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F3A LI ET FOER - 4B AT

Age 0~9 10~19 20~29 3039 40~49 50~59 6069 70~79 Total
Male 5 10 22 29 29 17 0 119
Female 12 10 6 20 13 23 16 0 100
Total 19 15 16 42 42 52 33 0 219
®3B LIET OFE - 15 LTS
Age 0~9 10~19 20~29 30~39 40~49 50~59 60~69 70~79 Total
Male 898 259 167 229 428 1,034 445 2 3,462
Female 1,264 282 205 244 427 8§53 503 15 3,793
Total 2,162 541 372 473 855 1,887 948 17 7,255
FaAA LIEI Y MORKRR D SEGITEHE, YEBHE
Age of Recipient Total
<18 y.o. =18 y.o.
Cholestatic Diseases 12 36 48
Biliary Atresia 9 11 20
Primary Biliary Cirrhosis 0 13 13
Primary Sclerosing Cholangitis 3 10 13
Alagille Syndrome 0 1 1
Carolj Disease 0 1 1
Hepatocellular Discases 0 46 46
HCV 0 20 20
HBV 0 1 i
Alcoholic 0 5 5
NASH 0 3 3
AIH 0 2 2
Cryptogenic Cirrhosis 0 5 5
Vascular Diseases 0 2 2
Budd-Chiari 0 2 2
Neoplastic Diseases 1 18 19
Hepatocellular Carcinoma 0 18 18
Hemangioma 1 0 1
Acute Liver Failure 5 37 42
HBV 1 12 13
Drug-induced 0 6 6
Autoimmune Hepatitis 0 3 3
Viral (#HBV) 1 0 1
Hemochromatosis 1 0 1
Unknown 2 16 18
Metabolic Diseases 2 12 14
Wilson Disease 1 4 5
Citrullinemia 0 4 4
Familial Amyloid Polyneuropathy 0 2 2
Glycogen Storage Disease 0 1 1
OTC Deficiency 1 1 2
Others 0 2 2
Polycystic Liver 0 2 2
Total 20 153 173
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F4B LIYEIY MORKE £G5B, MEBHE
Age of Recipient

<18 y.o. =18 y.o. Total
Cholestatic Diseases 1,869 1,008 2,877
Biliary Atresia 1,715 182 1,897
Primary Biliary Cirrhosis 0 616 616
Primary Sclerosing Cholangitis 24 166 190
Alagille Syndrome 78 3 81
Byler’s Disease 35 2 37
Caroli Disease 6 9 15
Congenital Bile Duct Dilatation 5 7 12
Others 6 23 29
Hepatocellular Diseases 43 1,323 1,366
HCV 1 598 599
HBV 0 269 269
Alcoholic 0 194 194
Autoimmune Hepatitis 3 80 83
NASH 2 57 59
Cryptogenic Cirrhosis 29 119 148
Others 8 6 14
Vascular Diseases 37 38 75
Budd-Chiari Syndrome 7 34 41
Congenital Absence of Portal Vein 25 2 27
Others 5 2 7
Neoplastic Diseases 88 1,462 1,550
Hepatocellular Carcinoma 8 1,423 1,431
HCV 0 859 859
HBV 0 412 412
Alcoholic 0 62 62
Primary Biliary Cirrhosis 0 18 18
NASH 0 12 12
Others 8 60 68
Hepatoblastoma 70 1 71
Liver Metastatis 1 18 19
Hemangioma 4 6 10
Others 5 14 19
Acute Liver Failure 222 479 701
HBV 7 143 150
Drug-induced 2 34 36
Autoimmune Hepatitis 2 30 32
Viral (+HBV) 13 15 28
Unknown 190 253 443
Others 8 4 12
Metabolic Diseases 233 204 437
Wilson Disease 60 60 120
Familial Amyloid Polyneuropathy 0 79 79
OTC Deficiency 50 2 52
Citrullinemia I1 41 52
Glycogen Storage Disease 20 9 29
Methylmalonic Acidemia 26 0 26
Primary Hyperoxaluria 14 6 20
CPS deficiency 14 0 14
Tyrosinemia 13 0 13
Others 25 7 32
Others 23 37 60
Total 2,515 4,551 7,066

- 639 -



266 [#% HKi] Vol 49, No.2-3

£4C LIYEIL bOFEKER  FFHBEMEBORER (4FTHE4, 1989~2013 )

Year 11989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
HCY 600 0 0 0 0 0 0 L 0 9 13 20 38 33 53 74 53 38 37 46 49 47 46 44 599
HBV O 0 0 0 0 0 0 2 2 2 13 2 18 21 17 30 31 27 A8 17 13 13 8 15 10 269

Alcohol 60 0 0 ¢ 0 0 0O I 1 3 3 4 1 8 8§ 16 15 15 18 18 23 13 22 25 194
AIH o 0 0 0 0 0 0 0 0 0 3 2 6 7 3 7 7 4 W 4 7 6 6 3 T 8
NASH 60 0 o 0 0 0 o 0 0 O L+ 1 0 O © 2 2 2 7 4 10 10 8 11 59
Cryptogenic{ 0 0 1 1 1 0 3 1 5 6 9 7 7 3 4 13 10 16 14 11 6 6 12 5 7 148
Others 6o 0o o0 o o0 1 o0 0 1 2 0 2 1t 0 0 3 0 0 I 0 1 0 0 1 1 14
Total 0 0 t vt b 3 3 10 11 37 40 58 70 65 115 (37 117 99 94 95 107 96 100 105 1,366
F5A FEAEAT [ FEMRRTREAE 5B THERT | LA
Age of Recipient Age of Recipient
£ P Total e o Teapen Total
<i8yo. =ZI8yo. <I8yo. =I18y.o.
Monosegment 2 0 2 Meonosegment 121 0 121
Lateral Segment 10 0 10 Lateral Segment 1,809 5 1,814
Left Lobe 3 0 3 Posterior Segment 4 102 106
Left Lobe + Caudate Lobe 1 3 4 Left Lobe 491 925 1,416
Right Lobe 1 10 11 Left Lobe + Caudate Lobe 100 1,080 1,180
Right Trisegment 1 9 10 Right Lobe 84 2,509 2,593
Whole Liver 12 167 179 Whole Liver (Domino) 0 23 23
30 189 219 Dual Graft (Left + Right Lobes) 0 2 2
2,609 4,646 7,255
FOA NF—DFER - MR 1 LA
Age 0~9 10~19 20~29 30~39  40~49 50~59 60~69 70~79  Unknown Total
Male 1 6 15 22 34 23 10 2 9 122
Female 1 4 11 16 20 23 17 2 1 95
Unknown 1 0 0 0 0 0 0 0 1 2
Total 3 10 26 38 54 46 27 4 11 219
F6B NF—DER - 47 @ EFFBHE
Age 0~9 10~19 20~29 30~39 40~49 50~59 60~69 70~79 Total
Male 0 46 1,139 1,323 732 496 191 1 3,928
Female 0 20 699 1,196 749 534 130 1 3,329
Total 0 66 1,838 2,519 1,481 1,030 321 2 7,257

DLE¥Lry 6 AOMNRIZ, | ADVNE (£EERR
), sSAIPKRAN (B3, £%¥2) Thoi,
NI/ BHEOERBMOEBLRBIIRT. &8, F
IBHEOTR KNS, TRTREET 304 PR
Joa—1s8F— (FAP) THhol

HERFBREICBIT ALY YLy P E FF—0 ABO

MEREEE* RN T [dual graft] 9 B 14l
X, ABO —3®D K+ —& ABOEED F+—D 2 A
LB ENTWADT, £EroHhwiz, 2070,
KODEFHIERFBEOBE 1255 L) 1 4% v
7254 1272 o T\wh s % B, [dual graft /OO 1 F11E,
ABOBEED 2 AND FF—oBEIN TV DT
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K7 E£BFF-OFHA

Age of Recipient

<18 y.o. =18 y.o. Total

Mother 1,371 251 1,622
Father 1,106 229 1,335
Son 0 1,405 1,405
Daughter 0 609 609
Brother 12 475 487
Sister 4 355 359
Nephew 0 62 62
Grandmother 51 2 53
Aunt 24 11 35
Cousin 2 (Male 2) 28 (Male 23, Female 5) 30
Uncle 12 11 23
Grandfather 21 0 21
Niece 0 11 11
Father’s cousin 2 (Male 1, Female 1) 0 2
Grandson 0 1 1
Cousin’s son 0 1 1
Wife 0 597 597
Husband 0 493 493
Brother-in-law 0 23 23
Son-in-law 0 18 18
Sister-in-law 0 8 8
Father-in-law 2 3 5
Nephew-in-law 0 4 4
Mother-in-law 0 3 3
Daughter-in-law 0 4 4
Grandfather-in-law 1 0 1
Uncle-in-law 0 1 1
Common-law husband 0 1 1
Common-law wife 0 1 1
Friend 0 1 (Female) 1
Domino [ (Male) 40 (Male 20, Female 20) 41
2,609 4,648 7,257

£8 FI/FBEHOHRE (1989~2013 )

Year 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
Z18years (O 0O 0 0 O 0 O O 0 O 3 5 4 1 7 4 2 1 1 4 4 2 0 0 2 40
<{8yeas {O O 0 O O 0 O 0 O O 0 O 0 O 1 0 0 O 0 0 0 0 0 0 © 1
Total 60 0 0 0 0 0 0O 0 o0 3 5 4 1 & 4 2 I 1 4 4 2 0 0 2 4
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®£9 HEFEHBHICHEIBZLIEI L MERF—D

ABO MRS

Age of Recipient

= P Total
<18yo0. I8 y.o.

Identical 1,717 3,148 4,865
Compatible 535 1,040 1,575
Incompatible 357 457 814
2,609 4,645 7,254

#£10 4£EFRBHEICET 5 ABO NESBHEBO#E (1989~2013 )

Year 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
Z18years | O 0 1 0 0 | 10 5 3 5 5 17 13 22 33 47 31 47 42 39 35 44 33 33 457
<I8years | O 0 4 4 11 12 9 11 14 9 13 8 13 21 13 20 24 18 21 18 27 23 24 16 24 357
Total 0O 0 5 4 {1 13 10 1 19 12 18 13 30 34 35 53 71 49 68 60 66 58 63 49 57 8l4
k11 BEEOREEFRSEBHESSE
Patient Survival (%) Graft Survival (%)
1 3 5 10 15 20 1 3 5 10 15 20
n year year year year year year n year year year year year year
Cadaveric Donor 219 84.7 814 802 7238 219 83.8 805 793 719
Heart-beating 2161 859 826 81.3 738 2161 85.0 8i1.6 804 730
Non-heart-beating 31 0.0 31 00
Living Donor 7,255 83.8 796 77.1 719 67.8 66.1 |7,255 83.1 786 76.0 699 650 62.1

F£12 REFBHEICETBZLIEIY NOBRBEEREE

n Cumulative Survival (%)

1 3 5 10

year  year  year  year

Primary or Primary 170 | 90.6 88.1 865 820

Retransplant | Re- and Re-re-transplantation 46 689 628 62.8 418

Recipient Age | <18 28 857 857 857 857

18= 188 | 86.0 821 806 693

Cholestatic Disease 46 1929 929 929 836

Biliary Atresia 18 94.1 941 941 941

Primary Biliary Cirrhosis 13 91.7 917 917 458

Primary Sclerosing Cholangitis| 13 90.0 90.0 90.0 90.0

Hepatocellular Disease 46 8.6 809 809 80.9
o HCV 20 84.7 782 782
Indication HBY 11| 818 818 818
(Primary) Neoplastic Disease 18 812 812 8l2
HCC 17 86.7 86.7 867

Acute Liver Failure 42 92.0 884 884 884

HBV 13 846 84.6 846 846
Unknown 18 100.0 90.0 90.0

Metabolic Disease 14 100.0 100.0 833 833
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%)
100
Heart-beating donor
80 - (n=216)
60 Living donor (n=7,255)
40
p=05264
20
0 -
T T T T T T
0 5 10 15 20 25 (Year)

%)

Primary transplantation (n=170)

Re~ and Re—re-transplantation (n=46)

20 p<0.0001

25 (Year)

E1 E£HFBHEEBEETBRECHT 2RAEEE

2 FHEFBHECHTVEBELBEBEOCREE

o ® Cholestatic (n=46)
100 100 4 ey
<18 years(n=28) ——l Acute liver failure (n=42)
80 ey 80 - Metabolic (n=14)
s ssrises Neoplastic (n=18) Hepatocellular (n=46)
60 218 years(n=188) 60
40 4
p=04692 p=0.5084
20 20
0 0
T T T T T T T T T T T T
Q0 5 10 15 20 25 (Year) o 5 10 15 20 25 (Year)

3 BIERBEICH T S ERMNDOBEERFE

[#E&] L&D, ABOREEDEREL, KA 9.8%,
MR 13.7% Th o7z £101Z, KA - /KNEFID ABO
TEEBBBROERMER LRI,
BEGORBAEFE, £FF (1) &b, £K
NFRHE & SERFF RO BN E D e b o 720 AEMRITRME
EMEFBM L O RBICBW T EE b o2 (B
1), DT, BE (B JOEFET—FICoVnTA,
10 BHEL EOEE (B 1ICowTRL$REL, %
NUTOBEELECL L CRBTEI L LTS,
AT RRHED S b, BIEHFBHEOTFHIE, LTFO8E
NTHotz (FR12),

1) BERME4BEE, POBHEICELTERIEER
ZEM o7 (p<0.0001, B 2),

2) MRERATHE, MNEOHEPIVERATH -7
», BEZZ L7 (E3),

3) BEBHEOEBRHNOTFRIEFEEETRD
ol (K4)
ARITBEOTFHIE, LToBY Tho7z (F13-
1, £13-2),

R4 RBIERFBHEICETSERBENORBERE

1) EREEABEEZ, MEBRICELFRIEE
IZE o7 (p<0.0001, X 5),

2) LYY rouNTREEoOFERSEEICL
o7z (p=0.0047, E6),

3) MRERATH, BETHERIITEHRIE, o
(p<0.0001, BI7A), 10T & IR o 2EMBETH
BLUIBESRARICEETZL RO (p<0.0001, B
7B)o B, 0~9REORME I~9MD 22BN T
WBIL7C2S, WMEMICELZRORD» 272,

4) BEBHNOTHEARI L, 7, 6 00KEE
BEICOWCHET AL, BELENROLN (p<
0.0001, X 8A), 4 DEEFEOMKE T, fHItI -
HHEROTPCEEOB CFRICEEELEDL (p
<0.0001, X8B), FFiifatic s Tid, EAMICAER
BORFELEZRBO (p=0.0226, E8C), HCV &
HBV Z B LT A L, BREDOTFHEVPEEILI o
(p=0.0010), EBMHHEETIE, ERBNTTRICE
BEEEBO (p=0.0010, X 8D), EEEEED )
L, JBEMEE (0=9) OFHIZ14£66.7%, 3% -5
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#1311 EFFBRICBTZLIEIY NORFETEEA

n

Cumulative Survival (%)

1 3 5 10 15 20
year  year  year year  year  year
Primary or Primary 7,066 | 845 803 777 725 683  66.6
Retransplant | Re- and Re-re-transplantation 189 | 58.6 555 540 510 510
Recipient Gender | Male 34624 839 784 754 697 663 639
Female 3,793 | 83.8 807 787 740 694 068.1
Recipient Age <18 2,609 | 890 874 8.2 835 812 805
18= 4,646 | 808 752 720 649 564 319
~9 2,162 | 90.0 884 876 851 8.8 835
10~19 541 | 84.7 835 806 765 687 606.1
20~29 372 | 80.8 765 744 682 597
30~39 473 | 783 723 692 653 571 571
40~49 855 80.2 757 739 658 567
50~59 1,887 1 814 751 710 645 594
60~69 948 | 80.7 745 71.1  60.7 418
70~79 17 812 745 596 596
Cholestatic Disease 2,877 | 880 863 850 81.0 773 762
Biliary Atresia 1,897 | 91.2  90.1 89.2 864 84.6 843
Primary Biliary Cirrhosis 616 | 814 789 775 720 612
Primary Sclerosing Cholangitis 190 | 785 737 694 549 398
Alagille Syndrome 81 92.6 913 913 865 865 865
Byler’s Disease 37 91.8 890 860 824 566 560
Caroli Disease 15 80.0 8.0 700 700 700
Congenital Bile Duct Dilatation 12 583 583 583 583
Hepatocellular Disease 1,366 | 80.4 758 732 643 598 59.8
HCV 599 | 782 720 683 584
HBV 269 | 845 803 789 728 728
Alcoholic 194 | 835 80.8 788 584
Autoimmune Hepatitis 83 775 761 76.1  72.1
NASH 59 81.1  81.1 757 568
Cryptogenic Cirrhosis 148 | 793 753 726 653 598 59.8
Vascular Disease 75 93.0 883 865 865 865 865
Budd-Chiari 41 894 839 808 808 808 808
Congenital Absence of Portal Vein | 27 963 917 917 917 917
Indication Neoplastic Disease 1,550 | 842 747 694 61.0 507 507
Primary) HCC 1,431 | 844 746 694 612 467 467
Hepatoblastoma 71 867 831 756 756 756
Liver Metastasis 19 737 680 567 128
Hemangioma 10 90.0 900 771 77.1
Acute Liver Failure 701 | 75.0 71.8 70.1 677 66.1 645
HBV 150 | 775 747 740 73.0 730
Drug-induced 36 717 717 744 744 744 744
Autoimmune Hepatitis 32 710 710 710 710
Viral (+HBV) 28 63.0 630 630 63.0
Unknown 443 | 745 704 684 684 624 624
Metabolic Disease 437 | 89.9 868 849 829 749 622
Wilson Disease 120 | 90.6 89.6 878 8.6 751 751
Familial Amyloid Polyneuropathy 79 96.2 893 84.1 785 670 536
OTC Deficiency 52 96.1 96.1 961 96.1 96.1
Citrullinemia 52 96.1 96.1 961 96.1 88.1
Glycogen Storage Diseases 29 85.7 68.8 688 68.8 51.6
Methylmalonic Acidemia 26 846 846 846 846
Primary Hyperoxaluria 20 626 626 626 626 62.6
CPS Deficiency 14 929 929 929
Tyrosinemia 13 923 769 769 769 769
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K132 H£BFBBEICHTILIEIC FORBEFE-2

n Cumulative Survival (%)
1 3 5 10 15 20

year  year year year year  year
Donor Age 10~19 66 84.6 81.4 77.8 74.1 74.1 74.1
20~29 1,838 | 86.1 83.0 80.7 767 729 721
30~39 2,519 | 87.0 832 810 760 73.1 724
40~49 1,481 | 825 782 760 702 649 629
50~59 1,030 | 783 719 687 621 523 388

60~ 323 686 629 57.8 500 478
ABO Identical 4865 | 848 806 781 73.0 68.7 663
Compatibility Compatible 1,575 | 84.5 803 775 721 69.0 69.0
Incompatible 814 764 723 703 652 603 603

(%)
100
80
Primary transplantation
L (n=7,066)
60 4,
Re- and Re-re-transplantation
40 (n=189)
20 p<0.0001
o

T T T T T T

0 5 10 15 20 25 (Year)

(L)
100 -

80
Female (n=3,793)

60 T Male (ne3.462)
40

p=0.0047
20

T T T T T T

0 5 10 15 20 25 (Year)

5 HFIFBIEICE T 2HEBEEBEBSHEORRE

6 EFFFBHECHT 2MBORBERE

%) %)
100 100
"\ <18 years(n=2,609)
80 4 T, 80 - -
S
60 T 601 @ == 0~9 (n=2,162)
w 10~19 (n=541)
40 40 20~29 (n=372)
w 30~39 (n=473)
=18 years(n=4,646) p<0.0001 4048 (n=855)
20 p<0.0001 20 50~59 (n=1.887)
60~69 (n=948)
0 o4 70~79 (=17)
T T T T T T T T T -1 T
0 5 10 15 20 25  (Year) 0 5 10 15 20 25  (Year)

TA EFFBEICS T 3 ERFIORBEEE

7B EAFRBHEICH T AERUORBEREE
(10 L OERBILER)
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%)
100 -
e Vasoutar (os78) Alagille (n=81)
80 - Cholostatio (n=2,877) _ Garoli (n=15) BA (n=1,897)
- Acuts fiver failurs (1701} g
| S Motabolie (n=437) -
8 e Hepatocalluar (n=1,360) e Byler (n=37)
T Nooplastio (n=1,550) |
40 - T PBC(016)
J "7 PSC(n=190)
2 p<0.0001 CBD (n=12)
0 0
T T T T T T T T T T T T
0 5 10 15 20 25 0 5 10 15 20 25 (Year)
g - s = 3 = SR o S
8A MR HEICH T SEBHMNOBHERE 8B A£MAHBHMICE T3S > HEREDRE
% %)
100 7 100
80 - HBV (n=269) 80 Hemangioma (r=10)
H (n=83) Hepatoblastoma (n=71)
60 e Cryptogenic (n=148) 60 - -
HOV (n=599) ', HCG (n=1,431)
— '
40 T Alcohol (n=194) 40 - :
p=0.0226 1 -
20 | 20 : Motastasis (n=19)
| NASH (n=59) p=00010  ~=---
0 ! 0
T T L ¥ T T T T T T T T
0 5 10 15 20 25 (Year) 0 5 10 15 20 25 (Year)
X 8C EAFTHHEICS T ST RBEORBELEE 8D AMFITBMEICH T IEEMREOREREERFE
(x) (%) Mathylmalonic asidemia
(ne20) tonay (=
100 100 N cps‘d:ﬁf':"fy_(f'i‘? _____ OTG dafiisncy (=52)
80 - AH (n=32) Drug-induced (n=36) 80 - 1 Tyrsinoria (e=13)
1 L HBV(=150) Wison (n=120)
60 - Unknown (n=443) 60 Hyporosaluria (n=20) ;
Viral (#HBV) (n=28) B T e ()
40 - 40 - :
p=0.0005 i
20 p=20.5920 20 - '
J Glycogon Storage (n=20) 1 Grtlinris (v=52
0 0 - i 1
T T T T T T T T T T T - T
0 5 10 15 20 25 (Year) 0 5 10 15 20 25 (Year)

8E A£MFHBHEICET MR TRLORRERFE

8F EFHTBMEICE I 2 ABERBORRERFE
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%)
100
: 10~19 (n=66)
807 DT e , e _30~3 (2519
. e o 20~29 (n=1,838)
60 ] T 40~49 (n=1,481)
-:'T
0 P _s0~50(r=1000)
20 - p<0.0001 ) i
| 60~ (n=323)
o - !
T T L T T T
1] 5 10 15 20 25 (Year)

100 -
01 ST .Compstiblo (n=1,575)
w4 0 T ——" Identical (n=4,865)
Incompatible (n=814)
40
p<0.0001
20 -
0
T T T T T T
[} 5 10 15 20 25 (Year)

9 HAFBEICST S N F—ERORBEEE

0]

100
Ik\_—-\ﬁ———_——\_._______
t
3

80

60

25 (Year)

10B &4 HED ABO M REEHICHE TS
LY ELIY MERBIOREERE

4 - 10 4 - 15 4F 55.6%, epithelioid hemangioendothe-
lioma (n=7) & 14E71.4%, 34 -5%F57.1% T H -
720 BUNAREOHRTIE, REMICEFROEELE
FROLE,o7 (K 8!5)o RBMEREER T, RAEOM
ICEBEEZRED (p=0.0005, K 8F), %, 70t
A VBRI RE (n=9) X 14F - 34F100%, 54 - 104E
83.3% TH o Tz, [F D] OIEBRERTIE, ERM
WP MERE T 145 - 34E - 54E - 104E - I54F - 204F &
b 87.5%, ZIEVENTEIAEIX 1 4F 82.4%, 3 4E 75.5%,
5 4E 67.1%, 10 4F 47.9% T & 5 72 EFIEIT D 2 A3,
BRMEPIIRE FOEAE (n=8) 1L 14E - 34E - S4E - 10
£ 37.5%, GVHD (n=4) i 1 £ 75.0%, 3 4E 50.0%,
54E 25.0% TdH - 72,

%B, BREOBEICERE, DEn [BHEFre]
EENABT LDV Eholzh, HEREOHEIED L
LB, LDERNLREVITONE LIl T
ETWh, KIFFEEDOEHFICB VT S HREOHEITE
BOEHZEDTEY, REOHETIE, BEHERZD

10A AT HEICH (T 5 ABO MEEE&ERD
RiEEEE

FEIZoWT, L YEERLIE MNTED &
EZTnh,

5) Ly ¥z b0 ABO MERNIE, FHICEEL S
2 7z h o7z (data not shown) o

6) FF—oEME, LYY NOFRICEEY
5.2 %2 H o 72 (data not shown) o

7)) FF—0E#HE, 10RIL IR - -E#EET
BT 5L, BEERFO(p<0.0001, B 9), HCV
DIEBNZR > THE LG8 b RBOKERTHY, 60
WU EO K=o B SN/ HCV ER] (n=38) O
HEFFERIGHICE C 1 4R 53.1%, 345 47.2%, 5% 38.6%
Thol: (EHE 66 7).

8) FF—o ABO MiKENIL, FHRICEELSZ R
A 72 (data not shown) o

9) LYEZ Y& FF—D ABO I EEEMND
FhribE, MEMAEHESEE, —%5, S
HLABLCTFRISE, o7 (p<00001 R 10A),

Tﬁ BIZBWT LY LYy P OERINICTFERE A

A 0~2FEIBROBICELRD I, #2
’C 0~2%, 3~175%, 18U E, O3FIIHITT
&3 5L, 0~25 (DF V367 ARM E14E
86.4%, 3 4F 85.5%, 5 4E 84.8%, 10 4E 82.5%, 15 4 -
204E 80.6% & BIFTH o 7203 L, 3~17H& I 1
F 752%, 3 4 72.0%, 54F 69.1%, 10 F 63.3%, 15
4 - 20 4E 51.5%, 18 LA LT 1 4 70.9%, 3 4 64.8%,
54 623%, 104 542% &L H EIZE D o 72 (p<
0.0001, X 10B),

ABO NEABHEIIH L TiE, 2000 EFEL Hh b
O 5 MEEES, F 72, 2004 EFEIE LY rituximab D
BT, FHEPRXELTETWS, £2°T,
B (2000 4 L),  #1 (2001 4E~2004 4E), 1%
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)
100 -

8 -
N
60 - i
!

40 - &

20 -

T T T T T T

25 (Yoar)

)

100 - E
K 3~17 years, 2005~ (n=47)

40 - 3~17 years,
2001~2004
(n=18)
20 p=0.0059
0
T T T T T T
0 5 10 15 20 25 (Year)

10C A HO ABO MK ESEHICE TS
LI EIY MERBE - SO BRBEEEE
(18 s E)

(2005 4 u BE) o 3 Wy TR L7z, 18 BRLLET

W, WO (AR - 34E - 54E333%, 10 4F 28.6%) -
oI (1 42 62.4%, 3 4E 56.5%, 5 9 52.9%, 10 4E 50.6%)
~ 150 (1 4E 75.4%, 34E 69.0%, 54 66.7%) &, K

éﬁbsj’ff%mk LT 7z (p<0.0001, BI10C), 3~17
BT, B (AR - 345 - 545 87.0%) ICHEW LT
BOWENH SNz (p=0.0059, B 10D), 0~2 T
FHEEEE P72,

V. B8HUI
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Abstract

AIM: To present our experiences in studying the clini-
copathological features of small nonfunctioning pan-
creatic neuroendocrine tumors (NF-pNETs).

METHODS: The subjects included 9 patients with NF-
pNETs who underwent pancreatectomy between April
1996 and September 2012. The surgical procedure,
histopathological findings, and prognosis were as-
sessed.

RESULTS: All tumors were incidentally detected by
computed tomography. The median diameter was 10
mm (5-32 mm). One patient was diaghosed with von
Hippel-Lindau disease, and the others were sporadic
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cases. For the histopathological findings, 7 patients
were G1; 1 patient was G2; and 1 patient, whose tu-
mor was 22 mm, had neuroendocrine carcinoma (NEC).
One patient who had a tumor that was 32 mm had
direct invasion to a regional lymph node and 1 patient
with NEC, had regional lymph node metastases. Six of
the 7 patients with sporadic NF-pNETs, excluding the
patient with NEC, had tumors that were smaller than
10 mm. Tumors smaller than 10 mm showed no malig-
nancy and lacked lymph node metastasis.

CONCLUSION: Sporadic NF-pNETs smaller than 10
mm tend to have less malignant potential. These find-
ings suggest that lymphadenectomy may be omitted
for small NF-pNETs after further investigation.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
Key words: Pancreatic neuroendocrine tumor; Pancreat-

ic neuroendocrine carcinoma; Nonfunctioning; Lymph-
adenectomy; Treatment

Core tip: We present our experience in studying the
clinicopathological features of small nonfunctioning
pancreatic neuroendocrine tumors (NE-pNETs). In the
present study, six of the 7 patients with sporadic NF-
pPNETs, excluding the patient with NEC, had small tu-
mors that were less than 10 mm. These small tumors
showed no sign of malignancy or lymph node metasta-
sis. Additionally, these cases did not have recurrence,
including lymph node and distant metastasis, for more
than 10 years after surgery. These findings suggest
that small NF-pNETs tend to have less malignant po-
tential and no lymph nodes metastasis. Lymphadenec-
tomy may be omitted in the future for small NF-pNETs
after further investigation.

Furukori M, Imai K, Karasaki H, Watanabe K, Oikawa K,
Miyokawa N, Taniguchi M, Furukawa H. Clinicopathological
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INTRODUCTION

Pancreatic neuroendocrine tumors (pINETS) are relatively
rare, accounting for 1%-2% of all pancreatic neoplasms'".
Although pINETs progress slowly and have better a prog-
nosis than pancreatic cancer, pNETs have malignant po-
tential, including features of local invasion, lymph node
metastasis, and distant metastasis. The appropriate diag-
nosis and treatment of pNETS are crucial. These tumors
are classified into functioning pNETs (F-pNETS), which
present with specific symptoms due to excess hormones,
and nonfunctioning pNETs (NF-pNETS), which do
not present with these symptoms. Because NF-pNETS
do not present with specific symptoms, they are often
detected as large tumors in the advanced stage, with dis-
tant metastasis or invasion to adjacent organs. However,
improvements in diagnostic imaging over the last few
decades have led to the incidental detection of small NF-
pNETSs wia diagnostic imaging for the work-up of other
conditions. The incidence of malignancy reportedly in-
creases with larger NF-pNETs™”. However, even small
NF-pNETs have malignant potential and may spread to
lymph nodes or metastasize to distant sites. Therefore,
once NF-pNETs are diagnosed, all cases are considered
for surgical resection'. The significance of lymph node
metastasis in the NF-pNETs has been reportedls*g]; the
prognosis is poor with a 5-year survival of 49.4%, even
after resection, in cases with lymph node metastasis'”.
Therefore, lymphadenectomy, in addition to tumor re-
section, is recommended when the tumor is malignant
or when lymph node metastasis is suspected. However,
there are no standard criteria for lymphadenectomy
when small, asymptomatic, and incidentally detected NF-
pNETs are identified. The inclusion of lymphadenecto-
my during surgery for NF-pNETSs remains controversial.

In the present study, we report 9 cases of NE-pNETSs
treated at our hospital over the last 16 years,

MATERIALS AND METHODS

Between 1996 and 2012, 26 patients with pNETs under-
went pancreatectomy at Asahikawa Medical University
Hospital, of whom 9 patients were diagnosed with NF-
pNETs and were further investigated. The diagnosis
of pNET was established by histopathological exami-
nation and immunohistochemical staining of surgical
specimens with chromogranin A, synaptophysin, and
neuron-specific enolase stain. Tumors were classified as
nonfunctioning regardless of the plasma hormone levels
or immune activity of the tissue if the patient lacked
the clinical symptoms that are typically caused by excess
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hormones. The patients’ medical records were retrospec-
tively reviewed. All patients wete pathologically classified
according to the criteria established by the WHO 2010
classification of endocrine tumors'. An immunohisto-
chemical staining assay for Ki67 was performed for all
patients. The Ki67 proliferative index is expressed as a
percentage based on the count of Ki67-positive cells
in a set of 2000 tumor cells in areas with the highest
immunostaining, which was evaluated with the MIBI
antibody, and the cases were classified into the following
3 categories: G1 (mitoses/10 HPFs < 2 and/or Ki67
index < 3), G2 (2 = mitoses/10 HPFs < 20 and/ot 3
= Ki67 index = 20), and ncuroendocrine carcinoma
(NEC) (mitoses/10 HPFs > 20 and/or Ki67 index >
20). The tumor size was defined by the largest diameter
of the tumor. A TNM stage group was assigned to each
case based on the European Neuroendocrine Tumor So-
ciety (ENETS) staging classification for pNETs"”. The
postoperative follow-up included clinical examination,
the blood neuron specific y-enolase (INSE) level, and
contrast-enhanced computed tomography (CT) scan-
ning, CT scans were performed every 6 to 12 mo in the
first year, then annually thereafter.

RESULTS

In this study, the tamors identified as NF-pNETs ac-
counted for 2.8% of all pancreatic neoplasms (9/220) and
for 35% of pNETSs (9/26). Table 1 summarizes the clini-
cal features, surgical procedure, histopathological findings,
prognosis, WHO classification, and ENETS TNM clas-
sification of the 9 patients diagnosed with NF-pNETs.
These patients included 3 men and 6 women with a mean
age of 67 years (range, 47-75 years) at the time of surgery.
One patient with von Hippel-Lindau disease had previ-
ously undergone enucleation of the pNETS; the others
were sporadic cases. All patients with NF-pNETSs were
asymptomatic, and none had evidence of distant metas-
tasis. In all cases, the pancreatic tumors were incidentally
detected by radiological investigation duting evaluations
for unrelated conditions. None of the patients had a pre-
operatively elevated blood level of NSE. Three patients
underwent endoscopic ultrasonography-fine needle as-
piration (EUS-FNA) and were preoperatively diagnosed
with pNETs (No. 2, 6, and 8). All patients underwent sus-
gical resection of the pancreas: 3 patients underwent dis-
tal pancreatectomy (DP), 2 patients underwent pylorus-
preserving pancreatoduodenectomy (PPPD), 2 patients
underwent subtotal stomach-preserving pancreatoduo-
denectomy (SSPPD), and 2 patients underwent partial
resection of the pancreas. RO resection was performed
in all patients, except in 1 patient who underwent partial
resection with positive surgical margins (No. 5). Regional
lymphadenectomy was performed in 5 of the 9 patents
(No. 2, 3, 6, 7, and 8). The median tumor diameter was
10 mm (range, 5-32 mm). All patients, except for the pa-
tent with von Hippel-Lindau disease (4 tumors), had a
single tumort. Six patients had tumors located in the head
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No Age Sex Size (mm) Location Number EUS-FNA Preoperative diagnosis  Surgical procedure Lymphadenectomy Metastases Motoses Kié7/ WHO TNM Prognosis
(yr) of tumor T T MiB-1 (%) classification  classification (mo)
Lymph Distant 2010 (ENET)
node
1 58 F 32 Ph 1 No Pancreatic tumor DP No Direct No 0 0.2 NET G1 T2N1IMO 59 alive
Invasion _
2 73 M 22 Ph 1 No NET PPPD Regional No No 1 5.8 NET G2 T2NOMO 39 alive
3 67 F 22 Pb 1 Done NET G1 DP Regional Positive No 20 20 NEC T2N1IMO 14 alive
4 74 F 10 Pb 1 No Islet cell tumor DP No No No 0 1.6 NET G1 TINOMO 196 alive
5 61 M 10 Pb 1 No Islet cell tumor Partial resection No No No 0 0.1 NET G1 TINOMO 135 alive
6 51 E 9 Ph 1 Done NET G1 PPPD Regional No No 0 1 NET G1 T1INOMO 64 alive
7 47 E 6 Ph 4 No NET SSPPD Regional No No 0 09 NET G1 TINOMO 22 alive
21 Stage I
1.2
12
8 7% M 6 Ph 1 Done NETG1 SSPPD Regional No No 0 <1 NET G1 TINOMO 20 alive
9 56 F 5 Ph 1 No Cartinoid Partial resection No No No 0 04 NET G1 TINOMO 34 alive

EUS-ENA: Endoscopic ultrasonography-fine needle aspiration; Ph: Head of pancreas; Pb: Body of pancreas; DP: Distal pancreatectomy; PPPD: Pylorus-preserving pancreatoduodenectomy; SSPPD: Subtotal stomach preserving
pancreatoduodenectomy.

of the pancreas, while 3 patients had tumors located in the body of the pancreas. Seven patients were classified as G1, and 1 patient with a tumor that was 22 mm in diameter
was classified as G2. Although 1 patient, with a tumor that was 22 mm in diameter, was diagnosed as G1 by preoperative EUS-FNA, the final diagnosis was neuroendoctine
carcinoma (NEC). None of the patients, except two cases, had no lymph nodes metastasis; one with lymph node metastasis had a tumor that was 32 mm in diameter with direct
invasion to the regional lymph nodes, and the other had NEC with regional lymph nodes metastasis. Six of the 7 patients with sporadic NF-pNETs had small tumors that were
less than 10 mm in size; one patient with NEC had a larger tumor. Tumors that were less than 10 mm in size showed no malignancy, were well differentiated, and lacked lymph
node metastasis. Six patients were classified as Stage I, 1 patient was classified as Stage Ila, and 2 patients were classified as Stage IlTb. With tespect to the postoperative com-
plications, three patients had a pancreatic fistula, one patient was classified as Grade B (No. 3), and 2 patients were classified as Grade A (No. 1 and 2) according to the ISGPS
criteria. None of the patients in this study had exocrine or endocrine insufficiency. The mean follow-up petriod was 63 mo (range, 14-196 mo). All of the patients are curtently
alive without disease recurrence according to radiological imaging, :

DISCUSSION

In the present study, we examined the NF-pNETs in 9 patients who underwent pancreatectomy at our institution over the last 16 years. For all of the patients, the tumors
were incidentally detected by diagnostic imaging duting a work-up for other conditions. Most tumors were small, with a diameter of 5-32 mm (median: 10 mm), and none
of the tumors showed evidence of distant metastasis. While the larger tumors tended to be associated with direct invasion of the lymph nodes and lymph node metastases, a
high Ki-67 index, and an advanced TNM stage, tumors that were smaller than 10 mm in diameter lacked malignancy and lymph node metastasis.

NF-pNETS are relatively rare, and only 9 patients presented with NF-pNETs at our institution over the last 16 years. In Western nations, pNETs occur at an incidence of
1 per 100000 individuals and represent 1%-2% of all pancreatic neoplasms'. Over the last few years, however, this incidence has increased”"'?. An epidemiological study by
NETWork Japan in 2005 estimated that the incidence of pNETSs per 100000 individuals is 2.23 patients in Japan. Compared with Western nations, Japan has a 2- to 3-fold
higher incidence of pNETs™. In total, 30%-50% of all pNETS ate nonfunctioning™”; however, because NF-pNETs do not present with characteristic clinical symptoms due
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to excess hormones, they often go unnoticed until they
are in the advanced stages. Previously, NF-pNETs were
often detected as larger tumors that were accompanied
by nonspecific pressure symptoms, such as abdominal
pain or discomfort; abdominal distension; or a palpable
mass in advanced stages with distant metastasis or local
invasion. The number of NF-pNETSs that have been in-
cidentally detected has increased due to the advances in
diagnostic imaging over the last few decades. Compared
with other pancreatic tumors, pNETs progress slowly
and are associated with a better prognosis. However, they
have malignant potential, including local invasion, lymph
node metastasis, or distant metastasis. More than half of
NE-pNETSs arc malignant™, Therefore, most recom-
mendations favor surgical resection for all patients, even
for small NF-pNETs'".

Numerous retrospective studies have previously exam-
ined the poor prognosis for NF-pNETs ™" Accord-
ing to these studies, the predictots of the prognosis for
NF-pNETs include the presence of liver metastases and
incomplete tesection of the tumor.

. Several studies have indicated that lymph node metasta-
sis is a poor prognostic factor””. In addition, Boninsegna
ot al” reported that lymph node metastasis is a prognos-
tic factor for the recurrence of malignant pNETSs after
curative surgery. If malignancy of the tumor or lymph
node metastasis is suspected, pancreatic resection with
the addition of lymphadenectomy is recommended. It is
often difficult to judge preoperatively whether a tumor is
benign or malignant, except in patients with distant me-
tastases or local invasion.

The tumor size appears to correlate with the malig-
nant potential of NF-pNETs. Bettini e# a/” reported that
the chance of malignancy significantly increases when
the size of NF-pNETSs exceeds 20 mm. A Japanese epi-
demiological study also found a significant correlation
between NF-pNETs that exceed 20 mm in diameter and
the presence of distant metastases”. Pancreatic resec-
tion and prophylactic regional lymphadenectomy are
recommended for treating possible malignancy when the

. . 4
tumors exceed 20 mm in diametet!”. However, several

studies have failed to identify a correlation between the
tumor size and prognosis™***, and other studies have
demonstrated that even tumors smaller than 10 mm can
be malignant™®, Therefore, surgical resection is recom-
mended even in small tumors.

Cutrently, the association between the tumor size and
the incidence of lymph node metastasis is controversial.
Hashim ¢ a/” reported that there is an increased prob-
ability of nodal metastasis when the tumor size is larger
than 15 mm. Tsutsumi ¢z a/*” reported an increased
prevalence of lymph node metastasis in patients with
gastrinomas and non-gastrinoma who have tumor sizes
of 15 mm or larger. In contrast, Parekh et a/” reported
that the tumor size is not associated with lymph node
metastasis. A number of studies have reported that the
incidences of lymph node metastases for patients with
NEF-pNETs smaller than 20 mm and 15 mm are 14.4%
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and 8%, respectively™? . Over the last few decades,

the number of NF-pNETs that are incidentally detected
with diagnostic imaging has increased, and compared
with symptomatic NF-pNETS, tumors that ate inciden-
tally detected have a good prognosis and low risk of ma-
lignancy™'.

In the present study, one of the 9 patients was diag-
nosed with von Hippel-Lindau disease, and this patient
should be considered separately because the biological
properties of sporadic pNETs and hereditary pNETs,
such as MEN-1 and von Hippel-Lindau disease, are dif-
ferent with respect to the incidence, number of tumors,
and prognosis. One of the 8 patients with sporadic NF-
pNETs had NEC with a tumor size of 22 mm. Except
for the case with NEC, the direct invasion and metastasis
to the lymph nodes was only observed in a relatively large
tumor with a diameter size of 32 mm. Tumors smaller
than 10 mm in diameter showed no signs of malignancy,
wete well differentiated, and lacked lymph node metas-
tasis. Additionally, none of the cases had recurrence, in-
cluding in the lymph nodes or direct metastasis, for more
than 10 years after surgery. Lymphadenectomy may be
omitted in the future after further investigation of a large
number of small NF-pNETs. However, Hashim ez al”
reported that even tumors smaller than 10 mm metas-
tasize at a rate of 12%. Additionally, lymphadenectomy
is often omitted for small pNETs that are larger than 10
mm in size; the possibility of lymph node metastasis may
be underestimated in those cases. Omission of lymphad-
enectomy needs to be carefully considered with further
study. Even when lymphadenectomy is omitted, long-
term follow-up is essential because there is a risk of late
recurrence. If malignancy is confirmed postoperatively,.
oncologically appropriate lymphadenectomy must be
considered based on the factors that determine the malig-
nant potential, such as the Ki67 index, tumor differentia-
tion status, sutgical margin, and vascular invasion such as
lymphoductal, neural, and venous" .

In the present study, CgA, PP, and other hormones
were not measured; it is important to measure these hor-
mones to identify recurrences during follow-up.

The present study is limited by its small sample size,
single institution bias, and retrospective nature. In the fu-
ture, a larger number of patients at multiple centers should
be studied.

In summary, we found that small NF-pNETs tend to
have less malignant potential. In the present study, six of
7 cases of sporadic NF-pNETS, except for a case with
NEC, wete small tumors (smaller than 10 mm diameter).
These small tumors showed no evidence of malignancy,
wete well differentiated, and lacked lymph node metasta-
sis. This finding indicates that lymphadenectomy may be
omitted in the future for small NF-pNETS, particularly
for those tumors that are incidentally detected after fur-
ther investigation. When lymphadenectomy is omitted,
long-term follow-up is essential, and additional resection
should be consideted if malignancy is confirmed post-
operatively. The tumor size can easily be measured pre-
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operatively, and further study is expected to find other
factors for predicting the malignant potential of small
NF-pNETs.

Background

Even small NF-Pancreatic neuroendocrine tumors (pNETs) have malignant
potential and may spread to lymph nodes or metastasize to distant sites. There-
fore, oncologic resection with regional lymphadenectomy is currently recom-
mended. Increasingly smaller NF-pNETSs are being identified with improved and
more frequent radiological imaging. However, because the clinicopathological
features of extremely small NF-pNETSs are not yet known, there are no standard
criteria for performing a lymphadenectomy when small, asymptomatic NF-
pNETs are identified.

Research frontiers

NF-pNETs have malignant potential and may spread to lymph nodes or metas-
tasize to distant sites. However, the clinicopathological features of extremely
small NF-pNETs are not yet known. In this study, the authors present their
experience with the clinicopathological features of small NF-pNETs (diameters
less than 10 mm).

Innovation and breakthroughs

Small NF-pNETSs are being identified with improved and more frequent radio-
logical imaging. However, few studies have examined small NF-pNETs with di-
ameters less than 10 mm. In this study, tumors with diameters less than 10 mm
showed no evidence of malignancy, were well differentiated, and lacked lymph
node metastasis. Additionally, there were no recurrences after the operations,
including in the lymph nodes or direct metastasis, for more than 10 years after
surgery.

Applications

A previous study reported that the incidence of lymph metastasis is higher for
larger tumors. Our findings indicate that lymphadenectomy of small NF-pNETs
may be omitted in the future after further investigation of a large number of pa-
tients with small NF-pNETs.

Terminology

pNETs are relatively rare disease and progress slowly and are associated with
a better prognosis. However, they have malignant potential, including local
invasion, lymph node metastasis, or distant metastasis. pNETs are classified
into functioning pNETSs, which present with specific symptoms due to excess
hormones, and nonfunctioning pNETs (NF-pNETs), which do not present with
these symptoms.

Peer review

The present manuscript by Furukori et al focuses on the need of lymphadenec-
tomy in NF-pNETs < 10 mm and suggests that in these tumors the lymphad-
enectomy can be omitted. The concept is very challenging.
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ABSTRACT

INTRODUCTION: Protein induced by vitamin K absence/antagonist-1l (PIVKA-II) is an abnormal protein,
and several reports have demonstrated the efficacy of PIVKA-II in the diagnosis of hepatocellular carci-
noma (HCC). We report an extremely rare case of adenocarcinoma of the colon with a high serum PIVKA-II
level.
PRESENTATION OF CASE: A95-year-old woman presented with right lower quadrant pain and appetite loss.
An abdominal computed tomography scan and ultrasonography showed an ascending colon tumor and
multiple metastatic tumors in the liver. The serum level of PIVKA-II was extremely high, 11,900 ng/mL.
Colonoscopic examination revealed a tumor accompanied by an ulcer in the ascending colon, which was
highly suspicious for malignancy. Multiple biopsies showed well-differentiated adenocarcinoma of the
colon, which was evaluated as colon cancer, stage IV. PIVKA-II-productive colon cancer was confirmed.
Chemotherapy with TS-1 was administered. The patient died 3 months after initial admission.
DISCUSSION: The expression of PIVKA-II was detected in non-cancer areas, with non-specific expression
observed in plasma cells in our case. There might be some possibility that hepatoid differentiation exists
in other regions of the colon tumor or in the liver tumor, parenchymal cells or lung metastases, which
were composed of PIVKA-II-positive and AFP-negative cells.
CONCLUSION: To the best of our knowledge, high serum levels of PIVKA-II resulting from colon adeno-
carcinoma have not been reported previously. We report this rare case together with a review of the
literature.
© 2014 The Authors. Published by Elsevier Ltd. on behalf of Surgical Associates Ltd. This is an open
access article under the CC BY-NC-ND license (hitip://creativeconmons.org/licenses/by-nc-nd/3.0/).

1. Introduction

2. Presentation of case

Protein induced by vitamin K absence or antagonist II (PIVKA-II)
is a newly recognized tumor marker for hepatocellular carcinoma
(HCC) [11. PIVKA-II has been shown to be a useful and specific
marker for the diagnosis of HCC. However, PIVKA-II levels may
increase in patients with tumors other than HCC {2]. PIVKA-II-
producing gastric cancer and embryonal carcinoma have been
reported recently {3 1. Here, we report a rare case of advanced colon
cancer in a patient with a high serum PIVKA-II level. To the best of
our knowledge, a high serum level of PIVKA-II resulting from colon
adenocarcinoma has not been reported previously.

* Corresponding author. Tel.: +81 166 85 2222; fax: +81 166 58 9008.
E-mail address: pippusclinickato@gold oon.nejp (K. Kato).

hitp/idxdolorg/ 101016/ scr.2014.11.072

A95-year-old Japanese woman presented with a 3-week history
of upper abdominal discomfort, dysphagia, and loss of appetite.
Upon physical examination, a smooth mass measuring 20 cm in
its largest dimension was palpated in the right upper abdomen.
She did not drink and took no medications including warfarin or
antibiotics. At admission, laboratory findings revealed leukocy-
tosis of 13,200 /mm?; 233 U/L aspartate aminotransferase (AST);
32 U/Lalanine aminotransferase (ALT); 791 U/L alkaline phosphates
(ALP); 440 U/L g-glutamyl transferase (GGT); 6.4 g/dl total protein;
and 1.2 mg/dL total bilirubin. The level of C-reactive protein (CRP)
was 9.3 mg/mL (normal range, 0.5-0.8 mg/mL). The serum level of
carcinoembryonic antigen (CEA) was extremely high, 1270 ng/mL
(cutoff, 2.5 ng/mL); the a-fetoprotein (AFP) level was 2 ng/mL (cut-
off of 10ng/mL); and the level of CA 19-9 was extremely high,

2210-2612/© 2014 The Authors. Published by Elsevier Ltd. on behalf of Surgical Associates Ltd. This is an open access article under the CC BY-NC-ND license
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Fig. 1. a and b: An abdominal computed tomography (CT) study showed a tumor with a diameter of 6 cm occupying the right upper abdominal quadrant together with
multiple liver lesions (arrow). c: Ultrasonography showed well-defined hypoechoic liver tumors. d: Chest CT scan showed multiple lung lesions.

3070U/mL (cutoff of 37U/mL). The level of PIVKA-II was also
extremely high, 11,900 AU/mL(cutoff, 40 AU/mL). An abdominal
computed tomography (CT) scan and ultrasonography showed
multiple liver lesions, ascites, and a tumor with a diameter of 6 cm
occupying the right upper abdominal quadrant, but no lymph node
enlargement was identified (Fig. ta—c). A chest CT scan showed
multiple lung lesions (Fig. 1d). The colonoscopic examination
revealed a tumor accompanied by a giant ulcer on the ascend-
ing colon (Fig. Za). Multiple biopsies showed well-differentiated
tubular adenocarcinoma of the colon at stage IV (Fig. 2b). Hepatoid-
differentiated cells were not detected in the biopsy specimens.
Monoclonal antibody raised against PIVKA-II (Eisai, Chiba, Japan)
was used for immunohistochemical analysis, but cancer cells were
not positive for PIVKA-II (¥ig. Zc). Non-cancer cells (mainly plasma
cells) were non-specifically positive (Fig. 2d). An immunohisto-
chemical study showed that CEA- and CA19-9-positive and AFP-
and glypican-3 (GP-3)-negative cells were present in the tumor
(¥Fig. 3a—d). The patient was administered palliative chemotherapy
with TS-1. The patient died of liver failure 3 months after the initial
admission. An autopsy was not performed.

3. Discussion

PIVKA-II is a circulating precursor of prothrombin, which is
found in the blood of patients who are deficient in vitamin K [4].
In 1984, Leibman et al |7} reported PIVKA-II levels to be signifi-
cantly elevated in HCC patients. The clinical usefulness of PIVKA-II
in the detection of HCC has been demenstrated in many stud-

ies |5,6]. PIVKA-II has been reported to predict the progression
of HCC patients because those with higher PIVKA-II levels had a
significantly higher frequency of intrahepatic metastasis, portal or
hepatic vein tumor thrombosis and capsular infiltration {781, It is
proposed that PIVKA-II may be useful primarily as a prognostic
biomarker, predicting rapid tumor progression and poorer prog-
nosis {7]. These findings may be explained by an in vitro study
showing that PIVKA-II stimulates cell proliferation and cell migra-
tion of vascular endothelial cells by binding to the kinase insert
domain receptor, alternatively referred to as vascular endothe-
lial growth factor receptor-2 [9]. The increased production of the
prothrombin precursor in tumor cells, abnormalities in vitamin K-
dependent carboxylation, and vitamin K deficiency in tumor tissues
have been speculated to be the underlying mechanisms of PIVKA-II
production in HCC {14{. PIVKA-II-producing gastric cancers occur
initially as common gastric adenocarcinoma and the hepatoid com-
ponent arises during tumor progression. The stomach is one of
the most common sites in which hepatoid adenocarcinomas have
been described, the reason for which is unknown. Almost all cases
were with advanced cancers and the hepatoid pattern is observed
in the invasive portion. It has been indicated that the hepatoid-
differentiated foci of the gastric adenocarcinoma may produce the
prothrombin precursor in addition to both AFP and PIVKA-II {21. It
seems to that the clinicopathological features of PIVKA II-producing
gastric cancer resemble those of AFP-producing gastric cancer,
especially AFP-producing hepatoid adenocarcinoma | ! 1. The hep-
atoid pattern is often detected histologically, and the production of
PIVKA-1I by tumor cells usually is confirmed immunohistochemi-
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