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Background & Aims: Although hepatitis B virus (HBV) transmis-
sion after liver transplantation of gralts from HBsAg-negative,
anti-HBc positive donors [s well established, the growing organ
shortage favours the use of such marginal grafrs, We systemati-
cally evaluated the risk of HBV infection after liver transplanta-
. tion with such grafts and the effect of anti-HRY prophylaxls.
Methods; We performed 2 literature review over the fast
15 years identifying 39 studies including-903 recipients of anti-
HBc pasitive liver grafts,
Results: Recurrent HBV infection developed in 11% of HBsAg-
positive liver ransplant recipients of anti-HBc positive grafts,
while survival was similar (67-100%) to HBsAg-positive recipients
of anti-HBc negative grafts. De nove HBV infection developed in
19% of HBsAg-negative reciplents being less frequent in anti-
HBc/fanti-HBs positive thae HBV naive cases without prophylaxis
(15% vs 48%, p <0.001). Anti-HBV prophylaxis reduced de novo
infection rates in both anti-HBcfanti-HBs positive (3%} and HBV
naive recipients (12%). De novo Infectfon rates were 19%, 2.6%
and 2.8% in HBsAg-negative recipients under hepatitis B immuno-
globulin, lamivudine and their combination, respectively.
Conclusfons: Liver grafts from anti-HBc positive donors can be
safely used, preferentially in HBsAg-positive or anti-HBcfanti-
HBs positive reclpients, HBsAg-negative reciplents should receive
prophylaxis with Jamivudine, while both anti-HBc and anti-HBs
positive recipients may need no prophylaxis at all.
@ 2009 European Assocfation for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

despite the recent advances in hiver transplan‘mtmn (LT), there is

a growing gap between the availability of donors and recipients

on the waiting list. One of the curent cfforts. to overcome the
organ shortage is based on the use of grafts that are from donors
with antibodies against the HBV core antigen (anti-HBc), but hep-
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atitis B surface antigen (HBsAg) negative; the so called "anti-HB¢ .
positive donors” {1]. These grafts are rather common in countries
with high or even intermediate prevalence of BBV infection, such
as Asla and the Mediterranean basin. However, anti-HBe positive
liver donors frequently have occult HBV infection, i.e. persistent
liver andfor serum HBY DNA without serologlc evidence of active
HBV infection ‘(negative HBsAg with or without positive anti-
HBs). Indeed, several studies in HBsAg-negative subjects have
shown that there is often the detection in the liver of covalently
closed circular DNA (cceDNA) and pregenomic RNA, which is a
marker of ongoing viral replication [2,3), and that may signifi-
cantly increasé with the use of post-LT immunosuppression and
in particular with corticosteraids [4]. The liver grafts from anti-

. HB¢ positive donors are currently the main sources of de novo

HBV infection after LT [5.6], which is usually defined by the
development of positive HBsAg and/or detectable serum or liver
HBV DNA in previously HBsAg recipients or even development
af positive ant-HBc in praviously HBV naive recipients. However,
the literature documenting the risk of de nove HBV infection and
the efftcts on the graft is scanty and conflicting.

The lack of definite data explains the wide variation in current
dlinical practice. In a survey in the USA in 2001, almost half of
liver transplant physicians reported that they did not use anti-
HBc positive donors in HBV naive recipients [7]. [n 2 more recant
international survey, the responders documented using prophy-
Jaxis with a nucleos{t)ide analogue (mostly lamivudine, but also
entecavir and adefovir) in the majority of LT recipients of antl-

" HBc positive grafts, and 61% alse used hepatitis B immunoglobu-

Tin (HBIG) (693 in US and 46% In non-US centres, p~ 0,03) [8].
In this review, we systematically evaluated all the available
data in order to quantify the impact of using liver gralts from
anti-HBc positive donors and identify the optimal post-LT pro-
phylaxis, We selected twao types of recipients: {a) HBsAg-positive
recipients and {b) HBsAg-negative recipients. Jn particular, we
documented the rates of de novo HBV Infection with or without

. anti-HBV prophylaxis refative to the donor-recipient HBV sero-

logical status, as well as data on the outcome of d2 novo post-
LT HBV infection. Our search was based on Medline/PubMed from
January 1994 to december 2008 using the search terms “hepatitis
B core antibody" and “lver iransplantation”, in papers published
in English, We also conducted 2 manual search of the reference
lists in the review articles, In total, 133 articles were identified,
Two authors (E.C,, G.V.P.) reviewed the abstracts of these articles
to identify potentially relevant articles, In total, 39 original
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Table 1, Published studies on the prevalence of ant-HIc positivily among,

liver donors in diffecent coontries,

First author, year [Ref) Donars, nfN anti-HBe

Country Positive/total Prevalence (X}
Wachs (1985) [42] USA 251190 2
Dauglas (1997) 112), - o »Usk .. v ..3333 3
Dodson (1947) |29] , . Usa 70[2578 3
Shinl (1998) [13] ' Japan' . 171 o .92
Yu (2001} [19] .USA o 15/168 .8
Nery (zo01) {da] " < . USA” - s 6.
Prieto (2001) 1‘10] i Spaln i 33,!255 ) 12
Lee (2001) [14] ~China” -7 16/30. . . ..53
Roque-Alfonsa (2002) {21] France L 22/15 7
Chen (2002){16]". -: % .Talwan' ' 24f42 - ‘» 57 -
Lo (2603) [15] China 28/51 55

articles evaluated the rate of de fiove HBV infection l‘rnm anti-HBe

positive donors, were included [n the final analysis, Data abstrac-

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

abstraction were arbitrated by discussion with the senior authors
(GV.P, AK. B 42

Prevalence of anti-HBe positive liver donoxs
N

The rate of ant{-HBc positivity in liver donois varies substantially -

in different countries reflecting the Jocal prevalence of HBV ipfecs
tion, Thus, the prevalence of anti-HBc is lower in deyeloped conn~
triesranging froin 3% to 15%19-13), butitmay exceed 50%inhighly

endemic areas [ 14-16] (Table 1). The prevalence of anti-HBe may

also vary in different areas of the same country and in specific eth~
nic populations (e.g. it [s estimated that 25% of non-Hispanic blacte
Americans in the USA are anti-HBc positive) [17}, and it is usually
higherin olderage individuals, whoare cirrently increasing)y used
as liver donors [10}. The latter could partly explain the increasing
number of anti-11Bc positivé cadaveric livers transplanted in the
. USA (from 3.9% in 1998 to 4.5% in 2002) [18},

Liver grafts from anti-HBc positive donors to HBsng-p ositive
xecipients

Nine studies [11,19-26] evaluated the recurrence of HBV infec~
tion in HBsAg-positive recipients of anti-HBc positive liver grafts
{Fable 2). During a median follow-up of 27 (19-42) months, post-
transplant HBV infection was observed in 12 (10.5%) of 115 recip-
{ents, while median survival ranged from 67% to 100%. In the 12
cases with post-transplant HBV infection, the prophylaxis wias:
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three with HBIG, three with lamivudine and six with HBiG’and

Tamivudine {HBIG had ‘been discontinued, in one at HBV recur-

sence). In one retrospective “cohart study {20], recipients of
anti-HBc positive grafts (n=145 with detectable’ serumr HBV

DNA at LT) were compared to recipients of anti-HBc negative.

grafts {n = 65). The 14 recipients of antl-HBc positive grafts devel-
oped HBV recurrence more [requently (69.2% vs 35.7%, p =0,034)
and eatlier after LT (2.9 vs 6.4 years, p<0,005), However, the
patlent and graft survival was not different between the two
groups: 60-month survival: 67% vs 68%, In multivariate analysis,
HBV recurrence was Independently associated with anti-HBc
donor status (RR: 2,796, p= 0.02}and thé use of combined HBIG
and lamivudine prophylaxis (RR: 0.249, p= 0, 021), but not the

. recipients’ pre-transplant HBeAg status [20],

Livex grafts from anti-HBc positive dopnors to HBsAg-negative

recipients-risik of de movo HBV infection,

We identified 38 relevant studies published as full papers [5,9-
13,16,19,21-50) (Table 3). Nine did not have sufficient data
regacding the serolugical HBV status in donors and/or recipients
[12,13,23,31,39,43,45,49,50}. Four centres published two studijes;
one in Spain [36,37] and three in the USA [22,29,30,34,35.40}
with two of these reports having overlap in study periods
|28,35). The indication for LT was recorded in 21 studies [10,19,
21-23,25,26,28,30,31,36,37,39,41-4547,49,50} HCV cirrhosis
was the most common (25%), [ollowed by alcoholic cicrhosis and
cholestatic liver diseases, The cohort size ranged from 6 to 91
patients with only two studies reporting >50 patients {26,37],
The total number of patients that could be evaluated was 788,
"The diagnosis of de novo HBV infection was based on the detec-
tlon of HBSAE in previously HBsAg-negative recipients with or

" without compatible biochemical or histologlcal findings in 14
studies [9,10,24,25,27-25,33,35,42,44,4547439), or the appear-

ance of HBsAg and{or serum HBV DNA in 19 studies 15,11,13,19,
21,22,26,30-32,34,36-41,4348), The, presence of HBV DNA was
determined by a hybridization technique in three |10.1637],
branched-DNA assay in one [11] and polymerase chain reaction
(PCR) assay in the remnaining 20 studies [5,9,13,19,21,.22.25,
26,28,30-32,34,3639-4147-40}, HBV DNA was evaluated in
serum in 17 [9-11,16,22,25,26,30,37,33,40,43-4547-49] and in
both serum and liver tissue in nine studles 5,13,19,21.28,
31,3234,41), while it was also evaluated in leukocytes in two
studies |5,34]. In only one study. cccDNA was assessed in hver
tlssue[BS]

Table 2. Published studies of lver transplantation using anli-HBc positive donors in HBsAg-posiilve reciplents,

First author, year [Ref.) . HEsAg positive Follow-up (months) HDWV recurrence, n (%) Survival [X)
Redplcflts. [ Ant-HBY prophylaxls ;
Yu {2001) 119] 5 . RBIG 20 o 100
Manzabelty {2002) 11] L3 ot L s HBIGYIAM IR |: B SRR ) F LK KN <
Joya-Varquez {2002) |zu] 4 HBIC: 5, LAM: 3, HBI(HLAM 5 L4 . o* (69) .
Roque-Aforisa (2002} [21]) A - . JHBIG . - RN [ MR CL s
Ne:y[ZOﬂB){ZZ] 17 IAM 12, HBIG+LA'M 5 28 0 . )
Montattl (2004) (23] = - 026, “-." HBIG £1AM ! OHA L vt L 0 .t iile
Donataccia (2006) [24} L4 HBIG: 3, HBIG +1AM: T 38 1M {25) 100
Pracoso (2006} [25] - ;5 et s - v tHEIGHLAM - - 29, . 0 T
Celébl-Kobak (2007) [25] . 36 HBIG +LAM 18 103) n

HBIG, hepatitls B immunoglabulin; LAM, lamivudine; NA, not available.

4 2[5 paﬂcnr.s undar HBIG, 33 patlents under LAM and 4/5 patients wnder HBIG + LAM

U 1/3 patients under HBIG.
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Table 3, Bublished studies® with liver transplantation using anti-HBc positive donors in HBsAg-negative reciplenis.”

First author, Anti-HBe (+), anti-HBs {~) recipients + Anti-HEe (%), anti-HBs (+) recipients HBV nalve recipients
year [Rel] Patients, AnH-HEV  Follow-up, Denovo Patlents, Ant-HBV  Fallow-up, Denavo Patlents Ant-HEV Follow-up, De novo
N prephylaxis  months HEV,n N prophylaxis  months HEV,n N prophylaxls months HBV, n
Dickson (1897)18) 2 None | 7] 0 None 18 Nene 22 15
" padson{1997) [29} 15 Nane 56 z ‘7 e 56 o, 25 Nene - = 56, - 18
Dodson (1999) [35) 8 HBIG+LAM 46 - o None - 8 HBIG+LAM: 46 1
) A HBIG 1
Prietro (2002310 3 - Mome, - 29 .° 0 2 - None . .29 .0 25, Nene L T |-
Manzzheita 11 None 26 2 .13 26 g i * HBIC 26 2
(2002} [11) . .
Ranue-Afonso -~ -+, 4 HBlg * 26 "o - : A U, 7] Nene: 4, - 2 .5
(o0z)21). . . I S NP : . HBIG: 8 . LT
Bacerna (2002) [37} 19 Nene NA 0 71 . NA 10
.Chen(2002)[16] . -2,  Lam: %, a ., . 9 3 DLAMiZ, s 407 0 15 LAM: 13, .40 2
S . tomemeY L SNan - L monet 0 ' . mope:r2 't .
Nery (2003) [22) 13 HEIG+1AM: 22 1 23 HBIG+EAM: 21 a ‘8 HRIG+LAM: 37 L}
. 4, 1AM: 9 . B, nene: 17 : 2, LAM: 6
loss (2003 (32} | ' . R £ | HBIG (bolus)+” 33 . @
CoeEe T T . L e o . Vaccination, . .
Suchiro {2005} {28) 4 HBIG+LAM 38 ] 3 NA g 0 15 JHRIG+1AM 34 0
De Feo (20057 [27] . NA, "Nope . HA ¢ . NA , Nope- HA .o 14 " None . NA T 6
Dopatacdio NA HBIG NA NA NA HEIG NA NA 11 HBIG +LAM: 1, 57 7
{20067 [24] : .
Umneda (2008) {47]" o oo S .. Tt o3 RKEG T - M 9
Celebi-Kebak 4 1AM 17 0 3 SAM . 28 i} 4 LAM 23 0
(2007} [26] o : . '
Takemura -, z - LAM a ., ,.0.- s < RBIG- 31 -1 | HEIG -+ 37 -1
(007)133). .10 0 L -, | . .

HBIG, hepatitis B immunoglobuling LAM, lamivudine; NA, not available, ) .

De pove HBY Infecrdon also developed In [3) 1/3 anti-HBs poslive reciplents under HBIG +LAM +vaceinatien® {32); (k) 0{35 anti-HBc pasitive andjor anti-HBs positive
reciplents under no anti-HBY prophylaxls® [27], (€} 01 anti-HBe posicive reciplent (unknown anti-HEs status) under HBIG dusing 11 menths of fallow-ug® [24).

3 Twenty-two studles with <10 padents zach (n = 13) [5,19,2530,34,3638,40-42,44,46,48) or irsufficient data (n «9) on the serologlcal HBV status of donors andfor
reciplents [12,13,23,31.39.43,45,49,50) afe notincluded, Pe nove HBY infection developed in: {2) 15/57 HBY nalve reciplents [5,19,25,30,34,38,40-42,48) under no ant-HBY
prophylaxis or LAM 2 HEIG 2 vaccinaton, (b) 2/51 anti-HBc pasitive reciplents [anti-HBs negatlve (1/5), an-HBs positive (1/20), anth-HBs unimown (Df22))
15.19.25,36,38.40.44,45) under no anti-HBV prophylaxls or HBIG 2 LAM £ vaccination and (d) 1/25 only anti-HBs positive recipients under LAM plus vacclnation [44}, De
nova HBY inféction also developed in {1} 15/20 anti-HBe positive reciplents (unknown ant{-HBs status) under no antl-HBV prophylaxls (15/16) [13) or HBIG + LAM (0/1)
1311 or HBIG pluss vaccination (0/3) §49), (B) 0/11 antd-HBs positive raciplents under HBIG plus vacdnatlon [48] and (c) 14/45 reciplents witlt unknown and-HBsfanti-HEBc
status under HBIG + {.AM or no prophylaxis {9/67) [12,23,39,43) or HBIG 4 vaccination (2{25) [45,50] or vacdination alane (3/3) [50).

b Thicty one reciplents (from seven studies {11,16,21,22,24,3637]) with successful pre-LT vaccination and no post-LT prophylaxis were not included; thres (9.6%) of them
developed De novo HBV Infection. Tn addition, 34 reciplents (from seven studles [15.24-26,31,33,34]) with sueassiul pre-IT vaccination and HBIG and/or lamivuedine post-
LT prophylaxis were not included; none of them developed de nove HBY Infection. ‘

The immunosuppressive therapy after LT was reported in post-transplant prophylaxis: median onset after IT; 18 vs
detail for each patientin only one study [32}, while the immuno- 35 months (p=0.05), .
suppressive regimens with or without the number of patients in
each regimen was reported in 19 studies {10,11,13,16,19,25, ' - . . . .
28.30 31233 343639 n,; —45,47-43] and no irzformation on- the Probabxmyh olf de novo HBV infection without post-transplant anti-
o . ' . . HBY prophylads

mEnunosuppression was provided in 18 studies [5,9,12,21-24, A . " .

12 627‘29'35133733‘40“424250}. ol o [ cﬁ:lnsp.zorlne- De novo HBV ml‘ecpon after LT with grafts from anti-HBc positive
based regimens were used in seven [10,11.25.28.34,36,30), only donors developed in 47.8% (89{1?6) of I-!BV nalve r.ccipients com-
tacrollmus-based regimens in 10 {13,19,31-33,4345,47-4] and  Pared to 15.2% (21/138) of recipients with scrological markers of
only cyclosporine-based reglmens in three studies [16,30,44). In past HBY infection (p <0.001) or 9:7% (3/31) of recipients with
18 studles [11,13,16,19.25.28,30-3436,43-4547 __4'91 steroids successiut pre-l.:!‘ vaccination {p<0.001). De novo HBV infection
were used as immunosuppressive regimen, while in two studjes also developed in 8.9 (6/67) of HBsAg-negative recipients with

[10,39] steroid use was not reported. The plan of steroid with- ~ Unknown pre-LT HBV status. The presence of antl-HBs in anti-
drawal (usually tapered and stopped 3-12 months after LT) was HBc positive reciplents, which was reported in 106 of 138 such
only reported in 10 studies [16,19.31,32,34,44,4547-49]). cases, reduced the probability of de novo HBV iulection but did

" in total, de novo HEV infection was observed in 149 {18.9%)of = Mot eliminate it {Fig. 1)

" 788 recipients at a median of 24 (5-54) months after LT. Post-

transplant anti-HBV prophylaxis significantly afTected the proba- Anti-HBc positive liver grafts to HBsAg-hegative recipients with past
bility of de nove HBV infection, which developed In 28.2% (119} RBV infection. (a) BBsAg and anti-HBs negativity with anti-HBe
422) of recipients without, and 8.2% (30/366} of recipients with positivity in recipients, In eight studies [5,9-11,1629,36,38], de
post-transplant prophylaxis {p < 0.001). Moreover, de novo HBY novo HBV infection developed in 13.1% (5[38) of such recipients

" jnfection developed more rapidly in patients without than with with anti-HBc positive donors during 2 median follow-up of

274 Journal of Hepatology 2010 vol, 52 | 272-279



£ <0.001 for all comparison Vs HBV nalve

B0

Redpler]ls with de rovo HBV, %

KBY nalve anli-HBe+ ! anti-HBe+/ onlyanll-HBs+
antl-HBs-  antl-HBs+

Reclpienls,n 172 _ 38~ 88 U3
PostLT- F-UP35(0-91). 27(0-84) 26(0-86) 40(26-91)

Fig. 1. Rislt of de nove liepatitis B virus (HBV) Infection in BBsAg-negative
recipionts who received Xver grafts from antl-HBc positive donors and no
HBV prophyladis after liver transplantation (LT) in relation to their HBV
serolagical status before tansplant.

27 months (0.2-84). (b} HBsAg-negative reciplents with anti-HBc
positivity and anti-FBs positivity. In nine studies {5,10,11,16,

22,25,20,36,37], de novo HBV infection was documented in,

only 1.4% (1/68) of such recipients with anti-HBc positive donors
during a median follow-up of 26 (0.2-86) months, The anti-HBs
status of the donors was reported in only five studies including
just 18 HBsAg-negative recipients positive for anti-HRe with or
without positive anti-HBs [59,16,3638], and (herefore the
impact of the anti-HBs donors' status could’ ot be safely
determined.
Anti-HBc positive tiver grafts to HBsAg-negative recipients with
successful pre-LT vaccination, Seven studies evaluated the devel-
opment of de novo HBV infection in 31 HBsAg-negative recipients
who developed anti-HBs after HBV vaccination before LT and
received no post-LT prophylaxis |11,16,21,22,24,3637}. De novo
HBV infection developed in 3 (9,7%) of them duwring a median
post-LT follow-up of 40 (26-91) months.

Anti-HBc positive liver grafts to HBV naive reciplents. During a med-
ian follow-up ol 35 months {range: 0.1-91), de novo HBV infection
alter LT with grafts from anti-HBc positive donors was detected in
47.8% (89/186) of HBV naive recipients included in 14 studies
[59-11.16,21,24,27,29,30,37,38,41,42). Interestingly, the pres-
ence of anti-HBs in the donors did not affect'the probability of de
novo HBV Infection in HBV naive recipients, In particular, in eight
studies {5,9,10,16,21,30,38,41] providing the anti-HBs status in
the denor, de novo HBV infection developed in 71% (28/38) of recip-
ients with both anti-HDBc and anti-HBs positive donors during a fol-
fow-up of 37 (0.2-66) months, and in 65% (20/31) of recipients
with anti-HBc positive but anli-HBs negative donors dunng a
follow-up of 33 (0.1-91) months (p = 0.70) (Fig. 2).

Post-traHSp[unt prophylmxis against de nove HBV Infection

Twenty five [5,11,16,19,21-26,2831-35,40,43-50] studies
reported daba on post-transplant prophylaxis {HBIG andfor tami-
vudine andfor FIBV vaccination) against de novo HBV infection in
366 patients who recelved liver grafts [vom anti-HBc positive
donors. HBIG alone wis used in 96, lamivudine alone in 75, HBIG

and lamivudine in 104, HBIG andjor lamivadine in 7, post-LT .

——
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::. 80 p<0.001 post-LT prophyiaxis

2 5o 478 Cloo ™ [Bves |-.
g 401 ;

[~3

o

g ¥ p=0.001

; 20 15.2 p=0.100
5 1o ' 8.7

=
g0 b4 0

HBV naive . anlJ-HBci- only anlE-HBs+

Recipients, n  172/50 138/1119 31134

Fig. 2. Risk of de nove hepatitis § virus (HBY) Infectlon In HBsAg-negative
recipjents of liver grafts fram anti-HBe positive donors in relation to thelr
pre- mnsplan: HBV serclogical status and lhe use of HBV prophylaxis after
lver sransplantation (LT).

P

vaccination with HBIG andfor lamivndine in 81 and post-LT vac-

cination alone in three cases. De novo HBV infection developed in ,

7.4% (27/363) of recipients who teceived HBIG and/or lamivudine
alter 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 nove HBV infection under HBIG andfor lamivu-
dine was observed significantly more frequently in HBV naive
than anti-HBe and/or anti-HBs positive recipients (18{150 or
12% vs 4153 or 2.6%, p=0.006). De nove HBV Infection also
developed in 8.3% (5/60) of recipients with unknown pre-LT sta-~
tus who received HBIG andjor lamivudine with or without post-
LT vaccination (Table 3).

HBIG monopraphylaxis, HBIG (5000 or 100001U Intravenously
starting during the anhepatic phase) was used as monoprophylaxis
for varying intervals aflter LT in eight studies [11,21,2433,
35,46,47,50] (Table 3). During @ median follow-up of 31 months
(range: 3-86), de novo HBY infection developed in 18 {18.7%) of
96 recipients; five (27%) had discontinued HBIG and another two
(11%) had low serum anti-HBs [evels {<50 1UfmL) despite HIBG
administration, at the diagnosis of de novo HBV infection. In partic-
ular, de novo HBV Infaction under HBIG monoprophylaxis devel-
oped in 27% (17/63) of HBV naive récipients and 5.8% (1/17) of
reciplents with past HBV infection (p = 0.10) during 2 median fol-
low-up of 30 (3-86) and 19 (3-86) months, respectively. In addi-
tion, de nove HBV infeclion also developed in none of five
recipfents with successful pre-LT vaccination during a median
follow-up of 35 (31 38) months and in none of 11 recipients with
unknown pre-LT HBV status who received post-LT prophylaxis
with HBIG alone, The impact of recipient’s anti-HBs status could
not be determined due to limited data,

. Lemivudine monoprophylaxis. Since HBIG has several limitations,

such as high cost, poor compliance and even low protection partic-
wlarly in HBV naive recipients {11], lamivudine monoprophylaxis
(100~350 mg/day for long perinds) against de novo HBV infection
was aisoevaluated in six studies]15,19,22,25 26,40} (Table3). Dur-
ing amedian follow-up of 25 (1-69) months, de novo HBV infection

was observed in 2.6% (2{75) of recipients [1f25 (4.0%) recipients

with past HBV infection, 1/33 (3.4%) HBV naive recipients, 0f17
reclpients with successful pre-LT vaccination (p = 0.72)]. Interest-
ingly, the HBV naive recipient with de novo HBV infection, devel-

oped it alter lamivudine disconlinuation (Fig. 3},
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> - post-LT praphylaxls
g P=0.005 [(Jueie
Py HBIG+L.AM
| 204 i
£ . .
L 0.7
2 o 5.8 1
g 3.4 J_I 4
T GLLIFe [le o000 oo
e J T unknown
HBV nalve  anti-HBct+  only antl-HBs+ HRV slatus
Reclplents, n 63/33/35 17l25/28 5H7H2 1110i28

Fig. 3. Risk of de novo hepatitis B virus (HBV) infecton in HBsAg-negative
reciplents wha received lver gralts from anti-HBe positive donors and HBY
prophylaxis anerllvcr iransplantation (LT) In relatfon to their pre.cansplant
HBV serological status and the type of post-transplant HOV prophylaxis. HBIG,
hepatitis B immunaglabulin: LAM, lamivudine,

HBIG and lamivudine combined prophylaxis, Increasing periods of
administration of lamivudine as monotherapy is associated with
increasing rates of HBV resistance, particularly in patients under
immunosuppressive therapy [51}. Thus, the effectiveness of HBIG
and lamnivudine combination was evaluated in eight studies
[22,24,2831,34,35,40,43] (Table 3). Lamivudine (100-200mg/

day) was given long-term, while HBIG was given short- or lopg- -
term at dosages ranging from 40010 intramusculartly to -

10,000 I1U intravenously, During a mean follow-up of 39 (range:
1-86) months, de novo HBV infection was observed in 2.8% (3/
104) of recipients [0f29 reciplents with past HBV infection, 8/35
' HBVnaive recipients, 0f12 recipients wjth successful pre-LT vacei-
nation, 3/28 (11%) recipients with unknown pre-LT HBV status].
Since the combination of HBIG with lamivudine is the most widely
used approach for prevention of post-LT HBV recurrence in
patients transplanted for HBY related liver discase, itis often used
as prophylaxis against de riové HBV infection as welt [8]. However,
given the low probability of de novo HBV infection with lamivudine
alone, the benefit of HEIG with lamivudine combined prophylaxis
over monoprophylaxis with lamivudine or perhaps a mere potent
antiviral agent is not clear from the curent literature, .

HBVvoccination. 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 [5,32,44,45,48-50]. In six
studies using post-LT vaccination combined with HBIG andfor
lamivudine prophylaxis [5,32,44.45,48,48), de novo HBV infection
developed in 5.7% (4/81) of recipients during a median post-LT
follow-up of 33 months {22-85] (0/19 HBV nalve, 2{48 anti-HBe
andfor anti-HBs positive and 2{14 with unknown pre-LT HBV sta-
tus, p= 0.18}, In contrast, in the only study in which post-LT HBV
vaccination was given alone, de novo HBV infection was observed
in all three (100%) ceciptents at 14~20 months after transplant
[50). Thus, although data are very limited, monoprophylaxis with
HBV vaccination after LT also does not appear to be an elfective
prophylactic strategy against de nove HBV Infection In recipients
1 of anti-HBc positive graits.

Survival of recipients of grafts from anti-HBc positive donofs

The 3-year sucvival of such recipients has been reported to range
hetween 66% and 100%, if they were HBV naive, and between 39%
and 100%, if they bad past HBV infection [5.9-11,13,16,15,21~
26,29-40.43-45 4849, The post-transplant survival of recipients
of liver grafts from anti-HBc positive and anti-HBc negative
doners has been comparatively evaluated in only two studies
with contradictory results [9,10]: 4-year survival in recipients
with anti-HBe positive donors was significantly lower compared
to reciplents with anti-HBc negative donors in a US study {56%
vs 76%, p=0.005) [9], whereas no significant difference in 4-year
survival between these two groups was reported in a similar
Spanish study (8% vs 76%, p > 005) [10]).

Outcome of patients with de nove HBV infection *

Histological characteristics

Histological characteristics were available in 13 studies including
68 patients [9,10,13,28.2224,30,32,35,414247,52], but liver
biopsies at diagnosis of de nove HBV Infection were performed
in only six studies and only 41 patients [10,21,72,24,32,39] (Table
4), Mild inflammation without fibrosis was found fn 33, mild to
moderate inflammation with pottal or bridging fibrosis in 12,

Talle 4. Published studizs® on the course of de itovo hepasitls B virus (HBV) infectlon afier Liver transplantation.

Fitst author, Partents with Course of de novo HBV infection Follow-up®
year [Ref] De noyo Histological findlngs 'HBY thempy months
HBV. n '
Prizta {2001) [10] 15 Chrenic hepatitis: 12, LaM Survival: 80% - 3 deaths 37
mitdfmassive , (recusrent HOV: 1, lymphotma;
L. necrosls: 1/2 . L 1, sepsls: 1)
Segovla (znon |521 o5 Cirhosls: 1, rigdératé .- 1AM . Survlval wox ' . ", 8
o J o fibrosist - o ; ’ ol
Mnnzabelra (2002} [111 1 MIld hepatitis: 1 HBIG£LAM LAM Testitance: 1 {mild hepatitis) "19-63
floque-Afansp (2002) [21] .. 5- Mild inflammation: 4, © 1AM | LAM resistance after 7-16 months: 5 12,
Lee (2004) [50] 3 NA LAM £ HBIG Stable course HA
Jain (2005) {43) - ‘3, NA . o * ADV (YMDD mutation) | .1 death (fulminant liver fafture), NA .
. Donatateip ‘1995) 1241 7. Choltsml:hnpakiﬁs 1 A 1d=aths {cholestatic HEV: 1, s:psh 1) P
Dmeda (ZDDE) [47] 8- . Mild inflammiation} LAM (in six patients) *© Pisappearance of HosAg ins - L2
L + fibeosis: 5, - :, . patients after 4.6 months undcf‘LA‘M

HBIG hepauﬂs B immunoglnbulln LAM, hmivudme. NA, not avallable.

3 Spven reports of 1-2 cases with dé novo HBV Infectlon afer liver transplantation w:r: notincluded [22,32,3336,38,39,44]. In loml. 11 reciplents (severe hepatitis: 1)
recelved LAM (n~10) or HBIG plus LAM (n = 1). All patients had an uneventful coursa, except for ene patient [36] with poor responss to LAM treated with addition of

adefovir.
"B Alter diagnosis of de nove HBV infection.
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or antl-HEs positive and lastly to HBV nalve {both antl-HBc and anti-HBs negative) recipients. LT, llver wansplantatlon; HBIG, hepaﬁr.ls B immunuglubulln- LAM.

lamlwudine,

.severe inflammation andfor cirrhosis in pine, cholestatic hepatitis
itt three, and non-specific findings in 11 paﬂept's.

- Course of de nove HBV infection under antiviral therapy

The data on the treatment of de nove HBV infection Is not well doe-
umented, but there are no grounds to expect the efficacy of treat-
ment to be different from that of post-transplant HBV recurrence
[51,53]. Only a total of 62 patients are reported. Lamivndine was
used in the first 15 studies (combined with HBIG in three) with
good initial response [10,11,21,22,24,32,33,36,38,39,43, A447,
50,52), but lamivudine resistance developed in all fivé cases after
7~16 months in one study [21] (Table 4). Salvage adefovir therapy
was effective in three patients with lamivedine resistance [36,43).
Given the poor resistance profile of Iong-term lamnivedine mono-
therapy, newer and more potent nucleos(t)ide analogues with
low probability of resistance need to be used in this setting despite
the lack of data.

Survival of patients with de nove HBV infection

The survival has been reported to range between G6% and 100%
during a rnedian follow-up of 48 (3-B0) months in 19 studies
providing relevant data [5,10,13,16,21,24,30,32,33,35-30,41 42,
47,50,52} In 14 studies, survival was 100% with a median fol-

low-up of 32 (3-80) months [5,16,21,30,32,33,35-39,47,50,52].

In one study, the outcome of de novo HBY infection was signifi-
cantly better than that of recurrent HBV infection; 3-year sur-
vival: 95% vs 60%, (p =0.03) [41). In the latter study, the causes
of death were related to [IBV infection in only 2 of 21 non-survi-

- vors with de novo HBV infection and two additional patients .

underwent re-1T due to HBV infection.

Conclusions

As the number of patients on LT waiting list continues to grow,
the demand for donor organs increases, Thus, the expansion of
donor criteria and the inclusion of marginal iivers, such as those
from anti-HBc positive individuals will be vecy helpful. In fact,
such donors represent a significant source of transplantable
organs, particularly in countries with high or intermediate HBV
prevalence [34]. The risk of de nevo post-LT HBV infection is

thie major limitation of using Iiver grafts fram anti-HBc positive
donors, since dceult HBV [nfection in the donor liver may be reac-
tivated in the vecipient due to post-LT immunosuppressive ther-
apy. Such liver grafts may be first offered to patients transplanted
for HBV related liver disease, as they require life-long anti-HBY
prophylaxis in any case (Fig. 4). Although in one study HBsAg-
positive Tecipients of anti-HBe positive liver grafts were sug-
gested to have more frequent and earlier HBV recurrence com-
pared to those of anti-HBc negative liver grafts [20], the risk of
HBV recurrence was not teported to be high In several other stud-
ies and the donor’s anti-HBc status has not been found to affect
the post-transplant survival,

Many centres now use grafts from anti-HBc positive donors for
HBsAg-negative reciplents. Since the probability of such de novo

"HBV inlection is substantially lower in anti-HBc and/or anti-HBs |

positive compared to HBY naive recipients {15% vs 48%), it is rea-
sonable to recommend that liver grafts from anti-HBe positive

+ donors should be preferentially direcied to HBV exposed LT candi-

dates (Fig. 4}, In the latter, the presence of anti-HBs seems to pro-
tect from de rove HBV infection and both anti-HBc and anti-HBs
positive recipients seem to represent a group that can safely

recelve antl-HBc positive liver gralts without any post-transplant

HBV prophylaxis (probability of de nove HBV infection <2%). Pre-
LT vaccination alone does not appear to be an effective strategy,
as de novo HBV infection alter LT developed [n 10% of successfully
vaccinated recipients without any post-LT prophylaxis. However,
HBV vaccination should be nifered to all naive HBV patients early
in the course of non-HBV chronic liver disease (l.e. in the pre-cir-

rhotic stage), even though additional anti-HBV prophylaxis wili

be needed incases of LT with gralts from anti-HBc positive donors,
Becauseof lack of data, no conclusionscan be drawn on the effect of
the donor's anti-HBs status, which could theoretically reduce the

. risk of transmission even further.

The use of post-transplant prophylaxis with HBIG andfor lam-

" jvadine reduces the everall probability of de nove HBV infection

in both HBV naive (from 48% to 12%) and anti-HBc andjor anti-
HBs positive recipients of anti-HBc positive grafts (from 15% to

"3%). Accordmg to a recent survey reflecting current clinical prac-

tice, pmphylaxls with lamivudine and often HBIG is vsually used
after LT with anti-HBc positive grafts, but it is less likely to be
used in anti-HBs positive recipients [8]. Although there are no
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good data from single studies on the optimal anti-HBV prophy-
laxis, several conclusions can be drawn based on all the studies
we have reviewed. First, monoprophylaxis with HBIG or HBV vac-
cination after LT is an ineffective strategy, as it is associated with
approximately 20% and 100% risk of de nove HBV infection.
Monoprophylaxis with lamivudine appears to offer satisfactory
protection with <3% risk of de novo HBV infection, although it

. should be noted that the number of reported cases is still small

(n=75) and the follow-up relatively short {approximately
2 years), The combination of HBIG and lamivudine is often used

empiticaily In this setting, because of its praven bensfit,in pre- .

venting HBV recurrence after LT for HBV related liver disease
{51,55). However, this combination dees not seem to provide a
clear benefit compared to lamivudine menoprophylaxis in liver
transplant HBsAg-negative patients who receive anti-HBc posi-
tive grafts, In fact, the rationale for HBIG use is unclear, as theré

. are no circulating HBsAg coated virions in HBsAg-negative recip-
ients to be nettralited hy HBIG. Whether monoprophylaxis with

a new nucleos(t)ide analogue with better resistance profile might
be a more cost-effective long-term approach in all orin subsets of
such transplant patients also remains to be determined. Given
the relatively low numbers of cases, the different subgroups of
donor-reciplent matching with ant-HBcfanti-HBs status and
the varied prophylactic interventions, multicentre studies will
be required in order to provide evidence-based data,

. If de novo post-LT HBV infection develops, antiviral treatment
is mandatory. Although decyumentation of transplant detalls and
outcomes js scanty, it is reasonable to think that the efficacy of
treatment is similar to that of post-transplant HBV recurrence.
Given the poor resistance profile of long-term lamivudine mono-
therapy and the low potency of adefovir, both entecavir and ten-

ofovir may be the agents of choica today, despite the currént lack

of relevant data, Entecavir has the advantage of not being neph-
rotoxic and tenofovir has the advantage of better long-term effi-
cacy in cases of lamivudine resistance,
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