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Liver Transplantation for the Curative Treatment of Hilar Cholangiocarcinoma
- Model of the Mayo Clinic -

Keun Soo Ahn, M.D. and Koo Jeong Kang, M.D., Ph.D.

Division of Hepato-Biliary-Pancreatic Surgery, Department of Surgery, Dongsan Medical Center,
Keimyung University School of Medicine, Daegu, Korea

Liver transplantation for treating cholangiocarcinoma (CCA) has potential benefits in terms of accomplishing radical resection
even in patients with unresectable tumor and treating underlying disease such as primary sclerosing cholangitis (PSC). Despite
this ideal rationale, the initial results of liver transplantation alone for CCA have been uniformly poor. Because of a high
recurrence rate and a poor survival rate, CCA has been viewed as an absolute contraindication for transplantation. However,
from the 1990s, liver transplantation following high dose neoadjuvant radiotherapy with chemotherapy has achieved
excellent results, in a few medical centers, for selected patients with unresectable hilar CCA arising in the setting of PSC.
Especially, the Mayo Clinic reported a 5-year survival rate of 73% for 120 patients in 2010 by performing neoadjuvant therapy
and liver transplantation. We reviewed the results of liver transplantation in patients with hilar CCA and the protocol of
the Mayo Clinic to consider the feasibility of liver transplantation for Korean patients with hilar CCA. Although liver
transplantation with neoadjuvant therapy cannot be applied to most Korean patients due to the different disease entities
and the good results with performing radical surgical resection, it can be considered as an alternative curative treatment
option for selected patients with anatomically unresectable hilar CCA or CCA arising in the setting of PSC.
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Table 1. Criteria for neoadjuvant therapy and liver transplan-
tation

Diagnosis
Transcatheter biopsy or brush cytology
CA 199 >100 IU/mL and/or CCA in imaging
Biliary ploidy by FISH with malignant appearing in imaging
Unresectable tumor above cystic duct
PD for microscopic involvement of CBD
Resectable CCA arising in PSC
Radial tumor diameter less than 3 cm
Absence of intra-and extrahepatic metastases
Candidate for LT

Abbreviations: CCA, cholangiocarcinoma; PD, pancreatoduode-
nectomy; CBD, common bile duct; PSC, primary sclerosing
cholangitis.

Reprinted from Table 1 of reference [8l.
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Table 2. Exclusion criteria

Intrahepatic cholangiocarcinoma
Uncontrolled infection

Prior radiation or chemotherapy

Prior biliary resection or attempted resection
Intrahepatic metastases

Evidence of extrahepatic disease

History of other malignancy within 5 years
Transperitoneal biopsy

Reprinted from Table 2 of reference [8l.
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Fig. 1. Mayo Clinic neoadjuvant therapy and liver trans-
plantation protocol. Reprinted from Fig. 1 of reference [8].

| 184 patients

g} 1559 9] 7hEE gt gk A8 §F Ado] #t
H D ATolA] MG Tl HAlgo] ¢

I(25% vs 79%), BEEE FAUGYE AEE 7% vs
16%) &A1 33] wﬂﬂﬁ Zeld9] zho]2] Z2EZ
ol a9 5d AES 54%eh= Hud £ ¢e AE
2 42 Ho|th(8,17). T3 AA| & A} 7hol] F
Zke] AEES vHuYS w= 7kl Frle] AJEgo]

oj
o
i

453] =k

TS Mk Gt Rl ol Zolv} Q7o &
2ol Agdx & At 9A Fask FA A7t
oh AMeFexe diZl dad Asd gagelA s
A, ASE A9 2 22AEY Widste B9 B
I FAE 71 el o B fdgle] Hct Ut
d s GEdelA HAS g TaRtE 9
o] el AA J& 7HeAdel BY] wiiEel <X1H HA|
7t B7Fsek A9t Bg Aot v 54 el A
F Tzt o wWrlel 1HEE Eaetel tigh 24
2 Al oA A FA= HlE] HIehs WA=
gz2i & w7 JoA Ael7t & F ok S o
o] yaoshy e sh=o] o oAM= & A
G dez g VA7 28 AY 55 29
AAeS Algste] HAlgo] 70~86.3%¢l OI_EJWJ T
2 ApdEo] 1~200]tH18,19). A%ke] AS st |
T oA AAEo] Wal(54%) FHFEC] To A}
WEo] 8% AFZ Er} A F& T AELEE oMY

Ao vparoprfst eyt oy AlE|=olA 325% ¥
42,0%¢] © H]s} m]= MSKCC % 01%01]*191 A=
20% mvko g2 G| wjiEo] Fo e AAlFeo] o 2
ZAo|n A= ko)Al o] FHEE Tote] 2

A 25 G2 =935 HEE F+ Y}

Irradiation+5-FU

/ | 15 deaths, debiltation, or disease progression

A 4

3 transplant elsewhere

| 159 staging operation

\> | 7 receiving neoadiuvant Rx

| 33 (21%) positive

/ | 1 awaiting transplantation

1 death, 1 hepatic metastases

\ | 3 transplant elsewhere

120 liver tra

Fig. 2. Summary of the treat-

ment algorithm for the chol-

v 81 deceased donor
nsplantation | 38 living donor
| 1 domino donor

J Korean Soc Transplant | www ksot.org 4

angiocarcinoma in Mayo Clinic.

March 2012 | Volume 26 | Issue 1



Keun Soo Ahn and Koo Jeong Kang: Transplanation for Treating Cholangiocarcinoma

SHAIRE AAl BIFedt IR e I
< Sote] &3 A a7 Thssits bl
2lgke] Aol 9tk wWola FelYe] M BE, 5

|

eluete] Zhold sexh O AdFe Hddsit 27
o=t 2 EAplAl Al EAARE Aol Fold
A AFH o2 TN ERSAAA AleHT7t AT
& 7]EWMilan criteria) S He FAAAE ZFo] A Al
gato] vud Fo Ads BT gt HEF G
e T AR o= el WA= 7 B 3E 9
HadEng sador HA{she ATl o A9
M AR FEel HAe Asdelgta
A vlolg FEjHo] MR ZIREZS =5t ¢
gluel atolA MEdos HEg Aws] BFsita
Az,

=i
=

REFERENCES

1) Burak K, Angulo P, Pasha TM, Egan K, Petz J, Lindor
KD. Incidence and risk factors for cholangiocarcinoma in
primary sclerosing cholangitis. Am J Gastroenterol 2004;
99:523-6.

2) Shin HR, Oh JK, Lim MK, Shin A, Kong HJ, Jung KW,
et al. Descriptive epidemiology of cholangiocarcinoma
and clonorchiasis in Korea. J] Korean Med Sci 2010;25:
1011-6.

3) Kondo S, Hirano S, Ambo Y, Tanaka E, Okushiba S,
Morikawa T, et al. Forty consecutive resections of hilar
cholangiocarcinoma with no postoperative mortality and
no positive ductal margins: results of a prospective study.
Ann Surg 2004;240:95-101.

4) Hong JC, Jones CM, Dufty JP, Petrowsky H, Farmer
DG, French S, et al. Comparative analysis of resection
and liver transplantation for intrahepatic and hilar chol-
angiocarcinoma: a 24-year experience in a single center.
Arch Surg 2011;146:683-9.

5) Meyer CG, Penn I, James L. Liver transplantation for
cholangiocarcinoma: results in 207 patients. Transplanta-
tion 2000;69:1633-7.

6) Brandsaeter B, Isoniemi H, Broomé U, Olausson M,
Bickman L, Hansen B, et al. Liver transplantation for

J Korean Soc Transplant | www ksot.org

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

primary sclerosing cholangitis; predictors and con-
sequences of hepatobiliary malignancy. ] Hepatol 2004;
40:815-22.

Robles R, Figueras J, Turrién VS, Margarit C, Moya A,
Varo E, et al. Spanish experience in liver transplantation
for hilar and peripheral cholangiocarcinoma. Ann Surg
2004;239:265-71.

Rosen CB, Heimbach JK, Gores GJ. Liver trans-
plantation for cholangiocarcinoma. Transpl Int 2010;23:
692-7.

Ghali P, Marotta PJ, Yoshida EM, Bain VG, Marleau D,
Peltekian K, et al. Liver transplantation for incidental
cholangiocarcinoma: analysis of the Canadian experience.
Liver Transpl 2005;11:1412-6.

Seehofer D, Thelen A, Neumann UP, Veltzke-Schlieker
W, Denecke T, Kamphues C, et al. Extended bile duct
resection and [corrected] liver and transplantation in pa-
tients with hilar cholangiocarcinoma: long-term results.
Liver Transpl 2009;15:1499-507.

Shimoda M, Farmer DG, Colquhoun SD, Rosove M,
Ghobrial RM, Yersiz H, et al. Liver transplantation for
cholangiocellular carcinoma: analysis of a single-center
experience and review of the literature. Liver Transpl
2001;7:1023-33.

Foo ML, Gunderson LL, Bender CE, Buskirk SJ. Exter-
nal radiation therapy and transcatheter iridium in the
treatment of extrahepatic bile duct carcinoma. Int J
Radiat Oncol Biol Phys 1997;39:929-35.

Sudan D, DeRoover A, Chinnakotla S, Fox I, Shaw B
Jr, McCashland T, et al. Radiochemotherapy and trans-
plantation allow long-term survival for nonresectable hi-
lar cholangiocarcinoma. Am ] Transplant 2002;2:774-9.
Heimbach JK, Gores GJ, Haddock MG, Alberts SR,
Nyberg SL, Ishitani MB, et al. Liver transplantation for
unresectable perihilar cholangiocarcinoma. Semin Liver
Dis 2004;24:201-7.

Rea DJ, Rosen CB, Nagorney DM, Heimbach JK, Gores
GJ. Transplantation for cholangiocarcinoma: when and
for whom? Surg Oncol Clin N Am 2009;18:325-37.
Farley DR, Weaver AL, Nagorney DM. "Natural history"
of unresected cholangiocarcinoma: patient outcome after
noncurative intervention. Mayo Clin Proc 1995;70:425-9.
Tsao JI, Nimura Y, Kamiya J, Hayakawa N, Kondo S,
Nagino M, et al. Management of hilar cholangiocar-
cinoma: comparison of an American and a Japanese
experience. Ann Surg 2000;232:166-74.

Igami T, Nishio H, Ebata T, Yokoyama Y, Sugawara G,
Nimura Y, et al. Surgical treatment of hilar cholangiocar-
cinoma in the "new era"™ the Nagoya University expe-
rience. J Hepatobiliary Pancreat Sci 2010;17:449-54.
Lee SG, Song GW, Hwang S, Ha TY, Moon DB, Jung
DH, et al. Surgical treatment of hilar cholangiocarcinoma
in the new era: the Asan experience. J Hepatobiliary
Pancreat Sci 2010;17:476-89.

March 2012 | Volume 26 | Issue 1



