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Endoscopic Ultrasound-guided Local Therapy of Pancreatic Tumors
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The development of curvilinear EUS has enabled EUS-guided fine-needle aspiration of intra-abdominal mass lesions. With
the introduction of interventional EUS, this technology has undergone several modifications in order to be applied to clinical
medicine. One of the potential uses of interventional EUS is the EUS-guided local therapy of pancreatic tumors. Various treatment
modalities such as fine-needle injection, radiofrequency ablation, photodynamic therapy, laser ablation, and brachytherapy
have been tried under EUS guidance. Some of these modalities are being applied clinically. These methods for EUS-guided
local therapy of pancreatic tumors will be reviewed in this article. (Korean J Gastroenterol 2015;66:154-158)

Key Words: Endosonography; Therapeutics; Pancreas; Neoplasms

N B

49 A WA STHEUSIS] 53 o3 BUS S0} A
# &Ql&(EUS-guided fine-needle aspiration)©| 7FsdHA
B33k ol o] 714 $-vlel EUSE ol8t A £l
o A Fof digh A7) o] FolA Sttt o] A RHS EUSE
ot AN 7k TRl B A AR 2lo) %
s U 7 gle IS =4 ARE 7HsoHA o,
Fgo] el A& F o]gkgo] Wil eJFjolA Aol 7h5d
o Aol slot

2 2

—

1. EUS S8t MA =
jection)

skl ofeteS

WA, A%, v 52 37
EUS §&3F AlA FY£&(EUS-guided fine-needle in-

jection, EUS-FNI)& S2AY S £3) u|w 2] oFAs}A o] F

o] & 9lgo] FF Ut B3] et ofjehLo] Hre}

DA A 2249 o] ulg BA} glgo] BaE e’

Q&(EUS-guided fine-needle in-

ES o = FU3 $F= A AL

oAl ofu] BaE e

1Y Fol tigt EUS-FNI= dAoA] Altdos 4
31 Qleh Ag o2 HolA 71e)° o 71 29k A
o] S1&dE " HlaAZA Hoke BAl dol' & & 4= 9tk

EUS-FNI7} 71 2] A85= d8-2 A% dEolt
WA= AX A FE] 60%7F A E(neoplasm)o] B o

(€9 This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2015. Korean Society of Gastroenterology.

WMXXE NS 05505, MSAl it 2= 432 88,

SHTHE ofutsh MS0HMHY LHatstud

Correspondence to: Dong Wan Seo, Department of Internal Medicine, Asan Medical Center, University of Ulsan College of Medicine, 88 Olympic-ro 43-gil, Songpa-gu,
Seoul 05505, Korea. Tel: +82-2-3010-3190, Fax: +82-2-485-5782, E-mail: dwseoamc@amc.seoul.kr

Financial support: None. Conflict of interest: None.

Korean J Gastroenterol, Vol. 66 No. 3, September 2015
www.kjg.or.kr



Yoon WJ and Seo DW. EUS-guided Local Therapy of Pancreatic Tumors 155

F W Hlgo] Ay Bl oy WHlolnE oleldt 414
B4 A9 90l GUEE A9t PR o 248 AR
7 olgolx ek deit ANRY WY 9T F o
15-30%L QMY WBbh 33 SR el YA Fserous

cystic neoplasm)©]th® T3} Correa-Gallego £%& 4242
AU A R 4 WS 29 5 3 el A
= 68%%oH, Fas AR Y $E 5 5% AYE

obd A %%‘O] o= Harsielh HrdAAlEe 1Eet H]
ol:x%gg_ al—xq OHN\Q : o].Z]EZ k]x]o]x]x]—xq;q]%
< 1.0-39% AEE BEiEn, 43 & skl A+
SR 21-126% JER BIEN Qo oA
o B8 & F ATES 1% Uvoly £ F o]dE2
20-30% AE& Eugc® H}EW o] B as A%
T FANA o] A8EE RS Bed 4 e As
%‘:H«] 27t ==, ol=d e f
of ek M|X<(EUS-guided ethanol lavage, EUS-EL)

o] A7f= it

EUS-EL-2> 20050] Gan 5%l 9J8] 4 Hi=9lct.
2699 3A}E fjareF HAF Yo ois] 13]¢] EUS-EL-S
Aleget At gy oA j‘ﬂﬂ 5ol 2AEI o]% JF
Zoll tiet EUS-ELY EUS 53t Ae|4 4 Al-sS vl
o FAQ A A4 EUS-ELS Al%8% w-o] A4l
X e ]0 oF ol wlsl Hd FEe A717F FAA
RS A8 0ks B 17 999t DiMaio £7°2 1
°] EUS-EL % A3 RS gbxte] g 23] o]/4Fe] EUS-EL&
T 0 I s i) o el | B s o) e g B s

o
W ol 2AEE vgo] FfobA F7FE washr

bu
=
c
n
E
1
ok
B

o ot HU o> K

o|%- EUS-EL & F7}4 02 32t (paclitaxel) & HI
Yo FosH= X EH(EUS-guided ethanol lavage with

paclitaxel injection, EUS-ELPI)°| 7= Qich %29 A=
14 A% 4F BAS gAeE ololRTt A% ¥
Bt Rt FAEEElE o 1179 SApol A P s
o] @718] AAEGON] 23] B HE BEHORZ 14
S5ttt 199] BRbel Al Hgo] Qolth TEFoRE
7 aopdetolA| o] 69, HFgedol 14, Eso] 13Tt

EUS-ELPIO| o3¢t v & 452 A+ A7) 20119
alEE|oitt Oh 528 A Yo oot EUS-ELPI & 127}
9 oA} 2ATH3} 477 9] Bhato] 3t B h9ich 20t
o] BjolA] A ol SR aEglon), 63l W]
A 7o) B2 o] UeRT 1292) Aol A 180l
Ssich WA el wgol SiE 120 WAk F 4ol
Fed Wds, $F A AAE BleE 2 0%, 26%,
40%, 100% AT A& I @HToRE= F850] SHEA

o T 19, 253 A&

7

rit,
|

i
e |
gl
oL
—
£
e
N
=~
12
r [¢]
s
ol

ol FHEA] ok Y 19, FAY FF F9 = 19,
a7 g} w4 19 At
ojelofl= T i ol st wEIEA A% (OncoGel;

MacroMed Inc., Salt Lake City, UT, USAY”¥ 7} o] 2] g7t
(irinotecan)S 93t A% (bead)™' & EUS L8k =4 ¥
ol Fdet A Ayt HuEgith & AA BF HwE
8 FYol 7Festei e, 53] OncoGel?
Aol A 24 WA vud ZAZE (s 19 5%
o3 30

At}

2. EUS S8t
ablation)
500 kHz We]o] 1150t WRE Ao 7kt Al of o]

9] ¥ agitation)o] PoJupal ofof oJgf Hol AFSLA H

o olu] WAk ool Sls) AIZ A W 27] 7 B

(coagulative necrosis)?} #AsHA ©ch' EUS SE8f 13

1} IX H(EUS-guided radiofrequency ablation, EUS-RFA)

o] ATE o] gt w4 AmRio|th. RFAE THA| 29T} 12

ol Aol FHlE BIYE A% (Barrett esophagus) 52 A|

Fof olgF i Qo
A A7 B, IA A AAE SR 2]

£ 7IE 5 o 20% WHelo] fAte] XA AA|7}

7Het W7o ko] Hok® et A% HA|7L o] Fof

2 Zg-ol e Aroli; Hol 7tk gobA, 2719 ﬂ%ﬁ}oﬁ A

£ 3t F9ox 5 AEELS 30% el Aow dHA 9l

o T3 7% FAlo] izt HHSIE FA] groba], dotulet

Ao NAoe Eska 3 AR %= 2t

ok ol2ist wi Aol A, 712 Aete] Ameh A A5

= Bt = A7 AREe] gt

a0 Bx|=Z(EUS-guided radiofrequency

-

Morle

f

EE pdg 0|83} 9] EUS-RFAX Goldberg S'¢]
o] BaEQlch EUS f3tl 19 G vhis A4S HA A%
R AAAZ & AT X 90+2°CE 687 fA|%

23 A5 1 cm el S IAE TAYSECE

o|% Carrara 5 & A= Y57} ojiteletag Yzhu e

%= (bipolar) RFA A= 7Hdrste] =% ﬂ’%}oﬂ s
EUS-RFAE A|3¥5}9itt ©=-A](monopolar) RFA Z=+o]
3 ¥=/J RFA A= RFA BaP7} oAz Zao] gl
olF Egstr] 98l Wao] B ¥4 RFA A= 7ddt

oltt. o] AT o]g-3lo] A T3] 4,000 mm® HLo
ATt o] A= o] =HiA] 7t} vl
A= Yol o]FojF om HwA P RFAS AlY
A Aol "4’.39

EUS-RFAQ] Yol& & 37 &34 Varadarajulu 5
2> $AHE gEjo] RFA A AHslolt. o] A2 A

= %

F

=

Vol. 66 No. 3, September 2015



L gY Aol A3e AN efe] A2
w27 it} o] = o}8sko] EUS HEslo] HX

ok
32
o
=
e
n)
P
il
N
~
8
3
o,
kil
o
olo
K
R
>
N
1
ok
ok
xR
=z £

i
2
1
f
o)
oo
=
=
(@
e
jos}
j
>
off
i
>

4
EUS-RFAES A&l 2 =

A Atk Al AR HolgA Astel AT ekt
Sl o} BFL WA Aol 2 &

A 9] olslel A 2Ae] TPt FE e Wl
ko, B &4, A4 971 &4 5 27

, =Y 5 L2,

oporer. autele] SAoIAl A RBket 4ol WARYT

EUSRFAL ¥ 279] $3 348 SE8 4 glout,
ISP REAS Aokt 39 A3 79 719 Egolt
Aol Wske BAHe] 9 4 ik HA A wele
A BUS-RFAL I3 QHISHA A1 4 gl 108 51l
Helou, 9% FHFel Husd Had PYFost

% %

d

ol sha, g Sh A, A AR e 4

9}\]:]_'1,38,41

©

d|

3. EUS §Edt #HS X|=(EUS-guided photodynamic
therapy)

B3 A (photosensitizer) o] $ 243 ot
& 2o 7tstH Y5 4bas(singlet oxygen)eti= AlE =
Be A At FR7F SA8UY F9%E A& (photodyna-
mic therapy)e ©| U2l& o|&et FF N7 dyo|ct”

EUS f=st 395 N8= of4 &

FUHAE HANA Fofdt =
< AIXCE At o] F Fot] RS AUAA

%
5 22 AP Rolth AF7A )
9

3=

=S

gl

o

r 1o

o
)
d
e
>
ok
e
il
2,
=
i
0

i

4. EUS K6t 80|N X|Z(EUS-guided laser ablation)

EUS 531 ¥9%F A5t AR O % Nd:YAG {
o[ FARFE HA AR XUYAA 27 IYALE FEd
Aol Qir}. o] WS B3] A W4 87 mm’ HL9
AR 22 JAZE SRS o] WL o]g-3lo] 7t ujA
ol AT ZPA| ST X =5E Al FH7F HaE v gl

]:]_46

5. EUS R&E8t 28 X|R(EUS-guided brachytherapy)
24 A g3& WA AY@adioactive source)er £9F %A

EE B 9 240 A7 Adstel e ARk W

ojty. FEAAE Fofl BlA FHSHA EUS fEstol A%

= Zlo] 7Fs ot Zlo] HilH
A7F E7Fs e A @4k 15 o

o 32 oF %2

ol

o BRplA A%
ekl E4

spotck

w o2
o

il

o=

oy

ok

R,

o

w B
o,

Fot
b
S
2

of
m
A

2 ol
il

A7} o] FolA|A] Gl 1o, S Hil e

ok
=

E
oo

U

e

T
S 2 o

(U S ST

2
2

_‘—ﬂ‘
o
ofN
o2

REFERENCES

1. Goldberg SN, Mallery S, Gazelle GS, Brugge WR. EUS-guided ra-
diofrequency ablation in the pancreas: results in a porcine
model. Gastrointest Endosc 1999;50:392-401.

2. Bennedbaek FN, Hegedls L. Treatment of recurrent thyroid
cysts with ethanol: a randomized double-blind controlled trial.
J Clin Endocrinol Metab 2003;88:5773-5777.

3. Skolarikos A, Laguna MP, de la Rosette JJ. Conservative and ra-
diological management of simple renal cysts: a comprehensive
review. BJU Int 2012;110:170-178.

4. VOlk M, Rogler G, Strotzer M, Lock G, Manke C, Feuerbach S.
Post-traumatic pseudocyst of the spleen: sclerotherapy with
ethanol. Cardiovasc Intervent Radiol 1999;22:246-248.

5. Aslanian H, Salem RR, Marginean C, Robert M, Lee JH, Topazian
M. EUS-guided ethanol injection of normal porcine pancreas: a
pilot study. Gastrointest Endosc 2005;62:723-727.

6. Matthes K, Mino-Kenudson M, Sahani DV, Holalkere N, Brugge
WR. Concentration-dependent ablation of pancreatic tissue by
EUS-guided ethanol injection. Gastrointest Endosc 2007;65:
272-277.

7. Giday SA, Magno P, Gabrielson KL, et al. The utility of con-
trast-enhanced endoscopic ultrasound in monitoring etha-
nol-induced pancreatic tissue ablation: a pilot study in a porcine
model. Endoscopy 2007;39:525-529.

8. Barclay RL, Perez-Miranda M, Giovannini M. EUS-guided treat-

The Korean Journal of Gastroenterology



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Yoon WJ and Seo DW. EUS-guided Local Therapy of Pancreatic Tumors 157

ment of a solid hepatic metastasis. Gastrointest Endosc 2002;
55:266-270.

. Gunter E, Lingenfelser T, Eitelbach F, Muller H, Ell C. EUS-guided

ethanol injection for treatment of a Gl stromal tumor.
Gastrointest Endosc 2003;57:113-115.

Jurgensen C, Schuppan D, Neser F, Ernstberger J, Junghans U,
Stélzel U. EUS-guided alcohol ablation of an insulinoma.
Gastrointest Endosc 2006;63:1059-1062.

Artifon EL, Lucon AM, Sakai P, et al. EUS-guided alcohol ablation
of left adrenal metastasis from non-small-cell lung carcinoma.
Gastrointest Endosc 2007;66:1201-1205.

Basturk O, Coban |, Adsay NV. Pancreatic cysts: pathologic clas-
sification, differential diagnosis, and clinical implications. Arch
Pathol Lab Med 2009;133:423-438.

Bosman FT, Carneiro F, Hruban RH, Theise ND. WHO classi-
fication of tumours of the digestive system. 4th ed. Lyon: IARC,
2010.

Kent TS, Volimer CM, Callery MP. Intraductal papillary mucinous
neoplasm and the pancreatic incidentaloma. World J
Gastrointest Surg 2010;2:319-323.

Yoon WJ, Brugge WR. Pancreatic cystic neoplasms: diagnosis
and management. Gastroenterol Clin North Am 2012;41:103-
118.

Correa-Gallego C, Ferrone CR, Thayer SP, Wargo JA, Warshaw AL,
Fernandez-del Castillo C. Incidental pancreatic cysts: do we real-
ly know what we are watching? Pancreatology 2010;10:144-
150.

Balcom JH, Rattner DW, Warshaw AL, Chang Y, Fernandez-del
Castillo C. Ten-year experience with 733 pancreatic resections:
changing indications, older patients, and decreasing length of
hospitalization. Arch Surg 2001;136:391-398.

Mullen JT, Lee JH, Gomez HF, et al. Pancreaticoduodenectomy
after placement of endobiliary metal stents. J Gastrointest Surg
2005;9:1094-1104; discussion 1104-1105.

Kazanjian KK, Hines 0OJ, Eibl G, Reber HA. Management of pan-
creatic fistulas after pancreaticoduodenectomy: results in 437
consecutive patients. Arch Surg 2005;140:849-854; discus-
sion 854-856.

Buchler MW, Friess H, Wagner M, Kulli C, Wagener V, Z'Graggen
K. Pancreatic fistula after pancreatic head resection. Br J Surg
2000;87:883-889.

Sohn TA, Yeo CJ, Cameron JL, et al. Resected adenocarcinoma
of the pancreas-616 patients: results, outcomes, and prog-
nostic indicators. J Gastrointest Surg 2000;4:567-579.
Schmidt CM, Powell ES, Yiannoutsos CT, et al. Pancreaticoduo-
denectomy: a 20-year experience in 516 patients. Arch Surg
2004;139:718-725; discussion 725-727.

Crippa S, Partelli S, Falconi M. Extent of surgical resections for
intraductal papillary mucinous neoplasms. World J Gastrointest
Surg 2010;2:347-351.

Gan SI, Thompson CC, Lauwers GY, Bounds BC, Brugge WR.
Ethanol lavage of pancreatic cystic lesions: initial pilot study.
Gastrointest Endosc 2005;61:746-752.

DeWitt J, McGreevy K, Schmidt CM, Brugge WR. EUS-guided
ethanol versus saline solution lavage for pancreatic cysts: a
randomized, double-blind study. Gastrointest Endosc 2009;70:

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

710-723.

DiMaio CJ, DeWitt JM, Brugge WR. Ablation of pancreatic cystic
lesions: the use of multiple endoscopic ultrasound-guided etha-
nol lavage sessions. Pancreas 2011;40:664-668.

Oh HC, Seo DW, Lee TY, et al. New treatment for cystic tumors of
the pancreas: EUS-guided ethanol lavage with paclitaxel
injection. Gastrointest Endosc 2008;67:636-642.

Oh HC, Seo DW, Song TJ, et al. Endoscopic ultrasonography-
guided ethanol lavage with paclitaxel injection treats patients
with pancreatic cysts. Gastroenterology 2011;140:172-179.
Linghu E, Matthes K, Mino-Kenudson M, Brugge WR. Feasibility
of endoscopic ultrasound-guided OncoGel (ReGel/paclitaxel)
injection into the pancreas in pigs. Endoscopy 2005;37:1140-
1142.

Matthes K, Mino-Kenudson M, Sahani DV, et al. EUS-guided in-
jection of paclitaxel (OncoGel) provides therapeutic drug con-
centrations in the porcine pancreas (with video). Gastrointest
Endosc 2007;65:448-453.

Karaca C, Cizginer S, Konuk Y, et al. Feasibility of EUS-guided in-
jection of irinotecan-loaded microspheres into the swine
pancreas. Gastrointest Endosc 2011;73:603-606.
Sutherland LM, Williams JA, Padbury RT, Gotley DC, Stokes B,
Maddern GJ. Radiofrequency ablation of liver tumors: a system-
atic review. Arch Surg 2006;141:181-190.

Cho YK, Kim JK, Kim MY, Rhim H, Han JK. Systematic review of
randomized trials for hepatocellular carcinoma treated with per-
cutaneous ablation therapies. Hepatology 2009;49:453-459.
Spechler SJ, Sharma P, Souza RF, et al. American Gastroentero-
logical Association medical position statement on the manage-
ment of Barrett's esophagus. Gastroenterology 2011;140:
1084-1091.

Li D, Xie K, Wolff R, Abbruzzese JL. Pancreatic cancer. Lancet
2004;363:1049-1057.

Bilimoria KY, Bentrem DJ, Ko CY, et al. Validation of the 6th edi-
tion AJCC Pancreatic Cancer Staging System: report from the
National Cancer Database. Cancer 2007;110:738-744.

Michl P, Gress TM. Current concepts and novel targets in ad-
vanced pancreatic cancer. Gut 2013;62:317-326.

Carrara S, Arcidiacono PG, Albarello L, et al. Endoscopic ultra-
sound-guided application of a new hybrid cryotherm probe in
porcine pancreas: a preliminary study. Endoscopy 2008;40:
321-326.

Carrara S, Arcidiacono PG, Albarello L, et al. Endoscopic ultra-
sound-guided application of a new internally gas-cooled radio-
frequency ablation probe in the liver and spleen of an animal
model: a preliminary study. Endoscopy 2008;40:759-763.
Varadarajulu S, Jhala NC, Drelichman ER. EUS-guided radio-
frequency ablation with a prototype electrode array system in an
animal model (with video). Gastrointest Endosc 2009;70:372-
376.

Kim HJ, Seo DW, Hassanuddin A, et al. EUS-guided radio-
frequency ablation of the porcine pancreas. Gastrointest
Endosc 2012;76:1039-1043.

Agostinis P, Berg K, Cengel KA, et al. Photodynamic therapy of
cancer: an update. CA Cancer J Clin 2011;61:250-281.

Chan HH, Nishioka NS, Mino M, et al. EUS-guided photodynamic

Vol. 66 No. 3, September 2015



44.

45.

8 =M, M3 WAZZSLE 0l8¢et ¥

I8 %9 =4 K|z

therapy of the pancreas: a pilot study. Gastrointest Endosc
2004;59:95-99.

Yusuf TE, Matthes K, Brugge WR. EUS-guided photodynamic
therapy with verteporfin for ablation of normal pancreatic tis-
sue: a pilot study in a porcine model (with video). Gastrointest
Endosc 2008;67:957-961.

Di Matteo F, Martino M, Rea R, et al. EUS-guided Nd:YAG laser
ablation of normal pancreatic tissue: a pilot study in a pig model.
Gastrointest Endosc 2010;72:358-363.

46.

47.

48.

Di Matteo F, Grasso R, Pacella CM, et al. EUS-guided Nd:YAG la-
ser ablation of a hepatocellular carcinoma in the caudate lobe.
Gastrointest Endosc 2011;73:632-636.

Sun'S, Qingjie L, Qiyong G, Mengchun W, Bo Q, Hong X. EUS-guid-
ed interstitial brachytherapy of the pancreas: a feasibility study.
Gastrointest Endosc 2005;62:775-779.

Sun S, Xu H, Xin J, Liu J, Guo Q, Li S. Endoscopic ultrasound- guid-
ed interstitial brachytherapy of unresectable pancreatic cancer:
results of a pilot trial. Endoscopy 2006;38:399-403.

The Korean Journal of Gastroenterology



