
参考資料 1

レシピエン卜選択基準変更前後のシッピング

(1995.4.1～ 2002.1.9  N=1,063)

(2002.1.10-2009.12.31  N=1,327)

旧基準

新基準

同一県内
ブロック内
県外

ブロック外 小児

旧基準 29.0% 58.9% 12.1% 2.7%

新基準 81.5% 18.3% 0.2% 6.6%

レシピエント選択基準変更前後の
HLA不適合抗原数ロドナー年齢・阻血時間

旧基準   (1995.4.1～ 2002.1.9  N=1,063)
新基準     (2002.1.10-2009.12.31   N=1,327)

HLA不適合抗原数
(検索型) ドナー

年齢

温阻血

時間

(分 )

総阻血

時間

(分 )DR AB

旧基準

0.11

+

0.34

1.28

+

0.98

45.44

+

17.11

7.94

+

10.85

861.09

+

402.95

新基準

0.51

+

0.54

2.17

+

0.97

48.94

+

15.65

7.19
+

8.97

731.01
+

359.00

(Pく 001) (Pく 001) (Pく 001) (Pく 001)



レシピエント選択基準変更前後の
レシピエント年齢・待機期間饉透析期間

1日奎志準     (1995.4.1 へ′2002.1.9    N=1,063)

新基準   (2002.1.10～ 2009.12.31 N=1,327)

(P〈 001)               (Pく 001) (Pく 001)            (Pく 001)

レシピエント選択基準変更前後の
レシピエント待機日数・透析日数

旧基準  (19954.1～ 2002.1.9  N=1,063)
新基準  (2002_110～ 2009.1231 N=1,327)

1繭

レシピエント

年齢
(全体 )

レシピエント

年齢
(16歳以上 )

待機期間

(`日F)

透析期間

(年 )

旧基準

44.60

+

11.22

45.56

+

9.80

6.76

+
4.86

10.12

+

6.21

新基準

47.44

+

12.88

50.05
+
8.58

14.27
+

5.37

17.24
+

6.70

待機日数 透析日数

旧基準 2467.04± 1772.57 3694.26=ヒ 2265.90

新基準

全体 5207.99± 1958.52 6292.61=量 2446.02

16歳以上

16歳未満

5521.06± 1610.10 6631.28± 2141.61

800.19=L724.71 1489.00± 1042.23

卜の



選択基準変更前後の待機年数および透析年数

(腎単独移植のみ)

1日」書」書    (1995.4.1 へ′2002.1.9    N=1,063)

新基準   (2002.1.10～ 2009.12.31 N=1,327)

待機年数 透析年数
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レシピエント選択基準変更前後の生存率・生着率

1日基準     (1995.4.1 -2002.1.9    N=1,063)

新基準   (2002.1.10～ 2009.12.31 N=1,327)

生存率 (%)

生着率 (%)

5年未満  5年以上  10年以上 15年 以上 20年以上 5年末満  5年以上  10年以上 15年 以上 20年以上

1カ月 1年 3年 5年 (Logrank)

旧基準 98.2 95.3 91.5 89.3
p=0.135

新基準 98.0 96.1 93.7 91.7

1カ月 1年 3年 5年 (Logrank)

旧基準 91.7 84.9 77.5 70.5
p=0.014

新基準 93.1 87.5 81.2 75.6
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生着率 選択基準別

1日奎寒善量    (1995_4.1 ～2002.1.9     N=1,063)

新基準   (2002.1.10～ 2009.12.31 N=1,327)

新基準

旧基準

0  12 24  36  48  60  72  84  96 108 120 132 144 156 168 180 192

期間 (月 )

生存率 選択基準別

旧基準  (1995.4.1～ 2002.1.9  N=1,063)
新基準  (2002.1.10～ 2009.12.31 N=1,327)

新基準

旧基準

0   12  24  36  48  60  72  84  96 108 120 132 144 156 168 180 192

期間 (月 )
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生着率 16歳未満・以上

(1995.4.1-2009.12.31)

0  12  24  36  48  60  72  84  96 108 120 132 144 156 168 180 192

期間 (月 )          t

p=0.630
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16歳未満 nEl17

16歳以上 n=2,273

レシピエント選択基準変更前後の移植後死亡数

旧基準

新基準

移植後5年以内死亡数

(1995.4.1 ～ 2002.1.9    N=1,063)

(2002.1.10-2009.12.31   N=1,327)

移植後1年以内死亡数

123456789101112
(月 数)(年数 )



レシピエント選択基準変更前後の移植後
無機能腎・術後透析期間口死亡口生着率

(1995.4.1 ～ 2002.1.9    N=1,063)

(2002.1.10-2009.12.31   N=1,327)

旧基準

新基準

移植後死亡(%)

離脱不能

(%)

機能
未発現

(%)

術後透析期間

(日 )
3カ月 6カ月 12カ月

旧基準 8.1 4.0 1507二L63.81 2.7 3.2 4.7

新基準 8.2 39 12.92± 19.71 26 3.4 3.8

透析離脱不能例とその原因

旧基準 新基準

86/1063(8.1%) 透析離脱不能例 109/1327(8.2%)

42/1063(4.0%) 機能未発現 52/1327(3.9%)

機能未発現

移植腎血栓

拒絶反応

技術的原因

その他

不明
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レシピエント選択基準変更前後の移植後死因

1日芝書」諄     (1995.41 ^´ 2002.19    N=1,063)
新基準    (2002.1.10～ 2009.12.31 N=1,327)

新基準旧基準

26

感染症

肝・胆・膵疾患

心疾患

消化器疾患

脳血管障害

悪性腫瘍

その他

不明
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HLA不適合抗原数 (検索型A・ Bl生着率
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HLA不適合抗原数 (検索型A口 B・ D→ 生着率
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HLAミ スマッチ 0～ 6
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0(N=277)

1(N=506)

2(N=731)

3(N=514)
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Logrank p=00543
W‖ coxon p=01435



ミスマッチ

数
1年 2年 3年 4年 5年 6年 7年 8年 9年 10年

0 884% 870% 844% 80201 779% 755% 72301 711% 694%

1 861% 823% 785% 746% 715% 663% 616% 584% 563%

860% 818% 786% 755% 708% 653% 605%

8699o 824% 802% 774% 740% 714% 697% 673% 627%

853% 816% 778% 746% 739% 718% 669% 596% 659% 559%

828% 780% 725% 677% 64901 603% 603% 603% 603% 603%

1000% 1000% 1000% 100_0% 1000% 1000% 1000% 100000 1000%

HLA不適合抗原数験索型A・ B・ D囀 生着率

HLA不適合抗原数 (検索型A・ B・DD生存率 |

HLA:7,"yf 0-6
0 (N=277)

1 (N=s06)

2 (N=731 )
l(N=St 4)
4(N=287)
5(N=70)
6(N=s)

回



ミスマッチ

数
1年 2年 3年 4年 5年 6年 7年 8年 9年 10年

0 96.0% 94.9% 942% 92.3% 91.5% 899% 89.1% 887% 88_3% 878%

1 95.2% 942% 91.7% 90.5% 89.8% 884% 87.6% 86:4% 855% 848%

2 957% 93.9% 91.9% 90.4% 890% 88.3% 86.7% 85.80/1 84.8% 83.7%

3 96.3% 945% 937% 92.8% 92.4% 90,7% 907% 90.0% 891% 881%

4 962% 94.5% 923% 91.7% 91,7% 897% 862% 862% 82.8% 828%

5 92.8% 928% 92.8% 88.0% 85.5% 855% 855% 855% 85.5% 85.5%

6 100.0% 100.0% 100.0% 100.0% 1000% 100.0% 1000% 1000% 100.0% 100.0%

HLA不 適 合 抗 原 数 厳 素型A・ B・ DD

小児提供者 (16歳未満)からの(心臓停止後腎臓提供)
腎臓移植 生存口生着

―――――                  (1995_4-2009_1,  N=69)

生存率

100%
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錫

0  12  24  36  48  60  72  84  96 108 120 132 144 156 168 180 192

1カ 月 1年 3年 5年 iO年

生存率 1000/0 9860/o 971% 9400/0 8790/0

生着率 8550/o 8260/● 8110/o 7410/0 6040/O

生存率

生着率

期間 (月 )



小児提供者 (16歳未満)から小児 (16歳未満)への(心臓停止後腎臓提供)

腎臓移植 生存口生着

(19954-2009.12 N=28)
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刀 月

`午 `tF
0工F lυ平

生存率 1000/o 9290/O 9290/o 9290/● 9290/o

生着率 857% 8210/o 821% 7470/o 6680/0

小児提供者 (16歳未満)から16歳以上への (心臓停止後腎臓提供 )

腎臓移植 生存口生着

生存率

生存率

生着率

期間 (月 )
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新基準による腎臓移植 生着率 X透析期間
(透析導入日不明のデータを除く)

1カ月 1年 3年 5年

10年未満 9530/0 9050/o 8450/● 7600/0

10年以上 9410/0 8950/o 8490/● 8120/●

20年以上 9040/0 8300/o 7420/0 6590/● lpく

001 }  pく
101

10年以上 n=741

10年未満 n=149

20年以上 n=426

期間 (月 )

植までの平均透析期間の
7年で区別

pく 0.01

析 17年未満 n=682

析 17年以上 n=634

新基準による腎臓移植 生着率×透析期間

(透析導入日不明のデT夕を除く)
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12    24    36    48    60    72    84    96    108

1月 1■F 3年 5年

17年未満 9410/0 9010/0 8410/0 7950/o

17年以上 9180/● 3480/● 7840/● 7140/●

期間 (月 )



(透析導入日不明のデータを除く)
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透析13年

13年未満

13年以上

(人数)

600

新基準による腎臓移植 生着率 X透析期間

配 分 基 準・ 年 代 別 移 植 者 数

旧基準   (1995.4.1～ 20021.9  N≡ 1,063)
新基準  (2002.1.10～ 2009.12131 N■ 1,327)
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(人数)

8000
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(人数)

6,000

4,000

腎臓移植希望登録者 【年齢】

(2010.5.31現在 N=11,795)

～ 15      16-30     31-45    46-60     61～ (歳 )

腎臓移植希望登録者 【待機年数】

(2010.5.31現在 N=11,795)

5,886

5年未満 5年以上 10年以上 15年以上 20年以上  (年数)



(人数)
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腎臓移植希望登録者 【透析年数】

(2010.5.31現在 N=11,795)

5年未満  5年以上  10年以上 15年 以上 20年以上

小児腎臓移植件数日腎臓移植希望者数の推移

(16歳未満 1995年4月 ～2009年 12月 )

その他 (年数)

人
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*2002年 1月 10日 より腎臓移植レシピエント選択基準が改正され、小児への移植が優先されるようになつた

難鰻腎臓移植件数

秦‐腎臓移植希望者数
(12月 末現在)



腎臓移植件数日腎臓移植希望者数の推移

(16歳以上 1995年 4月 ～2009年 12月 )
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腎臓提供者 【年代】
(1995/4～2009/12脳死下N=76心停止下N=1246)

(人数)
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参考資料 2

全国の腎移植希望待機患者の分布

年代 待機患者数 %

0-15 50 0.43%

16-19 32 0.27%

20代 343 293%

30代 1539 13.14%

40+t 3248 27.74%

50代 3971 3392%

60代 2312 19.75%

70以上 213 182%

11708

平成 22年 9月 30日現在

16歳未満で登録した患者の現在の年齢分布

現在の年齢(2010/11/10現 在)

登録時年齢 0・ 15 16-19 20- 総計

0-5 16 1

6-10 15 10 1

11-15 19 14 57 4

総計 50 15 67 132

平成 22年 11月 10日 現在



参考資料 3

腎臓移植希望者 (レシピエント)選択基準改訂に係るシミュレニションの状況

次の観点からシミュレーションを行つた。

*16歳～20歳未満の加点により、この年齢層の候補者がどのように変化するか。
*各年齢層への加点を加減することにより、長期待機患者等へのどのような影響が認められるか。

シミュレ下シヨンの前提条件

* ドナー条件 :現行基準で行われた脳死下での提供事例 33例 (関東甲信越ブロック発生症例)
*待機患者条件:平成 22年 10月 13日現在の待機患者 4,567名 (関東甲信越地方のみ)

2シミュレーションの方法
下記の条件ごとに、レシピエント候補者を選択し第 1位及び第 2位につき、検討した。(N=66)
若年者への加点は 20歳を上限とした。

A:現行基準

B:待機期間の配点は現行基準 :HLA× 1.15※116歳未満 :14点、16歳～20歳未満 :12点
C:待機日数の配点を概ね半減し※2、 年齢加点を、

「16歳未満 :10点 、16歳～20歳未満 16点、」とする。

※1現行基準で行われた脳死下での腎提供事例 80例について、レシピエント選択リストを作成し、そのリストの第 1

位のレシピエント80名の所在地、HLA、 待機日数の平均換算点数の比は概ね 1_15:1:1.15で ある。
※2待機期間が 10年までは05点/年、11年～26年までは 025点 /年、20年以上は 0.125点 /年となるような近
似値をlog式とする。

3シミュレニション結果

A(現行基準 ) B C

待機日数 (日 )

全体 5289.4 5281.45 4274.7

16歳未満 997.25 93708 1041.38

16歳～20歳未満 983 983

20歳以上 6663 649604 6006.86

人数 (%)

16歳未満 16(24.2) 13(197) 21(31.8)

16歳～20歳未満 0(0) 2(3) 2(3)

20歳以上待機期間

10年未満
1(1.5) 2(3) 4(6.1)

その他 49(74.3) 49(742) 39(59.1)



ABO血液型適合度別の予後
参考資料 4
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ABO血 液型適合度別の予後
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ABO不適合肝移植の予後
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p〓 0.4619

1扇誡ス下'(n=164)

20   (J事 )

(隣 暮:=移掟薔究壼 2010`11.4)

(%)

100

80

60

40

20

0

(%)

100

80

60

40

20

0

ABO不 適合肝移植の予後
-2歳以下 v口 s. 3歳=

ρ=θ.θ=29

2歳以下 (n=183)

(n=16)

＞

　

　

　

　

　

・

＾

年
　
，一

て

　

一̈｝一一
ニ

２。
　
簿

６１



100

80

60

40

20

0

ABO血 液型適合度別の予後
-0歳、劇症肝炎のみ一

p〓 o.lo92

―致/適含 (n=57)

(年 )

2010,1三  =|

不適合 (n=19)

・
　

・̈一〓
■一鎌

０

　

一夢

２

　
　
Ｆ示彙

６１



参考資料 5

TRANSPLへNTATION VOl:70,1283-1291,No,9,NOvcmbcr 15,2000
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動かし  Rich餌こ協 23225

UNOS daね 1992-1997の 分析 (18歳未満を小児と定義)

小児 ドナー中 35.6%が小児レシピエントに使用(1998年の小児、成人別登録後死亡率は

小児7.4%、 成人7.3%)

小児レシピ (n=2668)で、小児 ドナーからと成人 ドナーからの移植を比べると、3生率が

81%対63%と 有意に小児 ドナーからの成績が良かつた。成人レシピ (n=18525)で比べる

とこのような差は見られなかつた。
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Bo.chgrouncl Improrring graft suruival after liver
transpla.ntation is an important goal for the trans-
plant cornmunity, p.articularly given the increasing
donor shortage. We have exarrliDed graft survivals o1
livers procured from pediatric donors conrpared to
adult donors-

Methods. The effect of donor age (<18 yealrs or >Ig
years) on graft surv-ivals for both pediatric and adult
Uver recipients was analyzed using daia reported to
the LINOS Scientific Registry from Je-q6y 1, 1992
thlougb. Decembei 31, L997. Graft sun'ival, sf,ratffied
by age, status at listing, and t]rpe of transplant was
computed using the I{aplar-Meier method. In addi-
tion, odds ratios of graft failure at 3 months, 1 year,
:-d 3 years posttransplant, were calcu-Iated usintr a
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multivari ate I o gisti c 
- 
r.eg.r'ession au:rlyr-i s contr.ollin g

for several donor and recipient factors_ Modeling, usl
ing the TINOS Liver Allocation Model investigatel-tbe
inrpact of a proposed policy giving pediatric-patients
preference to pediatric donors.

Ite.sulls. Between 1gg2 and 1g9y pediatric recipients
recei\red 35.6Vo of pediatric aged donor livers. In lgg8
tlre percent of children dying on the list w,as 7.4o/o.
compared wit}: 7.3o/o of adults. Kaplau-Meier graft surl
vivals sl o.wed that pediatr.ib patients receiving livers
from pediatric aged donors had an g17o 3-year gralt
sun"ival compared n'ith 63% if children received li-ver"
from donors >18 yeats P<0.001). In contrast. ad.ult
recipients had sirnilar 3-1'ear graft, survi\/als in:espec-
tive of donor age- In the multivariate analysis, the
odds of graft failure were r.educed to 0.66 if pediatric
reeipients received livers fi.om pediatric aged donors
(P<0.01)- The odds of graftfailure $,ere not affected atany-time po-int for adu_lts whethel tlley received ilnarlult or pediatric- aged donor. The modeUng resulfs
showed that the number of pediatric patients tr:ns_
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planted increased by at most dg transplanls per year- ageddonors(<lEyearsof age)rveretransplantedintoadults,

i,,^#;"i;J;"-rig.ifft-rt e?Lect on the probability of althoug)r ploporlionately tl:e same number of children die on

"r"t"r"pf"nt 
Jeath for adults on the waiting list. the ljst as adults. This infonnation caused to us question

ig"iti"gli*e lbr children at sfatus 2B wasreduced by wl:ether the outcome of pediatric or adult recipients was

;;;;i as LGO days whereas adult waiting time at affected by the agb of the donor. We postulated that if the

,t^t r, 2B q,as increased by at urost 2O days' results of this investigation showed that pediatric liver re-
Conclusion. A poUcy.that rvould direct:".T,:ItA". ci'ients benefited flori receiving a cJonor of a pediatric age,

:il;:::if;.Trf:il*lx lrtifi,iu'.""T""ri"ii,i::?l#- ::.::"""'"0 
bv improved gran and parient sur'ivar, wfthour

rrlantation. The effect of this policy does not increase causing a negative impact on the adult population, then boLh

mortality of adults *r^iiirg. dr"h " p,ori"v rrrould in- ulirity and justice would suggest that pediabric recipients

crease the practic; ;i "[1it utru. 
^transpla;et ati1n, shou-ld receive at least some preference in receiviDg organs

;bl.t rur'r"iirc an irr:rportant method to increase the from pediatric donors'

carlaveric donor suPPlY'

The nationwide donor shortage has forced scrutiny of our

practices of organ al]ocation. In particular, liver a.llocation

poU.iut have b-een tl:e subject of intense debate extending

i"y""a the medical profession to the pages of tlre lay press

""a*"corridorsofLhefederalgovernnrent(l-4)'Theissuesoiwaiting time and mortality while waiting are amplified for

iiv"r truirpiant candidates (5) (and heart transplant candi-

dates) because unlike kidney transplalt ca-ndidates' no sus-

t"i"ultu form of artificial organ support exists' In such pa-

ti".rts utto"ution policies therefore take on a new urgency' If
tii".u *"r" ,plimited numbers of organs the jusbice of the

"rg"-;tt 
tickest first" is undisputed' I{owever' given the

fi*ft.a organ supply, bonsideration must also be given to the

questionofj'o*ascalceresoulceshouldbebestutilized(6).
ir, 

"ffott, 
w)Jch patients are likely to have the best gra-ft

survival?
Severalinvesfigatorslraveidentifiedfactorstbataffect

oot"o-" afl;er pediatric liver transplantation' Not surpris-

Gt;"t in adit [ver recipients, tl:e most important predic-

toi is medical urgency (7). Aithough the techrdcal challenges

are considerable, young age itself is not a predictor of poor

outcome in e:'aerienced centers (S-11)' To date' donor facl'ors

considered have focused on whether the use o{partial )iver

grats atfe"ts the outcome of pedialric liver recipients' The

ise ofsplit livers (one cadaveric donor divided to provide two

lransplantablesegments),reducedlivers(acadavericdonor
liver reduced in size to produce one transplantable segment)'

and living donor grafbs' have already been shown to decrease

ti.u *.*lUtv of pediatric patients awaiting liver transplan-

tafionwithoutdecreasingpatientandgraftsurviva]s(]2-
14). I{owever, the effect of pediatric versus adult donor age

orr'out.om'"hasnotbeenwellstudied'Orirpreliminarydata
showed that the majority of livers procured from pediatric-

METI{ODS

These analyses of posttrinsplant outcome were based on liver
transplants repor[ed to UNOS Scientific rcgistry from Januaqr 1,

1992 through December 31, 1997. Odds rahos were calculated usirg
a multivarial;e logistic regression analysis. This a:ralysis co:rlrolled

for several donor a::d' recipient risk factors (e.g. donor race, donor

cause of death, recipient race, diag'nosis at time of transplant, pre-

vious transplant, medical condition at time of transplant, cold. isch-

emia fime, serum creatinine level and year of trar:splant). The out-

come of interest vvas the odds of graft failure withir 3 months, I year

ard 3 years posttrarsplant' PROC LOGISTIC' SAS version 6'3, was

used to per{orm the logistic regression analysis' A stepwise regres-

sion technique, was used to determine tl:e facfors to be i-ncluded in
the firal logistic regression model. Missing values for continuous

variables were set to the mea':a, ald for categorical variables, were

set lo the baseline value'
Actr:ria-l gralt survival was con'rputed usi:rg l{apla-n-Meier method.

These survival curves were stratfied by age, status at tra-nsplalt,
type offrarspla-nt, arod ICU group' A log-ranlc statistic was used to

test the hypothesis of no difference in survival between groups.

For the median waitbg times analyses, the cohort of patients
included all registrations added to the 1INOS Liver Waiting List
belween January 1, 1995 and December 31, 1997. I{aplan-Meier
waiting limes where calculated using PROC LIFDTEST' SAS ver-

sion 6.3. The actual probabilities on the waiting Iist of death, tra-ns-

pla-nt, removed (not for reason of death or transplant), and still
waiting, were computed using a competing risk method.

.In April 1994 the UNOS liver tlata collection forms wer.e amended.

Anrong tlre i:cformation added to the forms was whether the tra-ns-

plantbd liver was split or otheru'ise reduced in size. fherefore any

information Lhai specifies whole or split livers covers only the time
period from April 199a through December 31, 199?.

Irtodeling me|hods. Modeling results were generated by ULAM'
tire IINOS Liver Allocation Model. III,AM is a PC-baied sofbware

pachage thaf sinrulates the current national and alternative liver
allocation policies. Details of the construction ofIILAM have been

TABLE l.Distribution Of Pediatric and adllllt aonor livers into pediatric and ad」
t rOcipients,ご uvided by age ranges:

1/1/92-12r31/97

Recipient age

(yr)

Donor age (yr)

0_17

18+
Total

Recilient age

O-2

3-17

18■ 9

50+
Total

0 17
1786

3225
5011

18+
882

15300

16182

2668
18525
21193

1339
1329
9633
3892
21193

０
・
５

５３．

２６３

・５

・３

８２２

6-17

459

533
1712

1485
4189

18 49

324
449

5917

5224
11914

501-

25
84
1989
2170
4268
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TABLE 2. ■〔edian、vaitillg LIxlles fOr livcr tratlsPlantati。 】■:by age allld ul、 os status:

1285

1/1/92-12/3V97

Statts 1 95% Status 2 95% Status 3.4,795%Agc group Nurn Added
MWT Conf limits Num addcd M17「 Couf lirn iLs Num addOd Aヽ〃T Conf lirnits

0-2 yT

3-5
6-10 yT

ll-17 yT

18-49 yr

501‐ yr

295

75
74
153

1236

753

(12,50)

(5,47)

(5,40)

(7,16)

(8,11)

(8,12)

(29,73)

(17,130)

(22,246)

(18,80)

(22,34)

(22,32)

(173,213)

(207,300)

(235,428)

(347,520)

(472,517)

(434,486)

23

10

]2

10

9

10

178

36

57

77
834

690

51

35

53

46

28

27

189

231

328

409

495

460

TABLE 3.Moiality of patients On the tINOS liver■ aiting list for 1998(Source uNOS OPTN Waiting List and RemOval Files
as of9ノ 7/1999)

Age
(yT) 11-17 35■ 9        50-64        65+く 1 6-10 18-34

Patients
Deaths
Rate"
%

286

50

827 rj

175

549

34
1196
62

295

15

872
51

411

16

709
39

1143

84

1318
73

6358

445
1232
70

7411

556

128.8

75

1530

117

123.7

7.6

" A:olual death rate pei 1000 patient years at risl<

published elsewhele (/5)- In brief, ULA-I\4 is a discrele event simu-
latiori lhat matches individual donors and recipients usi.ng {,lie same
l4eneral algorithm as tire IINOS match system. All statistical com-
ponents of ULAM were derived from historjcal OPTN/SR data arld
the modcl has been validated agaiDst actual dal.a lrorl lgg8-19g9.

In our analysis, IILAtr{ results were generaled for lhe current
national policy a-nd the proposed policy givilg pediatric patients
preference to pediatric donors. For each policy, lour indepcndenl
simulations of 1998=2003 were generated ryilh sial.islics collected
{ior1r 1999*2003. A l-year tra-nsition period allows lhe eilects of the
crirrent policy to dissipate so i.hat lhe impact of the proposed policy
ca:o be asscssed nrore accurately. Output measures froru the model
lepresent the avcrage of{}e four simulations of 1g9g-2003.

ITESULTS

Curren.t aLlocatiott of l.iuers proat.red fi-om donors <iIB
)!eo.rs. The first analysis detennined horv many livet-s pro-
cured from donors less than 18 years of age were tr.ans-
planLcd inl;o children (<18 years) compared to adults (18t-
year-s). As s'een in 'Iable 1, wlrich includcs all cadaveric or-
gans procun-ed betrveen 1/7192 tnd 12/37Jg1 (including r-e-
duced and split grafts) pediatric recipients receivcd l?BG of
tlre total of 5011 (35.67o of pedialric-aged donor livers).

Analyzing these data fil'ther by dividing recipient and
donor ages into subgroups, it can be seen that it is predom-
inantly donors in l,be 6-17 age group il:at ale tra-usplanted
into adults. Of donors aged 6-17 years, 1712 were frans-
planted into recipients aged 18-49, and 1485 inLo recipients
aged greater than 50 years. Taken together, 319? of 4189
(76.3Vo) 6- to l?-year-old donors were placed into adult recip-
ients of which 46.47o were older than 50 J'ears of age. In

contrasL, citildren received 882 of 16,182 aclult liver donors
(5.4Vo); thiS includes spliL ald reduced size gralts (Table 2).

Currutt pediab-i.c and adrLlt ntort.ality and waiLing limes
on li.uer tronspl.ant'lisl. Thc next quesfions examined were
whether waiiing tinre and mot-tality on the )ist diltered ).:e_
tween children and adu_lts. Table Z shows media-n waiting
times for cadaveric liver tr-ansplants for pediatric a_nd adull
patients added to i;he iiver waiting list between llJlg1 to
12/31197, divided accorfing l;o age ancl UNOS status at ti:ne
of listing. (Surumary of Definilions of IJNOS stalus codes: Un
to a:rd including 1997: status l =In intensive care unii; (ICUj;
status 2=hospitalized noL iu iCU; status B=at horne. 199g:
status 1 adults=acul.e livcl failure and in ICU: sl;atus 1
pediatrics=in ICU; status 2A (adrrlts only)=g1u-rr1c liver fail_
rrrc in ICU; status 28=uroderately urgent, defined by specific
criter.ia; status S:least ur.gent. Full definitions of status
codcs used can be ibund in the 1996 and 1998 UNOS Annual
Rcports.)

It can be seen tlrat childr.cn 0-2 ycars waiterl longer. iu
slatus L ;rnd status 2 than aly t-rLhcr agc range apart lrom
status 2, 6- to 10-year-olds with an initial listing ofstatus 2.
At sLatus 3, 4, and 7, adults rvaifed longer tlran children.
W}en Lhis analysis was divided into years belore and a_fl:er
split and leduced grafl; data were collected, i.e., 1l\/g2 to
1213U94 compared Lo 7/1/95 to l%31197 the same trends
persisted (data not siiown).

Morlalily on the livcr waiting list was also considered for
difl'erent age ranges. For all patients on the liver waiting list
during calendar year. 19gB tbe number and percentage of
palients dying is shorvn in Table 3. Note these numbers

TABLE 4.Patients listed otl thc liver lvall′ ing list between 1/1/95-lν 31/97(■ rst 6 nlonths aftcr listing:prObability Of events)

Group Inilial status Rcmoved Wail-ing Trusplmtcd Dicd

Adult

Peとatric

0151
0088
0.032

0179
0.152

0.088

0082
0145
0.690

0.118

0237
0573

0448
0510
0.197

0.433

0488
0233

0319
0_257

0082
0270
0124
0056

1

2

3

1

2

3
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We also analyzed the probability of death on the wai{.ing
Iisf, divided by status at time oflisting and adjusted for race,

A3O match, and repeat listing. For adult and pediatric liver
recipients added to the waiting iist belween UU95 and 12/

. 31197, four possible events could occur: L) t)re patient was

removed from the waiting list for reasons other thal deaLh or
transplant, 2) th.e patient continued to wait, 3) the patient
received a cadaveric orgal, (living related transplants ex-

. cluded, reduced arrd split glafts included), 4) the palient died
before transplantation. Patients .removed from the list be-

cause they were too ill to recejve a transplant were counted
as pretransplant deaths. Table 4 shows the estimates for the
probability of these four possible outcomes in the fust 6

months alter listing for patieirts added to the list betrpeen

UV95 and 72l3U97. Both adult and pediatric patients at
status L and 3 had similar probabilities of dying on the list. A
total of 31% of adults a-nd 27c/o of children initially listed.in
status 1, died waiting. In status 2, pediatric patients bad a
lower probability of dying bul a longer waiting time com-
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paled to adults. A total of 25.7o/o of adults at status 2 died
compared wit'n 12.4o/o of children, whereas 74.57o of adults
originally lisLed were still waiting at the end of 6 months
compared Lo 23.7Vo of children at status 2. In the second 6

months aft,er listing the probability for all four outcomes was
similar beiween adults and children (data not shown).

'. Kaplan-Meier patient an"d graft suruiuals: effect of donor
o.ge otl outcome of pedi.atric and adult Liuer rDcipietr'tls' Our
first analysis attempted Lo answer this question by subdivid-
ing donor and recipient ages into several age ranges. How-
ever, the numbers in each subgroup became too small to
allow for a meaniagful statistical analysis' It was decided to
eliminate several subdivisions of age ralges as well as ex-

tremes of donor and recipient age that might bias the lesults.
Therefore, for the first analysis, the 0-5 age rtrnge for donors

and the O-2 age range for recipients was eliminated and the
3- to S-year a-nd 6- to l-7-year age raxge for recipients was
combined inlo one group, i.e., 3-17 years. It was also rea-
soned that pediatric recipients less lhan 3 yea.r-s generally'
received whoie organs from similar age donors based on size

consideralions. The upper limit of donor and recipient age

was set at less than 50 years to exclude the possible negative
efects of older donors and recipients. Figure 1, shows tlre
unadjusted l{aplan-Meier 3-year graft survivals {br pedialric
recipient's (3-1? years) receiving livers fiom pediabric-aged

donors (G-1? years) compared to adult donors (18-49 years),
and adult recipients receiving livers from pediabric aged do-

nors. Results shown include retralsplarts, all UNOS sta-
tuses and a further analysis for status 1 and status 2. Ex-
cluded are reduced, split or living donor lransplants.
Pedjatric recipients receiving livers fTom younger donors had
a significantly improved graft sunrival; 81% compared witlr

! f 6, lr15lrllla!7 fo'!ll(

Monlhs Posa TrlnsPllnt

Frcrmr L. 'Ihe unadjusted Kaplan-Meidr 3-year sunrivals are

sbown for pediatric recipieuis (3-17 years) receiving livers

from pediaf,ric'aged donors (6-17 years) compared to adult

.ilt"; (18-49 years) a'd adult recipients (18-49 years) re- '

ceiving Iivers from pcdiatric aged douors (G-17 years)' Re-

sults s-hown include retransplants, all UNOS statuses' and

^lr"ly"u" 
for status I' and stafus 2' Graphs on thelcft show the

p.diot i. recipient data, graphs on tbc right show the adult

recipient data.

exclude patients removed fi'om the list because i;hey bec'-e
too ill to transplant. The percentage of palients dying was

highest in the less than 1-year age range' Combining the <1

uoa f- to S-age groups' the percentage of patients dying is

107o, still higher thar any other age range'-From this data'

the overall percent of children and adults dying in 1998 on

tlre liver lisi was almost identical, 7 '4To, the children (115 of

1541) and 7.3% adults- $202 of 16,442)

TABr_r b. The odds of graft survival cornpared for adult and pediatric donors and recipient: rvhole grafts only

AT TRANSl'LANT

0

Time points

Recip age (yr) ' Donor age ()'r) Num txd 3 Mo post-Tx 1-Yr post-T! 3 Yr post-T!

Odds ratio Odds ratio Odds ratio

3-17

3-17
18-49

1日 9

6-17
18-49

6-17
18-49

496

362

1699

5879

062
1,00

082
0.78

0.02

Ret
O.20

0108

050
100
077
077

く0.01

ReF
007
.05

058
1.00

084
084

003
Rel
036
026
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'lype of transplant
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l'able 7 Lhe type of transplanb accor-djng to age. During tbis
liue period 66 pedialric-aged doDo)-s were split, of which 24
segments were placed jn adults"

The resulLs of the unrestricled analysis (Table B) remained
very similal to the restricted analysis: pediatric pabienls
hat,e significantly reduced odds ofgralt failure ifreceivirig a
graft from a pediahic-aged donor whereas the age of.the
donor had little impact on the odds of graft, failure to adult
recipients.

An expected outcoure of a policy that would direct more
livers llom pediatric donors to pediatric recipients would be
an inereascd number ofrelalively )arge organs being directed
to smaller recipients, This wouid encourage split liver trans-
plantat.ion wbereby t-wo recipients benefit from one organ. As
rveil, reduced size transplantalion, wller-e part, of tlie liver is
discarded, might also occur,'lherefore, we investigated the
grafl; survivais of reduced and split size Jivers. For the time
peliod 4/U94*1213U97 the I(aplan-IMeier 3-year graft sur-
vival es{;in:ates for pediatric recipients of primary liver trans-
p)ants subdivided by the type of organ received are shown
(Fig. 2), It can be seen tl:at reduced size grali;s had a signil'-
icantly )orver 3-year graft surviva] compared to a)l other grali;
fypes. In conrparison, split liver grafts Jrad an overall, 7oo/o
3-year graft survival, not siglificantly different fi.om either
'whole or living donor grafts. We were also interested in
rvl:etbel a split liver frorn a pediatric donor had a different
patient and graft survival compared to that from an adult
donor. Ahhough the numbels were small, I{aplan-Meier
three year adjusted palient surviva-ls for split liver-s were not
djfferent if tlre liver rvas flom an adu]t donor (n=91, patient
suwival 8'l%) or a pediatric donor (n=f2, palient survival
B9%). I-Iowever, in comparison, the 3-year I{aplan-Meier
1y'afb sun'ival tvas worse if tlre split, liver was frorn an adult
d.onor, 62%, as corupared l,o a pediatric donor, 832c.

l"or all llre abovc :lualy.ses ol gr;rft survivals, paticnt sur_
vivals wct'c also examined (data not shown), anil sinrilar
resull;s were observed. Because of the cornplexity of the anal-
yses derived {i-om dala accnrerl over scvlr.al years, we dicl
allernpt to dclecl; any possible centcr c{fects.

UI/OS liuer al.l.rjud.i.ott ttt.od.el AI-AII) result.s. ULAM rvas
uscd to investigate u,hethcr l.he pr-oposal to allocatc livers
lr-our pediatric donor:s prcfcrcntia].ly to pediatric recipienls,
rvithil urgency sLatus and geographic areas, rvould have a
rletrimental impact on adult palients rvaiting on the list. ln
parlicula:' rve believed it was important to investigate
rvhel,her the number of adults dying either pretransplant or
posttransplant, ivould be cffected by the proposed new policy.
Tlre proposed allocalion sequence used in the model is shoivn
in Table 9.

'I\vo models rvere devcloped; the first defined a pediaf,ric

】ヽ4CDLAJRゝイID E′rAL

Yr
Reduccd Split TOtal

1994

1995
1996

1997

Total

2669
3771
3865
3985
14240

108

87

84

79

358

26

21

62

84

193

45

45

46

60

196

2348

3924

4057

4158

14987

TABLE 7. Nurnbers ofrvhole, reduced, split and living
donors by age of lecipient: l9t)4-1997

Type of transplant

η■lolo Rcduccd Sp〕 it Live

Agc
Total

く1

1-2

3-5

0-10(
11-17

181-

lrotal

254
304

192
223

375
12892
14240

131

102
42
35

21

27

358

39
35
13

13

13

80

193

106      530

47      488

15      262
14      285

7      416

7    13006
196    14987

63Vo, P<O.OO1. In conl,rast, adulL lecipients had sinrilar gralt
sulwivals irrespective of douor age. llhese dill'crences rc-
majned signific;rnt whcn status at time of )isting rvas consid-
crcd.

Arlu.Ltiuariate analyses: effect of don.or age or ou.lcome of
pediatri.c and adul.t liuer recipienls. The l{aplan-Meier su:.-
vival cur-ves were unadjusted for rislc. 'Ihelelore a fut-ilrer
muitivariale regression analysis was performed to deter-mjne
if placing younger donor livers into youngel recipients re-
duced the odds of glaft failule. As bcibrc, lhis analysis tlx-
cluded living related donors anri split and reduced grall.s.
Donor anrl recipient risJr laclors conLiolled lbr.werc: clonor
and recipient race, donor cause ofdeath, recipient djagrosis
at lransplant, nledical condition (IINOS stah-ls) aL trans-
plant, cold ischernia fime, ABO nratch, donol crcaLinine level,
and year of Lransplani;. 'Ihe odds of gralt failure at thlee
nrontlrs, 1 and 3 year"s posttr-ansplant u,crc deter-rnincd ('l'n-
ble 5). At. all three tinre poinLs, 1,he odds o1'grail failure rvcre
significanl,ly less if pediatlic rccipieuts (3-17 yea-r'.s) i'eceived
ljvers from younger donors (6-1? year-s). In contrasl the odds
of graft lailure at each time point fbr adult recipicnts rvere
similar whetber or not lbe dorror was younger or older.

The same mullivariate regression analysis rvas repeated
but now applied to all pediatric and adult recipients, with no
age exclusions and inclusive of splil ald reduced grall;s. 'Ia-
ble 6 sirows tbe nunrber o{ r'educed and split organ trans-
plants performed during the period of t.his analysis, and

T/\BI-E B. Odds of graft survival compared for pedi:rtric and adult aged donors and recipicnis; including reduced and split

Recip age (1'r) Donor a6e (yr) Numは d 3 I\,1o postrh ! Yr post-15: 3 Yr post-Tx

Odds ratio POdds ratl。 POdds ratiO

0-17
0-17
18+
181-

0-17
18+
0-17
18+

1786

882

3225
15300

066
1.00

062
066

く001
Rei
く001
<001

062
100
034
086

く0.01

Re■

0.29

033

065
100
1.06

1.06

く001
Re■

075
0.75
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IABLD 9. Proposed order of allocation for :r liver frorn a
pediatric donor

r- Local
Pediatric status 1

Adult status I
2. Regional

Pediatric status 1

Adult status 1

3. Local
Adult status 2a
Ped-iatric slatus 2b
Adult status 2b
Pediatric status 3

Adult status 3

4. Regional
Adult status 2a
Pediatric status 2b

5. National
Pediatric status J.

Adult stitus 1

Adul.t status 2a
Adult status 2b
Ped.iatric status 3

Adult status 3

WeFe tra■lsplaIIted in status l because there wer9 fewer pe‐

diatHc Patients compettngお■o■gans wlile in status l.This

is reflected in tlle increased nurrlbers of children tTans―

planted et Status 2B.This was mosi evident in the p01,cy,

deflning pёdiatric donorsく 18 yearS without w● ght restl・ ic_

6on. The increase in peぬ atHc status 2B patierlts ttans―
planted、vas 304 over 5 years comopared to current polidies.

This beneflt was diluted as the more restrictive pediatric

donor deflnitions by、 veight were applied. In contrast,the

IIrlore stable pedi五衝ric patients at status 3 showed only a

modestincrease,appro対 Inatdy 4-10 111ore cl■ ildren per year.

In exanli五ng tlle data by status for adults,it is alsO ilnpor―

tant to note that all ofthe proposed policies sligiltly increased

the number of adult patients transplarlted at status 2A.This

ettect ranged alrnong 18 to 78 pa● entS oVer 5 years.

Of all pediatric donor livers,the percent that went intO

adultS Was 68.8● /・ under tlle current policy、 Under the least

resh・lctive propos,d policy the percentage of adultS Stiu re_

deiving pediatric don6rs was 59_2● /●, and ranged between
63-64%under the Other pediatl・ ic dOnor proposals oiVided by

wcight.There was also a decrease in the percentage of adult

livers that were transplanted into pediah‐ ic patients.This

was mo,tp■onounced,39%,in tl■ e pOlic,deining pediatric

donors<18 yearS,witllout weigllt rest五 ction.Only a negli―

gible increase ul thl perCentage of五 lult liVerS that 、vere

transplanted intO adults wag demonstrated.

Tlle percentage oflocal,re」 Onal,anl natiOnal tranSplants

was etsentially unchanged as、vas tlle average and lnedian

distance tlle organ traveled.Tlle pёrcentage of organs tl■ at

haveled greater than 1000 miles increased f■・om l.6 to l.7● /a.

Deaths pretransplant and posttransplaht and totd deaths

for tlle prOposed policiesヽ vas examined and no signincant

changes were noted with all four policies proposed as coln―

pared to the cunent policy

Wl16n the probability of pre transplant death vttthin 6

mOnths ofliSting was analyzed,there were minimal differ‐

ences,nolle of wllich was statistically si〔 〕■if■cant,betureen

72 15 I8 2I 24 77

Months Post TransPlaut

___LivintPOnor・ X・ RttICd ~… … Sメ`Livcr 
●●● Wholc Livcr

Ftcuru 2. The Kaplan-Meier 3-year graft survivals are showre

for pediatric recipients of primary Iiver tr"splants sulrdi-
vided by.type oforgrn received'

donor as <18 yeais, ald the sbcond defined a pediatric donor

as <18 years and less than a specified weight range"'Three

weigl'rt t'anges were investigated , <40, <45, arrd <50 kg' The

second model was developed in response to concerns that
small adult recipients might be disadvantaged by the pro-

posed pediatric definif,ion of <18 years without weight re-

si;ricf,ions.
Neither model takes into account the data plesented above

which sbows improved patient and g€ift survivals for chil-

dren receiving livers from pediatric aged donors' Further,

split liver transplant and outcomes were not considered'

Table 10 sumrnarizes the most relevent data from t'he.

simulations comparing the current a-llocation policy to the

four proposed pediatric donor definitions: 1) (18 years, 2)

(18 years a-nd <40 kg, 3) (18 years and <45 kg, 4) <18
years and <50 kg (Table 11).'

The data presented in Table 12 represents the average of

each measure for 5 years (1999-2003) antl over four simula-
tion runs. The data address: 1) the nunber of pediatric and

adult patients lransplanted by age (pediatric recipients di-

vided 0 to 5 years, 6-11 years, 11-17 years) and by status, 2)

median waiting time by status, and 3) probability of pre-
.transplant death within 6 months of listing' I'he number of
lepeat transplants, nnd patient life years under the different
proposals is not shown because the model did not account for

expected inprovements in pediatric graft survival should

p"diu[ri.. recipients receive ]ivers from pediatric aged do-

nors.'
In all of the proposed policies, sligbtly mol'e pediatric pa-

tients were transplanted over the 5-year period' The increase

over the current policy ranged from 151 over 5 years (30 per

year) for tbe most restrictive policy with donors defined as

.i8'y.*t and <40 kg, to 29? over 5 years (59 per year) the

least. restrictive policy defining a pediatric donor as (18
years. Consequently, each ofthe policies resulted in a corre-

sponding decrease in the nurnber of adult patients receiving

transplants.
Investigating the chaage in the number of transplants by

age anil status showed that among pediatric patients fewer

w-ere transplalted in status 1 under the proposed policies'

This is because mo):e pediaf,ric patients were transplanted at

Iess urgent statuses under the proposed policies' In contrast

about the sarne or slightly higher numbers of adult patients
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yr aEclr donoL defir:il:iols: <18
tbc various definitions

Current policy く18 Yr く40 kg く45k= く50 1ig
NO.ped.txs
Cllange iOm current policy

INVo.ped txs by age

O-5

6-11                  _
11-17
Txs by age alld status

Adult l

Adults 2A
Ped l
Ped 2B
%of tOta1/1Ded donOr to adult recipieDt

lヽed wait tillle

Ped.2B:2B
Ped.3:2B
Adul,2A:2A
Adult 2B:2B
Adu〕 t3:2B
PrObabttity of pre― Tx deatl■ w/111 6 mo o「 lis{ing

Adult l
Ped l
Adult 2A
Adult 2B
Ped 2B

2132

」238

367

528

4061
4713
764

1069

69%

3408
7765
113
5530
94'75

118%
16_4巧を

234%
13_7,ろ

135%

2429
1‐297

]417

413

600

4085

4731

711

1372

59%

1790
6243
123
5730
968.5

114つろ

1559る

222%
1409る

1239る

2283
‐1151

1336

387

560

4056

4729

755

1206

64C/●

2645
6855
113
5503
9585

117%
153%
220%
1399ら

128%

2299
+167

1339

391

569

4100
4733
733

1246

649ら

2523
6995
113
5723
9630

119%
154%
21_9r/.

136%
120%

2307

1‐ 175

1353

397

558

4087

4781

731

1256

63%

2430
6740
115
569.0

9655

116%
151%
2299ら

13.6●/rJ

125%

Lhe current and proposed policies arnong adult and pediatric
recipients. A.rnong perliatric patientrs, deallr rates decreascd
for palients lisled init;ially in sLatus 28 and sl,atus B. Wail;ing
time as measured by l(aplan-l\{eier estimal;es for.urost cate-
gories were r-educed for pediafr,ic paticnts and incr.eased
sUghtly for adult pafients. Of inrportance,.both perliatdc and
adult patienl,s at status 1 hacl csscnLin)ly no changc in rvait-
ing Lime at status I although orl average pcdiatric patien{;s
waited 2 days longer for LransplanL aL status r.cgal.dje.ss of
the policy. Ol'imporLance, children in st;atus 2ll trad l;he nrosl
benefit from the policy de{ining pediatric <18 years wjthout
'q'eiglrt restiiction, with median wailjng lirnc rcrluccd by .l i;0
days" In thi:t saure sirnulal;ion adrrJI rvuil;ing l.jrnc ai; Z]l was
incrcased by onJy 20 days. When pediaLrjc donors lvcrc fur-
Lher restricled by weight, tbe bene{icial efl'cct of decreasecl
waiting tinre at sLatus 2I} for clriklren continuetl to bc ev jdeni;
but much less importanf ranging betrveen ?6 and 9Z da5,s,
whereas tbe waiting {ime for adults was effected only s}igirl}y
2-16 days. Among adults waiting times increased the mosl
for patients listcd inifially in status 3 rvith an ending status
of 28 from 947 to 966 days and under the least restricl.ive
policy.

DISCUSSION

We have shown that there is a significant beneficial effect
on liver graft suwival if pediatric recipients receive livers
fronr pediatric-aged donors, l'hereas gr.ait survival of adult
recipients is not advantaged or disadvanl,aged by the age of
t):e liver donor. This effect is seen at 3 months a{ter liver
tra:rsplantation, rvhen donor {actors are li}iely to have the
strongest i:rfluence on out,come, but also persists at 3 years
posttransplant. These findings hold Lrue ir'liether usins a
univariate or rnultivariate metlrod of alalysis or unadjusied
I{aplan-Meier estimates of graft sun ival. Imporbantly,

rvhetlrel tlre analysis is per{brrned on a r.estricted population
ofdonor and recipieni! to decrease the potential inrpact ofthe
ex'1,remes of donor and recipicnt age, and l,he possible inllrr_
cncc of partial liver gt ails, or thc entire population of arlult
and pcdiatric recipients anrl donor.s, i.r"iud-ing parlial )iver.
glalts, tlte .sar,ue bcnelit to pediala ic'patie nts receiving livers
Ii'orn youngcl'donors persi.sls.'fhe improven:ent jn 

tya{.L sul._
vival lbr pedi;rtric paticnts who receive youngel donors com_
ltarcd to adults receiving younger donors, will havc the great_
esl inrpacl on t]re n-rost mcdically urgent childi,en, who we
l-ravc shorvn wait lr-rnger to riceive a donor, especially it aged
less than 5 yerlrs, cornpared with adults ol.cquivalent slaLrrs.

Wc crrn only pcisLulate rvhy pcdiatric rccipienLs have an
impt'oved survival if thei' r.eceive zr liver fi.our a petliatr-ic_
aged donor. Donor quality, which is usually excellent in pe_
diatric-aged donors, is a Iihely explanalion. Tjre recent re_
searclr irupetus studying the process of sensecence at the
cellular level, rnay provide new insights in tbe futuie. .

Should Lhese results be utilized to change ailocation,poli_
cie.s to give children arvaibing liver transplantation some
preference in recbiving younger donors? To arsrver tljs im_
porlant queslion several related issues must first be consid-
ered. 1) Do children already hold an advantage over adults
rvaiting liver transplantafion, reflected either by shorter
waiting fimes or a decreased mortality on the list? 2) Would
ledirecting some pediabric donors arvay from adults awaiting
liver [ransplantation have a significant negalive effect on the
oul;come of adults undergoingliver transplantation? B) Could
djrccLing some adoiescent donor liver-s to small children en_
courage split liver bransplantation, rvjrjch would inmease the
donor suppl;'?

it has been argued that children alr-eady have an adrran_
tage over adult candidates awail,ing .liver transpiantation
because they have three possib)e options for receiving a liver:
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a wlrole cadaveric gyafL, a parLial cadaveric gla{t or a iiving
donor organ (J6). Despite this, an analysis ofthe last 3 years

of the UNOS database show that children bave similal mor-

Lalities and wail,ing tin.es compared to adults on the trans-

plant list. In fact, it is children less tiran 2 years of dge at

.tuto, 1 wbo waited significantly longer than any other age

group. As well, in 1998, children idss than 1 year had the

[lgn"st morLaliby rate waiting for any age group' fol]owed

oJy by children in the L- to S-year age rarge- Therefole the

dui^ 
"uggurt 

thatthe avaiJability ofliviogrelated donors and

parbial li"t gtuftt, whicir would 'lost Jihely have benefited

small children on the list, has not yet had a significant

impact on pediatric mortality 6r waiting time as compared

wiih adults. Furthermore, given that the results of liver

transplantation in small pediatric patients in e4perienced

centeis are comparable to those of older children, there can

be no juslification for not providi-ng young clfldren with at

least equal access to liver donors'

Although living related donation for children has been

properly advocated as one means of alleviating the donor

shortage for chiklren (/ 7), this modality should not be viewed

", "r, "*.rrru 
to diverb cadaveric donors away from children

(I8). Because of the risk to the otherwise healthy donor, most

riften a parent (Jf); the ethically correct position is that living
related ilonation should continue to be seen as last resort to

try and alleviate the donor supply probleir' Conversely, the

,iit li,rut donor technique sh'uld become tlre first consider-

#oo fo, every suitable donor (J9)' The most recent reported

results are corriparable to whole graft transplantation (20)'

As well, a recent report suggests gra{t survival is better in

infants who receive a split compared to a whole gnaft (21)'

Horvever, reduced gra-ft transplantation should be actively

discouraged: not only are the results inferior, but a whole

liver is diverled away flom a more appropriately sized lecip-
'ient.

The next question was more complex: would adults be

ilisadva:rtaged by diversion ofsome pediatric donors to pedi-

atric recipi-nts? Fairness and balanciog the conlliching no-

tions oftiansplanf,ing the most urgent first regardless ofage

versus best utilization of a scarce resource, would require

that pediatric-aged donors should not always be placed in

pediatric recipients. For example, it would seem inappropri-

ate and unjust, either on a local or regional level that a status

1 adult should be bypassed for a status 28 child' For this

reason, III,AM lyas progra-rned to dssign priority so that

within each medical urgency stalus arrd within each geo-

graphic distribution level (local, regional, and national) pe-

diatric candidates are prioritized'
The most imporLant result of the modelingrvas that none of

the proposed policies allocating livers frorn pediatric donors

to puaiatri" recipients increased the probability of death for

adults waiting on the transplant list' Although more cbjldren

were transplanted per year (at most 59, less than t hddi-

tionalchildperpediabrictransplaatcenter),andtherefore
proportionately less adults, the impact for the adults was on

*"itirg time at the less urgent statuses, 28 and 3' Even

then, the average wait was at most increased by 20 days'

I-portu.ntly, the waiting time for the mnst medically urgent

udlltts at status 2A and l" was not affected by any of t'he

proposeil policies- In fact adults waited an average of 2 days

iess at status 1 compared to children, because more children

wereLlansplantedatstatus28'Asrvellsiigirt'lymorestatus

1 adult patients were transplanted under the proposed poli-

ci es.

Tire decrease in waiting time for children at 2B was as

much as 160 days. Clinicaliy this is important as one of the
most courmbn criteria for listing childreu at status 2B is a
growth failure, i.e., rveight or height less than 5th percentile.

The impact of decreasing wailing tinre by as mucir.as half a

year for the. young, cholestatic, malnourished child is clini-
cally highly relevant to the unique issues of growth arrd

development in chronically ill children (22, 23)..It has ah'eady
been shown that malnutrition has a negative effect on both
pre- and postf,ra::splant survival (24,25), and that age at
transplant of <2 years in children is an important indepen-
dent predictor of ir:rproved growth after transplantation (26).

It should still be noted that even under the most liberal of tire
proposed policies, the majority bf livers procured frorn pedi-

atric aged donors will still be transplalLed into adult recipi-
ents. As well, the percentage of transplants performed lo-
cally, regionally, and nationally would be affected. only
minimally.

The third question to be consideled is how might a pro-

posal to direci; some livet's from pediabric donors besL encour-
age split liver transplartation. Orir data show that split iiver
grafL survival is significantly improved if the donor is in the
pediatric age raDge. This result is most lihely a reflection of
the usually excellent quality o{' the adolescent donor and
highlights the need fo:'very careful donor selection if the split
procedure is performed on adult-aged donors.

In comparing the four pedia[ric a]location proposals, u.ith
the least restrictive being any pediatric donor (1.8 yeals, and
the most restrictive being <18 years as weil as <40 hg, f,he
data showed tbat the most positive effect occr:.rred for the
pediatric patients when the pediatric donol was defined <LB
years. When the pediatric donor was further subdivided by
weight, lhe potential benefit to pedialric patient rvas dimin-
ished witbout a substantial increase in benefit to adult pa-
tients. If the definition of the pediatric donor was resHcted
to weight <40 kg, the advantage of directing sone of the
largel pediatric donors to smaller pediatr-ic recipients, which
would promote split liver transplantalion, rvould be lost. As
can be seien from the data, :lost pediatric donor livers ex-
porLed to adult recipients are in the donor age range of 11-17
years, are generally of excellent quality and ideal for split-
ting. In fact, IINOS recently approved a proposal that re-
quires all participating cenLers to split sujtable donor liVers.
If adolescent liver donors are preferenbially offered to dril-
dren waiting, many of whom rvould be too small to accept a

whole graft; the center accepting such a liver shou-ld split thq
graft'so that an adult patient would not be deprived of an
organ. If tlie center was unwilling to split the donor liver, it
should be returned to the donor pool for reassignment to the
next eligible recipient. Such a policy could then be seen as a
reason to improve the utilization of these excellent quality
younger donors. The success of this concept will depend on
centers being prepared to'sl:are" split grafLs. A recent report
sl:ows that "shipped" segments have an equivalent gra-ft sur-
vival compared to locally procured segments (27). Given the
demonstrated excellent results achievable both for the riglit
and left split liver grafts (28), and the ongoing organ short-
age, ulgent priority should be assiped to any allocation
poiicy thdLt rvill encourage split liver transplantation (29).

Tbe onus rvill lie on the surgical transplant community to not
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accept such livers for reduced size h-ansplanfaLion, a tech-
njque now in disrepute given tire proven success of split
Iivers, and the increasing donor shortage.

We have shown that an allocation poiicy gir.ing some pr-i-
ority lo children to receive ]ivers lrom pedialric donors can
improve the outconres after liver transplantation, without a
negative.impact, on adults. As tvell, such a policy ivould
encourage split transplantation, tlie only method cufrently
available to increase the cadaveric donor supply. Further-
more, this proposal strikes a balance betrveen justice and
ulility; the sickest patients, whether adult or pediatric are
stiil transplanl;ed first, rrore grafts are made available bv
encouraging split transplantation, and patient and graft sur-
vival for children are improved without detriment, to adult
recipients outcome- As such this proposal is rvorthy ofserious
consideratr'on by tlre community of tr-ansplant physicians,
sul-geons, and their patients.
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S農サalld Risk of Using Pcdiatric Dollor L市 ers in

Adult L市 Cr TrallSplalltatlon
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成人レシピエン トで、小児 (13歳未満)か ら(70例 )と  19歳以上の成人から移植

を受けた患者 (1051例 )の成績を比較 した。肝動脈血栓症発症の率が、小児からの

移植で12.9%と 成人の3.8%よ り有意に高かった。特に、移植肝がレシピェン ト

推定肝容積の40%未満の患者で発症率が高かった。よって、小児肝を成人に移

植するにしても、40%以上が望ましい。



Shiち/and Risk OfUsiュ g Pcdiatric DonOr Livcrs in
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Pcdiatric donor (PD) livcrs Lavc bcco allocarcd to adult
tralsplmt rccipicnts il ccrtain situations despitc siz,e dis_
crcparcics- !7c compucd data on adutts (agc Z I9 ycars)
who uldcrwcnt prirnary livcr transplantation using livcrs
from cithcr PDs (agc < 13 ycars; D = 7 0) o, 

"dult 
loro.,

(ADs; agc > 1! ycars; n = 1,05I). Wc also invcstiptcd rhc
risk factors ald cffcct oltprolongc<I clrolqstasis on surviva.l
in tlc PD group. In an attcrnpt lo dctcrnrirrc thc nriniural
graft volumc rcguircmcnt, wc dividcd tlc pD group into
2 subgroups bascd on rfic mtio oFdonor livcr rvcigl,t (bL\XC
to cstinratcd rccipicnt livcr rvciglrt (IIRI\fl at 2 dillcrcnt
ortoff'ralus: Lss tlral 0.4 (n = 5) vcmrrs 0.4 or grerlcr (n :
5$ ard lcss rlran 0.5 (n.= 2l) vcmus 0.J or gretcr (n. = 40).'fh' incidcncc oF hcpatic ancry tlrourbor;, (lfnT) was sig-
rriGcanrly grmrcr in drc PD group (lZ.9a/") conip*.d r"irJ,
t]rc AD group (3,8%; P = .0003). Muhivariaic nralysis
sh<lrvcd drat prcopcrativc prodrronrbin tinrc ofl6 s"cor,Ls o.
grcatcr (rcl;itivc rislr, 3-206; .i2 = .01i5) ald ebscncc of
FI(506 usc as a prinrary irnnrurosupprlssmt (rcladvc rislc,
4.477; P = .0078) rvcrc indcpcndcnt risl< F.rcrors affccring
l-ym gmft srrrvival in tlc I)I) group. In rtrc pD group,
tImsplaut rccipicnts rvlro rlcvclopid c[olst^.^is (total Liliru,
bin lo,cl > 5 nrg/dl- on posropcrariv c d^y V hed tongcr
rvarnr (WITs) and cold isdrcmic tim<s (CITs). Tru.splmt
rccipicnts rvidr a DLW/[llL!/ lcss dru 0./l l,arl a rr"ncl
lorvard a grratcr incidcncc of I-Wt (4oo/o; p < .06),scpricc-
mia (60%o), and rlccrurscd 1- and 5-),mr gr;rft survival nrtcs
(/tOYu zrnd'201'/o; l'= .0lJ and .02 / DLW/I]RLW of 0.4 or
grsrtcr, rcspcctivcly). Irr conclusion, r_hc uc of PD livcrs lor
adult rccipicnts rvrs associatcd widr a grmrcr risl< [or dc-vcl-
opLrg IIA'I. Tlrc ourcomc o[srnall-for-si:r_c gmfts is rnorc
IiJrcly to bc advcrscly a{Ilocd by longcr'!?ITs anrl CIf.s. Thc
safc linrit o[gmft vohrnrc appmrcd ro bc:r Dl]V/fltLV of
0.4 nr grcarcr. (I-i uc r'I lu t s1t I 200 I ;7: 4 I 4 7.)

fi lrhouglr 1>cdiatric donor (!D) livcrs arc idc;rlly
-fLuscd fbr pcdiarric rccipicnrs, chcy arc occasionally
allocatcd ro adulr rccipier)rs, e.g., rvhcn only a pediatric
livcr is available {:or a criric-ally ill adulr or whcn an adulr
prlticnr is lisrcd wirh rhc wcighr rangc lor a pD. In thcsc
circurnsranccs, it is imporranr to ltnolv drc risks of using
a small-for-sizc liver in an aduJr.

The main risk wirh such grafis is thar rhey rvill lail
sccondary ro inadequarc liver volume. Expcricncc tvith
living rclarcd Iivcr transplanrarion (LT) in adulrs has
slrorvn that grafrs as'small u Z5o/o ro 30o/o of idcal livcr
volumc c:rn be tolcratcd.l,2 Horvn,er, Emond ct al3
rcporrcd c:u[y luncrional impairmcur rvith grafrs lcss
rhan 50% o[ rlrc cx1:rccted livcr volumc. ]n addition,
I(iuchicr al'l rcporrcd thar small-[or-sizc grafts (< 1% of

rccipicnr body weiglrc) we re associarcd wirh lower sraft
survival, probably bccause oF cnhanced parcnchrlmal
ccll injury and reduccd merabolic lind ,y.,rh..i. ."pr.-
ity. Thus, in living donor LT, ir is rrorv xccet)rcd rhar
grafts musr bc grcarcr rhan 0.8% oFthe rccipienL body
\vcighr (or.)40% of cxpccrcd liver volun.rc).5

Similar d:rta on snrall-[or-si?_e cadavcric Iive r err[ts
arc nor tvailable. In rhis srudy, r.r,c rcvicwccl ou.i"rg"
cxpcricncc wirh $c rransplanrarion of pcdiatric livcrs
inro adulr rccipicnrs and arrcnrptecl ro idcnrify ri.slc lic_
rors for poor grafr survival and dcrcrminc nrininral r:rafr
volu r))c lcquircn:clr ts.

Paticnts ald Mcthods

Study Population arld Dcsign

Bcnvccn Scprcrnbcr l gtlS rncl M:rrclr I g99, | ,l2l rtlulrs
(:rgc. = l9 ycar.s) undcnvcnr primary lJ u.sing lirll*iz.c
(rvholc) allografts fronr cirhrr I,D.r (agc .( l3 ),crrs; n = 70) or
rdtrlrdonors (ADs; agc 2 lgycars; n : 1,051). paricnr.s rvho
rcccivcd prirnarl, rransplrrirs llrm clonor..s l;crl l>r_.rwt:rr
l3 end I B ycars wcrc cxdudcd from anal),sis.

Mcrn po.sr-lJ- fi:llow-up rv;rs 1,830 day.s (rncdi;rrr, l,/38
drys; rangc, /B ro3,664 diys) in drc PD group rrrrl 1,591 days
(mcdiarr, 1,477 days; rangc, 5 ro 3,840 duys) irr rhcAD c.roup.
I)onor Iir.cr wrighr (Dl-\?) rvas mca.surccl rr thc cnd of rhc
back-rablc proccdrrrc. ]l:rscd on d:rta froln rhc Ilrst thorr.srrrrl
L1.s pcrlornrcd ir orrr in.srir.urion, csrimxrcd rccipicrrr livcr
wciglrr ([liLV) rvrs c,rlcrrlarrd rrsirrg r lrrrnruh clcr,.lop.,l :rt
orrr ccntcr6:

E,lLL\f (cubic ccrrrinicrrr.s) = 6 X rvcighr (ltr)

l' 4 X agc (ycars) l- 350
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In this study, DL\fl/ERLW ratio u'as uscd as an indicutor oF

grali sizc matching-

?art 1 : Cotnparison of outmnrci in PD attd AD g'orrlts' Y'Ic

comparcd rhc fiillowing factors bcrwcctr groups: rccipicnt and

dono, "g" 
and scx, DL\0/EI{LW ratio, indication lbr LT'

Unitcd NerrT'o rl< for Orgrn Sht:'ring (UNOS) starus, and pre-

operarivc valu.:s for rotal bilirubin (TBil), prothrombin tirine

(pD, 
"nd 

creatininc. Surgical daia anajyzcd includcd cold

(CIT) and warm ischcmic rinrc (WT), roral operarive timc,

bypass usc, rypc ofcaval rcconstruction, and us! ofpecked rcd

blood cells and frcsh lrozen plasma. CiT rvas dcfined as rhe

.pcrio,{ from donor cross-clamping ro dr" 'starr oIanastomosis

in rhe r"cipi"nt, and W1T was dcfined as rhc pcriod Fronr the

sran of 'mastornosis to allogralt rcpcrfir.sion' Onc- and l-yc'ar

paricnt and graft survival wcrc also comparcd bcrwccn grouPs,

as rvas d:e incidcncc ofpostopcrarivc conplications, includ-

ing primary nonftmcrion (PNF), hcpatic ancry thrombosis'

(l{A!, portal vein throtnbosis, bilc lcali, intralepatic :urd

cxtrahcparic bile duct $rricturc, scpticemia' acutc rcjccrion,

and nosr-l-T ascitcs.,

Part 2: {Jniuaiatc att/ nntLiunriatt analyit' lJnivariarc

and mulrivariatc analyscs wcre Perlormed in rhc PD BrotlP to

dcrcrminc chc indcpcndcnt risk factors rhat advcrscly affcctcd

l- and 51'c;Lr p: ticnr and graft survival' Conrinuous variablcs

rvcrc dichotornizcd ar clinically cstablishcd curoff points and

prcscntcd as catcgorical. Diagnoscs at prirnari'LT werc care-

ioriz"d inro acute or chronic [or starisrica] convenicnce' Vari-

ables found ro predicr l'ycar gtaft survival on univariarc

analysis wcre funhcr enrercd into mukiv;rriate analysis'

Part 3: Risk facton for prolongcd cholcstatis' To idcnrifr

factors thar prcdicr and-/or incrcasc rhc rislc for prolonged

cholcstlsis in adults who rdceivc smdl-for-sizc cadavcric

livers, wc cornpared PD recipicnts rvirh and rvithout pro-

longcd cholestasis (TBil > !.0 mg/dl on postoperative day

IPOD] 7). Eighrcen p:rticnts were excludcd bccausc of cithcr

' grafi loss wirhinT'dtys or intdcquatc dara' OFthc 52 paricnts

i.rn"ining, TBil leve I was lcss rhan 5'0 mg/dL in /r I paricnts

and J.0 mg/dl or grcatcr in I I paticnts' Rccipiinr and donor'

age, UNOS status, DL!il/EIfL\fl, CIT, WIT, usc of packcd

rcd blood ccUs and lrcsh lrozen plasma, and i- and 5-year

paticnr and gra.ft sun'ivrJ wcre comparcd benvcen thc sub-

grouPs.

Part 4. To clarifi minimal liver volumc rcquircments,

PD paricnts rvcre divided on rhc basis of 2 diffcrcnr DL\fl/

ERI'W curoffvalucs ((0.4 or 20.4 and <0'5 or z0'5)' Nine

oarients wcrc cxcludcd for lackoFdata on cidrcr DLV (n = 4)

o, ,".ipi"nr body weighr (RS\Q (n : il;61 Patients wcre

incluclcd in t1:c analysis, as follorvs: DL\(/ERL\f less r-lian

0.4 (n.= 5) vcrsus 0.4 or grczter (n = j6) and DLV/ERLW

lcss rlran 0.5 (n = 2l) versus 0.5 or grcarcr (n : 40).

Postopcrativc conrplicarions, including rhc incidencc o[

PNF, HAT, ponal vcin rlrrombosis, lrilc lcal<, septicemia, and

acute rcjcction, werc comPared at cach curoff point, as wcre

i- and 5-ycar padcnr and graft survival' TBil, glutamic-ox-

a.loaceric transaminasc, and lT valucs for PODs 2,/, and 11+

wcrc also compared bcrwcen thc groups'

Statistical Ana.lysis

Srirvjval analysis rvas performrd using thc I(aplan-Mcicr

,ncthod, and rhe grotlPs \vcrc conrparcd by mcans oF thc

log-rank tcst. Conrinuous variablcs wcrc cotrlPilrcd using a.

2-tailcd, unpaircd /-rcst for indcpcndent samples. Carcgorical

data rvcre comparcd using chi-squarcd rest. For survival anal-

ysis, continuous variablcs rvcrc dichorornizcd at a clinically

rclcvanr curoff poinr. Variablcs found to inrpacr signi6candy

on I-iear graft survival wcrc analyz.cd by multivarierc rnall'sis.

Mulrivariarc ,rnalysis was performcd using stepwisc forward

and backward Cox proporriona.l$az-ards modcls. P lcss rhan

.05 is considcrcd significrnr. All sratistical andyscs wcrc Pcr-

lormcd rvith thc StatVicrvT 4.5 software for Macinrosh (Aba-

cus Conceps lnc, Bcrlcclcy, CA).

Rcsults

Part I
Groups were similar in tcrms oF recipient agc, causc of
livcr diseasc, UNOS status' and Pre-LT liver Fru-rction

tcsc results. Therc was also no diffirence bcrween-

Broups.in terms of 
'\?IT or roral ischemic timc, bypass

usc, arrerial anastomosis techniquc, blood product usc,

and inidal immunosuppression. Prcoperativc demo-

graphics and surgical daca, including inidal immuno-

supprcssive therapy, arc listed in Table l.
Onc- and 5-ycar paticnt survival rates wire 82.9%o

and 70.0% in dre PD group and 82-5o/o and73.?-o/o in

the AD group (P,: not significanr). Onc- and 5-year

graft survival rates tcnded to be lcss in dre PD group

than thc AD group (68.6% u75.OVo For 1-year suwival;

P : .17;52.60/o u 65.8% for 5-year survival; P : '051)'
buc did not rcach sratistical signi6cancc (Fig. l).

Tablc 2 liscs &c incidencc of postoperative conrpli-

carions and length of hospital and intcnsive care unit

stays. Tlie ratc o[ I{AT was 12.9o/o in the PD group

compared with 3.B% in thc AD group (P : .0003).

Figurc 2 shows r,he causes oF grafc loss in the'

2 groups. Thirry-Gve grafts were lost in *re PD group

and 361 gralir were lost'in the AD group. Overall,

causcs of graft loss wcre similar berwecn thc BrouPs.

Part2

On univariate analysis, diagnosis ac primary LT
(P : .01), UNOS starus (P'< .05), pre-LT PT
(P : .005), crcatinine level (P : .01), DL\f/RB\f
(P : .01), and primary immunosuppressive ther-

^py 
(P :.03) rcached statisticel significance regarding

1-year graFr survival in PD recipients. These variables

were firrcher cvaluatcd in fbrward and backward srep-

wise Cox rcgression models. Indepcndcnt risk factors

wcrc a high prc-LT PT and not usingFK506 as primary

immunosuppressivc thcrapy (Table 3).
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Tablc 1. Prcopcradvc Dcnrognphic

G roulr

Vuiablc.s PD(n=70) AD(n=l,051) ノ
)

RcciPicni variablcs

ScK(ワ 6 rc・ nl」 c)

RBヽν (卜」

ERLW(3)

DOnOr νlriablcs

DOnor ngc(yr)

Scx(°/o■ in■ lc)

Dごnor bOdy、・ci3ht(k3)

Dし νヽ (g)
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NO'l'8. Valucs cxprcsscd rs rncan 1 SD unltss orlrcm,isc norcd.
r\bbrcviarions: lCU, inrcnsivc carc unir; NS, nor signrfiunr.

Part 3
'l'ablc /r slrows thc cfllcr oFposr-L1.'clrolcsra.si.s on pa-
ticnt erd gr;r[c survival. Onc- end 5-yeer paticnr lucl
graFr survival wcrc.significalrly worsc in paricnr.s widr :r

Tllil lcvcl >5.0 nrg/dl on POD 7. ln drcsc pxricnrs,
Vll' end CI-f rvcrc significandy longcr dr:rn rhosc in
paricnrs widr I'Bil lcvcls lcss dr:rn 5 nrg/dl on POD T
(57.1-'t- l3.O u 45.5 -!- 9.0 nrinutcs;13.1 !-. /t.3 u

10.5 -t- 3"n l.rorrr.s, rcspcctivcll,).

Part /t

Tablc 5 lisrs post<.rpcrarivc complicarion r;rtcs and l-
and t-ys11 p;rr.icrrt anrl grafr survivrl rarc.s, wirh .,;pcci;rl

rcfercnce ro DLVi ]:llLW.'l'lrcrc rv:r.s no.stari.srical rljf-
l-crcncc in di;rgnosis, UNOS st:rtus, or sur.gical vari;rblcs
(dlta nor slrorvrr). Parienrs widr a DlV/lllll-\7 lcss

th:rn 0-4 had a rrcrrcl row:rrd:r grcarcr r:rtc of I-lA'.1-'(40%
u l}.7tt/o; P < .06) and scpriccnria ((,t},yo , ?,5.011,).

Furtltcrnrolc, 1: and J-i:13;11 grafr sul-viral r:rtcs jn dris

（駿
〉
「
之
橿
日
∽

lPatiemlt Graft

卜y颯 5_y甲

一
PD 3muP(n=70)  829 700

-AD grouP(■ =1,051)825 732

2      3

Yclrrs Post Transplant

1‐y“r 5-y螂

―
 PD 8rouP(n=70)  686  526

- AD EpuP(n=1,051)75.0 658

2

Yenrs Post TrunsplLnt

Figtrc l.COnlPrisOn OfPadcnt md gran sllⅣ Iv`」 bthvccn dic PD(11〒 70)md AD grouPs(n=1,051).
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Tttd)ic 2.PoSto,crndVF CpmPliC■ lons

PD(n= AD(n=
VaFinbiC5               70)   〕,051)  ′

1)NF(%)             71    6.3   NS
l■T(°/o)          129   38  0003
POrて J ri,l tllrOniboJs(°/o)   211    15   NS

31c tak(0/o)         57   3.8  NS
Blc duct stricmrc(%).      57    58   NS
ScPdccmia(°/o)        28 6   19 8   NS

樋鱒 ∬舗ピ l椒 a」
“
s彎)4;i l:: N:

Abbrcviarion: NS, not significant'

' lntrahcprric and cxtrehtprric suicrtrrc'

grouP were only /1Qo/o andz\o/o comPared widt73'2o/o

;Lnd57.lo/o in pacients with a DL\fiERL\f o[0'4 or

grcater. Although there was no statistical significance,

irob^bly bccause of rhe small sa-rrrple size, diminished

graft survital in fiis group of paticnrs should be noted-

Mren divided at a. cutoffvalue of 0.5 for DLV/ERI\f,
postopcracive comPlicacions and patient and graft sur-

uiurl *.r" similar bct'wicn the groups, cxcePt for a

greater incidcnce oF bile leal< it'r patierits rvith a

DL\fl/ERL\V less riran 0.5.

Regarding chronological changes in serum TBil,

glutamic-oxaloacccic transaminase' and PT va-lucs carly

after LT, we found drat scrum bilirubin levels tendcd to

be greater in dre group with a DLV/ERL\fl less dran

0.lt ar all poinrs, but rhis did not rcach starisdcal sig.

nificancc. PT POD 2 was significandy greater in the

'Ia-blc 3. Ind.p"ndcnt Prcdictors oflnfcrior l-Ycr Graft

, Survivrl ir Rccipicnrs o[PD Livci3

Graft

Suryivrj .. Rclarivc

Varirblis (h) Cocllicicnt Risli P

1)T(S)

く16    80.5    1
≧16        51.7       1 165       3206    .0115

FK506 usc

Ycs      86 2     1

N。        575      】499      4477    0078

group w.ith a DLIMERL\(I less than 0.4 comparecl

rvith drc group wid-r a DLViERLW of 0.4 or greater

(P < .05).

AJthough females accounred for 39.8o/o ofAD recip-

ienls, 78.60/o o[ PD rccipiens were female. Ptimaty
biliary cirrhosis (21.4o/o) was a relatively Frcquenr indi-
cation in thc PD group comPared widr AD group

(I0.2+%).

Table I lism surgical data. Mean CIT rvas sig-

nificantly longer in PD rccipients (.P < .04). A piggy-

back proccdure was used in 5l '4o/o of PD recipicrlts in
contrast to only 4.60/o of AD recipients (P < -0001).

Patients in thc PD grouir wcre significandy more

lil<ely to require Ror"x-en-Y hepaticojejunostomy then

patients in the AD group because of *re size dis-

crepancy be nveen donor and recipient ducts (26.7Vo u

12.7o/o).

lnlcction

PNF

}IAT

Recurrent I-kpC

Rejection

Graft failure

Others Figurc 2.. Compuison o[
causcs of graft loss betwccn
tlc PD (n = 70) and'AD
groups (o = 1,05I). (HcpC,
hcpatitis C; NS, not signifi-
cant )

′=NS
n=35
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Tablc 4. Dclaycd Cholsruis Aficr L'.1'

'l-Bil (rng/dL) l'OD /
<50(11=41) ≧50(口 =11)

RccIPicni fttC(yr)

UNOS stuts(0/o)

l

3

Donoragc()′ r)

DLヽν(k」
DLW/E赳 Ẃ
CIT(h)

VIT(inin)

lntttOPcratiVC tr:insrtisions

PItBCヽ (units)

FFP(u`liS)

Pコ ticnt/graft sun′ ivュ l(以 ))

1-yr

5-),r

511主 lイ 3

ll l

361

528

87■ 21

855± 335

063■ 023
10.5± 30
45.5■ 90

10.9■ 72
17,士 143

9274/8051

8051/659§

510± ]イ 5

272

132

546

9,7± 13

784± l`7

067± 049

131土 イ3

572主 130

157■ 14.9

118± 87

5イ 5`/36イ 1

36イ 1/i82s

)NS
NS
NS

02

001

1ヾ S

lヽ S

・
1く 001

1§ <00ol
l'lOTE. Valuc-s cxprcsscd rs nrcrn I SD unlqs norcd or.lrcnvisc.
Abbr,:virr.ions: PRIlc, prckcd rcrl lrlood cclls; FFp, fri:.sh frczrn pr;un*; NS, notsig,nilianr.
' l-ycar prricnr -suruir,rl.
'l l-yc:u gnfr survivrl.
i 5-y."r prticnt suwi'rl.
S 5-y.ar grrft suruival.
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Discussion

Currcntly, more thxn 14,000 Paticnts are on thc wait-

ing list [or live r transplanrs in the Unitcd Statcs, lvith an

expectcd supply of 4,500 donors pcr ycar'7 The gap

betwccn tl're dcrnand and supply o[ donor organs has

been constanrly increasing. As a rcsult, centers havc

been expanding clrc.ir donor acceptance criteria, includ-

ing thc usc of small-for-size livers under certain condi-

tions.
The use a-nd allocation of pcdiaric .livcrs in adult

recipienm is controvcrsial. According to UNOS data,7

approximatel y 20o/o of liver donors in. dre Unite d S tates

in 1997 rvere aged younger than l8 years, and' 8.7o/o

rvere agcd youngcr chan 10 years' Approximarely 7J0

livers per year procurcd {:rom PDs (defined as agc

-< 13 years) werc transplantcd into adults (219 years;

LINOS data reqttcst, 1999). According ro lffight,s 28

pcdiacric livers werc tra-nsplanrcd into adults in rhe

United Kingdom in 1989, wbercas 64 pediauiclivets

wcrc transplanred inro pcdiatric paticnts.

Because cherc was no UNOS policy for allocating

PD livcrs to .pediatric recipicnts during.this srudy pe-

riod, the use of pediarric livcrs in adult rccipients was

justified under certain urgcnr condit.ions. Reccndy,

LINOS adopred a poliry to allocarc PD livers preferen-

rially to pediatric recipients in the same region'

Our scudy showed thar resulcs with the use of pedi-

auic livers in adulcs was similar to results with adult-to-

adulc combinarions, although graft survival tendcd to

be less in dre formcr group. OFnote, rhe incidence of
IIAT was significandy greatcr in thc PD grouP com-

pared witl: clrc AD group (12.9% u 3.8o/o). Thc inci-

dence o[ FIAT after primary LT varies from 1.6% to

87o in adulrse-13 and 5Vo to 38o/o in children-r4-r6 Nu-

rne rous factors lrave been implicared in FIAT, including

a prolonged CIT.r3'r7-r' Not surprisingly, an increascd

incidcnce has been reporced in pediatric recipients, in

whom vessels are small'14 It is also reported tl'rat size

mismacching in vascular cornPonents couJd be prob-

Iemaric in LT uiing small-for-sizc grafis.zo In our

prese nt srudy, CIT was longer in the PDs, and this may

pardy explain the high incidence of HAT. Further-

more, wc believe the small size o[the donor artery and

inevirable size discrcpancy berwcen donor and recipient

arterics mighr facilitate development oFFIAT- It is our

policy to adrninisrer anricoagularion rherapy with lrcp-

arin to the recipient ih rhis setting to Prevent I{AT.
Adam et al2r reviewcd their use of small donor livers

in adult rccipients and found drat a very srnall grafr size

1<600 g), DR\fl rado less than 0'5, and prescrvation

time exceeding l2 hours were risk factors for complica-

tions. \fle did not confirm thcsc findings in our patients

(data not shown). Our rnultivariare analysis slrowed

2 indepcndcnt rislc factors [or poor graft surviva"l: prc-

operativc PT greatcr than 16 seconds and no use ol:

FI(506 [or primary immunosuppression. Paticnrs lvith
a prcoperative .PT lcss than l6 scconds who wcrc ad-

minisrered FK506 lrad a l-year graft survival rate ol'

94.1o/o (n: 17) versus a37.5Vo (n : 16) l-ycar graft

survival ratc in patients with a PT grcatcr $an 16 scc-

onds prcoperacivelyrvho wcre not administcre d FK506.

The efFect of a liigh prcoperacivc PT on negacive our-

comc can bc explained by poor pre-LT Patient condi-

don and incraopcracive blood loss (dara noc shorvn).

These results suggest [hat restricting the usc ofsmall PD

livers to rclarively hcalthy aduls may bc the key to
bettcr graft and patienr survivals. Flowever, possibly

bccause a cyclosporine-bascd immunosuppressivc regi-

men was used earlier in our program, rhe improved

grafc survival in *re FK506 cra may re0cct our lcarning

curve rclatcd to increased surgical experience.

It is imporcanc co know the expectcd (oridea-l) recip-

ienr livcr weight bcForc acccpting a donor liver, espc-

cially when r-here is a size discrcpanry bcrween che

donor and recipient. urata ec al22 proposed a simplc

Formula for predicting standard (or ideal) liver volume:

Liver volumc (nilliliters) : 706.2

X body surfacc area (square merers) )- 2.4

Since ir was published in 1995, rhis forrnuJa has

becn widely used. However, we Itound rhar this forrlula
ce ndcd ro unde restimare liver vohime rvhen we applicd

ir to our donor popujacion (dau noc shown). I-{einc-

mann er al23 recendy reported che same observadon.

The rcason is not clear but is probably causcd by dre

raciaj diffrrence on wbiclr the Formula was based. Thus,
we adopred the formulh developed at our institution:

ERLV (grams) : 6 x wciglrt (lb) J- 4

X age (years) * lJg

Among 5 grafts wi$. a DL\W/ERL\[ lcss than 0.4,

I graft (DL\f/ERL\fl : 0.35) was losr to PNF, which
rvas anributed to a small-for-siz-e graft. The 2 smallcst

grafrs (0.29 and 0-34),developed HAT on PODs i2
and 1. One graft (DL\il/ERL\f : 0.39) was losc to an

unknown cause on POD 982. Thus, che 3 smallest o[
riese 5 grafts were lost co causes artriburable to thc graft

itsel[. Considering dre high incidence of complications,

including HAT (40%) and sepricemia (60%), and tbe

low graft survival, we curren,tly believc we should

not usc grafts with a DLV/ERL\il less than 0.4 in
cadavcric LT,

In Iiving related LT, small-for-sizc grafts are rcport-
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edly associatcd rvirh impaircd gralr funcrion, indicatcd
' by prolongcd hyperbilirubincmia, prolusc ascircs, and
high PTs.i In our srucly, TBil lcvels iu paricnts wirlr a

DLW/ERLV lcss rhrn 0.4 tcndcd to bc grcatcr, bur
the diFfcrencc did nor rcach staristical significancc. pT
on POD 2 rvas significandy highcr in paricns wich a

DL\7/ERL\7 less than 0.4. The incidcnce o[post-LT
. ascircs was similar bcnvcen rhe PD and AD groups. In
living rclarcd donor LTs, thc dcvelopnrcnr o[increascd
ascircs rr:latcd to small-for-sizc livers rnay bc causcd by
thc largc cur surlace on the donor livcr. This dreorT may
cxplain why incrcascd ascircs was not.sce n in our rrans-
planc rccipicnts, in rvhorn rlre smell-fbr-sizc livcr.s rvcrc
whole organs.

\(/lrcn rvc dividcd drc I)D livcr rccipicnrs inrrr
2 groups based on TBil levcl on POD 7, we lbund drar
giaft volumc (DLWERLW w3s r)or associarcd rvirjr
prolongcd cholcsra.sis (dcfined as l'Bil > 5 mg/dl on
POD 7). Convcrscly, grafts wirlr long rWiTs and ClTs
dcvclopcd cholcsra.sis, suggesIing thar sm;rjl-[or-siz.c liv-
cl's \vclc morc vulnclablc to ischemic insult- l"-urrlr.r-
Inorc, wc found r-lrar'grafr and paricnr. survir/ill in pa.
ricrrrs wl:o dcvclopcd prolorrgcd cholcsra.sis wcrc
marl<cdly inlcrior ro thosc who did noc.

Jn conclu.sion, drc usc oF PD livcrs in ;rduls wa:
a.ssociarcd with a grcercr inciderrcc oF I IAI', probabll,
attributab[c ro smallcr clonor vcsscl siz.c and thc inedc-
quatc capaciry of rhc clonor vcsscl lor accommoclarinp
high errcrial flor.v vclociry in thc rccipicnt. posr-L-J'

auticoigrLlation rbcrepy is wlrranrcd rvlrcn using PD
livcrs in adulrs. l-hc ourcomc of-srn:rll-l-or-sizc 6rafts is

niorc lil<cly to bc ndvcrscly aflcctcd by longcr'W1Ts arrd
CITs. Gralts wirh a DI-V/ERL\7 oF 0.11 or prcarcr
(or >-40o/o olt idcal livcr volunrc) .rn bc us",i s.fily.
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肝臓レシピエント新基準での優先順位

小児 ドナー (18歳未満)から提供があつた場合に小児レシピエントに 1点を加点するとした場合の優先

順位

レシピエント

年齢
生後 24ヶ 月未満 生後 24ヶ 月～18歳未満 18歳以上

血液型 一致 適合 不適合 一致 適合 一致 適合

緊急性 9点 ① (11.5) ② ③ (10.5) ④ (10)

緊急性 6点 ⑤ (8.5) ⑥ (8) ⑤ (85) ⑥ (8) ⑦ (7.5) ③

緊急性 3点 ③ (5.5) ⑩ (5) ⑨ (5.5) ⑩ (5) ① (4.5) ⑫ (4)

緊急性 1点 ⑬ (35) ⑭ (3) ⑬ (3.5) ① (3) ⑮ (2.5) ⑩ (2)

*( )内 は点数 :例 :生後 24ヶ 月未満、医学的緊急度 9点の場合

医学的緊急度 9点 +血液型 1.5点 +小児 ドナー 1点 =11.5点

ドナーが 18歳以上の場合

レシピエント

年齢
生後 24ヶ 月未満 24ヶ 月以上

血液型 一致 適合 不適合 一致 適合

緊急性 9点 ① (10.5) ② (10)

緊急性 6点 ③ (7.5) ④ ③ (7.5) ④

緊急性 3点 ⑤ (45) ⑥ (4) ⑤ (4.5) ⑥ (4)

緊急性 1点 ⑦ (2.5) ③ (2) ⑦ (2.5) ③
０
４
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Review

Liver涯封aftS fronl antinhelDatitis B core poshive dOnors:

A systematic review

i   Evangelos cholongitasl,Ceorge VI Papatheodoridis2,・
,Andrew K.Burroughsl

監鳳 ξうど顎嘱 綿 :絡1腑
鰐 蓬嘲 逃

1鶴鵬露協露f咄胃叩1141/a,5ophiag Ayc

峰 EASL螂灘YI龍鵬

Eaclcground & Aims: Although heparids B vinrs (HBV) transmis-
sion after liver transplantation of grafts from HBsAg-negative,
anti-HBc positive donors is well eshblished, the growing organ
shortage favours lhe use of such marginal grafts. We systemati-
cally evaluated the risk of HBV infection after liver transplanta-
tion with such gra[6 and the effect ofanti-HBV prophylaxis.
Methods; We performed a literature review over the last
15 years identifuing 39 studies includlng.9o3 recipients of anti-
HBc positive Iiver gnfs,
Re.sults: Recurreot HBV infection developed in 111 of HBsAg-
pbsitive lieer transplant recipients o[ anti-HBc positive grafts,
while survival was slmilar(67-100X) to HBsAg-posldve recipients
oi and-HBc negative BraFts. Dc noyo HBV infection developed in
19X of HBsAg-negative recipients being less frequent in anti-
HBclanti-HBs positive tban HBV naive eses without prophylaxis
(15X vs 48X, p < 0.001). Anti-HBV proplrylaxis reduced de novo
infection rates in both anti-HBclanti-HBs positive (3X) and HBV
naive recipients (12$. De novo lnfection rat'es werc 19%, Z6%
and Z.8N in HBsAg-negative.recipients under hepatitis B immuno-
globulin. lamivudine and their combination, respectivcly.
Conclusions: Liver grafts from anti-HBc positive donors can be
safely used, prelerentially in HBsAg-positive or anti-HBc/anti-
HBs positive reclpients. HBsAg^negative reclplents should receive
prophylaxis with lamivuding while both anti-HBc and anti-llBs
positive recipients may need no prophylaxis at all.
6 2009 European Association for the Study ofthe Liver, Published
by Elsevier B.V. All rights reserved.

Intoduction

despite the recent advances in liver tnnsplantation (LT), there is
a growing gap between the availability oFdonors and recipients
on the waiting lisL One 6f the cunent dfforts. to overcome the
organ shortage is based on the use ofgnffs tlrat are from donors
with antibodies against the HBV core antigen (anti-HBc), but hep-

Kcywordr: Dr noyo H0V infecdon: Uvar bansplantation: Margi0rl donors; Anti-
HBc positive donors: Heprtids It jmmuDoslobulin: t-amivudlne; Vaccinarion.
' Conespondlng author. Tel.: +30 2l O ?7 7 47 12i tat +30 21 0 770687.1.
E-rtoll oddrcsj: gcpapath@mcd.uoa.gf (G.V. Prpitheodoridis). .

,qbbnvldtiotr; HgV. hlpatttls B vlrusi LT. livtr transpl:ntrtlon; anrl-HBq HBVcorc
antigc0i lt8sAg, hepadtis B surface antigcn; ccrDNA covalently doscd cirular
DNA: HBlc, hep:titis B immunoglobulin; LAM.lemigudine.

atitis D surface antigen (HBsAg) negarive; the so called,,anri-HBc
positive donors" [1]. These grafts are rather common in countries
with high or even intermediate prevalence of I.IBV infection, such
as Asia and the Mediterranean basin. However, anti-HBc oositive
liver donors frequently have occult HBV infection, Le. persistent
liverand/orserum HBV DNA withoutserologic evidence of active
HBV infection.(negative HBsAg with or without positive anti_
HFs). Indeed, sevcral studies in HBsAg-negative subjects have
shown that there is often the detection in the liver of corralentlv
closed circular DNA (cccDNA) and pregenomic RNA, ihich is;
marker of ongoing viral replication l2Jl, and that may signili_
cantly increase with the use of post-LT lmrnunozuppression and
in panicular with corticosteroids [4]. The liver grafts from anti_

. HBc positive donoG are currently the main sources of de noyo
HBV infection after f,T [5,61, which is usually defined by the
development of positive HBsAg and/or detectable serum or liver
HBV DNA in previously HBsAg recipients or even developmenr
ofpositlve and.-HBc in previous$ HBV naive reclpienB, However,
the literature documenting the risk of de novo kBV infection and
thc ellccts on the graft is scanty and conflicting.

The lack of definite datr explains the wide variation in current
clinical practice. In a survey in the USA in 2001, almost batfof
liver tnnsplant physicians reported that they dld not use anri_
HBc positive donors in HBV nai'je recipients [7J. In a more reccnt
international survey, the responders documented using prophy_
laxis with a nucleos(t)ide analogue (mostly lamivudine, but alio
entecavir and adefovir) in the majority of LT recipients of anti_' 
HBc positive grafts. and 61X also used hepatitis B immunoglobu_
lin (HBIG) (69X in US and 46X in non-US cenrres, p = 0.03) [81.

In this review, we systematically evaluated all the available
data in order to quantify t}re impact of using liver grafts from
anti-HFc positive donors and identity the optimal post-LT pro_
plrylaxis. We selected two [rpe5 of recipiens: (a) HBsAg-positive
recipients and (b) l{BsAg-negative recipients. In particular, we
documented the rates of de novo HBV Infection wlth or without

. an[-HBV prophylaxis relative !o the donor-reciplent HBV sero-
logical status, as well as data on the outcome of de novo posr-
LT HBV infection. Our search was based on Medline/pubMed from
January 1994 to december 2008 usingthesearch terms.,hepatitis
B core. antibody" and "liver transplantation'., in papers publisherl
in English, We also conducted a manual search of the reference
lists in the review articles, In total, 133 arficles were identified.
Two autbors (E.C.. G.V.P.) reviewed the absfracts ofthese articles
ro identifu potenrially relevant articles. In totat, 39 original

鉤
Eが日lER

Journal of Hepatology 201O vol. 521272:Z'j9



Table 1. Published fidl6 on the ptcsalence of enti-IlBc positivity imong.

livs donos in di{fercnt @unbics.

first autbo( yrer [Rc[l Donors, n/N anti-HBc

Positive/totil l'revilcn(r(X)

JOURNAL OF HEPAT◎ L◎GY
three with HBIC,three with iamivudine and six with HBIG and

lamivudine(lIBIC had been dlscoltinudd in one at HBv recur‐

rcnce).1,one retrospecuve cohort study 1201,reCipicJ3 oF

a,ti― HBE pOsitive gmfts(■ ‐14.5 with detectable terun HBV

DNA aL LT)were Compared to recipients oF anti― H,c nega● ve
graFts(n=65)The 14 redpた nじ ofand― HBc Po亘 t市e gmFts devd―
oped HBV recurrence more rrequently(69.2%vs 35.7%,p=o.034)

and earlier aFter LT(2.9v56.4 years,pく 0.oo5).HOwCVCr・ Lhe
patient and graFt survival was noL difFerent between the 価′o
groupO:60-mo,th Survival:,7%vs 68%.In m■ ldvariate analysお

,

H3V rocurence was independentty assodated witll anti¨ HBc
donor status(RR:2.795,p―-0.02)and thё use oFcombined HB!G

and iam市 ud;ne prophyla対 s lRR:0.249,p=o.021).but nOt thc

recipients'prc―transplant HBeAg,tatuS t20「

LiVer raFts from anti‐ HBc POSidVe donors to HBsAg_nettttiVe

recipients―ガsI(o〔 de■ 0ッo HBV ifection

lNe identlied 38 relevant studies published as rl11l papers 15,9-

13,16,19,21■ 501 1Table 3)Nine did,ot have sumdOnt data

regarding the,crO:Dgical HBV status in lonorS andJor reCipienも

112,13,23`31,39,43,45,49150].Four centres published mO studies:
one itt Spain i36,37〕 and three in the USA 122,29,30■ 4,35,401

with hハ′o oF these repolrs having oVeriap in study pcriods

129β51.The indicaJOn For rT was recorded in 21 Studies 110,19.

21-23,25,26,28β O,31,36,37,3941■ 5、47,49,501 HCV Cirrhosヽ
was the rnost comrnon(25%)「 o110Wed by alcohOlic cirrhosls and

cholestatic IIver diseases.The cohort size ranged frOm 6 to 91

patien3 with only twO studies reporting>50 Patients t26β 7〕 .
The total number oFpatients thatcculd be evョ luated was 788.

The diagnosis ofde rloν o HBV inrccti。 .was bascd On tlle dete←
Jon oF HBsAg in pre,Iously HBsAg_nega」 ve red● enじ With or
without compatible blochemlcal or histological andingS in 14

:肥暑品:lξ:締:子孟驚計煮1恵鍮∴犠]鷲:ζ
21,22,26,30-32,34,36-41,43,481.The presence oF HBv DNハ was
determined by a hybridization technique in 6ree 1lo,1,371,

branched― DNA assay in one 111l and polymerase chain reaction

(PCR)assay in the remaining 20 studies i5,9,13.19,21,22,25,
26,28,30-32,34.3639-4147-49卜 HBV DNA was ev011ated in
serum in 17 19-1l116122,25,26,30,37.39,40。43-45,47491and h
both semm and liver Jsste in nine studies 15,13,19,2128.

31132β4“ ll,wh"e it was aお o evaluat“ in,eukOcytcs in m
sttldies 15,341.In only one study,cccDNA"as assessed in liver

tissue[36].                 ^                        ・

辮麟酵■
Sh!njl(1998):131  :  i

祓ぶ
Lo t2003)1151

uSA    25′ 1190

卜小 A  ' 3μ学
uSA    70r2578∴
億

p｀ 1二撃:「

1撫 :l i1li・
Talwan  4“ 2
China    28151

articles evaluated ttre rate ofdc iovo I{BV infection lrom antl-HBc

positlve donors, weie included in the final analysis. Data abstrac-

tion was done by one author (E.C.) and any conflicts in data

abstnction were arbitTated by discussion with the senior authors

(c.v.P., A.K.B.).

Prevalence ofanti-HBc positive liver donors

The rate of anti-HBc positivity in liver donors varies substantially

in different countries retlecting the Iocal prevalence of HBV infecl
tio'n. Thus, the prevalence ofanti-HBc is lower in developed coun-

rriesranging from3l to 15X l9-131, butitmay exceed 50%in highly

endemic areas 114-161 (Table 1). The prevalence ofanti'H8c may'

also vary in different areas oftlte same country and in specilic eth-

nic populations (e-g, it fs estimated that25% of non-Hispan.ic blad<

Amiricans in the USA are anti-HBc positive) [17], and it is usually

higherin olderage lndividualq wboare cirrrently increasingly used

as liver donors 11 0]. The latter could partly explain the increasing

number of anti-l-lBc positiv? cadaveric livers transplanted in the

USA (from 3.eX ln 1998 to 4.9% in 2002) [1 8]'

Uver grafts from anti-IlBc positive donors to HBsAgpositive

recipients

Nine studies [11,19-26] evaluated the recurrence ofHBV infec-

tion in HBsAg-positive recipients of anti-HBc positive ltver 8rafts
(Table 2). During a median follow-up of 27 (19-42) months, post-

transplant HBV infection was observed in 12 (10.5*) of I i 5 recip-

ients, while median survival.ranged from 67% to 100X. ln the'12

cases with post-transplant HBV infection, the prophylaxis was:
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Table 2. Fublishcd studlcs of tlver tnnsplnntation usirg ild-HBc posltivc donors in HBs^g-posliive redpienls.

FiEt nuthor. Yerr lRef.I HBsAg positive Follow-up (rnonths) HBV FeCurence,a tX)   su″ iVIll(■ )

Recipicnts,口     AnJ‐ HBV prophyl■烙s

鼈 吉i:|
熙藤1輪秘石・
富詰縣艘1謬鼎)iil●

２０

２６

４２

‐９

２９

ＮＡ

繋

２９

‐９

ヽ HBIC r咄   _i
HBIC:5.LAM:].H31G+LAM:5

`1 _ HDlq      .      :. :    メ
LAMl12.HBIC 41 AM:5

,l HB゛ =lAM   . I
HBIC:3,HBIG+LAM:1
: :HBIC+IAM
HBIC■ LAM

0

11(33):1
9・ (69)

|■ ‐ヽ :
Ю

９

　

７５0 `・ 1:‐_
0

:l:(2:'..‐

0  1
1(3)

H[tc, hrpatitis B. immunoglobulinl tAM' lamlwdine: NA, not avdilab]e.

' 2/5 patients undet HSIG. 3/3 Patlents uDder LAM and 4/5 patients under HtlC + lAM.

JOurnal of Hepatology 2010 vol.521272-279

! l/3 prrieD6 under HBIG.
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Tnblc 3. Fublishcd studief witJr livcr ir'.Eplutation sing anti-HBc positivc donors in lBsAg-trcgative rccipiuG.b

First aulhor,
ycar IRcf.l

And■ 8c(キ ),and― HBs(― )reciPた nじ Anti― HBc(+l ani‐ H3s(+)F● dPiCntS HBV nrive recipicnLs

Padcn`. Ani― HBV   Follow up,
N     prophylaxiS mon雌

Patienls, And-HBV Followrrp,
I'l prophylaxis montl!

De novo Patlents Anri-HBV Follow-up, De novo
HBV n N prophylaxis monrhs HBV. f,

,`"OV●

IBⅥ n

Dlckor (199?) 19!
D;d5on (1ss7) 1291.
Dodion (1999) [3sl

Pri;bo (200r).Irol
Manabdta
(2002) lnl
Roquc-Afonso . ,

(?00. ?) t?l1 .

Biccmr (2002) [371
ften (2002) 116l

Nery (2003) [221

Los; (2003)' l32l

....'.':
suehiro (200s) [281
De Feo (200.sF l27l
Dooatatcio
(2006y [241
Urileda (2006) laTl'
Celebi-Kobnk
(20fr) 125l
Takemun ..

None  ,

None
HBIC+LAM

None
None

HBIG

LAM:11
none:II  :

HBIC+LAM:
4.LAM:9

HBIC■ lAM
None
HBI●

LAM

None

None

Nonc

None

l 脚 :2,   ′

■onc:1

HB:G+Lヽ♂縣:
6.none:17

NA
None

::BiC

LAM

HBIC

None

N●●e

H81G+lAM:
7,HBIc:1

None

HBiC

None:4.

HBIC:8

LAM:13,

nonc:2

HBIG+LAM:
2,LAM:6

KBIG(bOl・●sヽギ
LAM+ ・  ‐
Vaccinadon.

HBIC+LAM
None

HBIC+LjIM:1.
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14

11

38     HBIc
4     LAM

LAM
(2007)IB3〕

HBlC,hepaids B Immunoglobulin:LAM・ lam‖ udine:Nへ
"ot aVaHabletDど ,ov● HBV infection a13● d●ッdOped ln t→ 1′3 ani‐HDs po■ lνo reciJenS under HЫ G■ vIM+,accinationt i321(D Ol〕 5 and■Sc POJivc an01● r anti■ 3S pO●

`vごr“ pienじ undcr no and‐ HlV prophyl腱 ♂127L(C)Oll ani_HBc poSiuvc FedPient(unknOwn ant_lIBs sta“ 5)undCr H31C duing ll mOn05 0ff01o,upコ 1241.全TWenty"v● 5"dieS Withく,O padenじ each(■ ‐13)i5,192530,4,638.40“ 2.44,4■ 48〕 or i“
"籠
dent da“ (■・ 9)。 n the ser01●81い l HBV sht● 5 0F dono"and′ or

redplents 112,13fお ,31」39,4345,49.50い ie nCtindudod.De■ o"HBV inFectlo■ d゛eloped in:(a)15,57‖ BV‐ lve reciplcnts 15,1925,30.3438,40-42481 undernO“ t‐HBv
prophylaxis Or IAM● HB:G=vacdna」 o●・ (b)21Sl aniHBl posidve FeClplents land_HBs ncgaave(1′ 9〉 and‐HBs p● sLivo(l120,and■ IBS unknown(O122)l
IS.192536β 3● 0,44,451 under nO anti‐ 1●V prophylaだ s or ilB!G ttLAM■ vacdnadon and(d〕 1'5 0nly anti‐IDs pOitive rccipienL undcr LAM pllls vaccinatiOn 1441.D″

"ο

ν●HBV intction a150 deVeloped in(a)15720 and― HBc posidVさ redPients(unlmOWn ant_H35Sい ●S)ulldOr■●anu‐ HBV prop″ !ヨ■S(15′ 16)113:or HBIG+LAM(o71)

1311 0rH3:G plLζ  vacchadon(0′ 3)1491.(b)O11l and_H8sp● siSve rcclPients under HBIC Pl,Vacdnation 1491 and(C114′ 95 rc・ cilents Witil unknown and― HB5′ ant卜iiBc
starus undcr HB:c t LAM Orno Prophyl■ 渉 (9167〕 11223』 ■43:●rHB】 G ttvaccination(2′25)【 45.501 0rvl(dna10n a10nC(3r3〕 150i.
b Thrty one ttdplenじ

(frOmscvcn sLudiCSill■ 62122,2■ 36βフ〕)with Succ“ srui pre‐ LT vacdna」 on and no post_LT pFOpl)ylaxis were not hcluded:til“ c(96χ )Orthttrn
dcvclopcd De noν o HBV inrection.In additb口 .34"cIPien● (rrom s"cn stuales【 1924-26β l,33■ 41)With Successrlll pre・ LT vadna‖ On and,lBIC androrlam、電linC pOsr‐
LT Prophylaえs were potindu`ed:noic oFthen devclopcd dし ,oッο HBV infccjon.

The immunosuppressive therrpy after LT was reported in
detail for each patient in only one study [321. while the immuno-
suppressive regimens with or without thc number of patients in
each regimen was reported in 19 sturlics [10,11,13,16,19.25,
28,30J1,333436,3933-45,47-491 and no information on the
immunosuppressioE was provided in 18 sfudies 15,9,1221-24.
26,27,29,35,37,38,40-42,4650]. Tacrolimus or cyclosporine-
based regimens were used in seven 110,'1125,2834,36,391, only
tacrollmus-based regimens in.10 [13,19,31-333315,a7-49] and
only cyclosporine-based regimens in three studies [16,30,44]. In
I 8 studles [1 1,13,16,19,25.28,30-3436 A3-45,47 491 steroids
were used as immunosuppressive regimcn, while in two studies

[10.391 steroid use was not reported. The plan ofsteroid with-
drawal (usually tapered and stopped 3-12 months after LT) was
only reported in 1 0 studies 176,1 9,37,32,34,44,45,47 491.

. ' In toEal, de novo HBV infection was observed in 149 (18.9%) of
788 recipients at a median of 24 (5-54) months after LT. Post-
transplant anti-HBV prophylaxis signilicantly affected the proba-
bility of de novo IIBV infection, which developed in 28.2X (1 l9/
422) of rccipients witiout, and 8.2X (30/356) of recipients rvith

. post-transplant prophylaxis (p < 0.001). Moreover, de novo HBV
infection developed more rapidly in patlens wirhout t}lan with

POSt‐ tttnSplant prophylaxis: mCdian onsct arter LT: 19 vs

35 rnOnthS(p‐ 0.05).   ,                  .

Probabiliげ ぼdC nbν o H3ソ inlcc●On wimour post_trattplant ani
HBy prop″腱

温鷲∬胤 :肝#刷勝i謁露3講楓鷺 ll警ふ惣讐1出:
pared to 15.2%(21′ 138)oFrecipた nts with scrologi申 l harkers OF
past HBV inrection(pく 0.001)。「9″ %(3′ 31)Of rCCipients with
succcssFul pre LT vacdnation(pく o.001)・ De口 oν o HBv infection
also developed in 8 9%(6′ 67)oF HBsAg― negative recipients with

unknown Pre‐LT HBV status.The presence Or anti_HBs in anti‐

HBC POSitiVe reciplents,which was rと polted in lo6 oF 138 such

cases,reduced tho probability OF de nο vo HBV illrection but did

■ot eliminate it(F'意 .1).

ハ
"|‐
抑 cPOⅢ ve[VergrarS Io H8s/1g negame recゎ た.む Witi Pasど

HBV inIP`riOn。 (a)HBsAg and anti_HBs nOgativity with anti― HBc
Posidvity in recIPicnts.In eight studies 15,9-11,16.29,36,38〕 ,de
nOvo H3V inFection developed in 13.1%(5138)oF such reciplcnts

with anti―HBc Positivc donors during a median fOliOw― up of
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p < 0.001 for all comparison Vs HBV naive

47.8

HBV naiVe antl・HBc+′
ant卜H3s・

Recipients,n  172     38

PostLT‐ F‐UP 35(0-91) 2710‐ 84)

anti・ HBc+ノ onty anti‐ HBst
antl― H3sI

68        31

2610‐ 86) 40(26‐ 91)

fig. 1. f.isk of dc rovo hepatitjs B virus (HBv) infcsrlon in.H8sng-neFtive
rccipicns wlro received lirrcr gnfts ftom anri'HBc losltive donors and no

}I8v propllylaxis aflcr liver ransplanhtlon (uI) in rclation to $eir HBV

scrolodcal s(nhrs bcforc bansplant

27 months (0.2-s4). (b) HBsAg-negative recipients with anti-HBc

positivity and anti-HBs positivily. ln nine studies 15,10.i1,16,
22,25,29,36,171, de novo HBV infection was documenled in.

only l,aX (1/58) ofsuch recipients with anti-HBc Posftive donors

during a median follow-up of 26 (0.2-86) months. The anti-HBs

status of the donors was reported in only hve studies including
just 1 8 HBsAg-negative recipients positive for anti-HBc with or

without positive anti-HBs [5,9,16,36,38], and therefore the

impact of the anti-HBs donors' stafus could'not be safely

detcrrnined.

Anti-HBc positive liver gafts to HflsAg'ne$stlve reclpfents wich

success/ul pre-LT voccination. Seven studies evaluated the devel-

opment ofde novo ltBV infection in 31 HBsAg-ncgative recipients

who developed anti-HBs after l.|BV vaccination before LT and

received no post-LT prophylaxis 111,16,21,2224,36,371. De novo

HBV infection developed in 3 (9.7X) of them during a rnedian

post-LT follow-up of 40 (26-9'l ) months.

Anti-HBc positive llver grafts to HBV noive recipienas' During a med-

ian follow-up ot35 months (range: 0"1-91 ), de novo HBVinfection
alter LT with grafts from anti-HBc positive donors was detected in

47-8U {89/.t86) of ltBV naive recipients included in 14 studies

I s,9-1 i,'l 62 1.24,27,25,30,37,38,41,42 ]. lnteresti ngly' the pres-

ence of anti-HBs in the donors did not affect the prolrebility of de

novo HBV lnfection in HBV naive recipients. ln Particular. in ei8ht

studies [5,9,10.16,21,30,38,411 providing the anti-l{Bs status in
the donor. de novo l{BV infection devctoped in 71 X (28/39) ofrecip-
ients withboth anti'HBc and anti'FlBs positive donors during a fo[-

low-up of 37 (0.2-65) months, and in 65if (20/3i) of recipients

with anti-HBc positive but arrl-i-HBs negative donors during a
follow-up of 33 (0,1-91) months (p * 0.70) (Fig' 2)'

Post-ttansplant prophylutis against de novo HBV In[eclion

Twenty Fu. [5,11,16.19,21-26,28,31-35,40,43-501 studies

reported data on posr-ransplant prophylaxis (HBIC and/or lami-
wdine and/or HBV vaccination) against de novo HBV infection in
366 patients rnibo received liver grafu from anti-HBc positive

donors. HBIG alone wis used in 95, lamivudine alone in 75, HBIC

and larnivucline in 1 04, I'IBIG andior larnivudine in 7, posi-LT
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ρく0001

478

ρ=0.001

15.2 ρ」′・1°0

l-lBV naive . ant-HBcr. only antl-HBs+

Reclpieots, n 172150 138f119 31/34

[t& z. Risk ot dc rovo hepntitis B virus (HBv) infe.Lion in H8sAg-negative
rccipicnts ot liver Bnfts from anti-HBc positive donors;n relation to thelr
lre-Ernsplmt ltDV serologial strhrs and the Be of EBv prophylaxls aftu
liver transphntrtloD (LT).

vaccination with HBIG and/or lamivudinc in 81 and post-LT vac-
cination alone in three cases. De novo HBV inlection developed in .

7.a% Q7 1363) of recipients who received HBIG and/or lamivudine
after LT (combined with post-LT vaccination in 81 cases) and in
all 3 cases who received post-LT vaccination alone (p < 0.001).
In particular, de novo HBV infection under HBIG and/or lamivu-
dine was observed significantly more ftequently in HBV naive
than anti-HBc and/or anti-HBs positive reo'pients (18/150 or
12X vs 41153 ot 2.6%, p - 0.006)- De novo HBV infection also
developed in 8.3xi (5/50) of recipienG with unknowr pre-LT sta-
tus who received HBIG and/or lamivudine with or without post-
LT traccination (Table 3).

HBIG monoprophylaxr's,, Htslc (5000 or 10.000lU intnvenously
startingduring the anhepatic pbase)was usedas monoprophylaxis
for varying intervals afcer LT in eight studies [11,21,2433,
35,46,47,501(Table 3). During a rnedian follow-up of 31 months
(range:3-86), de novo HBV lnfection developed in 18 (18.7X) of
96 recipients: five (27X) had discontinued I-IBIG and another two
(1lX) had low serum anti-llBs levels (<5o lU/mL) despite HIIIG
administration, at the diagnosis ofde novo LIDVinfection. In partic-
ular, de novo HBV infection under HBl6 monoprophylaxis devel-
oped in 27X (17163) of HBV naive r6cipients and 5.82 (1/17) of
recipients wirh past HBV infection (p = 0.1o) during a median fol-
low-up of 30 (3-86) and 1 9 (3-86) months. respectively. In addi-
tion, de novo HBV infection also dcveloped in none of five
recipients with ilccessful pre-LT vaccination during a median
follow-up of 35 (31-38) months and in none of I 1 recipients wiLh
unknown pre-IT HBV status who received post-LT prophylaxis
with HBIG alone. The impact of.recipient's anti-HBs status could
not be determined due to limitcd data,

.Lomivudine m6noprophylaxis. Since HBIG lras several limirations,
such as high cost poor compliance and even low protection partic-
ularly in HBV naive recipients [11], lamivudine moooprophylaxis
( l 00-150 mglday for long periods) against de novo HBV infection
was also evaluated in sixstudies [16,19,22,25,2,6.401(Table3). Dur-
ing a medlan follow-up of 25 (1-69) months. de novo HBV infeclion
was observed ur.2.6%(2175) of recipients IU25 (4.0X) recipients.
with past HBV infection, 1lz3 (3.4%) HBV naive recipients, 0/17
recipients with successful pre-LT vaccination (p = 0.72)J. Interest-
ingly, the llBV naive recipient with de novo HBV inlection.devel-
oped it after lamivudine discontinuatiDr (Fig.3).
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HBV naive antfH8c+ only anU-HBs+ HBV slatG
Reclplants. n63/33135 17125129 5117112 1110t?8

Fig: 3. Rid( of de novo hepatitis B u'ro (HBV) infecion in HB5Ag,neg:tiv.
rccipients who received livs gfafts from rnti-llDc positive donos ud HBv
prophyluis altdlivcr treEplantation (LT) in rcladon to rheir pr(-tr:aroplut
HBVicrologiel strtus ild rhe q4)c of p6t-t(aroptmt I{8V pmphytuis. HBt6.
hepatiris B immunoglobulin: L M. lamlwdlna

IIBIG and lamivudine combined prophylcxis. Incriasing periods of
administration of lamivudine as monotherapy is associated with
increasing rates of HBV resistance, particularly in patients under
immunosuppressive therapy l51J.Thus, the effectiveness of HBIG
and lamivudine combination wa5 evaluated in eight studies
12224,2831 34J5,40,431 (Table 3). lamiwdine (1 00-300 mg/
day) was given long-term, while HBIG was given short- or long-
term at dosages ranging from 4001U intramuscularly to
10,000 IU intravenously. During a mean follow-up of39 (range:
I-86) months, de novo HBV infection was observed in2.8% (31

104) ofrecipients [0/29 recipients with past tlBV infection,0/35
HBV naive recipients, 0,|12 recipients wjth successful pre-LTvacci-
nation, 3/28 (11%) recipients with unknown pre-LT HBV starusl.
Since the combination of HBIG with lamiwdineis thernostwidely
used approach for prevention of post-LT HBV reiurrence.in
paticnts transplantcd for l{BV related liver disease, it is often used
as prophylaxisagainstde rovo HBVinfection as well [8J. Ilowever,
given the low probability of de noyo HBV infection with lamivudine
alone, the benefit of HB16 with lamivudine combined prophylaxis
over monoprophylaxis with lemivudine or perhaps a more potent
antiviral ag€nt is not clear from the curent literature..

HBVvaccination. HBV vaccination after LT has been evaluated as a
strategy to prevent de novo HBV infection in recipients of grafts
from anti-HBc donors in seven studies 15,32,44.45,4f,-501. In six
studies using post-LT vaccination combined wirh HBIG and/or
lamiwdine prophytaxis [5,32,44,4518.49], de novo HBV infection
developed in 5.7% (4181) of recipients during a median post-LT
follow-up of33 monrhs 122-851 {0119 HBV naive. 2/48 anti-HBc
and/or anti-HBs positive and 2i 14 with unknown pre-LT HBV sra-
tus, p = 0.1 6). In contrast, in the only study in which posr-ll'I HBV
vaccination was given alone,.de novo HBV infection was observed
in all three (100%) recipienls at 14-20 months after transplant
[501. Thus, although data are very limited, rnonoprophylaxis with
HBV vaccination after Ll also does not appear to be an cffective
prophylactic strategy against de novo HBV infection in reciDients

r of anti-HBc positive grafts.

Survival oJ rccipients oj gtalts ftom anti-HBc positive donois
The 3-year suwival of such recipients bas been reported to range
between 66X and 100tr, iftheywere HBV naive. and between B9X
and 100%. if they had past HBV infection [5,9-11,13,16,19,21-
26,29-40,43-45,48,491. The post-hansplant survival of recipients
of liver grafts from anti-HBc pDsirive and anti-HBc negative
donors has been comparatively evaluated in only two studies
with contradictory results [9,101: 4-year survival in recipients
with anti-HBc positive donors was significantly lower compared
to recipients with anti-HBc negative donors in a US study (56X
vs 76%, p = 0.005) [9], whereas no significant difference in 4-year
suwival between these two groups was reported in a similar
Spanish study 16811vs76#., p> 0.05) [101.

Outcome of padents with de nouo HBV infection

Histologicol chorocferisrics
Histological characterisrics were availablc in'13 studies including
68 patients 19.'10.13.21,22,24,30,32,39,4't,42,47,521. but liver
biopsies at diagnosis of de noyo l.tBV infection were performed
in only six studies and only4l parients [10,21,22,24,32"391 (Table
4). Mild inflammation without fibrosis was found in 33, mild to
moderate in0ammation with portal or bridging fibrosis in 12,
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Table 4. PublisLed studl6" on thc coutsc of de roro hepetitls B virus ftIlv) infcaion after tiver tr,rrsplantndon.
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y画 lRQl〕
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HBIG, hepatitis B immunoglobulin: lAM. hmivudine; NA n0t availabls
' 59!'cn reporB of 1-2 cases wirh di novo HBV infedloo aftcr livu tnnrplrntrtion were no! iocluded 122J23336J8,39,441. h total l1 rtrlpicDB (sevcre hepadtis: l )received IAM (n- l0) orHBIG plus tr1M (n' 1). AU paticnts had an uncvcnful coutrs qsept for oDe prdcnt [36] wit! poor rcsponsc ro lAiI Ecrted $ith nOOtion oi
3d efovir.

' b Mcr diagnosls of de novo HBV infcctioru
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severe inflammation and/or cirrhosis in nine, choleslatic hepatitis
in three, and non-specific findings in 11 patients.

' Course oJ de novo HBV infection und.er antivirol therapy
'fhe dataon the treatmentof de novo HBV infectionis notwell doc-
umented, but theie are no grounds to expect the efficacy oftreat-
ment to be diflcrent Fiom that ofpost-transplant HBV recurence
[51,53]. Only a .total of 62 patientr are reported. L:mivudine was
used in the first 15 studies (combined with HBIG in three) with
goo d in i f ial respo ns e [1 O,71,21,22,24,32,3336 38,3 9,43,44,47,
50,521, but lamivudine resistanc'e developed in all fiv6 cases after
7-l 6 months in onestudy [2]l {Table4). Salvageadefovirt}rcrapy
was effective in three patients with lamivudine resistance [3633J,
Given the poor resistance profile of long-term lamivudine mono-
therapy, newer and more potent nucleos(t)ide analogues with
low probability ofresistance need to be used in this setting despite
the lacl< ofdata.

Survival of patients with de novo HBV inlection
The survival has been reported to ra0ge between 66X and 100X

during a median fotlow-up of 48 (3-80) months in l9 studies
provid in g relevant data I 5,1 0, 1 3,1 6,21,24,30,32,33,35-39,41,42,

47,50,52lt. In 14 studies, survival was l00x with a median fol-
Iow-up of 32 (3-80) months [5,16.21,30,32,33,35-39, 47,50,521.

In one study, the outcome of ds novo HBV infection was signifi-
cantly better lhan that of recurrent HtsV tnfection: 3-year sur-
vival: 95X vs 60X. (p=0,03) [alt, ln the latterstudy, the causes

ofdeath were related to llBV infection in only 2 of2t non-survi-
' vors with de novo HBV infection and two additional patienu '.

underwent re-LT due to HBV infection.

Conchlsions

As the number of patients on LT waiting list continues to grow,

the demand for donor organs incrcases. Thus, the expansion of
donor crit'eria and the inclusion ofmarginal livers, such as those

from anti-HBc positive individuals wilt be very helpful. ln fact,

such donors represent a Signilicanf source of tran5pl3ngs!;g

organs, particularly in countries with high or intermediate HBV
prevalence [54], The risk of de novo post-LT HBV infection is

手 _nOn`― ―――LAM――――――― lAM―ニーーーLAM
LAM            .

the major limitation of using liver gralts from anti-HBc positive
donors, since ciccult HBV intection in the donor liver may be reac-
tivated in the recipient due to post-LT immunosuppressive ther-
apy. Such liver grafts may be first offered to patients transplanted
for HBV related liver disease, as they requlre life-long anti-HBV
prophylaxis in any case (Fig a). Although in one study HBsAg-
positive recipienfs oi anti-l{8c positive liver grafd were sug-
gested to have more frequent and earlier IJBV recurrence com-
pared to those'ofanti-HDc negative liver grafu [20], the risli of
HBV recurrence was nbt reported to be high in several other stud-
ies and the donor's anti-HBc status has not been found to affect
tle post-transplant survival,

Many centres nowuse grafts from anti-HBc positive'donors for
l'lBsAg-negative recipients. Since the probabiliry of such de novo
HBV inlection is substantially lower in anti-HBc aniC/or anti-HBs .
positive compared to HBV naive recipien[s (1 5X v; 48X), it is rea-
sonable to recommend that liver gnfts lrom anti-HBc.positive
donors should be prehrentially direced to HBV cxposed LT candi-
dates (Fig.4). In the latter, the prescnce ofanti-llBs seems to pro-
tect from de novo HBV infeclion and bolh anti-HBc and antl-HBs
positive recipients seam to represent a group thaf can safely
receive anti-HBc positive liver grafts without any post-transplant.
HBV prophylaxis (probabiliry of de novo HEV infecrion <2X). pre-
LT vaccina.tion alone does not appcar to be ao effective strategy,
as de novo HBV inlection after LT ieveloped in 10X ofsuccessfully
vaccinated recipients without any post-LT prophylaxis. However,
HBV vaccination should be olfered to all naive HBV patients early
in the course of non-HBV chronlc liver disease (i.e, in the pre-cir-
rhotic stage), even though addirional anti-HBV prophylaxis will
be needed in cases ofLTwith grafts from anti-HBc positive donors.
llecause oflack ofdata, no conclusionscan be drawnon theeffectof
thc donor's anti-llBs status, which could theoretically reduce the
risk oftransmission even further.

The use of post-transplant propltylaxis with HBIG and/or lam-
ivudine reduces the overall probabitiry of de novo HBV infection
in both lfBV naive (from 48% to 12%) and anti-Htjc and/or anri-
HBs.positive recipients of and-HBc positive grafts (from 15X to
3X). According to l recent survey reflecting current clinical prac-
tice, prophylaxis with larnivudine and often HBIG is usually used
after LT with anti-HBc posirive grafts, but it is less likely to be
used in anti-HBs positive recipients [Bl. Although there are no

Posヽ LT

fig.4. [}foposedalgorithmforallocadonandmanagcmentofaritl-llBcposltlvcUvergraffi.SuchsreftsshouldbenrstofferedloHBsAgtEsltlvc,thenloanti-HBc;nd/
or antl-HBt positlve aDd lastly to HBV nrlve (both anti-HBc and anti-HBs Begative) recipiems. LI. liver uansplantatlon; nalc, iepatiris I irnmunogtotrulinl tAM.
hmlvudina

一

　

ヽ ヽ

ANTl‐HEPATITlS B CORE POS「「lVE LIVER CRAFTS

anti-HBc posltlve and/or
onLl-HBs posltive '

reclptsnls
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good data from single studies on rhe optimal anti-HBV prophy-
laxis, several conclusions can be drawn bised on all the studies
we have reviewed. Firsq monoprophylaxis with HBIG or HBV vac-
cination afrer LT is an ineffective strategy, as it is associated with
approximately 20x and 100% risk of de novo HBV infection.
Monoprophylaxis with lamivudine appears to oifer satislactory
protection with <32 risk of de novo HBV infection, although it
should be noted that tbe number of reported cases is stilt small
(n=75) and the follow-up relatively short (approximately
2 years), The combination of HBIG and lamivudine is often used
empirically in this setting. becausc of its proven beflent.in pre- .

venting HBV recurrence after LT for HBV related liver disease

[51551. However, this combination does not seem to provide a
clear benefit compared to lamivudine monopmphylaxis in liver
transpladt HBsAg-negat{ve patients who receive anti-HBc posi-
tive graFts. In fact, the rationale lor IIBIG use is unclear, as there
are no circulating HBsAg coated virions in HBsAg-ncgative recip-
icnls to be neutraliSed by HBlc. Whether rnonoprophylalis with
a new nucleos(t)ide analogue with better resistance profile might
be a more cost-effective long-term approach in all or in subsets of
such transplant patients also remains to be determined. Given
tlre retatively low numbers of.cases, the different subgroups of
donor-recipient matching with rnti-HBc/anti-HBs status and
the varied prophylactic interventions, multicentre studies wilt
be required in order to provide evidence-based data.

- lf de novo post-LT HBV infecfion develops, antiviral treatment
is mandatory. Although docymentation of transplant details and
outcomes is scangr, it is reasonable to think that the efficacy of
treatrnent is similar to that of post-transplant HBV recurrence.
Given the poor resislance pro0[e oflong-term lamivudine mono-
therapy and the low potenry ofadefovir, both entecavir and ten-
ofovir may be the agents of choice today, despite fte cunent lack
of relevant data. Entecavir has the advantage of not being neph-
rotoxic and tenoFovir has the advantage of better long-tcrm efn-
cary in cases of lamivudine.resistance.
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Abstract. I{epatitis B surface antigen - negative aod hepati-
tis B core antibody - positive grafts were considered unsuit-
able for transplaltation. The number of potential rccipients
for Jiver hansplantalion now excceds that of potential donor
organs, which has led us to rccvaluate the feasibility ofthesc
grafts. Several strategies involving prophylactic administra-
tion of hepatitis B immunoglobulin and/or lamivudine to
tmrsplant recipients have been proposed. At the University
of 'fokyo, we have continued to use hepatitis B immunoglob-
ulin monoprophylaxis with zero recurrence.In this article
we report our experience with the use of hepatitis B sur-

face antigen - ncgativelhepatitis B core antibody - positivc
grafts with hepatitis B immunoglobulin monotherapy. We
conducted a revicw of the iiterature regarding thc feasibility
of these gralts to rcconfirm opdmal prophylactic stratcgics

for preventing de novo hepatitis B virus infection in irans-
pldnt rccipiens.

Keyrvords Iiepatitis B virus .. De novo hepatitis . Living
donor livcr hansplantation .llepatifis B core antibody '
Hepatitis B immunoglobulin 

'
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IIBV: Hepatitis B virus
LDLI Living donor liver transplantalion
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I-IBcAb: Hepatitis B core antibody

HBsAb: llepatitis B surface antibody

HBsAg: Hepatitis B surface antigen

HBIG: Hepatitis B immunoglobulin

fntroduction

I-IepatiLis B surface antigen (IIBsAg) - negative and hepari-.
tis B core antibody (HBcAb)*positive grafrs are sources
of de novo hepatitis B virus (tDV) infections. Therefore,
they were considered unsuitable for t{ansplantation during.
theearly 1990s [1-3]. AsshowninTable 1, tbe occunence of
de nwo I-IIIV hepatitis in recipients rhat roceived the grafts
rnight bc inllucnced by the prc-cxisting IIBV irnmunity of
drc recipient [4-10].

The number of potential recipicnts for liver transpla.rr-

lation now exceeds tbat of potential doiror organs, Ieading
us to reevaluate the feasibiiity of using these grafts. Sev-
eral shategies involting the prophylactic administration of
hepatitis B immunoglobulin (HBIG) and/or larnividine to
the recipients have been proposed [7, lO-Zq. Liver trans-
plaal.ation ftom live donors (LDLI) is currently the most
effective altemative to ovcrcome the organ shortage. Livc
donors are often resbicted to the relativcs of the rccipient. In
regions where I{BV is prevalent, there is no choice other th;in
a graft Irom a live donor rvho is HBsAg-negativeAlBcAb-
positive,

I{BsAg-ncgativefiIBcAb-positive grafts are now impor-
tant topics in LDUI. The optimal prophylacric strategy
remains a mafter of debate. We conducted a rbview of the 1it-
erahue regarding the feasibiliby of HBsAg-negativeffi cAb-
positivo grafts to reconfirm oplimal prophylactic strategies
for preventing de novo IJBY infcction in rccipients.
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'Ihble 1 RcciPient's viral
status and de novo HBV
infection ratcs afler ransPlill oI
TIBcAb-posi tive grafts withour
prophYlaxis

No′
`.HBsAb,hCPatitis B
surfacc alltibody:HBCAb,

hepati」 s B cott anlibody:ND,

nol dcsCrlbcd.

Dougias,1992[1]

Chttouilicres,1994〔 21

Wachs,199S13〕

Dickson,1997[5]

Dodson,1997161

Uemoto,1998〔 7]

Priclo,200118〕

Mattalbcida,2002〔 91

Donaticcio」 2006121〕

Barccna,20061401

Arrtlor, ycar
Recipient viral status (I{BsAb/flBcAb)

+ノ |‐ 十ノー 一ノ十 Total(%)

0/1

0/2

0/13

0/6

ITD

O/1

2/15

0/3

2/11

0/3

llD

7/8

3/6

14/16

18/25

14/15

15′23

272

3/4

嘘

的

脚

嘘

執

ｍ

3″ (43)

'ノ

8(88)

3/6●o)

18ノ2398)
20/47(43)

15/16(941

15ノ 30(50)

3ノ27(11)

3/5(60)

0/90)

Management protocols for prevention of rlc novo llts\
Infection (Table?)

HBIG monoprophylaxis

Uemoto et al. Pl ftrs! reportcd the successftrl preventiorl of

de novo IIBV infection using IIBIG in recipients who re-

cejved HBcAb-positive grafrs ftom live donors. AJthough

some authors followed t}eir prophylaxis, the risk of reacti-

vation remained high [4, 9, 11, 15' 2U. Decreased hepatitis

B surface antibody (IIBsAb) titer seems to be a sigrrificant

risk factor for rJe novo infection [i5]. Mote recent rePotts

Tzble2 Prophylaxis for l-IBcAb-positive graft and infcction ratc

widr satisfactory results targeted higher I{BsAb levels for ari

indc6nite period [9].

Lamivudine and TIBIG

Dodson et al. [1ll reponed l-herapy using a combination
ofprophylactics: HBIG doses ranged from 10,000 IU only
during the anhepatic phase [13] to 10,000 IU for seven days

after transplanlation [ 1, 14J. The minimum amountof IIBIG
required to prev ent de nov o inlection is uncJear. fn ei ther case,

lamivudine was started after the irritial FIBIG administration

or simultaneously. Suehiro.et al. VZl reported rhat HBIG

Au*ror, year N Followup (monlhs) Protocols Ratc(%)

HBFO moilo山 Crapy

Radorns濾 ,1996[4]

Uc“。10,19叩 f7〕  ′
Dodson,1999111〕

RoⅢ e‐Afonso,2002115〕

Lcc,2004〔 191

DonatacCiO,2006【 211

Do3ataCCio,2006121]

Takemu口 ,2006

HBlG+Lam      I
Dodson,1999111〕

I1011,2002[コ 4〕

」ain,2005L20]

Suchiro,20051221

Larn

Yli,20011123

Prakoso,2006[24〕

1   8

3   13-24

1   11

12  6-36

18  13.80

6   18-62

4   11-34

17  3つ6

15  6-25

12 238
28 36tL19ユ

22  25-86

9   2-36

10  2-69

2000 IU/month
I00 IU/kg for 7 days and 1000 l!/m thereafter

10,000 IU for 7 days and monthly for 6 months, 1000 lU
biweekly for l8 month

. 5000 lU for? days and srrbsequenily to kecp HbsAb > 100

iUIL
I 0,000 ILI for 7 days and subseguently to keep HbsAb > 200

'Un-
10000 IU for 7*10 days and stoppcd

10,000 tU for ?-10 days and subsequcntly continued

indefrnitcly
10,000 lU in anbepatic phase and subsequendy to keep HbsAb
> 200 IU&for ayear, then > t00 TU/Lindefinitely

I{BIG; 10,000 iU for 7 days and monthly lor 6 months, 1000

IU bilveekly for 18 monttrs. LAM; 150 mg/day

HBIG; 10,000lU f.or7 days, LAM;300 mg/day

HBrC: 10,000 ]U for 4 days, LAM; 100 mg/day .

HBIG; 10,000 IU in anhepatic phase, 2000 IU for 7 days ard

slbsequendy to kecp llbsAb > i00 fl..)/l-, I-AM; 100 mg/day

LAM; 100 or 150 mg/day

LAM; 100 mg/day

1/1(100%)

0/3(0%)

1/1(100%)

1/12(8%)

0/18(07● )

4/6(67%)

0/40%)

0/17 tO%)

0/15(070)

0/12o%)
3″8(11%)

0/22(0%)

0/9(07oD

O/10(0%)

Note, IIBIG, hepatitis B immunoglobulin; I-AM, lamivudine.

lMean * standard srror-

O Spring.,
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Table 3 Tailored approach based on graft |IBVDNA and recipicnr IIBV immuniry

Audror, Year
HBVDNA in donor

Craft    Scttm   Recipient HBsAb Protocols

Loss,2001[13]σ

Fabre3a,2003[161α

Ncry.2003[17]a

+
+
+
NA

十

+

NA
NA

十

十

Nole. HBVDNA, heparitis B virus deoxyribonucleic acid; HBIG, hepadris B immunoglobulin; NA, not available; NI), nor describcd; LAM,
lmivudine.
oNo reinfection was seen in all t-he padcnts with these protocols.

0

5

7

0

10

13

13

2

5

ｍ
ｍ
０

⑪
ＮＤ

10,000IU of I.EIG in aohcparic phasc + LAM
J50 rng/day -> discontinucd afrcr confirming rhc
IIBVDNA status (gaft and donor suum)

HBIO + LAM -r conrinued

IIBIG + LAM + LAM; I5O Mg,/dAY

10,000 ru ofHBIG forT daye * Larn; 100 mg/day -+
discontinucd afccr confirming drc HBVDNA status
(grafi ond donor serum)

IEIG + LAM + LAM; 100 pg,/day
' 10,000 IU HBIG forT days, weekly for I monrh, and

. monthly for 6 months * LAM; 100 mg/day

. LAM; i00 mg/day

Nonc
LAM; 100 mglday
None

一

＋
　
一一　
十

二

Ｄ
Ｄ

use with lanrivudine ovcr an indefinitc pcriod of tintc might
have prcvented de novo infection in 22 padcnts receiving
HBsAg-ncgative/tIBcAb-positive grafts.

Long-term use of larnivudine is associated with the risk
of mutated IIBV infection. Jain et aL [20] reported 3 of 28
paticnts wirh de novo mutated HBV infection who used a pro-
tocol of short-term treatment wirh I-IBIG (10,000 ru HBIG
for 4 days) and indefinite use of lamivudine (100 mg/day).
Among these three infected patients, two had a YMDD mu-
fation. Yen et aL. Q3l experienced a case complicated with a
Iamivudine-rcsistant mutarion wbile using a'similar protocol.

I-amivudine monoprophylaxis

Yu et al. [12] advocated lamivudine monoprophylaxis. I{BV
infection was prevented in nine patients who received
HB sAg-negative/HB cAb-positive allografts. Six of rhe nine
patieuts died of recurrent hepatocellular carcinoma (HCC)
and sepsis, however, and the followup periods were limited
(3-36 months). Prakoso ct al. l24l reporled that rhey suc-
cessfully prevented IIBV infection in ten I{BsAg-negative
patients with lamivudine monotherapy,

Tailored approach (Thble 3)

Loss et al. [13] and Nery et at. [25] aivocared that prophy-
la:iis should be selerted according to the serum and liver
HBVDNA status of the donbr or the recipient's preoperative
serology. Loss et al. adrninistered IDIG during the anhep-
atic phase and srarted lamivudine on postoperative day 1. If
I{BVDNA was detected in neit}rer the donor liver nor serum,

O spting"t

Iamivudine was stopped. If I{BVDNA was derected in lhe
donor liver and serum, I{BIG was continued with lamivu-
dinc, Fab'rega et a]. [16] startcd prophylaxis with a combina-
tion of IIBIG and lamivudinc on thc firsr operativc day unril
they obtained HBVDNA results from the donor samples.
i'hey stopped the prophylaxis when rhe donor's IIBVDNA
in serum and liver tissue was negativo, even in a naive recipi-
ent. None of their seven patients developed de navo hcpatitis
B with a mcan followup period of 23 nronths.

, The protocol of N'ery et al. [l7J was more complicated
because the strategy was changed by not only the results of
the donor I{BV profilc but also tbc recipient's HBV serology.
The rccipicnts of HBVDNA-posirive grafts received IIBIG
and lamivudine combination tlrerapy. If lhe donor serum and
liver graft IIBVDNA wore borh negative and the ,ecipicnt
was HbsAb-ne gative, Iam iv udine mono therapy was selected_
If the recipient was HbsAb-posilive, no rherapy was admin-
istered. Thcir' selective protocol successfully preventerl 43
patients from reactivation of IIBV, including 18 patients
without prophylaxis. Two patients were excluded from their
study because of low compliancc; both recipicnts developed
de novo hepatitis. Tbeir allografts were HBVDNA-negative
but they vycre infected with hepatitis, One was naive and rhc
other was only HB cAb-positive preoperar.ively.

A tailored approacb is based on the re$ults 6f b$ting for
IAVDNA in the allografrs. The sensirivity for I{BVDNA
detection, however, depends on lhe methodology [26]. Van
Thiel et al, l27l reportcd that HBVDNA was detected in ll
(8Vo) of 133 livers lrom IlBsAgoegative/i{BcAb-positive
donors.'Marusawa et al. [28] reported thatl-llVDNA was de-
tectcd in 14 of 17 grafts (827o) from HBcAb-positive donors.
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Suchヒ o etral.1221deteCtCdIIBVDNAin20o120gFaftS.HB―

VDNA in all grarts was detcctcd by polymerasc chai,rCac―

lon eCRD mcthOご S,butthc dctは ls of the methods dffercd.

Van Thiel tsed p減Incrs targeting sttace andgen sequcnces

with a scnttivity of an approximately 600 1‐ IBV copies per

milllliter serum sarnple.Marusawa uscd primcrs targcting

the surfacc and Prc― C/C regiol〕 .Thc flrst PCR prodllcts wOrC

SubieCted tO citter oouthern blotung ttalySiS or lo a sec―

Ond PCR arnplincat10n(saninested PCR for pre‐ C/C rc.glo■

and nested PCR for ulc surFace regiOn).The sensit市 ity of

ieir assay was 10 copics pbr 20 μg DNA.Suchiro sc■ ctcd

rcal― timcPCRwlthaSCntttivityof10oopiespergramDNA.

Vacclnation

Thercsponse rates to recombinanth■ atiiS B Vacchein■ ver

transPlanta■ on candidates鰤 1■ 鵬 V uttdated herfailure)

va● cd From 16%to 62%[2938].It iS diFncult to explain

the variations in hepatitis B vaccine response rates IIB―

sAb,titers raPidly declinc and becomc unddectable in a sig―

niFlcant proportion of Paticnts aftcr transplantation.IIBsAb

titcrs bccomc undetectable in 37%=73%of thc rcspondcrs

■idlinoneycara豊 ,ItranSpld,ation[33,35,38].Dorninguez
et al.[30〕 reported a 62%responserate with 40´μg hppatitis

B VaCCinationS me times preopcratlvcly with a onc―month

interval and an additional■ ree doses for nonresponders.

Conventionallyt patients with HBsAb titts ofmore than 10

W/L are considered immuntzcd[391.

Kachsillng'sgrouppttformedpreoPerativevaccinationin

di padenぃ 響 滅dng transメⅢ 雄iOn"Caseと
"roxhady80%ofだulls are HBcAbっositiVe in Taiwan[lo]・ 勁 ey rC―

portcd d`"ο
"HBVinfcctioninlrecofeightpreoperattvely

immunittd pa」ents who rece市cd an HBcAb― posit"c gra■ .

They rnde apolicy change[18]and began to uselarnivudine

aFter surgeLv With prcoperative vaccination.Thcreaftet none

of44 paticnts develoPed′
`71ο

νο hepatitis.Barcenact al.140]

vaccinatcd only those who were HBsAb― orHBご Ab‐ nega」ve

贔d recc市 ingan HBcAb‐ Positive五1lograft.No postoperat市 e

prophylads agalnst IIBV was performed illぬ eir PIotoCOl・

They unmunized 14 recIPients with 40‐ μg hcpaitis B vac‐

cinations ttcc Jmes wim a 15-day intcrval,al● ough thC

VaCC■£response r,,Was■Ot des9ribCd.Onc of te 14ェ ぃ

。ipients dcve10pcdど
`“
οッο HBV infe91ion after rece市ing

an HBcAb‐ posit市 el"er;thi,might havc occurrCd bccausc

of an immtte escaped HBV mutallt with a strucmal vana_

tion in the epitope of the surFace antigen fecognized by thё

HBsAb[41,42〕 `            し

University of Tokyo ttperience

From Janutty 1996 1o December 2005,351 LD「 wcrc

PerfOmcd at thc Un市 crsity of Tblcyo.All donors weК

HBsAg-negative and 34 (1070) were ltllcAb-positive. Of
the recipients of IIB sAg-ncgative/IlBcAb-posi tive grafts, I 9
were LlBV-unrelated recipients and the others had HBV-
related cirrhosis. The I9 iiver grafts were tle Subjects of the

study. The serum HBV status included I{bcAb- and HBsAb-
negative (n'= 9), HbcAb- and llBsAb-positive (n : 5),
HBcAb-positive (n : 2), or HBsAb-positive (n = 3). There
were 14 men and 5 women wittr a median age o[ 5l years

t2I-641. The jmmunosuppression regimen for'all recipients
consisted bf tacrolimus and corticosteroids.

Postoperative prophylaxis consisted of I{BIG monoher-
apy. A total of 10,000 IU HBIG was administratcd intrd-
venously during the arrhepatic phase. I{BIG was adminis-
tered once a month to maintain the IlBsAb level above 200
IU/L duling the first year and above 100 lU/L Ihereafl.er.

We iJo not use.nucleotide analogs lor prophylactics to those

who received l{BcAb-positive graft to avoid the emergence

of multidrug resistance.

Our strategy of anhepatic and low-dose FilIIG mbnopro-
phylaxis prevented perioperalive iCe novo llBV infection in
all 19 paticnts that were prcoperatively HBsAg-ncgative and

received FlBcAb-positive livers. Among the 19 patients, 3

patients died of l{BV-unrelated causes between 2 and 13

mon*rs after lransplantation without any evidence of IIBV
infection. Two patients were dropped from the prophylaxis
protocol because of poor compliance. They skipped the
monthJy HBIG administlation and as a result developed de
novoIJEY jnfection. Preoperatively, one was naive aud the
other was IfBsAb-. and llBcAb-positive. I'IBsAb titers at the
onset decreased to l0 and i5 IU/L. De novo hepatitis was

defincd as rho developmeirt of positive serum i-IBsAg. Their
IlBsAg were dctected 51 and 35 months after the bperation.
I{epatitis B e antigen became positiVe and serurn HBVDNA
was detected. They received antiviral therapy using lamivu-
dine and their hepatitis B e antigen and FIBVDNA became
negative therealter. The remaining 14 patients showed no
evidence of HBV infection wilh followup periods of 3-86
months (median : 31 montls).

The median amount of IIBIG that \yas used during the
fi rst nroltth of transplantation was 12,000 ru ( 10,000-1 8,000
IU) and that during thc fo)lowing 1[ mont]rs. was 14,000

lU (t2,000-31,000 ru). Aftet tbe first postoperarive ycaq
10,000 lU HBIG (8000-22,000 ItI) was requiied each year
to keep HBsAb levels over 100 ru/L.

I,'uture possible alternatives

Lamivudine js often uscd to treat a patient with chronic
hepatitis B but antiviral drug-resistant mutation fi'equently
develops. Resistance to adcfovil dipivoxil is less common
than for lamivudine [431. Adcfovir dipivoxil shows favor-
able outcome in patienls with le novo hepatitis B aller )iver
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transplantation [44] and h the paticnts with lamivudine-
resistanthepatitis B [45, 46]. Recently, alternative nucleoside
analogs adefovir dipivoxil, entecavir [47J, telbivudine [48J,
ard tenofovir [49] were adniuistered efficiently in treating
wild-type and/or mutared f{BV All of rhem also have rhe
potential to be used for prophylaxis against de novo HBY
infection from HBcAb-positive allograft. However, some re-
ports revealdd the emerg€nce of.mutated IIBV which showed
resistance not only to lamivudine but also to adefovir dip-
ivoxil [43J, entecavir [50], and telbivudine [48].

Conclusions

De novo IIBV infection can be prevented wirh IIBcAb-
positive grafts when an adequare straregy is applied. IIBIG
monotherapy car prevent HBV infection from HBcAb-
positive Iiver grafts. Lamivudine use cao be reserved for
de novo HBV infectibn. Lamivudinc or preoperative vacci-
nation monotherapy are still controversial rherapies. Vacc!
nation with lamivudine prophylaxis, however, is promising.
A tailored approach might reduce rhe ururecessary adminis-
tration of antiviral prophylaxis to a recipient Further studies
are needed to elucidate the optimal prophylacric [eaiment.
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