Contrast-Enhanced Sonography of Autoimmune Pancreatitis

All autoimmune pancreatitis lesions showed
mild, moderate, or marked enhancement
throughout almost the entire lesion in both the
early and delayed phases of contrast-enhanced
harmonic gray scale sonography. Marked
enhancement was observed in 2 of the 6 autoim-
mune pancreatitis lesions, moderate enhance-
ment in 3 of the 6 lesions, and mild enhancernent
in the remaining lesion. The grade of vascularity
of each lesion was the same in both the early and
delayed phases of contrast-enhanced harmonic
gray scale sonography (Table 1). All autoimmune
pancreatitis lesions appeared hypervascular or
isovascular throughout the entire lesions in both
the early and delayed phase CT images. One of
the 6 autoimmune pancreatitis lesions appeared
hypervascular in the early phase and isovascular
in the delayed phase, and the other & appeared
isovascular in both phases of the CT images. A

- hypovascular capsulelike rim at the periphery of

the lesion was observed in only 1 of the 6 lesions
on the CT images, and it showed marked

_ enhancement on contrast-enhanced harmonic

gray scale sonography.

Comparison Between Contrast-Enhanced
Harmonic Gray Scale Sonographic Findings
and Pathologic Findings

Two of the 6 lesions showed mild fibrosis and
severe inflammation, and they exhibited marked

. enhancement. Three of the 6 lesions showed

moderate fibrosis and moderate inflammation,
and they exhibited moderate enhancement, The
remaining lesion showed severe fibrosis and
mild inflammation, and it exhibited mild
enhancement (Table 2}.

N
Comparison Between Helical CT Findings and
Pathologic Findings

Only 1 of the 6 lesions, a lesion characterized by
mild fibrosis and severe inflarnmation, appeared
to be hypervascular in the arterial phase of heli-

cal CT. The remaining 5 lesions (1 lesion with
mild fibrosis and severe inflammation, 3 lesions
with moderate fibrosis with moderate inflamma-
tion, and 1 lesion with severe fibrosis and mild
inflammation) appeared to be isovascular in the
arteria! phase of helical CT (Table 2).

Contrast-Enhanced Harmonic Gray Scale
Soncgraphic Findings During and After
Steroid Therapy

Three of the 6 patients were treated with corti-
costeroids (Table 3). Four weeks after the start
of steroid therapy, all lesions had decreased in
size, and the diameter of the dilated common
bile duct had decreased on the basis of con-
ventional sonographic findings. The grade of
vascularity on contrast-enhanced harmonic
gray scale sonographic images had decreased
from marked enhancement to moderate
enhancement in 1 case and from moderate
enhancement to mild enhancement in 2 cases
(Figure 3). At the end of steroid therapy, all mass
lesions had further decreased in size, and the
common bile duct diameter had also further
decreased on the basis of the conventional
sonographic findings. The final grade of vascu-
larity on the contrast-enhanced harmonic gray
scale sonographic images was mild enhance-
mentin all 3 lesions. No recurrence of pancreati-
tis was observed during the 1 to 2 years of
follow-up in these 3 patients.

Discussion

Pancreatic carcinoma is the most common type
of pancreatic tumor, whereas autoimmune pan-
creatitis is a rare type of pancreatitis character-
ized by enlargement of all or part of the pancreas
and irregular stenosis of the pancreatic ductal
system (“sclerosing” pancreatitis} secondary to
autoimmune processes.! However, autoimmune
pancreatitis is frequently detected as a result of

Table 1. Results of Contrast-Enhanced Harmonic Gray Scale Sonography of Autoimmune Pancreatitis (n = 6)in Comparison

With Helical CT
Contrast-Enhanced Harmonic Gray
Scale Sonographic Findings, n (%)
Marked Moderate Mild No Helical CT Findings, n (%)
Phase Enhancement Enhancement Enhancement Enhancement Hypervascular  Isovascufar  Hypovascular
Early 2(33) 3 (50) 1(17) 0 (0) 1(17)y* 5(83) 0 (0
Delayed 2{33) 3 (50) 1(17) 00 0(0) 6 (100) 0{0)

*This lesion showed hypervascular enhancement with a hypovascular capsulelike rim on the early phase helical CT image.
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Table 2. Results of Contrast-Enhanced Harmonic Gray Scale Sonography of Autoimmune Pancreatitis (n = 6)

in Comparison With the Pathologic Findings

Contrast-Enhanced Harmonic
Gray Scale Sonographic

Helical CT Findings

Pathologic Findings

Case Findings (Early Phase) (Early Phase) Fibrosis Inflammation

1™ Marked enhancement Hypervascular Mild Severe

2t Marked enhancement Isgvascular Mild Severe

3* Moderate enhancement Isovascular Moderate Moderate

4t Moderate enhancement Isovascular Moderate Moderate

st Moderate enhancement Isovascular Moderate Moderate

6% Mild enhancement Isovascular Severe Mild .

*Pathologic findings from surgery.
tPathologic findings from aspiration bicpsy.
*Pathologic findings from open biopsy.

jaundice caused by narrowing of the common
bile duct due to inflammation. Because steroid
therapy is effective against autoimmune pancre-
atitis,? accurate diagnosis avoids unnecessary
resection,

It has been shown that pancreatic carcinoma
lesions are not enhanced throughout the entire
tumor in the early phase of contrast-enhanced
harmonic gray scale sonography,?® but they often
show peripancreatic vessel involvement and
dilatation of the main pancreatic duct.’ In our
study, some degree of hypervascular enhance-
ment was observed throughout almost the entire
lesion on contrast-enhanced harmonic gray
scale sonographic images in all our cases, and
they all showed dilatation of the common bile
duct without dilatation of the main pancreatic or
peripancreatic vessel involvement. We think that
these findings may be useful for the diagnosis of
autoimmune pancreatitis lesions.

Kim et al'! reported lymphocyte infiltration,
fibrosis, and reduction of glandular elements in 7
patients with pancreatic masses secondary to
chronic pancreatitis. It has been shown that
inflammatory changes require blood flow, which
produces hypervascularity.!2 Koito et al'2 report-
ed that the inflammatory pancreatic masses of
19 of 20 patients were isovascular on carbon
dioxide-enhanced sonographic images, and the
rernaining mass was hypovascular; that hypo-
vascular mass was in a patient with severe fibro-
sis pathologically. Severe fibrosis can replace
pancreatic acinar cells and can inhibit vascular
development in an inflammatory lesion, which
is probably the reason why 1 inflammatory pan-
creatic mass in their case series was hypovascu-
lar.?? The vascularity on contrast-enhanced
harmonic gray scale sonography in our small
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series of 6 patients appeared to be positively cor-
related with the degree of inflammation and
inversely correlated with the degree of fibrosis.
We also found that contrast-enhanced harmonic
gray scale sonography could be useful as a
means of monitoring the therapeutic effective-
ness of steroid therapy for deciding whether to
discontinue treatment. In 3 cases that were treat-
ed with corticosteroids in our study, the vascu-
larity on the contrast-enhanced harmonic gray
scale sonographic images decreased, and the
decrease may have been due to the decrease in
inflammation in response to the steroid.!®1
These findings also support our hypothesis that
the degree of inflammation correlated with that
of the vascularity on contrast-enhanced har-
monic gray scale sonographic images.

There was a discrepancy between the vascular-
ity of the lesions on the coritrast-enhanced har-
monic gray scale sonographic images and that
on the CT images. One difference between these
imaging techniques may be that the sonograph-
ic contrast agent remains within the blood ves-
sels, whereas the CT contrast agent is distributed

Numata et al

Table 3. Results of Size of the Mass Lesion and Diameter of the
Common Bile Duct in! Patients With Autoimmune Pancreatitis

{n = 3) During and After Steroid Therapy

Size of Mass Lesion, mm Diameter of Common Bile Duct, mm

Case Before* 4wkt End¥ Before* 4wkt  End¥
1 30 25 22 9 6 4
2 38 35 28 1 9 &
3* 42 33 30 14 10 7
Mean+SD 37x6 31+£5 27x4 M+3 8x2 6x2
*Before stercid therapy.
tFour weeks after the start of steroid therapy.
#At the end of steroid therapy.
205
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throughout the tissues.!? The kinetics of contrast
agent passage differed between CT and sono-
graphic contrast agents. Second, we examined
contrast-enhanced harmonic gray scale sono-
graphic images for the presence or absence of
enhancement in the early and delayed phases,
whereas on the helical CT images we compared
the vascularity of pancreatic mass lesions with
that of the surrounding pancreas in the early and
delayed phases.®

There were several limitations in this study.
First, abdominal gas sometimes prevents visual-
ization of pancreatic lesions by contrast-
enhanced harmonic gray scale sonography, and
it is of limited value for evaluation of lesions in
the body and tail of the pancreas. Second, the
single plane of the sonographic image some-
times does not visualize the entire normal
parenchyma of the pancreas, which makes it dif-
ficult to compare the vascularity of pancreatic
masses with that of normal parenchyma by con-
trast-enhanced harmonic gray scale sonogra-
phy. Therefore, in this study we compared the
lesion before enhancement with hypervascular
enhancement during the early and delayed
phases of contrast-enhanced harmonic gray
scale sonography. Third, our grading of vascular-
ity using contrast-enhanced harmonic gray
scale sonography is by a subjective method, and
the development of a guantitative grading
scheme may be required to eliminate this limita-
tion. Fourth, because our study population was
small, a study in a larger population of autoim-
mune pancreatitis lesions is needed to definitely
establish the correlation between the pathologic
findings and the vascularity observed during
contrast-enhanced harmonic gray scale sonog-
raphy of these lesions.

In conclusion, contrast-enhanced harmonic
gray scale sonography may be a sensitive tool for
evaluating the vascularity of autoimmune pan-
creatitis lesions and may be a good indicator for
evaluating the therapeutic efficacy of steroid
therapy.
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BACKGROUND. Studies have shown that angiogenesis is onc of the factors that
influences the prognosis of patients with solid tumars, including pancreatic car-
cinomas. However, none have assessed noninvasively the relation between angio-
genesis and prognosis in patients with pancreatic carcinoma. Contrast-enhanced
ultrasenagraphy (US) notonly is a convenient, harmless, and noninvasive imaging
modality, but it also provides detailed information on lumor vascularity. The
abjectives of this study were o assess the vasculurity of pancreatic carcinoma
noninvasively by contrast-cnhanced US and o clarify the prognostic vafue of
tumaor vascularity in patients with nonresectable pancreatic carcinoma.
METHODS. Thirty-five consceutive patients with pathologically conlirmed. nonre-
sectable pancreatic carcinema were examinesl with contrast-enhanced US before
systemic chemotherapy, The eorrelations among tumor vaseularity, clinicopatho-
logic Tactors. and dinical nutcomes then were analyzed statisticatly Lo investigate
prognostic indiciaors,
RESULTS. The muedian time to progression (TTP) was linger in paticnts who had
avascular tumeors com parcd with paticsns who had vascular tmrors o 10 days vs. 28
days. respectively; £ 0.0072; Tog-rank test), The medin survival also was longer
in patients who had avascular tumors (267 Jdays vs, 115 davs, respectivelys P
0.0034 log-rank test). A multivariate analysis using a Cox proportional hazards
modd] revealed that wmaor vascularity was a signilicant, independent factor thnt
influenced TTI 12 0001 and survival (£ 00022 along with primary tumor size
and serum bactate dehydrogenase (LDID level, which are well known as prognostic
factors in pativnts with pancreatic carciioma.
CONCLUSIONS. 1he current results indicated that contrast-enhanced US may be
uselul in assessing the prognosis of patients with nonresectable pancreatic carci-
nomat who recuive systemic chemotherapy, Cancer 2005;103:1026 235,

2000 nerican Caneer Sm.'in'_\‘.

KEYWORDS: pancreatlic carcinoma, conlrast-enhanced uitrasonography, tumor vas-
cularity, noninvasive assessment, prognostic factor, survival, time to progression,
chemotherapy.

hie incidence of panereatic carcinema has increased steadily over

the fast 3 decades, and this tumor now ranks as the Gfth leading
cause of cancer death in Japan. Despite an increased understanding
of the biology of pancreatic carcinoma, the 5-yvear survival rate is
<2 5%, the worst in the Surveillance, Epidemiology, and End Results
data base. This poor survival rate is attributed to the high incidence of
metastutic disease at diagnosis and the relative chemuoresistance of
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this tumor. Therefore, improvement in the outcome ot
pitients with pancreatic carcinoma depends on the
development of effective systemic therapies. Gemeit-
abine is the most common cytotoxic agent used for
this discase. However, the objective respanse rate of
patients with pancreatic carcinoma who are treated
with this drug is < 10%." Thus, numerous clinical
trials of systemic chemotherapy that include combi-
nations of gemeitabine and other antitumar agents
have been introduced in an attempt to improve the
respanse rate and survival of patients with advanced
pancreatic carcinoniat 7 However, we have found
that even identical chemotherapy regimens bring
ubout different outcomes in different patients. That is,
some patients show improvements in survival and
tumar response, whereas ethers enly suffer from in-
convenience and increased toxicity. It has been sug-
gested that the burden of treatment should not be
added to the suffering of those with advanced pancre-
atic carcinema, Therefore, the identification of prog-
nostic factors before treatment would be helpful in
selecting the subgroups of patients for which chemo.
therapy improves survival and in determining efficient
treatment strategios with referenee to expected sur-
vival.

Recently, several studies have shown that angio-
senesis is an important factor in the growth, progres-
sion, and metastasis of solid wmors, including pan-
creatie carcinomas,® M and increases in tumor vessel
count and in the expression of angiopenic factors,
such as vascular endothebial growth fuctor (VEGE),
have been associated with a poor prognasisin patients
with pancreatic carcinoma.'™ ' However, all of thuse
studies were conducted on paticots who had under-
gong surgery, and no reports assessing noninvasively
the association of angiogenesis with the prognosis of
patients with pancreatic carcinema have been pub-
lished.

Contrast-enhanced ultrasonography tUS) with the
contrast agent levovist (Schering AG, Berling Ger-
many) can offer detiled information on tumor vascu -
Fariy™ 17 and recemtly has been used to assess the
viseularity of pancreatic tumars for differential diag-
nosis.t ™ F Therefore, the objectives of the current
study were fo assess the vascularity of panereatic car-
cinnma noninvasively with contrast-enhanced US andd
to clarify the prognostic value of tiimer vascualarity in
paticnts with nonrescectable pancreatic carcinoma,

MATERIALS AND METHODS

Patients

The stady included 35 consecutive patients with inet-
astutic or locally advanced, inoperable pancreatic car-
cinoma and a baseline Karnofsky performance status

Vascularity in Pancreatic Carcinoma/Masaki et al. 1027

2 66%, These patients were treated by systemie che-
maotherapy at the Kanagawa Cancer Center TTospital,
Kanagaws, Japuan, between August, 2001 and February,
2004, US images, computed tomography (CT) scans,
and chest X-rays were obtained as pretreatment stag-
ing studics to assess the local extension of the tumor
and the presence of distant metastasis. Patients who
had received previous chemotherapy or radiotherapy
were excluded from the analysis. Pathologic confirma-
tion of adenocarcinoma was obtained in all patients
by surgical procedures or by fine-needle aspiration
biopsy (Sonopsy; THakko, Tokye, Japan). All patients
with obstructive jaundice underwent percutanieons
transhepatic or endoscopic retrograde biliary drainage
before chemaotherapy.

Contrast Agent

All patients were injected with the US contrast agent,
Levovist, which is compused of 99.9% galactose and
0.1% palmitic acid. The agent (2.5 g} was shaken for
about 10 seconds with 7 ml, of sterile water to yield an
opalescent suspension of air microbhubbles, The sus-
pension was equilibrated for a few minutes and then
was ijected manually through a 20-gauge cannula
pliaced into the antecubitl vein as a bolus infusion
(306 mg/ml of contrast agent; approximately 7 ml in
totaly. Atter the bolus injection of Levovist, a 0809
saline solution was infused continuously at 3.0 mb per
minute.

US Examination

We nsed a senographic scannuer (Seguoia 5127 Avason
Corporation, Mountain View, CA) with a1 carvilin-
car arry transducer in the harnmanic imaging maode,
which transmits 2 Mz and receives 4 Mz of sound.
We nbserved the puncreatic tumors from 3 seconds
betfore to 60 seconds after the admintstration of Levo-
vist, with a frame rate of -2 Tz at aomechanical index
of 1.5, While imaging timors, we tixed the transducer
at the position where the tinmor was drawn initially.
US images were recorded continuously on videotape.,

US Image Analysis
The US images were analyzed macroscopically for the
presence acd distribution of tumor vasculariey. Put-

Lerns of wmor vascularity were deseribeed as diffuse

enhancement it a0 vaseulay signal was  identified
throughout the lesion, as spotty enhancement if g
microbubble sipnal was observed in part of the wmor,
andas no enbuncement if parenchymad flow was ab-
sent or was detectable only minimally (Ui, 1) I the
next step, Wl images recorded on videotape were
chamged into digitad data by Power Director sottware
(version 2.0; Cvberlink Corporation, ‘takvo, Japan) in
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w-Microsoft Windows 98 environment (Microsoft Gor-
poration, Redmond, WA), and the effect of enhance-
ment by Levovist was quantified in Photoshop (ver-
sion 5.0; Adobe Systems Corporation, San Jose, CA).
Transverse images of the tumor that were obtained
before enhancement and at maximal enhancement
were selected. Five-millimeter square regions of inter-
est (ROIs) containing 324 pixels were placed in the
most enhanced portion within the tumor {aveiding
large vessels involved in the tumor) and in the sur-
rounding vessel (aorta, celine trunk, superior mesen-
teric artery, portal vein, or splenic vein) on the US
image obtained at maximal enhancement. The mean
signal intensity in cach of the R(s, which represented
wmor intensity (T1) or vessel intensity (V1), was mea-
sured by using the histogram function. TI and VI be-
fore enbancement alsn were measured in the ROl
corresponding to those at maximal enhancement, and
then the relative tumor enhancement (RTE) to the
surrounding vessel enhancement was calculated as
the percentage of the increase in T1 compared with the
increase in VI between preenhancement and maximal
cnhancement with the following formula: RTE (%)
= My = Thiyed X 100/ (V1,0 = V), in which max
is maximal enhancement and pre is preenhancement
(Fig. 1). That is, RTE was used as an index of tumor
vascularity.

Chemotherapeutic Regimens

All pattents were treated with either gemcitalyine, 8-1,
ur a combination of both. Twenty-eight patients re-
ceived chemotherapy with gemcitabine (1000 mg/me©),
which was administered once weekly for 3 weceks fol-
lowed by [ owecek of rest. Four patients were treated
with 5-1 (80-120 mg/body), which was given twice
daily for 28 days followed by 2 weeks of rest, Based on
previous studies, 2 body surface area (BSA) was used
to determine the dose of 8-1 administered, as follows:
BSA < 1.25 m?, B0 mg; BSA = 1.25-1.5 m?, 100 mg; BSA
= 15 m¥, 120 mg. The remaining 3 patients reccived
combination chemotherapy with genicitubine (400-
1000 mg/m3) and S-1 (40-100 mg/body) conducted as

Vascularity in Pancreatic Carcinoma/Masak{ et al, 1029

a Phase 1 triad at our hospital. Dose escalation was
performed in a stepwise manner in which the dose of
one drug was escalated while the dose of the other
drug was kept constant. Chematherapy was continued
until disease progression, death, or unacceptable tox-

icity. '

Factors Analyzed .

Along with RTE, 12 other vartables were selected inthe
current study based on previcus investigations®™ *
and our own clinical experience, All data were ob-
tained just before the beginning of systemic chemao-
therapy. The variables were as follows: age, gender
{male or female}, primary tumor location (pancreatic
head or pancreatic body and tail), primary tumor size,
tumor status {metastatic or locally advanced), hista-
lagic grade (differentiated [Grade 1 and 2] or unditfer-
entiated |Grade 3)), serum aibumin level, serum lac-
tate dchydrogenase (1LDIN level, serum  C-reactive
protein (CRPY level, serum carcinoembryonie antigen
(CEA) level, serum carbohydrate antigen 19-9 (CA
19-9) level, and prior biliary drainage (presence or
absence). The size of the primary tumor was estimated
carefully using enhanced CT and US studices.

Statistical Analysis .
The time o progression (TP} and survival were mea-
sured from the first day of chemaotherapy to the date of
progressive disease and death, respectively. Patients
whao did not die were censored at the time they were
last known alive. The statistical significance of the
correlation between RTE and clinjeopathologic pa-
rameters was assessed with the Mann-Whitney U/ test,
the Kruskal-Wallis test, or the Spearman rank corre-
larion test. TIP and survival were estimated using the
Kaplun-Meier method, and statistical comparisons
were mide with the log-rank test. Univariate and mul-
tivariate analyses were performed to determine signif-
icant variables related to proagnosis with a Cox propor-
tional hazards moedel. Al P values were obtained with
a 2-tailed statistical analysis, and Pvalues < 0,05 were
considered statistically significant. Statistical analyses

£
%

FIGURE 1. The patterns of tumar vasculatity and the tefetive tumer enhancement in pancrentic carcinomas ¢A, €, and £) These ultzasonographic (US} fmages
wera obtained before administration of the contrast agent. (B, 0, and ) These US images wete captured at maximal enhancement after administeation of the contrast
agent. Five-millineter square reglons of interest {ROIs) ate placed In the lumors and susreunding vessels on the unenhanced and enhanced US Images. (A and By
Typical typa of ditfuss enhancement. (A) Poorly differentialed adenacarcinoma {arrowhaars) measuring 2.9 cm in the pancreatic head. (B) Strong vaseular siqnals
ara present throughaut the lesion. The relative tumor enhancement in this image is 20.07% (C and D) Typcal type of spolty enhancement. (C) Moderately
ilfferentiated adenacarcinema {anrowheads) measurmg 3 9 cmin the pancieatic head. (D) Mikd vascular signals are observed in part of the tumor. The relative tuntor
enlancement in this knage (8 16.80%. (E and Fy Typical type of no enhancement (£} Poorly differentiated adenocaicmoma iasrowheads) measuring 3 2 cm in the

Jancreatic body Hyparechoic spots e secn bedore enhancement iFy Handly any vascula sighals aie defectesd in the hinar The relalve limor anhancement n
this image is 9.56% Siquares indicale ROIS T+ temod; Vo vessel, Pre preenhacement, Max: inaximal enbancement: SPY: splenic vein: Ao: aorta, IV portal ven
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were performed using the Statistical Package for Social
sciences fversion 11.0; SPSS Ine,, Chicago, 11).

RESULTS

Patient Follow-Up

Tumaor assessment with US, CT, or magnetic reso-
nance imaging (MR was performed every 4 weeks
after the first course of systemic chemotherapy, and
nor response was evaluated according to Waorld
Health Organization criteria.”* Five patients achieved
an objective partial response. Objective stable disease
(=~ 58 days) was documented in 12 patients, and ob-
jective progressive discase was documented in 18 pa-
tients. No patients achieved an objective complete
response. The sites of disease recurrence and canses
of death were investigated carcfully, At the time of this
analysis, the median follow-up for the 9 survivors was
183 ddays (range, 538-603 days), whereas the remaining
26 patients died between 28 days and 549 days (me-
dian, 123 days). All deaths occurred as a result of
discase progression. ‘There were no significant differ-
ences i TTP or survival among the groups that re-
ceived different chemotherapeutic regimens.

Quantitative Analysis of Vascular Signal Assessed by
Contrast-Enhanced US

After administration of the contrast agent, the increase
in I at maximal enhancement, compared with the T1
before enhancement, ranged from 0.66 to 3948 (me-
dian, 9.40; mean = standard deviation, 1147 = 8.088).
The intensity of the surrounding vessels also increased
in all patients, with the clevation of intensity ranging
from 26.55 to TOR.27 (median, 53.08 mean = standard
deviation, 62,19 + 21.495), In all 35 patients, the BT w
the surrounding vessel enhancentent ranged  from
2% to 53.23% (median, 16.50%:; mean £ standard
deviation, 18.07% = 13.04"%). None of the patients
experienced complications such as allergic reactions
or renal dystunction.

We divided all patients into 2 gronps Gegroup with
vascular tumors and a group with savascular tumaors)
acvording to the cut-off value, which represented the
median of the RTE in all pancreatic carcinoimnas
CH6.50%), Vascular tumors were defined as tuimors i
which the REE value was 2 16.5%, whereas avascular
tumers were defined as tumors in which the RTE value
wis < [6.5%.

Patterns of Tumor Vascularity Assessed by Contrast-
Enhanced US

Fhree patterns of tumor vascularity were identificd by
contrast-enhanced Us: dittuse enhancement (2 of 35
padients; 3.710% spotty enhancement (18 of 33 pa-
tients; 31.433%), and ne enlancement (15 of 35 pa-

ticnts; 42.686%) (Vig. 1. The RTE in the 3 pattems of
tumor vascularity ranged from 20.07% to 50.75% (me-
dian, 35.41%; mean = standard deviation, 35.41% =
21.69%) in tumors with diffuse enhancement, from
12.25% to 53.23% tmedian, 20016%; mean = standad
deviation, 2.L.50% = 10.72%) in twmors with spotty
enhancement, and from 1.12% to 23.08% (median
6.10%; mean * standard deviation, 8.053% = 6.25%) in
tumars with ne enhancement (Table 1), Among 17
vascular tumors, 2 tumaors showed diffuse enhance-
ment, 14 tumors showed spotty enhancement, and 3
tumuor showed no enhancement; whereas, among 18
El\'ll.‘;l.‘lllll[' tUImors, ' ELIMors Sh(]\\'t‘(' SIH)II)’ L‘llhi‘ll](.'(."
ment, and 14 tmors showed no enbancement.

Patient Characteristics and Relation between RTE and
Clinicopathologic Factors

The patient characteristics are fisted in Table 1. The
median age was 61 years (range, 43-76 years), 21 pa-
tients were male, and 14 patients were female, The
primary tumor location was the pancreatic head in 13
paticnts and the pancreatic body or tail in 22 patients,
The primany tumor size ranged from 2.62 cm to 7.56
cm {median, 431 em) Twenty-four patients had evi-
dence of metastatic disease, and 11 patients had evi-
dence of lacally advanced discase. The histologic
grade was differentinted in 23 patients and undiffer-
entiated in 12 patients. Prior to chemotherapy, cight
paticnts with obstructive jaundice uidenwvent pereu-
tancous transhepatic or endoscopic retrograde biljary
drainage. RTT was associated closely with the patterns
of tumor vascularity, There were no significant corre-
{ations heoween WL and the other clinicopathologic
lactors.

Prognostic Value of Tumor Vascularity

The median FIP was 28 days for patients with vascular
ramors and 110 days for patients with avascalar tu-
mors, The TTIY curves are shown in Figore 22, There
was o signiticant difference i TTP between the 2
groups (= 0.0072).

RITE (P = .01, primany titunor size (1= 0.013),
tnmor status (2 = 0.015), histologic grade (£ == 00263,
wd serum LD level (7 = o428y all showed a signif-
icant refation with TUP in the univariate analysis,
However, none of the ather variables (age, gender,
primiary tumor location, serum albumin level, CRP
fevel, CEA Tevel, A TY-9 bevel, and prior biliary drain-
e reached alevel of signiticance. Multivariate anal-
vais using i Cox propoertienal hazards mndel showed
that REE A+ 0.001), primary tumaor size (£ = (L0046),
tumor status (7 = 0.022) and serom LT level (P
= 007V were significant independent tactors influ-
encing TIP (Table @,
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TABLE 1

Relation between Relative Tumor Enhancement and

Clinicopathologic Factors

Relative tumnor enhancement (%)

Na, of

Lharacteristics patients Median {range} Pvalue

Pattens of tnwr vascularizy
Diffuse enbancerem 2 KR HC L T B w ]
Spotty enhaneement 14 MR 323
o enhancement 13 A | 2-2308)

A v
Mudian £ R TI k] gt
Range 11-76

Guender
Male 2 PR 12-50.23) e
lemale 14 16680 {2 29-50.75)

fumos location
Head 13 1691 (L2842 47) HERCE
Bidy-ail n 15 6d 13 1250 2%

Tanwor sive fomi
Median [ERRLERY Qi
Ranye

Fumeor stalus
Nelastatic N 153311 12-33.290 nlw
Ladly advancad 1 1437 12 29-18.300

Itisndogic grade
Ditfereniiaied 0 16,47 (1.28-36.35 DA
Undifterentiated 12 IR 1225025

Mbumin rafdld
Median 10 ro 02 04
Tange REELS Y

[RSIIRUHE
Median i [FRTI IR
Hange RIS

CRP gl
Medlian B o I gt
ange [IEASGR

Civingimi)
Median Hid oDl T
Fanze 1{RRI 0

CA T8 iliimb
Modien Bix) o alae oyt
Rangy 1-4250000

Pricr bilry dramag
I'resent 3 PR 2 M- 8T nily
Absent i I 12-55 20
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B hy e arrigen PO Speannan ek oerelie acaticem
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The median survival was 119 days for patients
with vascular tumaors and 267 days for patients with
avascular tumors, The survival curves are shown in
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FIGURE 2. Progression and surwval curves for 35 patients with nonresect-
able pancreatic caronoma according to vascular and avascular fumors. The
cut off yatug of relative timer enhasncement {RTEY is the median in all pan-
crealic carcinomas (16.5%) (A} Palients who had avascular fumors (RTE

15 5% had a significantiy lowes incidence of discase progression compareil
with patients who had vascular amets (R1F - 165%; P 0.0072; Jeg-rank
test). (B) The survival of patients who had avascular lumors was signiticantly
tietter compared willy patients who had vascular tumors (P 0.0034; Yog-rank
test) Open circles indicate censoied patients

Figure 28, The survival of patients with avascular -
mors was significanty better (£ = 0.0034).

RTLE (P = 0603, primary annor size (2 = 0,002),
and serum levels of O = 0.001), CRE (2 = 0.001),
and CEA (P = 00253, but not age, gender, primary
timor locaton, tumor status, histologic grade, seram
albumin fevel, CA 19-8 level, or prior biliary drainage,
showed a significant association with survival in the
univariate analysis. Multivartate analysis using a Cox
proportional huzards model showed  that RTE (P
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TABLE 2

Univartate and Multivariate Analyses of Prognestic Factors Associated with the Time to Disease Progression in Patients with Nonresectable

Pancreatic Carcinoma

Theivariate analyis

Muliivariate anulysis

Varluhles HIL (45% 1y ' value HiE wa% O Fvalue
Felative wmeer enbancement sl il l-Leh i Foab ol usd-1 i il
‘\._,t‘ | N 89G- | oR TS HRRE! FEDARNTI RN U 1134
Lembe
Vale 13T {0 A -7 R naty RIS L R R R
Fenuale
fmner bwation
Head Lo ind T2 o) d]2 Pl 22y BEN|
Bolv-rail
[Primary womer sy 1541 TEsis-2 R uiy L M A RAETS
Tumor sarus
Mutastatic 2R R8T vl S d R o nat
Focally sdvancud
Histologic srade
Uittereniaied 042] HLIST ) A 48300 0. fung RN
Hadifferentiated
Abumin DTG R ATR Nk AR A= T 24
110 1E3 1T | R 1 Fond (2= 1ol fHyy
Clik Log] i3] |27 Iaxs CRPIRNRC) [ AR
kA | ] it 38| aiidd IR Yrauta IEN
Togof CA 139 11108471 81% R HELT ol
Psior bilisry drainage
Present WER G - | TR wdll [EN KR RO KRR i
Absent

HE hewand s 357% CF 93% confidvoee ineral: LD Tt debydrogense; CEP Coneetie prodem: CEA o nemeembyenie anzigen; G4 1% carhhidrae anigen e

= L022), primary tumer size (P = 0.039), and serum
LI devel (1 = 0.0} had significant intfuence on
survival as an independent factor (Tahble 3).

BISCUSSION

In the current study, TP and survival were signifi-
cantly longer in patients who had Jow tumor vascular-
in compared with patients who had high tumoer vas-
cularity. Furthermore,  tumor  vascularity was  a
significant independent factor that influenced "ITP
and survival along with primary twmer size and serum
LDIT level. Thus, we believe that contrast-ecnhanced
s may be a valuable tool for prognostic evaluation
and treatment planning in patients with nonresect-
ahle pancreatic carcinon.

Pancreatic adenocarcinomas usually show hypo-
vascular patterns on radiographic images obtained
using contrast media, such as dynamic CT and angiog-
raphy. ™™ Tawever, previous investigators have re-
ported that adenccarcinoma itself showed some en-
hancement in a quantitative analysis ot pancreatic
enhancement during dual-phase holical G177 Tur-
thermuore, several reports of pancreatic adenocarcing-
mas showed hypervascular tindings, ™"

Contrast-cnhunced US reportedly facilitates the
dutailed evabuation of tumor vascularity in hepatocel-
lilar carvinowin! ™ More recently, improved sensitiv-
ity to the contrist agent due to technical develap-
ments, such as harmonic imaging, has alowed better
assessment of the vascularity of pancreatic tumors as
well as hepatocellular carcinomas, ™ *% For example,
Oshikawa et al." reported that, after administration of
the contrast agent, the change in T of pancreatic
carcinosas ranged from 0.1 dB to 186 dB, Nagase ot
al 2t observed positive Doppler signals and intratu-
moral blood flow in T0.8% and 56.6%, respectively, of
pancreatie ductal carcinomas, Ohshima et al. ' feund
thar the number of pancreatic curcinomas with defi-
nite vascular signal wiis greater than the number with
almaost no vasculur signal (65% v, 35%, respectively),
Similarly, in the current study, we were able to detect
tumor vascularity (diffuse and spotty enhancement)
ntacroscopically in.e 509 of the number of pancreatic
carcinomas investigated with contrst-enhanced U8
(200 of 35 patients; R7.14%%

Oshikawa ot al.t reported that, i 93% of tmors,
any enhancement on dynamic sonography  using
Fevovist was correlated dosely with the grade of en-
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TABLE 3
Univariate and Multivariate Analyses of Prognostic Factors Associated with Survival in Patients with Nonresectable Pancreatic Carcinoma
Univariate analyss Mulbtivarlate analysis
Varlahles HR 95% Ch # value Rl {95% CI) P value
Reduwtive rmor enhancertent 21 014=1 07 (.43 LRRD{LGOR=] 110 22
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Tumor staus
Metastalic 2ORTINANN-A T iz [RARIR IR O Y S IEEE
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Dilerentiated NES 21424 n264 RT3 2560 0457
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Allsmin (3SR 0 249-1 241 0152 4] {00832 33 1339
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hancement on dynamic CT scans, Nagase et al ! ex-

amined tissue specimens obtained by suargicad resec-
tion ta assess the patterns of vascularity in pancreatic
adenocarcinama and showed that the ratio of patent
vessels to total vessels was refated to the degree of
cnhancement. Ohshima et al." investigated the rela-
tion between contrast-enhanced Doppler signals and
VEGE expression in pancreatic carcinomas amnd re-
parted that VEGE expression was significantly higher
in vascular tmors than in avascular tumors, [n the
current study, we could not compare ttunor vascudar-
ity assessed by contrast-enhanced Us with that as-
sessed by histologic examination, because all lesions
were nonresectable pancreatic carcinomas. However,
reports indicate that contrast-cohanced U8 provides
precise intormation on the vascudarity of pancreatic
carcinomas.

Angingencsis isan importangt factor in the growtly,
progression, and metastusis of solid mmeors, inctuding
pancreatic carcinamas® 'Y Recently, it has been
shonvn that the histologic assessment of intratuntoral
microvessel density and expression of angiogenic fac-
tors are important prognostic factors in pancreatic
carcinomas.'* M However, all of those studies were
conducted on patients who had undergone surgery,

andd no reports regarding the relation between angio-
genesis and prognosis in patients with nonresectable
pancreatic carcinoma have been published. The re-
sults of our current study provide evidence that con-
trast-cnhunced Us can be used to predict the outconte
of patients with puncreatic carcinmma befare treat-
ment.,

Paticnts with nronresectable pancreatic carcing-
mas have an especially poor prognosis and have many
severe symiptoms. ' The analysis of prognostic factors
before treatment may be helptul in selecting appro-
priate candidates for chemotherapy and determining
treatmient strutegics. For example, patients who have a
poor prognosis may be treated bestwith only support-
ive care because of their short survival., Abternatively.
these patients may be treated with more aggressive
treatment schedules, such as o more intensive mul-
fiagent chemotherapy or arterial infusion chemother-
apy."™ In the current study, we examined prognostic
Factars in paticnts with nonresectable pancreatic car-
cinoma, Amaony the variables investigated, {11, pri-
iy timor size, and seram LD fevel were signifi-
cunt indepuendent predictors of both TTP and survival,
and tumor status was associated independently only
with TTP in the multivariate analysis. Not only pri-
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mary tumor size, serum LDIT level, and tumor status
but also age, histologic grade, and serum albumin,
CRE, CEA, and CA 19-9 levels are well known prognos-
tic factors in patients with resectable or nonresectable
pancreatic carcinoma® ¥ However, in the current
study, multivariate analysis did not show that the Jat-
ter six variables had significant predictive value for
TTP or survival,

US examinations are essential to making a difter-
ential diagnasis of pancreatic masses. evaluating the
extent of pancreatic lesions, and determining ade-
quate treatments, ™ Furthermore, the results of our
study lead us to conclude that the additien of con-
trast-enhanced US 1o conventional US may provide
uscful information more accurate than or equal to
nther prognostic factors in evaluating the malignant
phenatype of pancreatic carcinomas or predicting
chemotherapeutic effect. Contrast-enhanced US alsu
has the advantage of not requiring exposure to X-rays
and indic contrast media, to which patients occasion-
ally are allergic.™ In fact, the contrast agent for US did
not cause an allergic reaction and did not influence
renal function in the current study.

However, contrast-enbanced US also has several
Haws. "™ One major problem is that the method neca-
sionadly has limitations, such as a restricted image reso-
lution of deep regions and poor visuadization of the pan-
creas due o overlying abdominal gas. Another major
problem is that contrast-enhanced US is not very precise
in the evaluation of tumar vascularity, because it is de-
pendent on the visual interpretations of the observer. in
enlr past investigations, only 1 pancreatic lesion among

- 100 papcreatic masses could not be detected using
contrast-enhanced US. Morcover, the quantitative anal-
ysis of tmor vasenlarity enabled us to assess objectively
the vascular information from pancreatic carcinomas,
With regard to the gquantitative analysis of tumor vascu-
larity, two different types of analytic methods have been
repurted: One is the method for assessing the intensity of
tmor enhancement, such as the contrast index'™=
tcuntrast index = clevation of atensity in the wmor/
clevation of intensity in the pancreatic parenchyma) and
the KTV ta the vessel enhancement used b this study,
and the other is the method for assessing the area of
wmoer enhancement, such as the signal ratio (signal
ratio = viscular signal arcaftumor area). 1owever, the
intensity of mmgr ehancement was associated highly
with the arca of tumor enhancement according o the
results from our study and from a previous report.™
Oshikawa ot ab" found that the contrast index was ap-
plicable only to patients in whom the pancreatic timor
and parenchyma can he scanned clearly in a single at-
tempt. Therefore, in the current study on nonresectable,
laree pancreatic carcinomis, the RTE was more suitable

for the quantitative anabysis of fumeor vascularity than
the contrast index, because we could sean the tamor and
surruunding vessels, but not the tumor and paren-
chyma, in a single artempt for all patients.

In conclusion, contrast-enhanced US ensures the
assessability of tumor vascularity in pancreatic carci-
nomas, Patients who have avascular tumors have sig-
nificantly longer TIP and survival compared with pa-
tients who have vascular tumors, Findings of contrast-
enhanced US may be helpful in assessing the
prognasis of patients with nonrescctable pancreatic
carcinoma who are receiving systemic chematherapy.
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ORIGINAL ARTICLE =",

Differential diagnosis of pancreatic cancer and focal pancreatitis
by using EUS-guided FNA

Kuniyuki Takahashi, MD, Kenji Yamao, MD, Kenji Okubo, MD, Akira Sawaki, MD, Nobumasa Mizuno, MD,
Reiko Ashida, MD, Takashi Koshikawa, MD, Yuji Ueyama, CT, Kunio Kasugai, MD, Satoshi Hase, MD,
Shinichi Kakumu, MD

Nagoya, Japan

Background: Despite advances in diagnostic imaging techniquies, the differentiation between pancreatic cancer
and focal pancreatitis remains difficult. This study evaluated the effectiveness of EUS-guided FNA in the
differential diagnosis between pancreatic cancer and focal pancreatitis, with particular reference to detection of
the K-zas point mutation.

Methods: The study inclucled 62 consecutive patients with pancreatic ductal cancer and 15 patients with focal
pancreatitis demonstrated as a pancreatic mass lesion by EUS.

Results: Sensitivity, specificity, overall accuracy, positive predictive value, and negative predictive value of
cytopathologic diagnosis were 82%, 100%, 86%, 100%, and 58%, respectively. Sensitivity, specificity, overall
accuracy, positive predictive value, and negative predictive value of histopathologic diagnosis were 44%, 100%,
55%, 100%, and 32%, respectively. The K-ras point mutation was found in 74% of pancreatic cancers and 0% of
focal pancreatitis lesions. No complication of EUS-guided FNA was observed.

Conclusions: EUS-guided FNA is useful for the differential diagnosis of pancreatic mass lesions caused by
pancreatic cancer and focal pancreatitis. Analysis for the K-ras point mutation in specimens obtained by EUS-

guided FNA may enhance diagnostic accuracy in indeterminate cases. (Gastrointest Endosc 2005;61:76-9.)

o

Despite advances in diagnostic imaging techniques, the
differentiation of pancreatic cancer from focal pancreatitis
remains problematic.“ Indeed, there are cases in which
focal pancreatitis was miscliagnosed as pancreatic cancer
or when surgery was performed because pancreatic
cancer could not be absolutely ruled out. EUS-guided
FNA (EUS-FNA) has been used for the differential diag-
rosis of pancreatic masses, staging of pancreatic cancer,
and histopathologic confirmation of the diagnosis of
pancreatic cancer before radiotherapy anc/or chemother-
apy.>® However, there are few studies of Kras point
mutation analysis for pancreatic tissue obtained by EUS.
FNA.>S The present study examined the effectiveness of
EUS-FNA, specifically, cytopathologic and histopatho-
logic evaluation, and analysis of Kras point mutation,
for specimens obtained by EUS-FNA in the differential
diagnosis of pancreatic cancer vs. focal pancreatitis.
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PATIENTS AND METHODS

The study included 62 patients with a diagnosis of
pancreatic ductal cancer and 15 patients with focal
pancreatitis (total 77 patients) who underwent EUS-FNA
between August 1998 and April 2003 for whom the results
of cytopathologic and histopathologic evaluation, and
Kras point mutation analysis could be obrtained. Final
diagnoses were confirmed by evaluation of surgical resec-
tion specimens in 8 patients (pancreatic cancer 6, focal
pancreatitis 2) and by clinical follow-up of 9 months or
longer for the remainder of the patients (pancreatic
cancer 56, focal pancreatitis 13).

EUS-FNA was performed as previously described,'*® by
using a 7.5 MHz, convex linear-array echoendoscope (GF-
UCT240; Olympus Optical Co., Ltd., Tokyo, Japan) and
a 22-gauge needle (NA-10J-1 or NA-11J-KB; Olympus).
Aspirated material was divided into 3 pacts: one for
cytopathologic evaluation, another for histopathologic
assessment, and the last for K-as point mutation analysis.

For all 77 patients, aspirated material was immediately
evaluated by a cytopathologist or a cytotechnician for
rapicl cytopathologic diagnosis.>® Aspirated material was
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Despite aclvances in diagnostic imaging techniques, the
differentiation of pancreﬂtxc cancer from focal pancreatitis
remains problematic.™ Indeed, there are cases in which
focal pancreatitis was misdiagnosed as pancreatic cancer
or when surgery was performed because pancreatic
cancer could not be absolutely ruled out. EUS-guided
FNA (EUS-FNA) has been used for the differential diag-
nosis of pancreatic masses, staging of pancreatic cancer,
and histopathologic confirmation of the cliagnosis of
p'mcre'lttc cancer before radiotherapy and/or chemother-
apy.”® However, there are few studies of Kras point
mutation analysis for pancreatic tissue obeained by EUS-
FNA.>® The present stucly examined the effectiveness of
EUS-FNA, specifically, cytopathologic and histopatho-
logic evaluation, and analysis of K-ras point mutation,
for specimens obtained by EUS-FNA in the differential
diagnosis of pancreatic cancer vs. focal pancreatitis.
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PATIENTS AND METHODS

The study included 62 patients with a diagnosis of
pancreatic ductal cancer and 15 patients with focal
pancreatitis (total 77 patients) who underwent EUS-FNA
between August 1998 and Agpril 2003 for whom the results
of cytopathologic and histopathologic evaluation, and
K-ras point mutation analysis could be obtained. Final
diagnoses were confirmed by evaluation of surgical resec-
tion specimens in 8 patients (pancreatic cancer 6, focal
pancreatitis 2} and by clinical follow-up of 9 months or
longer for the remaincder of the patients (pancreatic .
cancer 56, focal pancreatitis 13).

EUS-FNA was performed as previously described,'>® by
using 4 7.5 MHz, convex linear-array echoendoscope (GF-
UCT240; Olympus Optical Co., Ltd., Tokyo, Japan) and
a 22-gauge needle (NA-10J-1 or NA-11J-KB; Olympus).
Aspirated material was divided into 3 parts: one for
cytopathologic evaluation, another for histopathologic
assessmeng, and the last for K-ras point mutation analysis.

For all 77 patients, aspirated material was immediately
evaluated by a CytOp’lthOIOngt or a cytotechnician for
rapicl cytopathologic diagnosis.*® Aspirated material was
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. TABLE 1. Clinical characteristics of patients undergoing

EUS-ENA  :ii = i e

Pancreatic Focal

cancer pancreatitis

No. patients {M/F) 62 (40/22) 15 (10/5)
Mean age y {range) 60 (35-79) 60 {50-71)
Mean number of needle 23(1-4) 24 {1-4)
passes (range)
Location (% head) 84% 85%
Mean size of mass, 36 (16-80) 31 (21-40)

mm {range)

T_AB'L§_2_.L Dlagnostlc accuracy _fpr“i:ytopla.ajt'l';‘bl'og'i [
evaluation of spacimens obtained by EUS-FNA,

.o

N e “

Pancreatic Focal
cancer pancreatitis
No malignancy 4 (7%) 15 {100%)
Suspicion of malignancy 7 (11%) o,
Malignancy 51 (82%) 0
Total 62 15

fater stained by using Papanicolaou’s method. For histo-
pathologic diagnosis, material aspirated with a 22-gauge
needle was ‘directly fixed in formalin in a specimen bottle
and then was embedded in paraffin. Sections then were
stained (H&E). The existence of a point mutation at
coclon 12 in the K-ras gene was examined in alt 77 cases by
incubating the collected specimen in 10 ml of saline
solution at 4°C and then by analyzing the mixture by
polymerase chain ieaction-single-strand conformation
polymorphism (PCR-SSCP) and direct sequencing,

Informed consent was obtained from all patients. The
stucly was approved by the institutional review board of
our hospital.

RESULTS

There was no significant difference between the patient
groups with respect to age, gender, number of needle
passes, and location or size of the mass {Table 1).

Cytopathologic diagnosis

OF the 62 cases of pancreatic cancer, cytopathologic
assessment of the aspirated material diagnosed 4 as non-
malignang, 7 as suspicious‘ for malignancy, and 51 as
malignant (Table 2). The sensitivity was 82% (51/62: 95%
confidence interval [CI)(73%, 92%]). OF the 15 cases of
focal pancreatitis, all were diagnosed as non-malignant

X PR ""\:",." wera gt
Capsule Summary
e

- What is alread

&

o It is difficult todiffereni
' and focal‘pancreatitis. . _
« EUS-guided FNA biopsy, (EUS-FNA) i

. I FNA )S-FNA) is very useful'in, the
~+ differential diagnosis of pancreatic lesions and in the

- diagnosis arid staging of pancreatic cancer;

l"'s?{‘{..%#"‘{ i :
dy adds to our knowledge
N
1in focal pancrea;cit_is._
by EUS-FNAB for K-ras,

« K-ras point mutation is not seen'i

» Testing specimens obtainet
“mutation, by, PCR improves the sensitivity for th
 “diagnosls of pancreatic cancer. by about.10%
T LT $Y A Wty

O S I D

< TABLE 3. Diagricitic acl
evaluation of spacimens
ORI A T

2L L )

Pancreatic Focal
cancer - pancreatitis
Insufficient material 7 (11%) 1 (790)
Mo malignancy 11 {18%) 14 (93%)
Atypical epithelium 5 (8%) 0
Suspicious of malignancy 15 {24%) 0
Malignancy - 24 (39%) 0

Total 62 15

(Table 2). The specificity was 100% (15/15: 95% CI[78%,
100%)). There was no false-positive diagnosis. The overall
accuracy, positive predictive value (PPV), ancdl negative
predictive value (NPV) were 86%: 95% CI{78%, 94%}),
100%, and 589%, respectively.

Histopathologic diagnosis

The aspirated specimen was insufficient for histopath-
ologic diagnosis in 7 of the 62 cases of pancreatic cancer:
these cases were excluded from the calculations for
sensitivity, specificity, overall accuracy, PPV, and NPV Of
the remaining 55 cases of pancreatic cancer, no findings
indicative of malignancy were detected in 11, atypical
epithelium was noted in 5, findings that raised a suspicion
of cancer were present in 15, and malignancy was
diagnosed in 24 cases (Table 3). The sensitivity was 44%
(24/55: 95% CI[31%, 57%]) (Table 3). The aspirated
specimen was insufficient for histopathologic assessment
in one of the 15 cases of focal pancreatitis. No evidence of
malignancy was noted in the remaining 14 cases (Table 3).
The specificity was 100% (14/14: 95% CI([78%, 100%]). The
overall accuracy, PPY, and NPV were 55% (38/69: 95%
CI{43%, 67%]), 100%, and 32%, respectively.
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- TABLE 4, Detection of K-ras point mutation in
. specimens from pancreatlc mass Iesions obtamed by

- EUS-FNA
K-ras point Pancreatic Focal
mutation cancer pancreatitis
Positive 46 (74%) 0 .
Negative 16 {269%) 15 (100%) "

Total 62 15

".jpancreatlc :ancer obtalned by EUS FNA -
e

K-ras point
Cytology mutation positive
No malignancy 4 2 {50%)
Suspicion of malignancy 7 5 (71%)
Malignancy 51 39 (76%)
Total 62 45

Detection of K-ras codon 12-point mutation

A point mutation was detected in 74% (46/62: 95%
CI[62%, 85%]) of the 62 cases of pancreatic cancer (Table
4). Of the 46 cases in which the K-ras point mutation was
detected, the mutation was at GAT in 22 (35.4%), at GTT in
14 (22.5%), at CGT in 9 (14.5%), and at TGT in one case
(0.29). No rmutation was found in the remaining 16 cases
(25.8%) of pancreatic cancer. However, no Kras point
mutation was observed in any of the 15 cases of focal
pancreatitis. When cases with a positive K-ras mutation
were assumed to be malignant and those negative for the
Kras mutation were assumed to be benign, the diagnostic
accuracy was 79% (61/77: 95% CI[69%, 88%]).

Relationship between histopathologic and
cytopathologic evaluation, and detection
of K-ras codon 12-point mutation in
pancreatic cancer

With respect to cytopathologic diagnosis, the Kras
point mutation was found in 50% (2/4) of cases, with
a result of no malignancy; in 71% (5/7) of cases in which
malignancy was suspected; andl in 76% (39/51) of cases in
which malignancy was diagnosed (Table 5). With respect to
histopathologic diagnosis, the Kras point mutation was
detected in 43% (3/7) of cases with a result of insufficient
material, in 64% (7/11) of those with no malignancy, in 80%
(4/5) of cases with a fincing of atypia, in 80% (12/15) of
cases in which malignancy was suspected, and in 83% (20/
24) of cases in which malignancy was diagnosed (Table ).

If it is assumed thar at least one positive diagnosis of
cancer (cytopathologic and/or histopathologic andl/or de-

7 TABLE 6 Re!auonship between hlstopathoioglc 4
evaluatlon and K-ras pomt ‘mutation in speqmens of
: pancreatlc cancer obtalned by EUS-FNA

W

K-ras point

Histology mutation positive
Insufficlent material 7 3 (43%)
No malignancy 1 7 (64%)
Atypical S 4 (80%)
Suspicion of malignancy 15 12 (80%)
Malignancy material 24 20 (83%)
Tetal 62 46

ancreatic cancer fnr ornbined 2

Pancreatic cancer

Cytology positive 51 {82%)
Cytology positive and/or 52 (84%)
histology positive

Cytology positive and/or 58 (94%)
histology positive and/or

K-ras mutation positive

Total 62

tection of K-ras codon 12-point mutation) was accurate, the
sensitivity of EUS-ENA improved to 94% (58/62) (Table 7).

Complications
No complication associated with EUS-FNA was ob-
served in any of the 77 patients.

DISCUSSION

Compared with the rest of the GI tract, a nonoperative
biopsy specimen of the pancreas is difficult to obtain.
Nevertheless, there have been many studies of methods
for obtaining a histopathologic or a cytopathologic di-
agnosis, inclucling US- and CT-guicled petcutaneous biopsy,
transpapillary pancreatic duct biopsy, and cytologic evalu-
ation of pancreatic juice obtained at ERCPY>'5 With the
development of EUS-FNA, however, the ability to accu-
rately diagnose pancreatic malignancy has greatly im-
proved.">!* The ability to visualize small lesions with EUS
is excellent, and, unlike other methods, the entire
pancreas is reaclily imaged."*>'® Thus, EUS-FNA is con-
sidered to be the best of the available methods for ob-
taining tissue samples from the pancreas. In studies that
inclucle a relatively large number of patients, the sensitivity,
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the specificity, and the overall accuracy of EUS-FNA for
pancreatic cancer are §0% to 92%, 100%, ancl 85% to 95%,
respec:tively."'5 These results are almost identical to those
of the present study. Thus, differentiation between benign
and malignant pancreatic lesions has been consiclerably
improved because of the development and the improve-
ment of echoendoscopes and because of the introduction
of rapid staining techniques that allow immediate assess-
ment of aspiratect material by a cytopathologist or a cyto-
technician. However, there is still a relatively large number
of cases in which the differential diagnosis of pancreatic
mass lesions remains problematic.'®"

Various genetic abnormalities have been demonstrated
in pancreatic cancer. 1 The most frequent is the K-ras
codon 12-point mutation. This mutation is detected in
75% to 100% of pancreatic ductal cancers,®*” whereas it is
rarely present in mass-forming pancreatitis." Thus, it was
hypothesized by us that detection of the Kras point
mutation by using tissue obtained by EUS-FNA would be
an ideal method for clarification of the presence of
malignancy. -

The K-ras codon 12-point mutation was detected in 74%
of the cases of pancreatic cancer in the present study, and it
was not observed in any case of focal pancreatitis. This rate
of detection is slightly lower than that found in other
studies that used pancreatic resection specimens. This is
possibly attributable to two factors: (1) heterogeneity in
gene mutation in pancreatic cancer and (2) a sufficient
specimen of pancreatic cancer could not be collected by
EUS-FNA. However, the sensitivity for the diagnosis of
pancreatic cancer improved markedly, from 82% to 94%, in
cases of pancreatic cancer when the presence of the K-ras
mutation was taken into consideration. Thus, the detection
of the K-ras coclon 12-point mutation by using specimens
obtained by EUS-ENA proved to be useful in differentiating
pancreatic cancer and focal pancreatitis.

In conclusion, the present study found that the Kras
mutation can be detected in specimens obtained by EUS-
ENA. With the acdition of K-ras mutation analysis, EUS-
FNA was highly accurate for the differentiation of benign
vs. malignant pancreatic mass lesions. The results of the
current study suggest that K-ras mutation analysis can
provide important information with regard to the di-
agnosis of pancreatic masses. Further prospective trials
are required to confirm the efficacy of this technique.
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Abstract. We have previously reported that Caudal-related
homeobox gene 2 (Cdx2) is a useful prognostic intestinal
phenotypic marker for advanced gastric cancers. In this study,
we examined Cdx2 expression and phenotype in pancreatic
tumors. We evaluated 19 mucinous cystic tumors (MCTs), 17
intraductal papillary-mucinous tumors (IPMTs), and 41 invasive
ductal carcinomas (IDCs) with regard to their gastrointestinal
phenotype. The expression of Cdx2 was also assessed immuno-
histochemically. The lesions were phenotypically divided into
39 gastric (G type), 29 gastric and intestinal mixed (GI type),
3 intestinal (I type), and 6 null (N type) types, independent
of the histopathological type. Most of the pancreatic tumors
were thus judged to be the positive for gastric phenotypic
members. Cdx2 nuclear staining demonstrated a close relation
to the intestinal phenotypic expression in all three types
(MCTs, IPMTs, and IDCs; p<0.05). In IDCs, Kaplan-Meier
analysis of Cdx2 expression showed the Cdx2-positive group
to have a significantly better outcome than their negative
counterparts {p=0.015). In conclusion, our data suggest that
Cdx2 might be necessary for intestinal phenotypic expression
even in pancreatic tumor cells. In addition, Cdx2 expression
in IDCs may be a novel prognostic marker for patient survival.

Intreduction

It is well known that pancreatic tumors show gastrointestinal
phenotypic expression with mucin glycoproteins and intestinal
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microvillus proteins such as MUCSAC, MUC6, MUC2, and
villin (1,2). In the normal gastrointestinal tract, MUCSAC is
present in the gastric [oveolar epithelium, and MUC6 is
detected in the mucous neck cells and pyloric glands. MUC2
is detecled in the cytoplasm of goblet cells of the small
intestine, colon, and intestinal metaplasia associated with
chronic gastritis. Villin is present on the luminal surfaces of
absorptive cells of the small intestine, colon, and intestinal
metaplasia, In the normal pancreas, neither MUCSAC nor
MUC2 is expressed (3,4), while MUCG is found focally in
the cytoplasm of normal acinar cells, and ductal epithelium
(3,5.6). Villin immunoreactivity is located at the luminal
surfaces of ductal and acinar cells (7,8). In several histological
types of pancreatic tumors, MUCSAC and MUC2 have been
frequently observed (3-5,9-11). MUCSG is sometimes detectable
in mucinous cystic tumors, intracpithelial neoplasms and
invasive ductal carcinomas (3,5), and villin has also been
reported in the pancreatic tumors (7,8,12). We have previously
examined the phenotype of gastric cancer cells using several
phenotypic markers such as MUCSAC, MUCG, MUC2, and
villin (13-13). Together with others, we have shown that
combined evaluation of gastric and intestinal epithelial cell
markers is clinically useful for predicting the outcome in
patients with advanced gastric cancers (14,16). However,
clinicopathologic significance of the expression of the same
phenotypic markers in pancreatic tumors has yet to be
clarified in detail. Several authors have demonstrated a
correlation between prognosis and phenotypic markers in
pancreatic tumors (4,17-21), but concrete conclusions have
yet to be drawn, )
The Candal-related homeobox gene (Cdx) 2 is believed
to be important for the maintenance of intestinal phenotypic
expression (15,22-26). Several reports have pointed to a
tumor-suppressor potential in human colorectal tumorigenesis
(27-29). Using HT-29 colon carcinoma cells, Bai et al (30)
have provided evidence that Cdx2 up-regulates transcription
of p2 I/WAF1/CIP1, which plays a critical role in differentiation
and tumor suppression. Cdx2 has been reported as a useful
prognostic factor in gastric cancer cases as well (14,31), But
despite two reports of its expression in pancreatic tumors,
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(12,32), it has remained unclear as to whether this has
clinicopathologic significance.

In the present study, we therefore analyzed the expression
of Cdx2 by immunohistochemistry in 77 pancreatic tumaors,
which were also evaluated histologically and phenotypically.
Furthermore, interrelations with prognosis were examined in
30 pancreatic cancer cases.

Materials and methods

Samples and tissue collection. A (otal of 77 pancreatic
twmors surgically resected at Aichi Cancer Center Hospital
between 1988 and 2001 were examined. The patients consisted
of 47 men and 30 women, aged 63.2t11.1 years (mean £
standard deviation). All specimens were fixed in 10% buffered
formalin, processed routinely, and then sectioned and stained
with hematoxylin and eosin (H&E) for histological exam-
ination. Classification was made according to the General
Rules for the Study of Pancreatic Cancer (33). The tumors
were classified into 19 mucinous cystic tumors (MCTs), 17
intraductal papillary-mucinous tumors (IPMTs), and 41
invasive ductal carcinomas (IDCs).

Immunohistochemistry. Immunohistochemical staining was
carried out with monoclonal antibodies against the following
antigens: MUCSAC (CLH2; 1:500, Novocastra Laboratories,
Newcastle upon Tyne, UK); MUC6 (CLHS; 1:500, Novocastra
Laboratories); MUC2 (Ccp58; [:500, Novocastra Laboratories),
and villin {(clone 12; 1:20000, Transduction Laboratories,
Lexington, KY). The precise procedures for immunohisto-
chemical techniques were as previously described (14,15,26).
Briefly, 4 mm-thick consecutive sections were deparaffinized
and hydrated through a graded series of alcohols. After
inhibition of endogenous peroxidase activity by immersion in
3% H,0./methano! solution, antigen retrieval was carried out
with 10 mM citrate buffer (pH 6.0) in a microwave oven for
10 min at 98°C. Then, sections were incubated with the
primary antibodies. After thorough washing in phosphate-
buffered saline (PBS), they were next incubated with
biotinylated secondary antibody, and then with avidin-
biotinylated horseradish peroxidase complex (Vectastain
Elite ABC Kit, Vector Laboratories, Inc., Burlingame, CA).
Finally, immune complexes were visualized by incubation
with 0.05% 3,3'-diaminobenzidine tetrachloride (DAB) in
the presence of 0.01% H,0,. Nuclear counterstaining was
accomplished with Mayer’s hematoxylin. We also examined
expression of Cdx2 using an anti-Cdx2 monoclonal antibody
(BioGenex, San Ramon, CA) with the same immunohisto-
chemical approach as described previously (14,15,26,34).
The results for each antibody staining were evaluated with
reference to the percentage of positively stained cancer cells.
A result was considered positive if 210% of the cells were
stained.

Classification of phenotype. MUCSAC and MUCG are
markers of gastric epithelial cells, whereas MUC2 and villin
are typical of the intestinal epithelial cell phenotype (13-16,26).
Pancreatic tumors in which >10% of the section area consisted
of either the gastric or the intestinal epithelial cell phenotype
were classified as gastric (G type) or intestinal (I type)
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Table I. Histological and phenotypic classification, and Cdx2
expression in pancreatic lumors.

Phenotypie classification®

Histological

classification Guype Gliype Ttype Niype Total
MCTs 8 (7 98 Iy Yy 19007
IPMTs 71 o)y H(y 0O 17
IDCs 246y LI I SO 41(14)
Total 39014y 29(22) 3(3) 6(l)y 77(40)

*The number of Cdx2-positive cases are given in parentheses.
MCTs, mucinous cystic tumors; IPMTs, intraductal papillary-
mucinous tumors; [DCs, invasive ductal carcinomas.

phenolype tumors, respectively. Those which showed both
gastric and intestinal phenotypes were classified as gastric
and intestinal mixed phenotype (GI type) tumors, while those
showing neither gastric nor intestinal phenotypic expression
were grouped as unclassified (N type).

Statistical analysis. The data were analyzed by Fischer's
exact test for differences between the groups, To determine
the relative survival of patients, Cox's proportional-hazards
regression model was used, and survival curves after surgery
were drawn using the Kaplan-Meier method. The statistical
comparison for survival was performed using the log-rank
test. P-values <0.05 were considered statistically significant.

Results

Expression of gastric and intestinal phenotypic markers in
MCTs, IPMTs, and I1DCs. Expression of MUCSAC, MUCS,
MUC?2, and villin was demonstrated in 17 (89.5%), 10 (52.6%),
7 (36.8%), and 5 (26.3%) of 19 MCTs, respectively. Similarly,
expression of MUCSAC, MUCG, MUC2, and villin was
observed in 16 (94.1%), 12 (70.6%), 9 (52.9%), and 6 (35.3%)
of 17 IPMTs. In 41 IDCs, the incidence of MUCSAC, MUC6,
MUC2, and villin positivity was 35 (85.4%), 5 (12.2%),
8 (19.5%), and 8 (19.5%), respectively. Taking into account
the combination of expression of these four markers, 77
pancreatic tumors were divided phenotypically into 39 G,
29 GI, 3 1, 6 N types, independent of the histological types
(Table 1). It was shown that 17 (89.5%) of 19 MCTs, 16
(94.1%) of 17 IPMTs, and 35 (85.4%) of 41 IDCs are judged
1o be positive for gastric phenotypic expression of either G or
GI type. This was the case for 68 {88.3%) of the total 77
lesions.

Expression of Cdx2 in MCTs, IPMTs, and IDCs. Cdx2
nuclear staining was detected in intestinal phenotypic tumor
cells, independent of Lhe lesion histological type (Figs. | and 2).
A strong association was observed between Cdx2 nuclear
staining and intestinal phenotypic expression in the pancreatic
tumors (p=0.0002, Table II). Most MCTs (89.5%) were
judged to be Cdx2-positive, as well as 9 cases (52.9%) of 17
IPMTs. In the IDCs, totals of 14 and 27 cases were judged to
be Cdx2-positive and Cdx2-negative, respectively (Table I).
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