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Abstract Hepatilis B surface antigen — negative andhepati-
‘tis B core antibody — positive grafts were considered unsuit-
able for transplantation, The number of polential recipients
for liver transplantation now exceeds that of potential donor
organs, which has led us to recvaluate the feasibility of these

grafts. Several strategies involving prophylactic adrinistra- .

tion of hepatitis B immunoglobulin and/or lamivudine to
transplant recipients have been proposed. At the University
of Tokyo, 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 sux-
face antigen — negative/hepatitis B core antibody — positive
grafts with hepatitis B immunoglobulin monotherapy. We
conducted a raview of the literature regarding the feasibility
of these grafts to reconfirm optimal prophylactic strategics
for preventing de nove hepatitis B virus infection in trans-
plant recipients. "
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Introduction

Hepatitis B surface antigen (HBsAg) — negative and hepati-.
tis B core antibody (HBcAb)— positive grafts are sources
of de novo hepatitis B virus (HBV) infections. Therefore,
they were considered unsuitable for teansplamation during: -
the early 1990s [1-3]. As shown in Table 1, the occumrence of
de nove HBV hepatilis in recipients that received the grafts
might be influenced by the pre-existing HBV'immnnity of
the recipient [4-10).

The number of potential recipients for liver transplan-
tation now exceeds that of potential donor organs, leading
us 1o reevaluate the feasibility of using these grafts. Sev-
eral strategies involVing the prophylactic administration of
hepatilis B immunoglobulin {(HBIG) and/or lamivudine to
the recipicnts have been proposad [7, 10-20), Liver trans-
plantation from live dontors (LDET) is currently the most
effective alternative to overcome the organ shortage. Live
donors are often restricted (o the relatives of the recipient. In
regions where HBV is prevalent, thexe is no choice otherthan
a graft from a live donor who is HBsAg-negative/HBcAb-
positive, ) -

HBsAg-negative/HBeAb-positive grafis are now impor-
tant topics in LDLT. The optimal prophylactic siratepy
remains a matter of debate. We conducted a review-of the lit-
erafure regarding the feasibility of HBsAg-negative/HBcAb-
positive grafts to reconfinn aptimal prophylactic steategies
for preventing de novo HBV infection in recipients.
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3;:::: :nd 5: if::né;:’ﬂal Recipient viral status (HBsAb/HBgAb)

infection rates after transplantof  Author, year +/+ T+~ —/+ -y - Total (%)

e poy ve rafle IO Douglas, 19921 ND ND ND ND 31 43)

ropy Chezouilleres, 1994 (2] : 8 1/8(88)
Wachs, 1995 [3] 3/6 36 (50) .
Dickson, 1997 [5] o/ f7) 0/1 1416 18423 (78)
Dodson, 1997 [£) 07 205 18/25 20/47 (43)
Usmeto, 1998 {71 11 14115 15/16 (94)

i . Prieto, 2001 [8) o 0/2 03 . 1523 15/30 (50)
Note. HBsAb, hepatitis B Manzatbeida, 2002 [9] 0/13 11 2/11 212 327 (11)
surface antibody; HBcAb, Donataceio, 2006 [21] . /1 444 3/5(50)
hepatitis B core antibody; ND, Barcena, 2006 [40] "o o3

not desezibed.

0/3 (0)

Manageme;zt protaocols fox brevention of de novo HBV
. Infection (Table 2)

HBIG monoprophylaxis
Uemota ct al. [7] first repoerted the sxicccssful prevention of

de nove HBV infection using BIG in recipients who re-
cejved HBcAb-positive grafts from livé donors, Although

some authors followed their prophylaxis, the risk of reacti-

vation remained high [4, 9, 11, 15, 21]. Decreased hepatilis
B surface antibody (HBsAD) titer seems to be a siguificant
risk factor for de nove infection [15]. More recent reports

Tahle2 Prophylaxis for HBcAb-positive geaft and infection rale

with satisfactory results targeted higher HBsAb levels for arl
indefinite period [19],

Lamivudine and HBIG °

Dodson et al. [11] reported therapy using a combination
of prophylactics: FHBIG doses ranged from 10,000 IU only
during the anhepatic phase f13] to 10,000 IU for sever days
alter Lrangplantation [11,'14]. The minimum amount of HBIG
required lo prevent de novo infection is unclear, Ineither case,
lamivadine was started after the initial HBIG administration

" or simuoitaneously. Suehiro.et al. [22] reposted that HBIG

Author, year N  Followup (months)  Protocols Rate (%)
HBIG monotherapy
Radomski, 1996 [4] ‘1 8 2000 TU/month 171 (100%)
Ucmoto, 1998 (7] . 3 13-4 100 XU/kg for 7 days and 1000 XU/m thereaficr 03 (0%)
Dodson, 1595 {11] 1 11 10,000 [U for 7 days and monthly for 6§ months, 1600 1U 1/1 (100%)
' biweekly for [8 month ) '
' Reque-Afonso, 2002 [15] 12 6-36 . 5000 IU for 7 days and subsequendy to keep HbsAb > 100 1112 (8%)
. UL
Lee, 2004 [19] 8 13-80 10,000 HJ for 7 days and subsequently to keep HbsAb > 200 0/18 (0%)
L .
Donataccio, 2006 [21] 6 1862 10,000 1U for 7-10 days and stopped . 416 (67%)
Tonataccio, 2006 (21] 4 1134 10,000 XU for 7-10 days and subsequently continned 0/4 (0%)
indefinitely ) .
Takemura, 2006 . 17 3-96 10,000 1U in anbepatic phase and subsequently to keep HbsAp  0/17 (0%)
> 200 IU/L for a year, then > 100 TU/L indzfinitely
HBIG + Lam . .
Dodson, 1999 21} . 15 6-25 HEBIG; 10,000 1U for 7 days and moenthly for 6 months, 1000 0/15 (0%)
) 10 biwceekly for 18 months, LAN; 150 me/day :
Hoh, 2002 [14} 12 238 HBIG; 10,000 1U for 7 days, LAM; 300 mg/day 0112 (0%)
_ Jain, 2005 [20] . 28 3514 HBIG; 10,000 1U for 4 days, LAM; 100 mg/day 328 (11%)
Suehiro, 2005 [22} 22" 25-86 HBIG; 10,000 11 in anhepatic phase, 2000 11} for 7 days and 022 {(0%)
) sebsequently to keep HbsAb > 100 TUA., LAM; 100 mg/day
Lam -
Yu, 2001 [12) 9 236 LAM:; 100 or 150 mg/day 079 (0%}
Prakoso, 2006 [24} 10 2-69 LAM; 100 mp/day 0/10 (0%)

Note. HBIG, ﬁapaﬁﬁs B immunoglobulin; LAM, lamivudine.
"Mean == standard emror.
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Table 3 Tailored approach based on graft HBVDNA and recipient HBV immunity

HBVDNA in donor
Author, Year N Graft Serum Recipient HBsAb  Protocols
Loss, 2001 [13)° 1 = . - ND 10,000 1U of HBEG in anhepatic phase 4- LAM
: 150 mg/day — discontinued alter confirming the
HBVDNA status (graft and donor serom)
0 + + nND HBIG 4- LAM — coatinued :
5 + NA ND HBIG 4 LAM — LAM; 150 mg/day
Fabrega, 2003 [16]° 7 - - ND 10,000 TU of HBIG for 7 days -+ Lam; 100 mg/day —
discontinued after confirming the HBVDNA status
(graft and donor serum)
0 + + ND HBIG + LAM — LAM; 100 mg/day
Wery, 2003 {17]° 10 + + "ND * 10,000 ILJ HBIG for7 days, weekly for 1 month, and
. monthly for 6 months + LAM; 100 mg/day
13 - - - LAM; 100 mg/day
13 - - ¥ Nane
2 NA ND - LAM; 100 mg/day
5 NA NP .+ None -

Note, UBVDNA, hepatitis B virus deoxyribonucleic acid; HBIG, hepatitis B immunoglobuling MA, not available, ND, not described; LAM,

lamivudine.

-

*No reinfection was seen in all the padents with these protocols.

use with lamivudine over an indefinite period of time might

have prevented de novo infection in 22 patients receiving .

HBsAg-ncgative/FIBcAb-positive grafts.

Long-term use of lamivodine is associated with the risk
of nutated HBV infection. Jain et al. [20) reported 3 of 28
patients with de novo mutated HBV infection who used a pro-
tocol of shorttenn treatment with BBIG (10,000 IU HBIG
for 4 days) and indefinite use of lamivudine (100 mg/day).
Among these three infected paticnts, two had a YMDD mu-
tation. Yen et al. {23] experienced a case complicated with a
lamivudine-resistant mutation while using a similar protocol,

Lamivudine monoprophylaxis

Yu el al. [12] advocated lamivadine monoprephylexis. HBY
infection. was prevented in nine patiens who reccived
HBsAg-negative/HBcAb-positive allografts, Six of the nine
patients died of recurrent hepatocellular carcinoma (HCC)
and sepsis, bowever, and the followup periods were limited
(3-36 mionths). Prakoso et al. [24] reported that they sue-
cessfully prevented HBY infection in ten HBsAg-negative
patients with Jamivudine monotherapy.

Tailored approach (Table 3) )

Loss et al. [13] and Nery et al, [25) aé\gocated that prophy-
Jaxis should be selected according io the serum and liver
HBVDNA status of the donor or the 1ecipient’s preoperative
serology. Loss et al. administered HBIG during the anhep-
atic phase and started lamivudine on postoperative day 1. If
HBVDNA was detected in neither the donor liver nor serm,

2] Springer

lamivudine was stopped. I HBVDNA. was detected in the
donor liver and serum, HBIG was continued with lamivu-
dine. Fabrega ct al. (16] started prophylaxis with a combina-
tion of HBIG and lamivudine on the first operative day until
they obtained HBVDNA, results fiom the donor samples,
They stopped the prophylaxis when the denor’s HBVDNA,
in sexum and liver Lissue was negative, even in a naive recipi-
cnt. None of their seven patients developed de nove hepatilis
B with 2 mean followup period of 23 months.

. The protocol of Nery et al. [17] was more complicated
because the strategy was changed by not only the results of
the donor HBV profile but also the recipient’s HBV sexology.
The recipients of HBYDNA-positive grafts received HBIG
ang lamivudine combination therapy. If the donor serm and’
liver grafi HBVDNA. were both negative and the recipient
was HbsAb-negative, lamivudine monotheeapy was selected.
If the recipient was HbsAb-positive; no therapy was admin-
istered. Their selective protocol successfully prévcnted 43
patients from reactivation of HBV, including 18 patients
without prophylaxis. Two patients were excluded from their
study because of low compliance; both recipients developed
de novo hepatitis. Their allografis were HBYDNA-negative
but they were infected with hepatitis, One was naive and the
other was only HBcAb-positive preoperatively.

A tailored approach is based on the results of testing for
HBVDNA in the allografts. The sensitivity for HBVDNA
detection, however, depends on the methodology [26]. Van
Thiel et al, [27] repoxted that HBVDNA, was detected in 11
(8%} of 133 livers from HBsAg-negative/HBcAb-positive
donors. Marusawa et al. [28) reported that HB VDINA was de~
tected in 14 of 17 grafts (82%) from HBcAb-positive donors.
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Suchiro et al. [22] detected HBVDNA. in 20 of 20 grafts. HB-
VDNA. in all grafts was detected by polymerase chain reac-
tion (PCR) methods, but the details of (he methods differed.
Van Thie! used primers targeting surface antigen sequences
with a sensitivity of an approximately 600 HBV copies per
milliliter serum saxnple. Marusawa used primers targeting
the surface and pre-C/C region. The first PCR products were
subjected to either Southern blotting analysis or to a sec-
ond PCR amplification (seminested PCR for pre-C/C region
and nested PCR for the surface region), The sensitivity of
their assay was 10 copies per 20 pg DNA, Suchiro sclected
real-time PCR with a sensitivity of 10-coples per gram DNA.

Vacclnahon

The response rates to recombinant hepatitis B vaccine in liver |

transplantation candidates (with HBV unrelated liver failure)
vatied from 16% to 62% [20-38]. It is difficult Lo explain
. the variations in hepatitis B vaccine response rates. HB-
sAb titers rapidly decline and become undeteciable in a sig-
nificant proportion of paticnts after rransplantation. HBsAb
titers become undetectable in 37%—73% of the responders
within one year after transplentation 33, 35, 38), Dominguez
et ak. [30] reported a 62% response rate with 40-pg hepatitis
B vaccinations three times preoperatively with a one-roonth
interval and an additional three doses for nonresponders.

Conventionally, patients with HBsAb titers of more than 10 .

IU/L. are considered immunized [39).

Kaohsiung's group performed preopcrauve vaccination in
-al] patients awaiting transplantation becavse approximately
80% of adults are FIBcAb-positive in Talwan [10]. They re-
ported de novo HBV infection in three of slghtpreoperanvely
immunized patients who received an HBcAb-positive praft.
They made a policy change [18] and began to use lamivudine

after surgery with preoperative vaccination, Thereafter, none

- of 44 patients developed de novo hepatitis, Barcena et al. [40]
vaceinated only those who were HBsAb- or HECAb-nepative
and receiving an HBcAb-positive allograft. No postoperative
prophbylaxis against HBV was performed in their protocol.
They immunized 14 recipienis with 40-pg hepatitis B vac-

cinations three times with a 15-day interval, althongh the.

vaccine response rate was not described. One of the 14 re-
cipients developed de nove HBV infection after receiving
an HBcAb-positive liver; this might have occurred because
of an immune escaped HBV mutant with a structural varia-
tion in the epitope of the surfzce antigen recognized by the
HBsAb [41, 42}, ' L

University of Yokyo experience

Frem Tanuary 1996 to.December 2005, 351 LDLT were
performed at the University of Tokyo. All donors were

HBsAg-negative and 34 (10%) were HBcAb-positive. Of
the recipients of HBsAg-negative/HBcAb-positive grafts, 19
were HBV-unrelated recipients and the others had HBV-
related cirrhosis. The 19 liver grafts were the subjects of the
study. The serum HBV status included HbcAb- and HBsAb-
nepative (n "= 9), HbcAb- and HBsAb-pusitive (n = 5),
HBcAb-positive (n = 2), oxr HBsAb-positive (n = 3). There
were 14 men and 5 women with a median age of 51 years
[21-64], The immunosuppression regimen for all reczpmnts
consisted of tacrolimus and corticosteroids.

Postoperative prophylaxis consisted of HBIG monother-
apy. A total of 10,000 YU HBIG was adminisirated intra-
venously during the anhepatic.phase. HBIG was adminis-
tered once a month to maintain the FBsADb level above 200
TU/L during the first year and above 100 1U/L thereafter,
We do not use nucleotide analogs for praphylactics to those
who received HBcAb-positive graft to avoid the emergence
of multidrg resistance.

Our strategy of anhepatic and Tow-dose HBIG IMONOpro-
phylaxis prcvcnted perioperative de novo HBV infection in
all 19 patients that were preoperatively HBsAg-negative and
received HBcAb-positive livers. Among the 19 patients, 3
patients died of HBV-unrelated canses between 2 and 13
months after transplantation withoot any evidence of HBY
infection. Two patients were dropped from the prophylaxis
protocol because of poor compliance. They skipped the
monthly HBIG administration and as a result developed de
nove HBV infection. Preoperatively, one was naive and the
other was HBsAb- and HBcAb-positive. HBsAb titers at the
onset decreased to 10 and 15 IU/L. De novo hepatitis was
defined as the development of positive serum HBsAg. Their
HBsAg were detected 51 and 35 months after the bperation.
Hepatitis B e antipen became positive and semam HB VDNA
was detecled. They received antiviral therapy using lamivu-
dine and their-hepatitis B & antigen and HBVDNA became
negative thereafler. The remaining 14 patients showed no
evidence of HBV infection wilh followup perieds of 3-86
months (median = 31 months),

The median amount of HBIG that was used during the*
first month of ransplantation was 12,000 TU (1.0,000-18,000
TU) and that during the following 11 months was 14,000
TU (12,000-31,000 XU). After the first postoperative year,
10,000 1U HBIG (8000-22,000 YU) was required each yeuar

to keep HBsAD levels over 100 IU/L.

Fulure possible allernatives

Lamivodine is often used to treat a patient with chronic
hepatitis B but antiviral drug-resistant mutation frequently
develops. Resistance to adefovir dipivoxil is less common

. than for lamivodine {43]. Adcfovir dipivoxil shows favor-

able outcome in patients with de novo hepatitis B afler liver

a Springer
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transplantation [44] and in the patients with lamivudine-
resistanthepatitis B [45, 46). Recently, alternative nucleoside
analogs adefovir dipivoxil, entecavir [47], telbivadine [48],
and tenofovir [49] were adiminisiered efficiently in treating
wild-type and/or mutated HBV. All of them also have the
potential to be used for prophylaxis against de novo HBV
infection fram HBcAb-positive allogralt. However, some re-
ports revealed the emergence of mutated HBV which showed

resistance not only to lamivudine but also to adefovir dip--

ivoxil [43}, entecavix [50], and telbivodine [48).
Concinsions

De novo HBV infection can be prevented with HBcAb-
positive grafis when an adequate strategy is applied, HBIG
monotherapy can prevent HBV infection from HBcAb-
positive liver grafts. Lamivudine use can be reserved for
de nove HBY infection. Lamivudine or preoperative vacei-
nation monotherapy are still controversial therapies. Vacei-
fiation with Jamivudine prophylaxis, however, is promising.
A tailored approach might reduce the unnecessary adminis-
tration of antiviral prophylaxis to a recipient. Further studies
are needed to elucidate the optimal prophylactic treabment.
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