days [quartile] 1 [1-1] 1{1-1] 0.27
Median time to oral solids, days [quartile] 2 [1-3] 2 [1-3] 0.09
Median post-procedure length of hospitalization, days [quartile] 11 [7-22] 10 {7-22} 0.43
Post-procedure oral intake ability
Median maximum GOOSS [quartile] 3 [3-4] 3 [3-4] 0.87
Median recovered GOOSS [quartile] 2 [1-3] 2 {1-3] 0.12
Clinical effect!, n (%) . 0.7
Good 51 {83.6) 12 {85.7)
Moderate 4.16.6) 0
Poor 61(9.8) 2(14.3)

fGood: impravement of both oral intake and symptoms 1 week after intervention,
Moderate: improvement of either oral intake or symptoms 1 week after intervention. Poor: improvement of neither oral intake nor symptoms 1

week after intervention.
G00SS, gastric cutlet obstruction scoring system; NA, not applicable.
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Figure 1 Stentpatency is shown with the Kaplan-Meier meathod.
There is no significant difference in median stent patency.

significant independent factor related to poor effectiveness,
with an odds ratio of 9.94 (95% confidence interval: 1.82—
53.2, P=0.01) (Table 4).

Long-term outcomes of all patients

Long-term outcome was studied in 50 patients with single-
sterit intervention’ (First-stent-intervention-only group) and
in 11 patients with additional stent intervention (Additional-
stent-intervention group). Details of oral intake ability of the
patients in the two groups are given in Table 5. Median
duration of oral intake, the eatinng period, was 81 days in the
First-stent-intervention-only group and 187 days in the
Additional-stent-intervention group, but there was no' sig-
nificant différence (P=0.14). Median survival time after

© 2014 The Authors

Table 3 Stent dysfunction and complications of each stent inter-
vention

First-stent  Add-stent  P-value
group group
N = 61 N=14
Stent dysfunction, n (%) 15 (24.5) 5(35.7) NA
Turnor ingrowth 7 1
Tumor overgrowth ) 3
Migration 2 0
Breakage 0 1
Early complications, n (%) 7{11.5) 0{0) 0.18
Stent migration 1 Q
Turnor bleeding 1 0
Pancreatitis 1 0
Jaundice 4 o]
Late complications, n (%) 7 (11.5) 3{21.4) 0.32
Stent migration 1 0
Tumor bleeding 4 0
Recurrent cholangitis 2 3

NA, not applicable.

first stent intervention in the Additional-stent-intervention
group also tended to be longer than in the First-stent-
interventiop-only group, but there was no significant differ-
ence (First-stent-intervention-only group 94 days ws
Additional-stent-intervention group 233 days, P=0.17).
Most patients could maintain oral intake for a period exceed-
ing half of their remaining lives after first stent intervention
(86.0% in the First-stent-intervention-only group and 100%
in the Additional-stent-intetvention group) (Fig. 2).
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Table 4 Univariate and multivariate analysis of factors related to poor effectiveness in 75 interventions

Univariate analysis

Multivariate analysis

Good Moderate/poor P-value Odds ratio P-value
N =63 N=12
Mean age % 5D, years 635411.0 6421104 053
Sex
Male 40 6 0.52
Female 23 6
Diagnosis
Pancreatic cancer 40 4 0.06
Gastric cancer 6 2
Duodenal cancer 3 2
Bile duct cancer 6 4
Metastasis 3 0
Other 5 0
Site of obstruction
Pylorus 5 2 0.20
Duodenurn, pars | 21 4
Duodenum, pars 1l 16 5
Buodenurn, pars Il 21 1
Tumor stage
Metastatic 41 0 0.32
Locally advanced 22 2
Pre-GO0SS5 <0 20 7 0.10
Karnofsky performance score <50 13 6 0.03 1.95 0.39
Additional stent 12 1 0.68
Billary drainage before intervention 30 6 1.00
Ascites 14 7 0.009 2.88 0.18
Peritoneal dissemination 16 9 0.001 9.94 0.01

GOOSS, gastric outlet obstruction scoring system.

Thirty patients in the First-stent-intervention-only group
were given chemotherapy and three patients (two with pan-
creatic cancer and one with duodenal cancer) could be
resected surgically together with gastroduodenal stents after
chemotherapy. In the Additional-stent-intervention group,
seven patients were given chemotherapy after the first stent-
ing (Table 5). During their clinical course, 35 patients in the
First-stent-intervention-only group (70.0%) and seven
patients in the Additional-stent-intervention group (63.6%)
required biliary drainage. Methods of biliary drainage are
shown in Table 5.

DISCUSSION

1V EATURES OF THE Niti-S stent, such as malléable flex-
ibility with a low axial force and a low rate of foreshort-
ening compared with braided-type stents, means the stent
can be placed comparatively easily and safely even across
angulated strictures, and is also suitablé for additional stent-

ing. Clinical data of the Niti-S stent*®” and other enteral
stents are summarized in Table 6. The Wallstent or WallFlex
enteral stents (Boston Scientific Japan) were used early and
widely in clinical practice before the Niti-S. stent became
available. Because of the strong axial force of the Wallstent,
the risk of kinking and perforation may be increased when
used in tortuous and curved anatomy with reported perfora-
tion rates of 0—3%. Howcver, these stents have flared ends to
reduce the risk of migration which was reported to oceur in
0-2% of patients.!*?

Dysfunction of uncovered stents wonld be caused mainly
by tumot ingrowth and tumor overgrowth. A recent study
reported that a covered metallic stent was associated with
less frequent stent dysfunction >4 weeks after stenting, but
there was no significant difference in median stent patency.®!
If stent dysfuriction occurred, we considered additional stent
intervention as a first rescue method based on each patient’s
condition -and prognosis. However, to date, there have been
few studies verifying the utility of additional interventions
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Table 5 Final ability of oral intake and follow up of all patients after procedure

Patients with first-stent

Patients with additional P-value

intervention only

stent intervention

N =50 N=11
Final ability of oral intake, n (%} 0.71
Solids 35 (700} 7 (63.6
Liquids-only 2 (24.0) 4 (36.4]
NPO 3(6.0) 0 (0)
Median eating period (days) [range] 81 [0-313] 187 [31-324] 0.16
Median post-proceduret survival time {days) [range] 94 [8-419) 233.[39-325) 0.17
Percent eating period 250%, n (%) 43 (84.0) 11 (100} 0.33
Post-procedure’ therapy, n (%) 1.00
Chemotherapy 31 (62.0) 7:(63.6}
Surgical resectien after chemotherapy 3 0
Best supportive care 19 (38.0) 4(36.4)
Biliary drainage treatments, r1 (%) 35 (70.0}) 7 {63.6) 0.73
EBD 24 2
EUS-BD 5 3
PTBD 6 2

fAfter first intervention.

EBD, endoscopic biliary. drainage; EUS-BD, endoscopic uitrasound-guided biliary drainage; GOOSS, gastric outlet obstruction scoring syster,
NPO, nathing per oral; PTBD, percutaneous transhepatic biliary drainage.
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Figure 2 Scatter plot showing eating periods of all patients.
Most patients could maintain oral intake for a period exceeding
half of their remaining lives after first stent intervention (86.0% in
the- First-stent-intervention-only group {4 and 100% in the
Additional-stent-intervention group ().

for stent dysfunction.'” Comparing first stent intervention
and additional stent intervention in the present study, clinical
féasibiiity and efficacy were similar with respect to technical
success, procedure time, time to oral intake, post-procedure
length of hospitalization, imiprovement of GOOSS, and clini-
cal effect. Technical success and elinical success rates of
additional stent intervention were 100% and 85.7%, respec-

© 2014 The Authors

tively, which compare favorably with previous reported rates
of technical success ranging from 92.9% to 100%, and clini-
cal suecess ranging from 76,9% to. 94.4% (Table 6).4671%20
Overall complication rates are also sirnilar to those from
previous stndies. (from 4% to 36.6%). In the cutrrent study,
there is no unique complication related to additional stent
intervention, which demonstrates the feasibility and safety of
additional stent interventions.

We identified the following three features predictive of a
suboptimal response to. gastroduodenal stenting: KPS <50,
ascites, and peritoneal dissemination, Despite excluding
patients with evident distal obstruction of the intestinal tract,
presence of peritoncal dissemination was associated with
poor clinical cffectiveness of gastroduodenal stents. This
result. was a little different from a previous study which
did not find peritoncal disscmination as a negative prediet-
ive factor for solid food intake® Although these factors
could predict poor effectiveness, we experienced clinjcal
success in more than half of cases even when these factors
were present. Hence, in clinical practice, the mere presence
of these factors should not be excluded fiom palliative
stenting.”

Data from previous sindies suggest that bypass surgery
should be considered for patients in whom long-term sur-
vival >2 months is expected.® However, recent data also
show positive outcomes after stent placement for patients
with long survival (Table 6). Hence, the relative indications
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Table 6 Comparison of published gastroduodenal stent studies

Study Year Stent type No. Technical Clinical Median eating Median survival Overall
First author patients success n (%) success 1 (%) period {days) (days) [range] complications
[range] n @

Telford 2004  Wallstent 176 173 (98.3) 133/159%183.6] 146" [65-202) 97 [62-116])' 14 {8.0)
et al.?

Graber 2007 Wallstent 51 50 (98.0) 43 {84.3) NR 71.5[9-515] 17 {33.3)
etal®

Maetani 2007 Niti-S 37 36 (97 3) 34{91.9) NR 118 (NR) 6{(16.2)
etal®

van Hooft 2009 WallFlex 51 50 (98.0) 43 (84.3) 307" [135-470] 62 [35-156]F 7 {13.7}
etal

Piesman 2009 WallFlex 43 41 (95.3) NR (75" NR 49 (NR) 15 (34.9)
etal'®

Shaw et ¢l 2010 WallFlex 70 65 (92.9) 62 (88.6) NR 54 [3-570] & (8.6}

Maetani 2010 Niti-s 53 52 (98.1) 50{94.3) NR 88 (NR) 13(24.5)
etal?

Mendelsohn 2011 WallFlex or ,201 192 (95.5) 158 (82.3) NR 1608 [10-1312] NR (4)
etal’ - Wallstent

Leeetal'® 2011 Wallstent 57 57 {100) 52(91.2) NR 95 [3-1026] NR¥

van Hooft 2011 NitiS 52 50 (96.2) 40 (76.9) 43 [190)8 82 [31-135} 12 (23.1)
etal?

Costamagna 2012 WallFlex 206 202 (98.1) NR{©1) NR 94 [79-112)Y 41 (19.9)
et al’”

Chaetal® 2013 Niti-S, UltraFlex 85 82 (96.5) 68 (80.0) 76.1* [18-293] 77.3* (NR) NR

or WallFlex )

Sasaki et al® 2013 WallFlex 42 42 (100) 35 (83.3) 90 [33~129}} 99 [54-180]' 11 {26.2)

Present 2014 Nitl-5 (first 61 61 (100) 51 (83.6) 210 [0-313] 94" [8-41 9] 14 (23.0}
study stenting) )

Niti-S (additional 14 14 (100) 12 {85.7) 187°[31-324] 233° (39-325] 3(21.4)
stenting)

195% confidence interval].
Hquartile].
$rnaximum no. days.

TSeventeen patients were excluded from the analysis after stent insertion.
"pata were calculated from only the patient population who could attain clinical success,
Hpercentage of patients who atlained a 6DOSS increase 21 seven days after procadure.

$pata were calculated from patients with carcinomatosis,

“publication does not state whether the events occurred with duodenal or colonic stents.

*Data are mean no. days.

"Data are from patients-in the First-stent-intervention-only group.
‘Data are from patients in the Additional-stent-intervention group.
GOOSS, gastric outlet obstruction scaring systérn; NR, not reported.

Niti-5 stent, Taewoong Medical, Seoul, Korea; UltraFlex stent, Boston Scientific Japan, Tokyo, Japan; WallFlex stent, Boston Scientific Jépa'n;

Wallstent, Boston Scientific Japan.

of stenting and surgical bypass need to be redefined. We had
paticnts who achieved long-term survival after first stent
intervention and who continued therapy for their malignancy
with additional steat interventions. Our data show the
median eating period after first stenting was 81 days. in the
patients with a first stent only, and 187 days in the patients
with additional stenting; the median overall survival time in

the present patient population was 94 days and 233 days,
respectively. The present results of first-stent patents were
similar to those from recent studies, whereas additional-stent
patients showed relatively longer outcomes than recent

~ studies (Table 6). The good outcomes achieved with addi-

tional stenting to maintain patency of the gastric outict
confirm the utility of gastroduodenal stenting among
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patients with predicted long survival. As a result, most
patients could be given chemotherapy soon after the first
procedure because of its lesser invasiveness and safety,
which is a substantial advantage over bypass surgery. More-
over, some patients with a good response to chemotherapy
underwent surgical resection of their original tumor, which
indicates the, utility of gastroduodenal stenting for patients
with GOO whe will undergo neoadjuvant chemotherapy as a
‘bridge to surgery’.

Forty-two patients required biliary drainage, of which 34
patients were successfully treated with endoscopic tech-
niques; including endoscopic ultrasound-guided biliary
drainage (EUS-BD). There have been ouly a few studies to
determine the feasibility of combined endoscopic biliary and
gastroduodenal stenting,®* and it remains controversial
which biliary drainage method should be selected.

There are some unique points in our study. Although this
study enrolled only patients without prior surgical resection
of the stomach or duodenum who were treated with the
Niti-S stent only, more than 60 patients and 70 interventions
could be evaluated. Previous studies included patients who
had obstruction of surgical anastomoses and efferent loops,
and had been treated with various types of stent 571220
Moreover, we estimated the feasibility and efficacy of addi-
tional stent interventions by the comparison betwgen first
and additional stent inferventions. Therefore, the present
study-is the first to have accurately evaluated the efficacy of
the Niti-S stefit for' gastroduodenal outlet patency, additional
interventions, and factors related to poor effectiveness. All
stent interventions were carried out at each center under the
supéervision of experienced endoscopists; therefore, the data
may not be generalized to other patient populations.
However, the technical success rate was 100%.

In conclusion, despite the presence of factors related to
poor effectiveness, endoscopic gastroduodenal stenting
would be the first treatment of choice for GOO without
nmultiple levels of obstruction as it provides long-term ben-
efits independently of patient prognosis. If stent dysfinction
oceurs, additional stent intervention would enable-safe. con-
tinued oral intake, and more patients could obtain long-term
benefits.
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Abstract

Background The WHO classified pancreatic neuroendo-
crine neoplasms in 2010 as Gl, G2, and neuroendocrine
carcinoma (NEC), according to the Ki67 labeling index
(LI). However, the clinical behavior of NEC is still not
fully studied. We aimed to clarify the clinicopathological
and molecular characteristics of NECs.

Methods We retrospectively evaluated the clinicopatho-
logical characteristics,; KRAS mutation status, treatment
response, and the overall survival of eleven pNEC patients
diagnosed between 2001 and 2014 according to the WHO
2010. We subclassified WHO-NECs into well-differenti-
ated NEC (WDNEC) and poorly differentiated NEC
(PDNEC). The latter was further subdivided into large-cell
and small-cell subtypes.

Results The median Ki67 LI was 69.1 % (range
40-95 %). Bleven WHO-NECs were subclassified into 4
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WDNECs and 7 PDNECs, The latter was further separated
into 3 large-cell and 4 small-cell subtypes. Comparisons of
WDNEC vs, PDNEC revealed the following traits: hyper-
vascularity on CT, 50 % (2/4) vs. 0 % (0/7) (P = 0.109);
median Ki67 LI, 46.3 % (40-53 %) vs. 85 % (54-95 %)
(P = 0.001); Rb tmmunopositivity, 100 % (4/4) vs. 14 %
(1/7) (P = 0.015); KRAS mutations, 0 % (0/4) vs. 86 % (6/
7) (P = 0.015); response rates to platinum-based chemo-
therapy, 0% (0/2) vs, 100 % (4/4) (P = 0.067), and
median survival, 227 vs. 186 days (P = 0.227).
Conclusions The WHO-NEC category may be composed of
heterogeneous disease entities, namely WDNEC and PDNEC.
These subgroups tended to-extubit differing profiles of Ki67 LI,
Rb immunopositivity and KRAS mutation, and distinet
response to chemotherapy, Further studies for the reevaluation
of the current WHO 2010 classification are warranted.

Keywords Neuroendocrine carcinoma - Ki67 labeling
index + KRAS mutation - WHO classification
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NET Neuroendocrine tumor

NEC Neuroendocrine carcinoma

EUS-FNA  Endoscopic ultrasound-guided fine needle
aspiration

ENETS BEuropean Neuroendocrine Tumor Society

IHC Immunchistochemistry

PCR Polymerase chain reaction

SD Standard deviation

LCNEC Large-cell NEC

SCNEC Small cell-NEC

PDAC Pancreatic ductal adenocarcinoma

Introduction

Ki67 is a powerful prognostic marker of pancreatic neu-
roendocrine neoplasms (pNENs) [1] and, accordingly, the
remarkable revision was made from the former 2000 World
* Health Organization (WHO) classification system to the
current WHO 2010 terminology system, in which mitotic
count and/or Ki67 labeling index (LI) were adopted as the
pivotal indicator of stratification [2], NENs are now to be
categorized into neuroendocrine tumor (NET)-G1, NET-
G2, and neuroendocrine carcinoma (NEC). Whereas NETs-
G1/G2 are invariably composed of tumor cells with well-
differentiated morphology, NECs usually have poorly dif-
ferentiated histology with Ki67 LI>20% (2, 3L
Accordingly, all NENs with Ki67 LI > 20 % are defined as
NEC. Clinically, these tumors are treated with the same
platinnm-based chemotherapy regimens as small-cell lung
cancers [4-6], However, some reports have recently indi-
cated that a proportion of well-differentiated NENS might
have proliferative rates above the threshold for NET-G2 [7,
8]. In addition, the Nordic NEC study reported that patients
with a Ki67 <55 % had low respenses to platinum-based
chemotherapy [9]. We suppose that the current NEC cat-
egory, as defined by the WHO 2010 classification (WHO-
NEC), includes two groups that differ in clinical behaviors
as well as pathological characteristics. Information about
the clinicopathological features of WHO-NEC group is
scant [7-10]. Therefore, we aimed to further characterize
the WHO-NEC group in terms of pathological findings,
molecular characteristics, and clinical behaviors.

Patients and methods
Patients

We retrospectively. retrieved all of the pNENs diagnosed
between January 2001 and March 2014 from our hospital

Qf‘:; Springer

database. All patients were recategorized as NET-GI,
NET-G2, or NEC according to the WHO 2010 classifica-
tion. Specimens for histological examination were obtained
from preoperative endoscopic ultrasound-guided fine nee-
dle aspiration (EUS-FNA), biopsy, and/or surgical resee-
tion. All patients diagnosed with small-cell carcinoma were
subsequently assessed by contrast enhanced (CE) chest
MDCT to exclude the possibility of metastasis from a
primary lung cancer [11]. This study was approved by our
institutional review board.

Diagnostic and prognostic characterization

The following features were recorded for all patients: age,
gender, symptoms, hormonal syndromes, primary and
metastatic locations, European Neuroendocrine Tumor
Society (ENETS) TNM stage [12], and CE-MDCT features
such as anatomical location, tumor size, and contrast
enhancement. We recorded the details of all treatments
administered to the patients, particularly platinum-based
chemotherapy [4, 5, 13].

Endoscopic ultrasound-guided fine needle aspiration
(EUS-FNA) and sample preparation

EUS-FNA procedures were performed using a convex
linear-array echoendoscope (GF-UGT240 or GE-UCT260;
Olympus Optical Co Ltd, Tokyo, Japan) paired with an
ultrasound machine (SSD3500 or Prosound «10; Aloka,
Tokyo, Japan). We used 22-gauge needles (NA-11J-KBor
NA-200H-8022; Olympus Medical System Corp. Ltd,,
Tokyo, Japan or EchoTip-Ultra Needle; Cook Endoscopy
Inc., Winston Salem, N.C., USA or Expect; Boston Sci-
entific Japan, Tokyo, Japan).

Agspirated materials were divided for cytopatholegical
evaluation, cell-block preparation, and KRAS mutation
analysis. In all patients, specimen adequacy was evaluated
on-site by Diff Quick staining (Diff-Quik; Kokusai Shi-
yaku, Kobe, Japan) by a cytopathologist or cytotechnolo-
gist. Cell-blocks were prepared after the fresh specimens
were immediately fixed in 10 % formalin and embedded in
paraffin. Sliced sections then were stained by hematoxylin
and eosin, as well as by immunohistochemical staining
(IHC) [14].

Histological evaluation

We defined tumors as NEC that showed diffuse expression
of neuroendocrine markers and Ki67 LI of more than 20 %.
In accordance with the 2010 WHO classification, tumors
characterized by high-grade cytological atypia, apparent
pleomorphism, extensive necrosis, and prominent mitotic
activity were categorized into poorly differentiated NEC
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(PDNEC). Of PDNECs, tumors characterized by diffuse
growth of highly atypical cells with small-sized to med-
ium-sized nuclei, nely granular chromatin, and incon-
spicuous nucleoli, were categorized as small-cell NEC
(SCNEC). Carcinomas with large nuclei, coarse chromatin
and well-visible nucleoli with nested proliferation were

categorized as large-cell NEC (LCNEC). Furthermore, we -

attempted to extract those tumors whose cytological fea-
tures were blander than that of PDNEC and rather similar
to NET-G2; that is, tumors composed predominantly of
cells with low nucleocytoplasmic ratio and small-sized to
medium-sized, ovoid nuclei, growing with minimal pleo-
morphism, and lacking extensive necrosis. We designated
these tumors as ‘well differentiated NEC (WDNEC)’, and
separated them from SCNECs and LCNECs. All slides
were reviewed and reclassified by the same pathologist
(WH).

Immunohistochemistry and Ki67 labeling index

THC was perfortned using monoclonal antibodies for
chromogranin A (clone SP12, rabbit, 1:200, Neo Markers),
synaptophysin (clone SP11, rabbit, 1:100, Neo Markers,
Fremont, CA, USA), Ki67 (clone SP6, rabbit, 1:200; Neo
Markers), and Rb (clone 3H9, mouse, 1:300; MBL).

The measurement of Ki67 LI was performed under the
assistance of digital pathology technology. Briefly, slides
were digitally scanned using a Scan Scope XT (Aperio
Technologies, Vista, CA, USA). All sections were
reviewed to exclude portions with extensive desmoplasia,
necrosis and regions with bleeding. The ultimate Ki67 L1
was determined as the highest value found in each speci-
men using the THC Nuclear Image Analysis tool (Aperio
Technologies, Vista, CA, USA) and was similarly mea-
sured and determined in cell-block sections of EUS-FNA
specimens as described previously [15].

The prominent codcern about EUS-FNA is whether
WHO classification (grading) is possible with the biopsy
specimens. We previously reported a study [13] about &
comparison of grades of pNENs between resected and
EUS-FNA specimens by Ki67 immunostaining, The con-
cordance rate rose to 90 % when EUS-FNA samples con-
tained more than 2000 neoplastic cells, In accordance with
our previous study, we defined the cases whose neoplastic
cells were insufficient for grading (less than 2000 cells) as
tumors of ‘uncertain’ grade. ’

Analysis of KRAS mutation

Genetic analysis was performed on either the fresh speci-
mens or formalin-fixed paraffin-embedded sections. After

nucleic acids were extracted and amplified by polymerase
chain reaction, gene mutations were analyzed by ABI
PRISM 310 Genetic Analyzer (Applied Biosystems) or the
Cycleave PCR assay (Takara Co., Ltd); the detail of which
was described previously [16, 17].

Statistical analysis

Statistical analysis was performed using SPSS 17.0 (SPSS
Inc., Chicago, IL, USA) software and P values <0.05 were
considered statistically significant. Categorical variables
are expressed as absolute (1) and relative (%) frequencies
and were compared using the Chi squared test or Fisher’s
exact test. Survival was analyzed using the Kaplan—Meier
method with the log-rank test.

Results

Ninety-five patients were diagnosed with pNEN at our
hospital during the study period. As to grading of pNENS,
the WHO classification 2010 suggests two parameters
(mitotic count and Ki67 LI) to evaluate the proliferative
activity of tumors. We performed grading of pNENs by
measuring Ki67 LI and did not employ the mitotic count
method, because our study consisted mostly of tumors
diagnosed by FNA specimens, which were too small an
amount. to secure 50 microscopic fields necessary for the
calculation of mitotic count. The pNENs were reclassified
into uncertain for Ki67 LI (n = 8), NET-G1 (n = 55),
NET-G2 (n = 21), and WHO-NEC (n = 11) in accordance
with the WHO 2010 classification. The 11 cases of WHO-
NEC were the subject of analysis in this study (Fig. 1).

Basic demographic and clinical features of patients
with WHO-NEC (Tables 1, 2)

Ten (91 %) of 11 patients were symptomatic, mainly with
abdominal pain. The median tumor size was 35 mm (range
20-55 mm). Tumors were located in the head, body, and
tail of the pancreas in 2, 5, and 4 patients, respectively.
Eight (72 %) patients had liver metastasis at the time of
diagnosis, two were treated with swrgery (ENETS stagellb
and IIIb) and six who received platinum-based chemo-
therapy (3 cases were cisplatin + irinotecan and 3 cases
were cisplatin + etoposide) had a response rate of 67 %, In
the remaining 2 patients, one patient received Gemeitabine
{case 3) and another patient received Everolimus becanse
we defined it as WDNEC (case 9). The overall median
survival was 314 days (range 60-1202 days).
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Fig. 1 Algorithm for patient
selection from pNEN, NEN
nevroendocrine neoplasm, NET
neuroendocrine tumor, LCNEC
large cell NEC, SCNEC small

cell NEC, WDNEC well-
differentiated neuroendocrine
carcinoma, PDNEC poorly-
differentiated neurcendocrine

carcinoma

Table 1 Patient characteristics (n = 11)

Gender

Male/female 6/5
Age

Median (range) 59 years (28-74)
Symptom

Yes (%) 91 % (abdominal pain)
Site of pancreas tumor

Head/body/tail 2/5/4
Tumor size

Median (range) 35 mm (20-53)
Metastasis

Yes (%) 2 % (liver metastasis)
Treatinent

Operation/chemotherapy/BSC . 21871

Imaging features of WHO-NEC on CE-MDCT (Fig, 2
Supplementary Table)

Assessment by CE-MDCT revealed that 9 (82 %) of

11 WHO-NEC in the pancreas were hypovascular.
Eight of these tumors had metastasized to the liver,
where 7 (88 %) of them were also hypovascular, like
the primary tumer (Fig. 2). Before biopsy confirma-
tion, NEN were suspected in only two patients, and the
imaging features in the remaining 9 (82 %), suggested
pancreatic ductal adenocarcinoma (PDAC), The main
pancreatic duct was dilated in 4 (57 %) of 7 patients
with tumors located in the head and body of the
pancreas.

@ Springer

Pathological and molecular characteristics of WHO-
NEC (Fig. 3, Supplementary Figure; Tables 2, 3)

A total of 11 WHO-NEC cases were submitted to the
pathological and molecular analysis. No ductal carcinoma
components were noted. All cases showed diffuse and
strong immunoreactivity for neuroendocrine markers
except | case, in which only synaptophysin was positive. In
total, chromogranin A was expressed in 91 % and synap-
tophysin was expressed in 100 % of cases. The. median
Ki67 LI was 69.1 % (range 40-95 %). Nuclear expression
of Rb protein was retained in 5 (45 %) tumors. KRAS
mutations were detected in 6 (55 %) tumors. Seven (64 %)
and 4 (36 %) of 11 tumors were categorized as PDNEC (4
SCNECs and 3 LCNECs) and WDNEC, respectively,
according to their morphologic characteristics that we
mentioned in the “Patients and methods” (Fig. 3, Supple-
mentary Figure).

Clinicopathological comparison of well-differentiated
and poorly differentiated NEC (Table 4)

The clinicopathological comparison between the WDNEC and
PDNEC groups revealed that they were clinically and molec-
ularly different in several aspects as follows: hypervascularity
in MDCT images, 50 % (2/4) vs. 0% (©O/7), P =0.109;
median Ki67 LI, 46 % (range 40-53 %) vs. 85 % (range
54-95 %), P = (.001; nuclear expression of Rb, 100 % (4/4)
vs. 14 % (l!’z’), P = 0015, KRAS mutations, 0 % (0/4) vs.
86 % (6/7), P = 0.015; response rates to platinum-based
chemotherapy, 0 % (0/2) vs. 100 % (@4 P = 0.067, and
median survival, 227 vs. 186 days, P = 0.227.
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Table 2 Clinical, pathological features, treatment and response for chemotherapy of WHO-NEC patients

Case Age/ Location Size ENETS Tissue sampling Histolog; Kig7 LI CGA Synaptophysin  Rb KRAS  Treatment Response for
sex {mm) stage (%) platinum-
based regimen

i 30.M Body 45 1ib Biopsy and surgical WDNEC 40 Positive  Positive Positivee  WT Operation ND
resection

2 59, F Body 30 IfIb Biopsy and surgical PDNEC (small cell} 80 Positive  Positive Positive ~ MT Operation ND
Tesection

3 49,F  Body 35 v Biopsy PDNEC (large cell) 85 Positive  Positive Negative MT CT (Gemcitabine) ND

4 68, F  Tail 36 v Biopsy WDNEC 48 Positive  Positive Positive WT CT (IP) PD

5 63, F Body 33 v Biopsy PDNEC (large cell) 34 Positive  Positive Negative MT cT-dp) PR

6 61, M Body 43 v Biopsy PDNEC (large celly 90 Positive  Positive Negative MT CT (EP) PR

7 74.M Head 20 v Biopsy PDNEC (small cell) 90 Positive  Positive Negative WT BSC ND

8 37, M Head 20 v Biopsy PDNEC (small cell) 80 Positive  Positive Negative MT CT (EP) PR

9 50, F  Taif 35 v Biopsy WDNEC 45 Negative  Positive Positive  WT CT (Bverolimus) ND

10 55, M Tail 30 v Biopsy WDNEC 33 Positive  Positive Positive WT  CT (EP) PD

11 66, M Tail 70 v Biopsy PDNEC (small cell) 95 Positive  Positive Negative MT CT (IP) PR

CGA chromogranin A, WT wild type, MT mutant, CT chemotherapy, IP cisplatin + irinotecan, EP cisplatin + etoposide, BSC best supportive care, ND not done, PD progressive disease, PR

partial response
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Fig. 2 Computed tomography findings of respective pNECs. a, b Hypovascular lesions both primary pancreas head site and nwltiple liver
lesions (SCNEC case). ¢, d Hypervascular lesions both primary pancreas head site and multiple liver lesions (WDNEC case)

Discussion

When the WHO 2010 classification was applied to our
patients with NENs of the pancreas, we found that 36 % of
the high-grade category included tumors with well differ-
entiated morphology. This critical finding has an impacton
the treatment strategies, particularly the platinum-based
chemotherapy which should be originally administered for
only PDNEC.

Our findings suggested that WDNECs differ from
PDNECs and are rather more closely related to NETs-G2
in terms of clinicopathological and molecular characteris-
tics. Firstly, MDCT consistently showed hypervascularity
in WDNEC, but not in PDNEC, Some reports indicated
that tumor vascularity correlated with the proliferation
index and/or WHO classification [18, 19]. Our findings
indicated that only 18 % of WHO-NEC cases were sus-
pected of pNEN according to imaging findings before
EUS-FNA, with most being considered PDAC or pancre-
ati¢ adeno-squamous carcinoma. That i3, a significant
proportion (82 %) of NECs could not be correctly diag-
nosed by imaging, especially the PDNEC type.

Histologically, WDNECs shared more morphological
traits with NETs-G2 than PDNECs; allowing us to presume
that WDNECs correspond to well-differentiated NETs with
high proliferative activity. The Ki67 LI tended to be lower

@ Springer

in WDNEC than in PONEC. Notably, KRAS and Rb genes
are promising molecular markers with which to distinguish
these types of tumors. The result that KRAS mutations were
not found in WDNECs supports the notion that this cate-
gory lies in close proximity to NET-G2, as no pancreatic
NETs-G1/G2 have been reported to possess KRAS muta-
tions, whereas PDNECs have been shown to harbor KRAS
mutations [10, 16, 20]. Loss of expression of Rb was found
in 86 % of PDNEC cases, whereas all of the WDNEC:
cases retained its expression. Aberration of the Rb/pl6
pathway has been reported to be frequently involved in
PDNECs of the pancreas, gallbladder, and ampulla, but not
in pancreatic well-differentiated NETs [10, 20-22]. Con-
cerning pancreatic NEN, Yachida et al. [10] conducted
immunohistochemical and genetic analyses of several
oncogenes and tumor suppressor genes including KRAS
and Rb, and revealed that the aberfations of both genes
were common in PDNECs but none in NETs-G1/G2. Their
conclusion that PDNECs were molecularly distinct from
well-differentiated NETs is in keeping with our findings.
Taken together, the difference. between WDNEC and
PDNEC. appears to be clinically, histologically, and
molecularly significant, and we consider that WDNECs are
more likely to be in the category of well-differentiated
NET rather than NEC, thus, favoring the designation,
namely “NET-G3”.
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Fig. 3 Histologic features of NECs of the pancreas [H&R stain (a—¢),
and Ki67 (d-f), respectively]. The left colimm (a, d) is a case of
WDNEC, the middle column (b, €) is of LCNEC, and the right
column (¢, ) is of SCNEC. Morphology of WDNECs shows a close
similarity to that of NET-G1/GZ, characterized by mornomorphic
growth of tumor cells with highly preserved endacrine cell features,

Table 3 Pathological and molecular characteristics of WHO-NEC

Although LCNECs have features of endocrine cells as well, they are
distinguished from WDNECs by increased nuclear atypia, cellular
pleomorphism, and the frequent presence of tumor necrosis. SCNECs
are composed of ‘small cells with dense chromatin, scarce cytoplasm,
and remarkable mitotic activity, These are reminiscent of small cell
carcinomas of the lung

Table 4 Clinicopathological comparison of WDNEC and PDNEC

Ki67 labeling index

Median (range) 69.1 % (40-95 %)

Maorphology

‘WDNEC/PDNEC 447
Subtypes of PDNEC

Large-cell type/small-cell type 3/4

45 % (5111)
54 % (6/11)

Rb immunopositivity-
KRAS mutation

WDNEC well-differentiated NEC, PDNEC poorly differentiated NEC

Our study showed that both WDNEC and PDNEC
patients harbored unfavorable ontcome (median overall
suryival of 227 days and 186 days, respectively), which is
in stark contrast to NET-G2 patients whose median overall
survival is reportedly 162 months [1]. Although WDNEC
and PDNEC shared aggressiveness clinically and patho-
logically, the efficacy of the treatment between them ten-
ded to be different; all WDNEC cases did not exhibit
response to. the platinum-based chemotherapy while all of
the PDNEC cases did. The Nordic NEC study [9] found

WDNEC PDNEC
(n=14) (n=")
Vascularity in pancreas tumor
Yes (%) 50 % (2/4) 0 % (0/7)
Ki67 labeling index
Median (range) 46.3 % 85 %
(40-53 %) (54-95 %)
Rb irnmunopositivity 100 % (4/4) 14 % (Uh
KRAS mutation 0 % (0/4) 86 % (6/7)
Resfmns’e rate of platinum-based 0 % (0/2) 100 % (d/4)
regimen
Prognosis
Median 227 days 186 days

WDNEC well-differentiated NEC, PDNEC poorly differentiated NEC

that WHO-NEC with Ki67 LI > 55 % responded to plati-
nuim-based chemotherapy, whereas those with Ki67
LI <55 % did not. Although the Nordic NEC study
mainly focnsed on the treatment and prognostic aspects,
there was no detailed description of the pathologic
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characteristics of the cases. We suppose that some of their
WHO-NEC included WDNEC as defined herein. Based on
the results of the Nordic NEC study, the NCCN guidelines
noted in footnotes that “intermediate Ki67 levels in the
20-50 % range may not respond well to platinum/etopo-
side as patients with small cell histology or extremely high
Ki67 and so, a clinical judgment should be used”. When
NEN is diagnosed as WHO-NEC, clinically the toxic
platinum-based chemotherapy is usually administered as a
first-line regimen. However, a recent case report showed a
good response of high-grade NET to molecular targeted
therapy with agents such as Everolimus [23]. In fact, one
patient who was diagnosed with WDNEC and received
Everolimus obtained partial response. The current WHO
2010 classification might be flawed in terms of the man-
agement of patients with NEC and the classification
scheme for NECs should be revised as the clinical, path-
ological, and molecular characteristics of this high-grade
NEN become more fully clarified.

In regard to IHC, chromogranin A was expressed in
91 % of WHO-NEC cases, and synaptophysin was
expressed in 100 %. In a similar fashion, previous articles
reported that chromogranin A was expressed in 81-94 %,
and synaptophysin was expressed in 88-96 % [7-9]. Taken
together, stainability of chromogranin A and synaptophysin
is high not only in WDNEC but also in PDNEC.

In our institute, we perform EUS-FNA for the diagnosis
of pancreatic tumors on a routine basis, and have been
reported its usefulness so tar [11, 14-16, 24]. The diag-
nostic accuracy of overall pancreatic tumors was 91.8 %
{918/996) [14]. We previously detected KRAS mutations in
87 % (266/307) of EUS-FNA specimens from pancreatic
masses in patients with PDAC [24] and none among 25
well-differentiated endocrine tumors [16]. Jiao et al. [20]
also reported the absence of KRAS mutations in NET-G1/
G2.

To the best of our knowledge, this is the first study
which examined the clinicopathological characteristics of
pNECs, with an emphasis on the difference between
WDNEC and PDNEC. However, some limitations should
be addressed. The retrospective design hindered precise
analysis of all required data, imposed potential selection
bias, and the patient cohort was small due to the natural
rarity of pNECs that account for <1 % of all pancreatic
carcinomas, and 2-7.5 % of all pNEN (2, 25]. Intratumoral
hetgrogeneity is another important consideration. In our 11
cases of NEC, we did not note any adenocarcinoma com-
ponent histologically nor immunohistochemically, Also,
the result of the high frequency of Rb aberration in our
series minimizes the possibility of a hidden presence of
concomitant adenocarcinomas, as Rb aberration has been
reported to be a rare event in PDACs (5-6 %) [26, 27].
Although the above observations do not fully fule out the
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possibility that some of the cases might contain an
accompanying adenocarcinoma, this may be a relatively
uncommon occurrence given the low frequency of an
associated ductal adenocarcinoma in PDNECs reported by
Basturk ct al. [8] (6/44, 14 %). Finally, we address the .
feasibility of grading for pNENs diagnosed by ENA spec-
imens, which constituted most of our series. Past studies of
ours and of others claimed that grading by Ki67 LI can be
applicable to FNA specimens by showing high concor-
dance between the grade given by the FNA specimens and
that by the corresponding resected specimens (concordance
rate 78-90 %) [15, 28-31]. Indeed, downgrading or
upgrading between G1 and G2 occarred in a small pro-
portion of cases, but there was no tumor observed among
the 5 studies that was graded as G3 by EUS-FNA and was
downgraded to G2 by surgical resection. This observation,
as well as the poor outcome of the current study, indicates
that the admixture of ‘overestimated’” NETs-G2 in our
cohort seemed unlikely to happen.

In conclusion, we identified a significant number of
“WDNEC” cases among pNECs that were defined by the
current WHO classification system. The clinicopathologi-
cal and molecular analyses suggested that WDNEC is
distinct from PDNEC. Though ‘the number of cases we
analyzed was limited, we believe that our scheme of sub-
categorizing pancreatic NEC showed promise, Further
larger-scale studies are warranted (o validate our stratifi-
cation of WHO-NECs, which will facilitate a more per-
sonalized treatment of the patients with this rare malignant
neoplasm.
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Objectives: Adenosquamous carcinoma of the pancreas (ASC) is a rare malignant neoplasm of the
pancreas, exhibiting both glandular and squamous differentiation. However, little is known about its
imaging features. This study examined the imaging features of pancreatic ASC.

Methods: We evaluated images of contrast-enhanced computed tomography (CT) and endoscopic ul-
trasonography (EUS). As controls, solid pancreatic neoplasms matched in a 2:1 ratio to ASC cases for age,
sex-and tumeor location were also evaluated.

Results: Twenty-three ASC cases were examined, and 46 solid pancreatic neoplasms (43 pancreatic
ductal adenocarcinomas, two pancreatic neuroendocrine tumors and one acinar cell carcinoma) were
matched as controls. Univariate analysis demonstrated significant differences in the outline and vascu-
larity of tumors on contrast-enhanced CT in the ASC and control groups (P < 0.001 and P < 0.001,
respectively). A smooth outline, cystic changes, and the ring-enhancement pattern on contrast-enhanced
CT were seen to have significant predictive powers by stepwise forward logistic regression analysis
(P == 0,044, P = 0,010, and P = 0,001, respectively). Of the three, the ring-enhancement pattern was the
most useful, and its predictive diagnostic sensitivity, specificity, positive predictive value and negative
predictive value for diagnosis of ASC were 65.2%, 89.6%, 75.0% and 84.3%, respectively.

Conclusions: These results demonstrate that presence of the ring-enhancement pattern on contrast-
enhanced CT is the most useful predictive factor for ASC.

Copyright @ 2014, IAP and EPC. Published by Elsevier India, a division of Reed Efsevier India Pvt. Ltd. All
rights reserved. )
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1. Introduction

- ASC patients [5,6]. Although diagnosis of ASC s important for
predicting the prognosis of patients, recognition of ASC is not easy.

Adenosquamous carcinoma of the pancreas (ASC) is a variant of
pancreatic ductal adenocarcinoma (PDAC), exhibiting both glan-
dular afid squamous differentiation [1—4]. ASCaccounts for 3—4% of
malignant neoplasms of the pauncreas, and is reportedly more
aggressive than conventional PDAC, with simultaneous metastases
to the liver and lymph nodes being seen more frequently among

ponding author. Department of Gastroenterclogy, Aichi Cancer Center
Hospital, 1-1 Kanokoden, Chikusa-ku, Nagoya, Aichi 464-8681, Japan. Tel.: +81 52
7626111; fax: 81 52 7635233.

E-mail oddress: hiroshLimaokamd@me.com (H. Imaoka).

hittp:ffdxdolotg/10.1016/fpan 2014.02.005

One reason for this is that the cliniical characteristi¢s of ASC remain
unclear because of its rarity. Since most descriptions of ASC have
been from case studies and small surgical series [7], its imaging
features have not yet been proposed. This study examined the
imaging features of ASC in a matched case-control study.

2. Methods

The institutional review board of the hospital approved this
study. We evaluated the pathological and clinical records of ASC

1424-3903/Capyright © 2014, IAP and EPC. Published by Elsevier India, a division of Reed Elsevier India Pvt. Ltd. All rights reserved.
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and pancreatic neoplasm patients treated at our institution be-
tween 2001 and 2012. All cases were diagnosed based on. cyto-
logical or histolegical confirmation from surgical specimens or
endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA),
and only cases in whom imaging data of both contrast-enhanced
compufed tomography (CT) and endoscopic ultrasonography
< (EUS) were available were included in this study. The criteria for
pathological diagnosis of ASC have been previously described [1,8].
Patients with a history of squamous cell carcinoma or other cancers
were excluded from this analysis, to distinguish between primary
ASC and metastasis from other sites [9].

Patients were evaluated by EUS using a GF-UCT240 convex array
echoendoscope (Olympus Optical Co. Ltd., Tokye, Japan), and EUS~

Outline

anges

c

Echog

Fig. 1. Representative examples of the imaging parameters.

FNA was performed after EUS examination, as previously
described {1011}

As controls, cases with solid pancreaticneoplasms, matched ina
2:1 ratio to ASC cases for age (3 years), sex and tumor location,
were also included in this study. Data were abstracted from medical
records by 2 reviewers (T.0., T.0.) who were blinded to case-control
status, Two reviewers independently assessed these data, and
disagreements were resolved by discussion with a third reviewer
(KY.).

Images of contrast-enhanced CT were reviewed by two blinded
radiologists (K.Y, M.K.), and that of EUS were evaluated by two
experienced endosonographers (A.S, M.S.). All the evaluators were
blind to the patients’ pathological and clinical data, which they
independently assessed in a random order. Any disagreements
were resolved by discussion with a fifth reader (K.Y.). The imaging
data were evaluated for the following 7 parameters: oudline
(smooth vs. irregular), calcification, cystic changes, circuniscription
(well vs. poorly circumscribed), echogenicity (hyperechoic, hypo-
echoic and mixed pattern), main pancreatic duct (dilated vs. not
dilated), and vascalarity (poor, rich and ring-enhancement), We
defined the main pancreatic duct as being dilated if it was greater
than 2 mm in diameter. In addition, the ring-enhancement pattern
was defined as an area of decreased density surrounded by a bright
thin rim due to concentration of the contrast-enhancing dye.
Representative images are shown in Fig. 1. Five of the 7 parameters
(outline, calcification, cystic changes, circumscription and echoge-
nicity) were evaluated on EUS images, while 5 parameters (outline,
calcification, cystic changes, main pancreatic duct, and vascularity)
were evaluated on contrast-enhanced CT images.

3. Statistical analysis

To compare the patients’ backgrounds between ASC ard control
groups, univariate analysis was performed using the Student's t-test
for continuous variables, and chi-square test or Fisher's exact test for
categorical variables. To compare the varions imaging findings be-
tween ASC and control groups, univariate analysis was performed
using the chi-square test or Fishet's exact test for categorical vari-
ables, Multivariate analysis was performed to assess the indepen-
denteffects of imaging parameters in predicting the diagnosis of ASC
using a stepwise forward logistic regression analysis. The likelihood
ratic test was used to assess the statistical significance of the vari-
ables for the final model. The sensitivity, specificity, positive pre-
dictive value (PPV) and negative predictive value (NPV) for diagnosis
af ASC were indicated by 95% confidence intervals (Cl).

For assessment of interobserver variability of categorical imag-
ing findings, a « analysis was performed. The levels of agreement
were defined as: no agreement (¥ < 0), slight agreement (« = 0.00—

Table 1
Baseline characteristics of the patients.
ASC (N = 23} Control (N = 48) P-value
Age (yr)
6326 + 830 6243 £ 9.06 v At
Sex.

Male (%) 15 (65.21) 30(65.21)

Female (%) 8 (34.78) 16 (34.78) 1.000°
Tumor location

Head (%) 16 (43.47) 20 (43.47)

Body-Tail (%) 13 (56.52) 26 {56.52) 1.000°
Size (mm) 41.26 £ 14,56 36.00 £ 17.54 0.234*
CEA {(ng/ml) 3844 £ 8532 76.10 = 273.48 0539°
CA19-9 (Ufml) 16,094.10 :+ 53,959.46  7931.90 & 20,16507  0485"

ASC, adenosguamious carcinoma; yr, years; SO, standard deviation.
& Student’s t-test.
b Chi-square test.
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Fig. 2. Representative images of control cases. Pancreatic ductal adenocarcinoma. (A) Contrast-enhanced CT shawed a hypodense tumor in the body of the pancreas with pancreatic
duct dilatation (white arrow), and (B) EUS showed a mixed—echoic mass with an irregular border. Pancreatic neuroepdocrine tumor, {C) Contrast-enhanced CIshowed a hyperdense
tumor in the head of the pancreas (white arrow), and (D) EUS showed a well-circumscribed hypoechoic mass.

0.20), fair agreement (x = 021-0.40), moderate agreement
(k = 0.41-0.60), substantial agreement (x = 0.61-0.80), and almost
perfect agreement (x = 0.81-1.00) [12].

All values represent mean == standard deviation. Values of
P < 0.05 were considered statistically significant and all P values
were two-sided, Data were analyzed using STATA version 11,1 sta-
tistical software (StataCorp, College Station, TX, USA).

4. Results

Of the 996 patients with pancreatic neoplasms treated at our

hospital between 2001 and 2012, a total of 34 cases of ASC were
identified, 23 of who met the inclusion criteria. Of them, 5 patients
were diagnosed based on surgical findings, and the others were
diagnosed based on EUS-FNA findings. The patients’ characteristics
are summarized in Table 1. Mean age at diagnosis was 63.26years
(range, 4479 years). Males were affected more frequently than
females. Ten of these cases (43.47%) were located in the pancreatic
hiead and the others were in the pancreatic body-tail, The charac-
teristics of the control group in the matched case-control study are
alse shown in Table 1. Details of the control group were as follows:
pancreatic ductal adenocarcinoma (PDAC) in 43 cases, pancreatic
neuroendocrine tumor (PNET) in 2 cases and acinar cell carcinoma
{ACC) in 1 case. Representative images of control cases (PDAC and
PNET) are shown in Fig. 2. Although the tumor size tended to be

larger in ASC than in control patients, the difference was not sta-
tistically significant.

The differences in the imaging parameters between the two
groups are shown in Table 2. Of them, two imaging findings were
statistically significantly different between ASC and control groups.
A smooth outline of the tumor on contrast-enhanced CT was seen
more frequently in ASC than control group patients (P < 0.001).
Further, vascularity of the tumor on contrast-enhanced CT showed
significant differences between ASC and control groups (P < 0.001),
The ring-enhancement pattern of the tumor tended to be seen
more frequently in the ASC than the control group. With regard to
interobserver agreement in categorical imaging findings, « values
demonstrated substantial agreement for EUS (0.69) and almost
perfect agreement for contrast-enhanced CT (0.90).

The results of stepwise forward logistic regression analysis
with the diagnosis of ASC and control as dependent variables and
the imaging parameters as independent variables are shown in
Table 3. Of them, a smooth outline, cystic changes, and the ring-
enhancement pattern on contrast-erthanced CT were identified
as significant predictive signs. Further, thé likelihood ratio test
showed that these 3 parameters were statistically significant in
predicting ASC (P = 0.025, P= 0,003, and P < 0.001, respectively).
In discriminating ASC from other solid pancreatic neoplasms, the
predictive diagnostic sensitivity, specificity, PPV and NPV of a
smooth cutline on contrast-enhanced €T were 43.5%, 93.5%,
76.9% and 76.8%, respectively, and those of cystic changes on
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Table 2
Differences in the imaging parameters between adenosquamous carcinema and
control groups.

ASC(N=23) Control (N=46)  P-value
Outline
€T Smooth 10 3
Irregular 13 43 <0.001°
EUS-  Smooth 7 5
Irregular 16 41 0.088"
Calcification
cT + 2 2
- 21 44 0.596°
EUS + 1 4
- 22 42 0.658%
Cystic changes
cr + 8 g
- 15 37 0.167°
EUS + 6 7
- 17 39 0.334%
Circumscription
EUS  well 19 33
Paor 4 13 0.323"
Echogenicity
EUS  Hyperechoic 1 1
Hypoechoie 10 20
Mixed 12 25 0.877"
Main pancreatic duct
T Dilated 13 27
Not dilated [ 18 0.863"
Vascularity
T Poor . 3 37
Rich a 4
Ring-enhancement 15 5 <0.001%

* Fisher's exact test.
% Chi-square test,

contrast-enhanced (T were 34.8% 804% 471% and 71.2%,
respectively. The ring-enhancement pattern was the most useful
predictive parameter, and its predictive diagnostic sensitivity,
specificity, PPV and NPV were 65.2%, 89.6%, 75.0% and 84.3%,
respectively (Table 4).

The surgically resected specimens were soft, fleshy and cir-
cumscribed. A representative case is shown in Fig. 3. The tumor
was encapsulated by fibraus tissue. Histological assessment of
the resected specimen revealed both glandular and squamous
differentiation intimately admixed. Neoplastic cells admixed
with numerous delicate vessels were present at the margin of the
tumor, and extensive tumor necrosis was seen at the center of
the tumor. These histological patterns were seen in 80% of the
cases,

Table 3
The results of stepwise forward logistic regression analysis of the 7 imaging pa-
rameters, to determine their predictive ability for adencsquamous carcinoma,

Coefficient (§) 95% confidence P-value Odds
interval ratio

Smaooth outline ot 2362 0.059-4.665 0044 10618
EUS 2361 ~0.281-4974° 0076 10,608
Caleificafion cr 0528 ~2267-3324 0711 1696
EUS 0357 -2606-3321 0813 1429

Cystic changes cr* 2.969 07015238 0010 19488
EUS. --2.600 ~5236-0.035 0.053 0.074

Well ciccumscribed  EUS  ~0.988
fiain pancreatic T 1,763
ducr dilatation
Hypoechogenicity  EUS 1241
Mixed echogenicity EUS 0458
Ring-enhancement CIY 3.862

—3.030-1.053 0343 0372
-0,162~-3.690° 0073 5.833

-4.586-7.068 0.676 3460
-5315-6.234 0876 1.583
1.504-6.220 0001 47.570

* Likelthood-ratio test; P-value; 0.025.
> ikelihood-ratio test; P-value; 0.003:
* Likelihood-ratio test: f-valie; < D.0DT.

5. Discussion

ASC is a malignant neoplasm of the pancreas, exhibiting both
glandular and squamous differentiation. ASC is considered a variant
of PDAC, accounting for 3—4% of malignant neoplasms of the
pancreas [2—4]. It is considered to have a poor prognosis due to its
aggressive behavior [13—15]. Boyd et al. described in their
population-based analysis that overall survival (0S) following sur-
gical resection of ASC is significantly worse as compared to that
after resection of PDAC [5]. We also previously clarified that ASC is
miore aggressive than conventional PDAC in a matched case-control
study [6]. In that study, médian OS was significantly worse for ASC
(8.38 months) than for PDAC(15.75 months; hazard ratio, 1.94), and
simultaneous metastases to the liver and lymph nodes were seen
more frequently in the ASC group than in the PDAC group. Clini-
cally, diagnosis of ASC is important for predicting the prognosis of
patients, although recognition of ASC is not easy. One reason for
this is that little is known about the imaging features of ASC
because of its rarity. This study, therefore, examined the imaging
features of ASC in a matched case-control study.,

In the matching process, control cases were carefully selected
from among patients with solid pancreatic necplasms by two
blinded reviewers, the cases comprising 43 PDAC patients (93.4%),
2 PNET patients (4.3%), and 1 ACC patient {2.1%). Reportedly, the
incidence of PDAC, PNET and ACC is about 90%, 2% and 1-2% of
pancreatic neoplasms, respectively [16-19]. Our control group
makeup was, thus, consistent with the reported incidence of each
type of pancreatic neoplasm. This indicates the adequacy of our
matching process.

Two of the imaging parameters, namely tumor outline and ring-
enhancement pattern on contrast-enhanced CT, were seen more
frequently in ASCs. Furthermore, stepwise forward logistic regres-
sion analysis demonstrated that a smooth outline, cystic changes,
and the ring-enhancement pattern on contrast-enhanced CT were
significant predictive signs of ASC. Pathologically, the tumor was
encapsulated by fibrous tissue. Viable neoplastic cells with
numerous delicate vessels were present at the margins of the tu-
mor, and prominent necrosis was seen at the center. Thus, a smooth
outline, cystic changes, and the ring-enhancement pattern on
contrast~enhanced CT may reflect these pathelogical findings. The
ring-enhancement pattern was the most useful imaging parameter,
with a predictive diagnostic sensitivity and specificity in discrimi-
nating ASC from other solid pancreatic neoplasms of 65.2% and
89.6%, respectively. The diagnostic sensitivity of the ring-
enhancement pattern for ASC, on the other hand, was relatively
modest. This could be because several cases of ASC resembled
conventional PDAC on contrast-enhanced CT images. We speculate
that visualization of the pattern may depend on the degree of ne-
crosis within the tumor. On the other hand, the PPV for ASC was
75.0%, which is a satisfactory result, This finding is impertant, since
presence of the ring-enhancement pattern indicates a poor prog-
nosis for patients. Once a diagnosis of ASC is made, newer
chemotherapeutic regimens, such as gemcitabine + erlotinib [20]
and FOLFIRINOX [21], can be attempted.

Tn this study, we used a combination of CT and EUS to examine
imaging features of ASC using a matched case-control design. Use
of this comibination seems reasonable since CT and EUS are widely
accepted as the most accurate imaging modalities in the diagnosis
of pancreatic tumors. In a comparative study of CT and EUS, the
sensitivity of CT was reported as 86% and that of EUS was reportedly
98-1009%[22,23]. EUS is superior to CT for tumor and nodal staging
of pancreatic cancers, while CT can identify distant non-nodal
metastases more accurately than EUS [24.25]. Furthermore, the
two imaging modalities complement each other during decision-
making regarding therapeutic strategies in patients with
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