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Bachground. Improving graft survival after liver
itransplantation is an imporiant goal for the trans-
plant community, particularly given the imcreasing
donor shortage. We have examined graft survivals of
livers procured from pediatric donors compared to
adult donors.

Methods. The effect of donor age (<18 years or =18
years) on graft survivals for both pediatric and adult
liver recipients was analyzed using data reported to
the UNOS Scientific Registry from Japmary 1, 1992
through December 31, 1997. Graft survival, stratified
by age, status at listing, and type of transplant was
computed using the Kaplan-Meier method. In addi-
tion, odds ratios of graft failure at 3 months, 1 year,
and 3 years postiransplant were calculated using a

TUICLA Medical Center.,

2 {Jpited Network of Organ Sharing.

3 pAddress correspondence to: Sve V. McDiarmid, MD, Medical
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multivariate logistic regression analysis conirolling
for several donor and recipient factors. Modeling, us-
ing the UNOS Liver Allocation Model investigated the
impact of a proposed policy giving pediatric patients,
preference to pediatric donors.

Resulls. Between 1992 and 1897 pediatrie recipients
received 35.6% of pedialric aged donor livers. In 1998
the percent of children dying on the list was 7.4%,
compared with 7.3% of adulis, Kaplan-Meier graft sur-
vivals showed that pediatric patients receiving livers
from pediatric aged donors had an 81% 3-year graft
survival compared with 63%if children received livers
from donors =18 years (P<0.001). In contrast, adult
recipients had similar 3-year graft suxrvivals irrespec-
tive of donor age. In the multivariate analysis, the
odds of grafi failure were reduced to 0.66 if pediatric
recipients received livers from pediatric aged donors
(P <0.01). The odds of graft failure were not affected at
any time point for adults whether they received an
adult or pediatric- aged denor. The modeling results
showed that the number of pediairic patients trans-
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\planted increased by at most 59 transplants per year.
This had no significant effect on the probability of
pretransplant death for adults on the waiting list.
Waiting time for children at status 2B was reduced by

as much as 160 days whereas adult waiting time af

statns 2B was increased by at most 20 days.
Conclusion. A policy that would direct some livers

procured from pediatric- aged donors to children im-

proves the graft survival of children after liver trans-
plantation. The effect of this policy daes not increase
mortality of adults wraiting. Such a policy should in-
crease the practlce of split liver transplantahou,
which remains an imaportant method to increase the
cadaveric donor supply.

The nationwide denor shortage has forced scrutiny of our
practices of organ allocation. In particular, liver allocation
policies have been the subject of intense debate extending
beyond the medical profession to the pages of the lay press
and the corridors of the federal government (1-4).The issues
of waiting time and mortality while waiting are amplified for
liver transplant candidates (5) (and heart transplant candi-
dates) because unlike kidney transplant candidates, no sus-
tainable form of artificial organ support exists. In such pa-
tients allocation policies therefore take on a new urgency. If
there were unlimited numbers of organs the justice of the
argument “sickest first” is undisputed. However, given the
limited organ supply, consideration must also be given to the
guestion of how a scarce resource should be best utilized (5).
In effect, which patienats are likely te have the best praft
survival?

Several investigators have identified factors that affect
outcome after pediatric liver transplantation. Not surpris-
ingly, as in adult Yiver recipients, the most important predie-
tor is medical urgency (7). Although the technical challehges
are considerable, young age itself is not a predictor of poor
outcome in experienced centers (8~11). To date, donor factors
considered have focused on whether the use of partial liver
grafis affects the outcome of pediatric liver recipients. The
use of split livers (one cadaveric donor divided to provide two
transplantable éegments), reduced livers (a cadaveric donor
liver reduced in size to preduce one transplantable segment),
and living denor grafts, have already been shown fo decrease
the mortality of pediatric patients awaiting liver transplan-
tation without decreasing patient and graft survivals (12-
‘14). However, the effect of pediatric versus adult donor age
" on outtome has not been well studied. Ovr preliminary data
showed that the majority of livers p;‘ocured from pediatric-
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aged donors (<18 years of age) were transplanted into adults,
although propertionately the same number of children die on
the list as adults. This information caused to us question
whether the outcome of pediatric or adull recipients was
affected by the age of the donor. We postulated that if the
results of this investigation showed that pediatric liver re-
cipients benefited from receiving a donor of a pediatric age,
as measured by improved graft and patient survival , without

. causing a negative imnpact on the adult population, then both

utility and justice would suggest that pediatrie recipients
should receive at least some preference in receiving organs
from pediatric donors.

METHODS

These analyses of posttransplant cutcome were based on liver
transplants reported to UNOS Scientific registry from Januvary 1,
1992 through December 31, 1997. Odds ratios were calenlated using
a multivariate logistic regression analysis. This analysis controlled
for several donor and recipient risk factors {e.g. donor race, donor
cause of death, recipient race, diagnosis at time of transplant, pre-
vious transplant, medical condition at time of transplant, cold isch-
emia time, serum creatinine level and year of transplant). The out-
come of interest was the odds of graft failure within 3 months, 1 year
and 3 years posttransplant. PROC LOGISTIC, SAS version 6.3, was
used to perform the logistic regression analysis. A stepwise regres-
sion technique, was used to determine the factors to be included in
the fnal logistic regression model, Missing values for continuous
variables were seb to the mean, and for categorical variables, were
set to the baseline value.

Acturial graft survival was computed vsing Kaplan-Meier methed.,
These survival curves were stratified hy age, status at transplant,

. type of transplant, and ICU group. A log-rank statistic was used to

test the hypothesis of no difference in survival between groups.
For the median waiting times analyses, the cohort of patients

included all registrations added to the UNOS Liver Waiting List

between Janmuary 1, 1995 and December 31, 1997. Kaplan-Mejer
waiting times where caleulated using PROC LIFETEST, SAS ver-
sion 6,3. The actual probabilities on the waiting list of death, trans-
plant, removed (not for reason of death or transplant), and still
waiting, were computed using a competing risk method.

-In April 1994 the UNOS liver data collection forms were amended.
Among the information added fo the forms was whether the trans-
planted liver was split or otherwise reduced in size. Therefore any
information that specifies whole or split livers covers only the time
period from April 1994 through December 31, 1997,

Modeling methods. Modeling results were generated by ULAM,
the UNOS Liver Allocation Model. ULAM is a PC-based software
paclage that simulates the current national and alternative liver
allpcation policies. Details of the construction of ULAM have been

TasLE 1. Distribution of pediatric and adult donor livers into pediatric and adult recipients, divided by age ranges:
1/1/52-12/31/87 |

Recipient age

pa Donor age (yr} "Total
0-17 18+-

0-17 1786 882 2668
18+ 3226 15300 18525
Total 5011 16182 21193
Recipient age 0§ 6-17 1849 50+
0-9 531 459 324 25 1339
3-17 263 533 449 84 1329
1849 15 1712 6917 1989 86233
50+ 13 1485 ° 5224 2170 8892
Total 822 4189 11914 4268 21193
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TABLE 2. Median waiting times for iver iransplantation: by age and UNOS status: 1/1/92-12/31/97

Status I 95%

Status 2 95% Statws 3,4,7 95%

Age gronp Num Added

MWT Conf limits Num added MWT Conf limits Num added MWT Conf limits
02 yr 295 23 (12,50) 178 51 (29,73) 815 189 (173,213}
3-5 75 10 (5,47 a6 35 (17,1300 211 231 {207,300)
6-10 yr 74 12 (5,40) 57 "53 (22,246) 241 328 (235,428)
11-17 yr 153 10 (7,18) 77 46 (18,80) 382 408 (347,620)
1849 yr 1236° g (8,11) 834 28 (22,34) 8929 485 (472,517
504 yr 753 10 (8,12} 690 27 (22,32) 8757 460 (434,486}

TABLE 3. Mortality of patients on the UNOS liver aiting list for 1998 {Source UNOS OPTN Waiting List and Remowval Files

as of 9/7/1999)
%ﬁ? : <1 1-5 6-10 11-17 18-34 35-49 50-64 "854
- Patients 286 549 295 411 1143 6358 7411 1530
Deaths 50 34 15. 16 84 445 5566 117
Rate® 827.5 119.6 B7.2 70.9 121.8 123.2 1283 123.7
% 17.5 6.2 5.1 3.9 7.3 70 7.5 7.6

® Annuval death rate per 1000 patient years at risk,

published clsewhere (15). In brief, ULAM is a discrete event simu-
latior that matches individual donors and recipients using the same
general algorithm as the UNOS match sysiem. All statistical com-
poenents of ULAM were derived from historical OPTN/SR dala and
the model has been validated against actual data from 1998-1999.
In our analysis, ULAM results were generaied for the current
national policy and the proposed policy giving pediatric palients
preference to pediatric donors. For each policy, four independent
simulations of 1898-2003 were generaled with statistics collected
from 1959-2003. A 1-year transition period allows the effects of the
current policy to dissipate so that the impact of the propesed policy
can be assessed more accurately. Output measures from the model
represent the average of the four simulations of 1999-2003.

RESULTS

. Current allocation of livers procured from donors <18
years. The first analysis determined how many livers pro-
cured from donors less than 18 years of age were trans-
planted into children (<18 years) compared to adults {18+
years). As seen in Table 1, which includes all cadaveric or-
gans procured between /192 and 12/31/97 (including re-
duced and split grafts) pediatric recipients received 1786 of
the total of 5011 (35.6% of pediatric-aged donor livers).

Analyzing these data further by dividing recipient and
donor ages into subgroups, it can be seen that it is predom-
inantly donors in the 617 age group that are transplanted
into adults. Of donors aged 6-17 years, 1712 were trans-
planted into recipients aged 18-49, and 1485 into recipients
aged greater than 50 years. Taken together, 3197 of 4189
{"76.3%) 6- to 17-year-old donors were placed into adult recip-
ients of which 46.4% were older than 50 years of age. In

contrast, children reccived 882 of 16,182 adult liver donors
(5.4%); this includes split and reduced size grafts (Table 2).

Current pedinlric and adult mortolity and wailing times
on lver transplant' list. The next questions examined were
whether waiting time and mortality on the list differed be-
tween children and adults. Table 2 shows median waiting
times for cadaveric liver transplants for pediatric and adult
patients added to the liver waiting list between 1/1/95 to
12/81/97, divided according to age and UNOS status at time
of listing. (Summary of Definitions of UNQS status codes: Up
to and including 1897: status 1=In intensive care unit (ICU);
status 2=hospitalized not in 1CU; status 3=at home. 1998:
status 1 adults=acule liver failure and in ICU; status 1
pediatrics=in ICU; status 2A (adults only)=chronic liver fail-
ure in ICU; status 2B=moderately urgent, defined by specific
criteria; status 3=least urgent. Full definitions of status
codes used can be found in the 1996 and 1998 UNOS Annual
Reports.}

It can be seen that children 0-2 years waited longer in
status 1 and status 2 than any olher age range apart from
status 2, 6- Lo 10-year-olds with an initial listing of status 2.
At status 3, 4, and 7, adulits waited longer than children.
When this analysis was divided into years before and after
split and reduced graft data were callected, ie., 1/1/92 o
12/31/94 compared to 1/1/95 to 12/31/97 the same trends -
persisted (data not shown).

Mortality on the liver waiting list was also considered for
different age ranges. For all patients on the liver waiting list -
during calendar year 1998 the number and percentage of
patients dying is shown in Table 3. Note these numbers

.TABLE 4. Patients listed on the liver waiting list between 1/1/95-12/31/97 (first 6 months afler listing: probability of cvents)

Group Injtial status Removed Waiting Transplanted Died
Adult 1 0.151 0.082 0.448 0.319
2 0.088 0.145 0.510 0.257

) 3 0.032 - 0.690 . 0,197 0.082
Pediatric 1 0.179 0.118 0.433 0.270
2 0.162 0.237 0.488 0.124
3 0.088 0.573 0.283 0.056
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Tigure 1. The unadjusted Kaplan-Meier 3-year survivals are
shown for pediatric recipients (3-17 years) receiving livers
from pediatric-aged doxnors (6-17 years) compared io adult

Donor Age 6-17 Donor Age 18 - 49 ‘

donors (18-49 years) and adunlt recxpmnts (18-49 years) re- -

ceiving livers from pediatric aged donors (6-17 years). Re-
sults shown include retransplants, all UNOS statuses, and
analyses for status 1 and status 2. Graphs on the left show the
pediatric recipient data, graphs on the right show the adult
recipient data. v

exclude patients removed ﬁ'm:r_:l the list because they became
tao ill to transplant. The percentage of patients dying was
_ highest in the less than 1-year age range. Combining the <1
and 1- to 5-age groups, the perceniage of patients dying is
10%, still higher than any other age range. From this data,
the overall percent of children and adults dying in 1998 on
the liver list was almost identical, 7.4%, the children (115 of
1641) and 7.3% adults.(1202 of 16,442)

1l
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We also analyzed the probability of death on the waiting
list, divided by status at time of listing and adjusted for race,
ABO match, and repeat listing. For adult and pediatric liver .
recipients added to the waiting list between 1/1/95 and 12/

. 31/917, four possible events ‘could oceur: 1) the patient was

removed from the waiting list for reasons other than death or
transplant, 2) the patiebt continued to wait, 3) the patient
received a cadaveric organ, (living related transplants ex- -

- cluded, reduced and split grafts included), 4) the patient died

before transplantation. Patients removed from the list be-

caunse they were too ill to receive a transplant were counted
as pretransplant deaths. Table 4 shows the estimates for the
probability of these four possible outcomes in the first 6
months after listing for patients added to the list between
1/1/95 and 12/31/97. Both adult and pediatric patients at
status 1 and 3 had similar probabilities of dying on the list. A
total of 31% of adults and 27% of children initially listed i in
status 1, died waiting. In status 2, pediatric patients had a
lower probability of dying but a longer waiting time com-
pared to adults. A total of 25.7% of adults at status 2 died
compared with 12.4% of children, whereas 14.5% of adults
originally listed were still waiting at the end of 6 months
compared to 23.7% of children at status 2, In the second 6

* months after listing the probability for all four outcomes was

similar befween adults and children {data not shown).
Keplar-Meier patient and greft survivals: effect of donor
age on ouicome of pediatric and adult liver recipients. Our
first analysis attempted to answer this question by subdivid-
ing donor and recipient ages into several age ranges. How-
gver, the numbers in each subgroup became too small to
allow for 2 meaningfl statistical analysis. It was decided to
eliminate several subdivisions of age ranges as well as ex-
tremes of donor and recipient age that might bias the resulfs.
Therefore, for the first analysis, the 0~5 age range for donors
and the 0-2 age range for recipients was eliminated and the
3- to 5-year and 6- to 17-year age range for recipients was
combined into ane group, ie., 3-17 years. It was also rea-
soned that pediatric recipients less than 3 years generally-
received whole organs from similar age donors based on size
considerations. The upper limit of donor and recipient age
wag set at lesg than 50 years to exclude the possible negative
effects of older donors and recipients, Figure 1, shows the
unadjusted Kaplan-Meier 3-year graft survivals for pediatric
recipients (3—17 years) receiving livers fiom pediatric-aged
donors (6—17 years) compared to adult donors (1849 years),
and adult recipients receiving livers from pediatric aged do-
nors. Results shown include retransplants, all UNOS sta-
tuses and a further analysis for status 1 and status 2. Ex-
cluded are reduced, spht or living donor transplants.
Pediatric recipients receiving livers from younger donors had
a significantly improved graft survival; 81% compared with

"TABLE 5. The odds of graft survival compared for adult and pediatric donors and recipient: whole grafts only

i . Time points
Recip age (yr) Daonor age {y1) Num txd 3 Mo post-Tx 1-Yr post-Tx 3 Yr post-Tx
‘ Odds ratio P Odds ratio P Odds ratio P
3-17 6-17 496 0.62 0.02 0.50 <0.01 0.58 0.03
3-17 1849 362 1.00 Ref. 1.00 Ref. 1.00 Ref.
18-49 6-17 1699 0.82 0,20 0,77 0.07 0.84 0.36
1849 18-49 5B79 0.78 0.71 0.84 0.26

0.08 05
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Table 7 the type of transplant according to age. During this

time period GG pediairic-aged donors were split, of which 24

Type of transplant

segments were placed in adults.

¥ Whele Rednead Split Live Tota) The results of the unrestricted analysis (Table 8) remained
very similar to the restricted analysis: pediatric patients
26 4 .-
igg; gg,ﬁ 123 21 jg ggzi have significantly reduced odds of graft failure if reeeiving a
1996 3865 24 62 46 4057 graft from a pediatric-aged donor whereas the age of the
1997 3035 78 84 50 4158 donor had little impact on the odds of graft failure to adult -
Total - 14240 358 193 196 14987 recipients.

TABLE 7. Numbers of whoele, reduced, split and living
douors by age of recipient: 1994-1997

Type of transplant

An expected outcome of a pohcy that would direct more
livers from pediatric donors to pediatric recipients would be
an increased number of relatively large organs being directed
to smaller recipients: This would encourage split liver trans-

Age ——— foduced Split T Total plantation whereby two recipients benefit from one organ. As
— well, reduced size transplantation, where part of the liver is
:_12 ig;l ig; Sg 123 igg discarded, might also occur. Therefore, we investigated the
35 log 42 13 15 982 g'raft survivals of reduced and split size livers. For the time

" 610 293 15 13 14 285 period 4/1/94-12/31/97 the Kaplan-Meier 3-year graft sur-
1 1-17 375 - 21 13 7 416 vival estimates for pediatric recipients of primary Jiver trans-
1B+ 12892 27 an 7 13006 plants SUble’Ided by the type of organ TGCGiVEd are ShDW‘ﬂ
Tolal 14240 358 193 196 14987 {Fig. 2): It can be seen that reduced size grafts had a signif-

63%, P<0.001. In contrast, adulf recipients had similar graft
survivals hrespective of donor age. These differences re-
mained significant when status at time of ]isi:ing was consid-
ered.

Multivariate analyses: effect of donor age or oulcome of
pediatric and adult liver recipients. The Kaplan-Meier sur-
vival curves were unadjusted for risk. Therefore a further
multivariate regression analysis was performed to determine
if placing younger donor livers into younger recipients re-
duced the odds of graft failure. As before, this analysis ex-
cluded living related donors and split and veduced grafts.
Donor and recipient risk factors contrelled for were: donor
and recipient race, donor cause of death, recipient diagnosis
at transplant, medical condition (UNOS status) at trans-
plant, cold ischemia time, ABO match, donor creatinine level,
and year of transplant. The odds of graft failure at three
months, 1 and 3 years postiransplant were determined (Ta-
ble B). At all three time points, the odds of graft failure were
significantly less if pediatric recipients (3-17 years) received
livers firom younger donors (G—17 years). In contrast the odds
of graft failure at each time point for adult recipients were
similar whether or not the donor was younger or older.

The same multivariate regression analysis was repeated
but now applied to all pediatric and adult recipients, with no
age exclusions and inclusive of split and reduced grafis. Ta-
ble 6 shows the number of reduced and split organ frans-
plants performed during the period of this analysis, and

icantly lower 3-year graft survival compared to all other graft
types. In comparison, split liver prafts had an overall 70%
3-year gralt survival, not significantly different from either
whole or living denor grafis. We were also interested in
whether a split liver from a pediatric doner had a different
patient and graft survival compared to that from an adult
donor. Alihough the pumbers were small, Kaplan-Meier
three year adjusted patient survivals for split livers were not
different if the liver was from an adult doner (n=51, patient
survival 87%) or a pediatric donor (n=32, patient survival
89%). Iowever, in comparisen, the 3-year Kaplan-Meier
graft survival was worge if the split liver was from an adult
donor, 62%, as compared to a pediatric donor, 83%.

Tor all the ahove analyses of graft survivals, patient sur-
vivals were also examined (data not shown), and similar
results were observed. Because of the complexity of the anal-
yscs derived from data accrued over several years, we did
altempt to detect any possible center effacts.

UNOS liver aliocation model (ULAM) results. ULAM was
used to investigate whether the proposal to allocate livers
from pedialric donors preferentially to pediatric recipients,
within urgency status and geographic areas, would have a
detrimental impact on adult patients waiting on the list. In
particular we believed it was important Lo investigate
whether the number of adults dying either pretransplant or
posttransplant would be effected by the proposed new policy.
The proposed allocation sequence used in the model is shown
in Table 9.

Two models were developed; the first defined a pediatric

TasLE B. Odds o.f graft survival compared for pediairic and adult aged donors and recipienis; including reduced and split

grafis
Time points
Recip age (yr) Doner age (yr) Num txd 3 Mo post-Tx 1 Yr post-Tx 3 Yr posl-Tx
' Odds ratio P 0dds ratio P . Odds ratio P
0-17 017 1788 0.66 <0.01 0.62 <0.01 0.65 <0.01
0-17 18+ BB2 1.00 * Ref. 1.00 Ref. 1.00 Ref.
18+ 0-17 3225 0.62 <0.01 0.84 0.29 1.06 0,75
18+ 18+ 15300 0.66 <0.01 0.85 0.33 1.06 0.75
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" FIGURE 2. The Eaplan-Meier 8-year graft sumva]s are shown
for pediatric recipients of primary liver transplants subdi-
vided by.type of organ received.

donor as <18 years, and the second defined a pediatric donor
as <18 years and less than a specified weight range.Three
weight ranges were investigated, <40, <45, and <60kg. The

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

. posed pediatric deﬁmtnou of <18 years without weight re- . .
-were transplanted in status 1 because there were fewer pe-

strictions.

Neither model takes into account the data presented above
which shows jmproved patient and graft survivals for chil-
dren receiving livers from pediatric aged donors. Further,
split liver transplant and outcomes were not: considered.

Table 10 summarizes the most- relevent data from the
simulations comparing the current allocation policy to the
four proposed pediatric donor definitions: 1) <18 years, 2)
<18 years and <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) and over four simula-
* tion runs. The data address: 1) the number of pediatric and
adult patients transplanted by age (pediatric recipients di-
vided 0 to 5 years, 611 years, 1117 years) and by status, 2)
median waiting time by status, and 3) probability of pre-
-transplant death within 6 months of listing. The number of
repeat transplants, and patient life years under the different
proposals is not shown because the model did not account for
expected improvements in pediatric graft survival should
pediatrics recipients receive livers from pediatric aged do-
nors.

In all of the proposed policies, slightly more pediatric pa-
tients were iransplanted over the 5-year period. The increase
over the current policy ranged from 151 over 5 years (30 per
year) for the most restrictive policy with donors defined as
<18 years and <40 kg, to 297 over b years (59 per year) the
least, restrictive policy defining a pediatric donor as <18
years. Consequently; each of the policies resulted in a corre-
sponding decrease in the number of adult patients receiving
transplants.

Investigating the change in the number of transplants by
age and status showed that among pediatric patients fewer
were transplanted in status 1 under the proposed policies.
This is because more pediatric patients were transplanted at
less urgent statuses under the proposed policies. In contrast
about the same or slightly higher numbers of adult patients
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TABLE 9. Proposed order of allocaiion for a liver from a
pediatric donor

1. Local
Pediatric status 1
Aduit status 1
2, Regional
Pediatric status 1
Adult status 1
3. Local
Adult status 2a
Ped.latnc slatus 2b
Adult status 2b
Pediafric status 3
Adult status 3 -
4. Regional
. . Adult statug 2a
. Pediatric status 2b
" B. National
Pediatric status 1
Adult status 1
Adult status 2a
Adult status 2b
Pediatric status 3
Adult status 3

diatric patients competing for organs while In status 1. This .
is reflected in the increased nmumbers of children trans-
planted at status 2B. This was most evident in the policy
defining pediatric donors <18 years without weight restrie-
tion. The increase in ped.latnc status 2B patients trans-
planted was 304 over 5 years compared to current policies.
This benefit was diluted as the more restrictive pediatric
donor definitions by weight were applied. In contrast, the
more stable pediatric patients at status 3 showed only a
modest increase, approximately 4—10 mare children per year,
In examining the data by status for aduits, it is also impor-
tant to note that all of the proposed policies slightly increased
the number of adult patients transplanted at statiis 2A. This
effect ranged among 18 to 78 patients over § years.

Of all pediatric donor livers, the percent that went into
adults was 68.8% under the current policy. Under the least
restrictive proposed policy the percentage of adults still re-
ceiving pediatric donors was 59.2%, and ranged between
63-G4% under the other pediatric donor proposals divided by
weight. There was also a decrease in the percentage of aduli
livers that were transplanted into pediatric patients. This
was most pronounced, 3.9%, in the policy defining pediatric
donera <18 years, without weight restriction. Only a negli-
gible increase in the percentage of adult livers that were
transplanted into adults was demonstrated.

The percentage of local, regional, and national transplants
was essentially unchanged as was the average and median
distance the organ traveled. The percentage of organs that
traveled greater than 1000 miles increased from 1.6 to 1.7%,

Deaths pretransplant and posttransplant and total deaths
for the proposed policies was examined and no significant
changes were noted with all four policies proposed as com-
pared to the current policy.

“When the probability of pre transplant death within 6
months of listing was analyzed, there were minimal differ-
ences, none of which was statistically significant, between
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TasLE 10. ULAM comparison of eurrent Jiver allocation policy to four proposed pediatric donor definitions: <18 yr and

<40 kg; <18 yr and <50 kg; the model simulates 5 yr

of hransplant activily under the various definitions

Curreot policy <18 ¥Yr <40 kg T <45 kg <50 kg
No. ped. txs 2132 2429 2283 22989 2807
Change from current policy 4287 4151 +167 +175
Nao. ped. txs by age
0-5 1238 1417 1336 1339 1353
6-11 ) 367 413 387 391 397
11-17 528 600 560 569 558
Txs by age and status
Adult 1 4061 4085 4056 4100 4087
Adults 2A 4713 4731 4729 4733 47181
Ped 1 TG4 711 755 733 131
Ped 2B 1069 1372° 1206 1246 1256
% of total/ped donor to adult recipicnt
G9% 59% 6456 G4% 63%
Med wait time -
Ped. 2B:2B 340.8 179.0 264.5 2593 243.0
Ped. 3:2B 776.5 624.3 685.5 699.5 674.0
Adult 2A:2A 11.3 123 11.3 113 11.5
Adult 2B:28 553.0 573.0 550.8 572.3 569.0
Adult 328 947.5 96B.5 958.5 963.0 8655
Probability of pre-Tx death wfin 6 mo of listing
Adul 1 11.8% 11.4% 11.7% 11.9% 11.6%
Ped1 164% “15.5% 15.3% 15.4% 15.1%
Adult 24 23.4% 22.9% 22.0% 21.9% 92,99
Adult 2B 13.7% 14.0% 13.9% 13.6% 13.6%
Ped 2B 13.5% 12.3% 12.8% 12.0% 12.6%

the current and proposed policies among adult and pediatric
recipients. Among pediatric patients, death rates deéreased
for patients listed initially in status 2B and status 3. Waiting
time as measured by Haplan-Meier estimates for most cate-
gories were reduced for pedintric patients and increased
slightly for adult patients. Of importance, both pediatrie and
adult patients at status 1 had essentially no change in wait-
" ing time at status 1 although on average pediatric patients
waited 2 days longer for transplant at status regardless of
the policy. Of importance, children in status 2B had the most
benefit from the policy defining pediatric <18 years without
weight restriction, with median waiting time reduced by 160
days. In that same simulation adull waiting time at 213 was
increased by only 20 days. When pediatric donors were [ur-
ther restricted by weight, the beneficial effect of decreased
waiting time at status 2B for children continued to be evident
but much less important ranging between 76 and 97 days,
whereas the waiting time for adults was effected anly slightly
2--16 days. Among adults waiting times increased the most
for patients listed initially in status 3 with an ending status
of 2B from 947 to 966 days and under the least restrictive
policy.

DISCUSSION

We have shown that there is a significant beneficial effect
on liver graft survival if pediatric recipients receive livers
from pediatric-aged donors, whereas graft survival of adult
recipients is not advantaged or disadvantaged by the age of
the liver donor. This effect is seen at 3 months after liver
transplantation, when donor factors are likely to have the
strongest influence on outcome, but also. persists at 3 years
posttransplant, These findings hold true whether using a
univariate or multivariate method of analysis or unadjusted
Kaplan-Meier estimates of graft survival. Importantly,

.

whether the analysis is performed on a restricted population
of donor and recipients to decrease the potential impact of the

- extremes of donor and recipient age, and the possible influ-

ence of partial liver grafts, or the entire population of adult
and pediatric recipients and donors, including partial liver
grafls, the smme benefit to pediatric patients receiving livers

" from younger donors persists. The improvement in graft sur-

vival for pediatric patients who receive younger donors com-
pared to adults receiving younger donors, will have the great-
est impact on the most medically wrgent cliildren, who we
have shown wait lenger to réceive a donor, especially if aged
legs thon 5 years, compared with adults of equivalent status.
We can only postulate why pediatrie recipients have an
improved survival if they receive a liver from a pediatric-
aged donor. Doner quality, which is usually excellent in pe-
diatric-aged donors, is a likely explanation. The recent re-
search impefus studying the process of sensecence at the
cellular level, may provide new insights in the futute. .
Should these results be utilized to change allocation. poli-
cies to give children awaiting liver transplantation some

- preference in receiving younger donors? To answer this im-

portant question several related issues must first be consid-
ered. 1) Do children already hold an advantage aver adults
waiting liver transplantation, reflected eitber by shorter
waiting times or a decreased mortality on the list? 2) Would
redirecting some pediatric donors away from adults awaiting
liver transplantation have a significant negative effect on the
outcome of adults undergoing liver transplantation? 8) Could
directing some adolescent donor livers to small children en-
courage split liver transplantatien, which would increase the
donor supply?

It has been argued that children alveady have an advan-
tape over adult candidates awaiting liver transplantation
because they have three possible options for receiving a liver:
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a whole cadaveric graft:, a partial cadaveric graft or a living
donor organ (I8). Despite this, an analysis of the last 3 years

of the UNOS database show that children have similar mor--

talities and waiting times compared to adults on the trans-
plant list, In fact, it is children less than 2 years of Age at
gtatus 1 who waited significantly longer than any other age
group. As well, in 1998, children less than 1 year had the
highest mortality rate waiting for any age group, followed
only by children in the 1-to 5-year age range, Therefors the
data suggest that the availability of living related denors and
partial liver grafts, which would most likely have benefited
smail children on the list, has not yet had a significant
impact on pediatric mortality or waiting time as compared
with adults. Furthermore, given that the results of liver
transplantation in small pediatric patients in experienced
centers are comparable to those of older children, there can

* be no justification for niot providing young children with at

least equal access to liver donors.

Although living related donafion for children has been
properly advocated as one means of alleviating the donor
shortage for children (1 7), this modality should not be viewed
as an excuse to divert cadaveric donors away from children
(18). Because of the risls to the otherwise healthy donor, most
often a parent {18), the ethically correct position is that living
related donation should continue to be seen as last resort to
try and alleviate the donor supply problem. Conversely, the
gplit liver donor technigue should become the first consider-
ation for every suitable donor (19). The most recent reported
results are comiparable to whole graft transplantation (20).
As well, a recent report suggests graft survival is better in
infants who receive a split compared to a whole graft (21).
However, reduced graft transplantation should be actively
discouraged: not only are the results inferior, but a whole

liver is diverted away from a more appropriately sized recip-

“ient. .

The next question was more complex: would aduits be
disadvantaged by diversion of some pediatric donors to pedi-
atric recipients? Falrness and balancing the conflicting no-
tions of transplanting the most urgent first regardless of age
versus best untilization 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 2B child. For this
reason, ULAM was programed to assign priority so that
within each medical urgency status and within each geo-
graphic distribution level (local, regional, and national) pe-
diatric candidates are prioritized.

The most important result of the modeling was that none of
the proposed policies allocating livers from pediatric donors
to pediatric recipients inereased the probability of death for
adults waiting on the transplant list. Although more children
were transplanted per year (at most 59, less than 1 addi-
tional child per pediatrie transplant center), and therefore
proportionately less adults, the impact for the adults was on
waiting time at the less urgent statuses, 2B and 3. Even
then, the average wait was at most increased by 20 days.
Impor[:antly, the waiting time for the most medically urgent
adults at status 2A and 1 was not affected by any of the
proposed policies. In fact adults waited an average of 2 days
less at status 1 compared to children, because more children
were transplanted at status 2B. As well slightly more status

TRANSPLANTATION

Val. 70, No. 9

1 adult patients were transplanted under the proposed poli—
cles.

The decrease in waiting time for children at 2B was as
much as 160 days. Clinically this is important as one of the
most common criteria for listing children at status 2B is a
growth failure, i.e., weight or height less than 5th percentile.
The impact of decreasing waiting time by as much as half a
year for the young, cholestatic, malnourished child is clini-
cally highly relevart to the unigue issues of ‘growth and
development in chronically ill children (22, 23). It has already
been shown that malnutrition has a negative effect on hoth”
pre- and posttransplant survival (24, 25), and that age at
transplant of <2 years in children is an impertant indepen-
dent predictor of improved growth after transplantation (26).
Tt should still be noted that even under the mostliberal of the
proposed policies, the majority of livers procured from pedi-
atric aged donors will still be transplanted inte adult recipi-
ents. As well, the percentage of transplants performed lo-
cally, reg'lonally, and nationally weuld be affected only
minimally.

The third question to be considered is how might a pro-
posal to direct some livers from pediatric donors best encour-
age split liver transplantation, Our data show that split liver
graft survival is significantly improved if the donor is in the
pediatric age range. This result is most likely a reflection of
the nsually excellent quality of the adolescent donor and
highlights the need for very careful donor selection if the split
procedure is performed on adult-aged donors.

In comparing the four pediatric allocation proposals, w1th
the least restrictive being any pedlatnc donor <18 years, and
the most restrictive being <18 years as well as <40 kg, the
data showed that the most positive effect occurred for the
pediatric patients when the pediatric donor was defined <18 -
years, When the pediatric denor was further subdivided by
weight, the potential benefit to pediatric patient was dimin-
ished without a substantial increase in benefit to adult pa-
tients. If the definition of the pediatric donor was restricted
to weight <40 kg, the advantage of directing some of the
larger pediatric donors to smaller pediatric xecipients, which
would promote split liver transplantation, would be lost. As
can be seen from the data, most pediatric donor livers ex-
ported 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, UNOS recently approved a proposal that re-
guires all participating centers to split snitable donor livers.
If adolescent liver donors-are preferentially offered to chil-
dren waiting, many of whom would be too small to accept a
whole graft, the center accepting such a liver should split the
graft' so that an adult patient would not be deprived of an
organ. If the 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 “share” split grafts. A recent report
shows that “shipped” segments have an equivalent graft sur-
vival compared to locally procured segments (27). Given the
demonstrated excellent results achievable both for the right

and left split liver grafts (28), and the ongoing organ short-
age, urgent priority should be assigned to any allocation
policy that will encourage split liver transplantation (29).
The onus will lie on the surgical transplant community to not
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accept such livers for reduced size transplantation, a tech-
nigue now in disrepute given the proven success of split
livers, and the increasing donor shortage.

We have shown that an allocation policy giving some pri-
ority to children to receive livers from pediatric donors can
improve the outcomes after liver transplantation, without a
negative. impact on adulis. As well, such a policy would
encourage split transplantation, the only method currently
available to increase the cadaveric donor supply. Further-
more, this proposal strikes a balance between justice and
utility; the sickest patients, whether adult or pediatric are
still transplanted first, more grafts are made available by
gncouraging split ttansplantation, and patient and graft sur-
vival for children are improved without detriment to adult
recipients outcome. As such this proposal is worthy of serious
consideration by the community of fransplant physxc:ans
surgeons, and their patients.
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Safety

and Risk of Using Pediatric Donor Livers in

Adult Liver Transplantation

Sukru Emre, Yuji Soejima, Gulum Altaca, Marcelp Facciuto, Thomas M. Fishbein,
Patricia A. S/Jemer, Myron E. Schwartz, and Charles M. Miller

Pediatric donor (PD) livers have been allocated to adule
transplaat recipients in ceriain situations despite size dis-
crepancies. We compared data on adults (age = 19 years)
who underwent primary liver transplantadon using livers
from cither PDs {age < 13 years; o = 70) or adult donors
(ADs; age &= 19 years; n = 1,051). Wealso investigated the
risle factors and effect of prolanged cholestasis on survival
in the PD group. In an attempt to determine the minimal
graft volume requirement, we divided the PD group into
2 subgroups based on the mtio of donar liver weight (DLW)
to cstimated recipient liver weight (ERLW) at 2 differcot
eutalFvahzes: less than 0.4 {n = 5) versns 0.4 or greater (n =
56) and less than 0.5 {a = 21) versus 0.5 or preater (m = 40).

The incidence of hepatic artery thrombosis (HAT) was sig-

nificantly greater in the PD group (12.9%) compared with
the AD group (3.8%; £ = .0003). Muliivariue analysis
showed that preopemtive prothrombin time of 16 seconds or
greater {refative risk, 3.206; P = .0115) and absence of
FI{506 usc as a prinrary immunosuppressant (relative risle,
A4.477; P = .0078) were independent risl factors affecting
1-year graft survival in the PD group, In the PD group,
tmasplant recipients who developed cholestasis (total bilira-
bin level = 5 mgfdL on postoperntive day 7) had longer
warm (WITs) and cold ischemic eimes (CI'Ts). Transphot
recipients with a DLW/ERLY luss than 0.4 had a2 wrend
toward a greater incidence of HAT (40%; P < .06), septice-
mia (60%), and decreased 1- and S-year graft siurvival mtes
{A0% and 20%; £ = .08 and .07 » DLW/ERLW of 04 or
greater, respectively). In conclusion, the use of PD livers for
adult recipients was associated with a greater risk for devel-
oping HAT. The ontcome of small-for-size prafts is more
lilzely to be adverscly affected by langer WITs and CITs. The
sale limit of graft volume appeared to be a DLW/ERLW of
0.4 or greater. (Liver Transpl 2001;7:4147.)

Ithough pediatric donor (PD) livers arc ideally
used for pcdiatr}c recipients, they are occasionally
allocated to adult recipients, e.g., when only a pediacric
liver is available for a eritically ill adule or when an adule
patient is lisced with che weighe range for a PD. In these
circumstances, it isimportant to know the risks of using
a small-for-size liver in an adult. '
The main risk with such grafts is thac Lh::y will fail
secondary to inadequate lwcr volume. Expericnce with
living related liver cransplantation (LT) in adults has
shown that grafts as'small as 25% to 30% of ideal liver
volume can be tolerated.!? However, Emond ex a3
reporred carly functional impairmenc with grafts less
than 50% of the expected liver volume. In addition,
Kiuchicral® reported that small-for-size grafis (<1% of

A rccipicnt body weight) were associated wich lower graft

survival, probably because of enhanced parenchymal
celt injury and reduced metabolic and synthetic capac-
ity. Thus, in living donor LT, it is now accepted thar
grafts must be greater than 0.8% of the recipient body
weight (or >40% of expected liver volume).5 .

Similar data on small-for-size cadaveric liver grafts
are not avatlable. In this study, we reviewed our large
cxpcmnce with the cransplancarion of pediatric livers
into adult recipicnts and awempted to identify risk fac- -
tors for poor graft survival and determine minimal grart
volume requirements.

Patients and Methods _
Study Population and Design

Between Seprember 1988 and March 1999, 1,121 adulis
(age, = 19 years) undenwent primasy LT using full-size
{whole) allografts from either PDs (age < 13 years; n = 70) or
sdule donors (ADs; age = 19 years; n = 1,051). Partents who
reccived primary transplants from donors aged berween
13 and 18 years were excluded from analysis,

Mean post-l.T follow-up was 1,830 days {median, 1,738
days; range, 78 10 3,664 ddys} in the PD group and 1,591 days
{median, 1,477 days; range, 5 10 3,840 days) in the AD group.
Donor liver weight (DLW) was measured ax the end of the
bacle-table procedurd. Based on data from the first thonsand
LTs performed at our institution, estimated recipicne liver
weipght (ERLW) was ealeulared using a formula’ developed au
our eenterS;

ERLW (cubic centimerers) = 6 X weight (Ib)

+ 4 X age (years) + 350
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In this scudy, DLW/ERLW ratio was used as an indicaror of
gralt size matching,

Parr 1: Corrparison of outcomes in PD and AD groups. We
compared the Following factors between groups: recipientand

. donor age and sex, DLW/ERLW ratio, indication for LT,
" United Netwo rk for Organ Sharing (UNOS) starus, and pre-
operative values for rotal bilirubin (TBil), prothrombin time
(PT), and creatinine. Surgical dara analyzed included cold
(CIT) and warm ischemic time (WIT), otal operarive time,
bypass use, typ ¢ of caval reconstruction, and usé: of packed red
blood cells and fresh frozen plasma. CIT was defined as the
period from denor cross-clamping ro the start of anastomosis
in the recipien t, and WIT was defined as the period from the
start of anastomosis to allogralt reperfusion. One- and S-year
patientand graft survival were also compared beoween groups,
as was the incidence of postoperative complications, includ-
ing primary nonfunction (PNF), hepatic artery thrombosis,

(HAT), porral vein chrombosis, bile leak, intrahepatic and |

excraheparic bile ducr stricture, sepricemia, acute rejection,
and post-LT ascires.,

Part 2: Univariate and mnluvanarf anelysis,
and mulrivariate analyses were performed in che Pl_)'group o
determine the independent sisk factors thar adversely affected
1-and S-year patient and graft survival. Conrinuous variables
were dichotomized ar clinically established cutoff poines and

Univariate

presented as categorical, Diagnescs at primary LT were cate-
garized inro acute or chronic for staristical convenience. Vari-
ables found to predice I-year graft survival on univariate
analysis were further entered into multivactare analysis.

Payt 3: Risk factors for prolonged cholestasis. To idendfy
facrors thar predicr and/or increase the risk for prolonged
cholestasis in adults who receive small-for-size cadaveric
livers, we cornpared PD recipients with and withour pro-
longed cholestasis (TBil = 5.0 mgfdL on poestoperative day
[POD)] 7). Eighteen patients were excluded because of cither
" graft loss within 7 days or inadequate data. Of the 52 patients
remaining, TBil level was less chan 5.0 mg/dlfin 41 paticnts
and 5.0 mgfdL or greater in 1] parients. Recipicnt and donor
age, UNOS stats, DLW/ERLW, CIT, WIT, use of packed
red blood cells and fresh frozen plasma, and 1- and 5-year

- patient and graft survival were compared berween the sub-

ETOUpS.

Part 4. To clarify minimal liver volume requirernents,
PD patients were divided on the basis of 2 diffecent DLW/
ERL'W curoff values (<<0.4 or 0.4 and <0.5 or =0.5). Nine
patients were excluded for Jack of data on ¢ither DLW (n = 4)
or recipient body weight (RBW) (n = 5); 61 patients were
included in the analysis, as follows: DLW/ERLW less than
0.4 (n.= 5) versus 0.4 of greater {(n = 56) and DLW/ERLW
less than 0.5 (n = 21) versus 0.5 or greater {n = 40).

" Postoperative complications, including the incidence of
PNF, HAT, portal vein chrombosis, bile leak, septicemia, and
acute rejection, were compared at each curoff point, as were
1- and 5-year patient and graft survival. TBil, glutamic-ox-
aloaceric ransaminase, and PT values for PODs 2, 7, and 14
were also cornpared brtween the groups.

Statistical Analysis

Sdrvival analysis was performed using the Kaplan-Meier
methed, and the groups were compared by means of the
log-rank test. Conrinuous variables were compared using a,
2-railed, unpaired #test for independent samples. Categorical
dara were compared using chi-squared test. For survival anal-
ysis, continuous variables were dichotomized ar a clinically

* relevant cutaff point. Variables found o impact significantly

on-l-year graft survival were analyzed by multivariare analysis.
Moulrivariate analysis was performed wsing scepwise forward
and: backward Cox proportional-hazards models. 2 less than
.05 is considered significant. All stacistical analyses were per-
formed with the StatView? 4.5 software for Macinrosh (Aba-
cus Concepts Inc, Berkeley, CA).

Resules
Part 1

Groups were similar in terms of rccipicnt' age, cause of
liver discase, UNOS status, and pre-LT liver function
test resuls. There was also no difference berween™
groups in terms of WIT or toral ischemic time, bypass
use, arterfal anastomosis technique, blood product use,
and inidal immunosuppression. Preoperative demo-
graphics and surgical data, including inidal immuno-

" suppressive therapy, are listed in Table 1.

One- and 5-ycar patient survival rates were 82.9%
and 70.0% in the PD group and 82.5% and 73.2% in
the AD group (# = not significanc). One- and 5-year
graft survival rates tended to be less in the PD group
than the AD group (68.6% »75.0% for 1-year survival;
P=17;52.6% v 65.8% for 5-year survival; P = .051),
buc did not reach statistical significance (Fig, 1).

Table 2 lists the incidence of postoperative compli-
cations and length of hospital and intensive care unit
stays. The rate of HAT was 12.9% in the PD group
compared with 3.8% in the AD group (# = .0003).

Figure 2 shows the causes of graft loss in the
2 groups. Thirty-five grafts were lost in the PD group
and 361 grafts were lostin the AD group. Overall,
causes of graft loss were similar between the groups.

Part 2

On univariate analysis, diagnosis at primary LT
(P = .01), UNOS staws (P < .05), pre-LT PT
(P = .003), creatinine level (P = .01), DLW/RBW
(P = .01), and primary immunosuppressive ther-
apy (P = .03) reached staristical significance regarding’
1-year graft survival in PD recipients. These variables
were furcher evaluated in forward and backward step-
wise Cox regression models. Independent risk factors
werea high pre-LT PT and not using FK506 as primary
immunosupptessive therapy (Table 3).
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Table ). Preoperadive Demographics

Group
Vasiables PD (n = 70) ' AD (n = 1,051) - P
Recipicnt variables
Sex (36 female) 78.6 39.8 <,0001
RBW (k) 65.3 = 14.3 75.6£16.9 <.0001
ERLW (g) C 1346 % 319 1,511 £ 319 <0001
Donor variables .
Denor age (yr) 39 &2l 433 2 17.3 ! <<,0001
Sex (% female) 35.7 1.3 ) NS
Donor body weight (e 3BAEILT 729154 . <.0001
DLW (g) 865 == 267 1,477 £ 308 <0001
DLW/ERLY 0.69 £ 0.44 1.05 = 0.50 <.0001
CIT (h) 10,9 =34 10.0+3.3 .04
Piggyback (%) 51.4 4.6 < ,00o01
Bile duct reconstruction (%) 006
Duct-to-ducr with T-ibe . 49.3 44.5
Duct-1e-duct withoue T-rube 24.0 42,7
Roux-en-Y 26.7 12.8
[CU sty (d) - ' 00 x 117 3.9 13.4 NS
Hospital stay (d) ] .. 367x339 355£32.8 NS
NOTE. Values expressed as mean 2 5D unless otherwise noted.
Abbreviations: [CU, intensive carc unit; NS, nor significant.
Part 3 Part 4

Table 4 shows the effect of post-LT cholestasis on pa-
tient and graft survival. One- and 5-year patienr and
graft survival were significancly worse in patients with a
TBit level =5.0 :ﬁgldL on POD 7. In these patients,
WIT and CIT were significantly longer than those in
patients with TBil levels less than 5 mgfdL on POD.7
(57.2 = 13.0 » 45.5 £ 9.0 minutes; 13.1 * 4.3 »
10.5 & 3.0 hours, respectively).

Patiemt
100
] =NS
ABD_%‘—“&_QE_ P
n ik %
e
E 60~
g 40+ . l-ycar 5-year
w " —— PD group{n=70) 829 70.0
20~ —— AD proup(n=1,051) 82.5 73.2
0 Y T T ¥ 1
0 1 2 3 4 5

Years Post Transplant

Table 5 lists postoperative complication rates and 1-
and 5-year patient and graft survival rates, with special
reference to DLW/ERLWY. There was no statistical dif-
ference in diagnosis, UN'OS status, or surgical variables
(data not shown). Patients with a DLW/ERLYY less
than 0.4 had a trend toward agreater rate of AT (40%
v 10.7%; P < .06) and sepicemia (60% » 25.0%).
Furthermore, I+ and S-year praft survival rates in this

Graft

100
h\\ p=NS
—m\BO-—\L’ — . :
ﬁ N —-h-_k_"“_"'-\—. :
. —
‘E 60 —‘_'1“—\_|_‘—_L_—“
E 40~ I-year S-year
e —— PDpwup(n=70)  68.6 526
20 —— AD proup(nz1,051) 750 658
L] T 1 T ) =
0 1 2 3 4 5

Years Post Transplant

Figﬁrc 1. Comparison of patient and graft susvival between the PD (n = 70) and AD groups {n = 1,051).



44 Emre ct al

Tzible 2. Postoperative Complicagions -

"PD{n= AD(n=

Variables 70} 1,051y P
PNF (%0) 71 6.3 NS
HAT (%) . 12.9 3.8 0003
Portal wein thiombosis (%) 2.1 1.5 NS
Bile beak (%) 57 3.8 NS

. Bile duc stricture (%) 5.7 38 NS
Sepucemia (%4) 28.6 19.8 N§
Acute sejection (56} 42.9 50.1 NS

* Posttransplintation ascites (%) 7.1 105 NS

Abbreviations NS, nor significanc.
* Intrahepatic and extrahepatic suicture.

|

group were only 40% and 20% compared with 73.2%
and 57.1% in patients with 2 DLW/ERLW of 0.4 ot
greater. Although there was no statistical significance,
probably because of the small sample size, diminished
grafe survival in this group of patients should be noted.
When divided at a cutoff value of 0.5 for DLW/ERLYY,
postoperative complications and patient and graft sur-
vival were similar between the groups, except for a
greater incicdence of bile leak in patients with a
© DLVW/ERLW less than 0.5.

Regarding chronological changes in serum TBil,
gluramie-oxaloacetic transaminase, and PT values early
after LT, we found that serum bilirubin levels tended to
be greater in the group with a DLW/ERLW less than
0.4 at all points, but this did not reach statistical sig-
nificance. PT POD 2 was significandy greater in the

p=NS

1007
904
80~
70
607
50+
404
30+
20
167

TablL 3. Indcpcndcnt Predictors oFlnFcnor 1 chr Cr'l.ﬁ:
" Survival in Rt.l'.'lplt:nTS of PD lecrs .
Gnaft
Survival . Relutive
Variablis (%) Cocfficient Rsk - P
PT () ’
<16 80.5 1 _
=16 "S51.7 1.165 3.206 .0115°
FKS06 use
- Yes 86.2 1 .
No 57.5 1.499 4477 .0078

group with a DLW/ERLW less than 0.4 compared
with the group with a DLW/ERLW of 0.4 or greater
(P < .05).

Although females accounted for 39.8% of AD recip-
jents, 78.6% of PD recipients were female. Primary
biliary cirrhosis (21.4%) was a relatively frequent indi-
cation in the PD group compa:ed with AD group
(10.4%).

Table 1 lists surgical data. Mean CIT was sig-

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

back procedure was used in 51.4% of PD recipients in
contrast to only 4.6% of AD recipients (P < .0001).
Paticnts in the PD group were significandy more
likely ro requirc Roux-en-Y hcpaticojejunosromy than
patients in the AD group because of the size dis-
crepancy between donor.and recipient ducts (26.7% v
12.7%).

Infeclion

i RS

'HAT

: kec;urrenl HepC
Rejection
Gralt [ailure

Figure 2. Comparison of

PD AD

Group

causes of graft loss between
the PD (n = 70) and.AD
groups {n = 1,051). (HepC,
hepatitis C; NS, not signifi-
cant.)
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Table 4. Delayed Cholestasis Afier LT
TBil (mg/dL) POD 7
Variables <5.0{n =41 =50{n=11) P
Recipient age (yr) . 510 %143 510 % 145 NS
UNOS status (%) NS
1 11.1 27.2
2 36.1 18.2
3 52.8 54.6
Donor age {yr) 8721 9.7 =13 lN.‘S
DLW (ke) 855 & 385 78B4 147 NS
DLVW/ERLYY 0.63 X 0.23 0.67 = (.49 NS
CIT (h} 10,5 £ 3.0 13, =43 02
WIT (min) - 45.5 9.0 57.2 # 13.0 001
Intraaperative transfusions
PRBCs (units) 109472 15.7 2149 NS
FFP (units) 179 % 14.3 11887 NS
Patient/gralt survival (%) '
l-yr 92.74180.57 54.5*136.41 “1<.00)
S-yr B0.53/65.96 36.41/18.2§ $§<.0001
NOTE. Values expressed as mean 2 SD unless noted atherwise.
Abbreviations: PRBC, packed red blood cells; FFP, Frish frozen plasma; NS, not significant,
* l-year parienc survival,
T 1-year graft survival,
+ S-ycar paticnt survival,
§ S-year graft survival.
Table 5. Preoperative Dr.'mrngmphil:s :'lncl.l’nsmpn:mivc Cumplicn:idl;s in the PD dmup With Special Reference 1o I
‘ . ' DLW/ERLW ac 2 CucolT Points -
DLW/ERLW DLW/ERLY
Variables <04{n=5) =04 (nh =56} P <05(n=21) =050 =40 P
Mean preoperative variables |
Recipicne age {yr) 51.4 50.7 NS 515 50.4 NS§
RBW (kg) 78.0 64.2 04 69.0 63.4 NS
Donor age (yr) 86 B.7 NS 8.0 9.1 .06
Donor body weight (kg) 26.0 329 NS 26.6 35.2 .003
DLW (g) 5556 B83.2 007 6194 980.8 <.0001
DLW/ERLYY 0.35 0.63 001 0.42 0.71 NS
Postopcrative complications . i
PNF (%) 20.0 7.1 NS 5.8 10.0 NS
HAT {%) 40.0 10.7 08 14.3 12.5 NS
Poread vein thrombosis {45} 0.0 36 NS 0.0 5.0 NS
Bile feak (%) 0.0 7.1 NS 19.0 0.0 004
Septicemia (%) 60.0 250 NS 38.1 22,5 NS
Acutc rejection (36) 40.0 44,6 NS 47.6 42,5 NS
Patient/gmft survival (%
I-yr . B0.0/40.0 85.7/73.2 NS 85.7171.4 85.0/70.0 NS
S-yr 60.0/20.0 73.2157.1 NS 66.7/52.4 75.0/55.0 NS

Abbreviation: NS, not significan,
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Dlscussmn

Currenty, more than 14,000 paticnts are on the wait-
ing list for hiver transplants in the United States, with an
expected supply of 4,500 donors per year.” The gap
berween the demand and supply of donor organs has
been constantly increasing. As a result, centers have
been expanding their donor acceptance criteria, includ-
ing the use of small-for-size livers-under certain condi:
tions.

The use and allocation of pediatric livers in adule ©

recipients is controversial. According o UNOS data,”

approxlmacely 20% of liver donors in the United States
in 1997 were aged younger than 18 years, and 8.7%
were aged younger than 10 years. Approx.lmatc[y 150
livers per year procured from PDs (defined as age
.< 13 years} were transplanted into adults (=19 years;
UNOS data request, 1999). According ro Wighe,? 28
pediatric livers were transplanted into adults in the
United Kingdom in 1989, whereas 64 pediatric livers

were transplanted into pediacric patients,

Because chere was no UNOS policy for allocating

PD livers to pediatric recipients during this study pe-
tied, the use of pediatric livers in adult recipients was
justified under certain urgent conditions. Recenty,
UNOS adopred a policy to allocate PD livers preferen-
tially to pediatric recipients in the same region,

Our study showed that resules with the use of pedi-
atric livers in adules-was similar co results with adule-to-
adult combinations, although gralt survival tended ‘to
be less in the former group. OF note, the incidence of,
HAT was significantly greater in the PD group cons-
pared with che A group (12:9% v 3.8%). The inci-
dence of HAT after primary LT varies from 1.6% to
8% in adults®'? and 5% to 389% in children.'*'¢ Nu-
merous factors have been implicated in HAT, including
a prolonged CIT.'*17-1? Not surprisingly, an increased
incidence has been reported in pediatric recipients, in
whom vessels are small.4 It is also reported that size
mismatching in vascular components could be prob-
lematic in LT using small-for-size grafts.?® In our
present study, CIT was longer in the PDs, and this may
partly explain the high incidence of HAT. Further-
more, we bchcvc the small size of the donor artery and
inevitable size d15crcp:u1cy between donor and recipient
arteries might facilitace development of HAT. Itis our
policy to adrminister anticoagulation therapy with hep-
arin to the recipient in this setring to prevent HAT.

Adam et al?! reviewed their use of small donor livers
in adult recipients and found that a very small graft size
(<600 g), DRW ratio less than 0.3, and preservation
time exceeding 12 hours were risk factors for complica-
tions. We did not confirm these findings in our patients

{data not shown). Qur multivariace analysis showed
2 independent risk factors for poor graft survival: pre-
operative PT greater than 16 seconds and no use of

.FK506 for primary immunosuppression. Padents with

a preoperative PT less than 16 seconds who were ad-
ministered FK506 had a 1-year graft survival rare of
94.1% (n = 17} versus 2 37.5% {n = 16) 1-year graft
survival rate in patients with a PT preater than 16 sec-
onds preoperatively who were notadministered FK506.

The effect of a high preoperative PT on negarive out-
come can be explained by poor pre-LT patient condi-
tion and intraoperacive blood loss (data not shown).
These results suppest that resericting the use of small PD
livers to relatively healthy adults may be the key to
better graft and patient survivals. However, possibly
because a cyclosporine-based immunosuppressive regi-
men was used carlier in our program, the improved
graft survival in the FK506 era-may reflect our learning
curve related to increased surgical experience.

~ Itisimportancto know the expected {or ideal) recip-
ient liver weight before accepting a donor liver, espe-
cially when there s 2 size discrepancy between the
donor and recipient. Urata e al?? proposed a sirﬁplc
formula for predicting standard {or ideal) liver volume:

Liver volumc {(milliliters) = 706 2
* body surface area (squarc meters) + 2. 4

Since it was published in 1995, this formula has
been widely used. However, we found that this formula
tended 1o underestimate liver volime when we applied
it to our donor population (data not shawn). Heine-
mann et al*? recendy reported the same observation.
The reason is not clear but is probably caused by the
racial difference on which the formula was based. Thus,
we adopted the formula developed at our institution:

ERLW (grams) 6 X wcnght (lb) 4 4

X age (years} +-350

Among 5 grafl:s with. a DLW/ERLY less than 0.4,
1 graft (DLWIERLW = 0.35) was lost to PNF, which
was atcributed to 4 small-for-size grafe. The 2 smallest
grafts (0.29 and 0.34) devcloped HAT on PODs 12
and 1. One graft (DLW/ERLW = 0.39) was lost to an
unknown cause on POD 982. Thus, the 3 smallest of ~
these 5 grafts were lost to causes actributable to the graft
ieself. Considering the high incidence of complications,
incduding HAT (40%) and septicemia (60%}, and the
low graft survival, we currently believe we should
not use grafts with a DLW/ERLW less than 0.4 in
cadaveric LT,

In living refated LT, small-for-size grafts are report- -
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edly associated with impaired graft functon, indicared
" by prolonged hyperbilirubinemia, profusc ascites, and
high PTs.3 In our stdy, TBil levels in patients with a
DLW/ERLW less than 0.4 tended o be greater, bur
the difference did not reach statistical significance. PT
on POD 2 was significantly higher in patients with a
DLW/ERLW less than 0.4. The incidence of post-LT

" . ascites was similar beoween the PD and AD groups. In

living relaced donor LTs, the development of increased
ascites relaced o small-for-size livers may be caused by
the large cut surface on the donor liver. This theory may
cxplain why increased ascites was noc seen in our trans-
plant recipients, in whom. the small-for-size livers were
whole organs.

When we divided Eh(: PD liver recipients into
2 proups based on TBil level on POD 7, we found that
graft volume (DLW/ERLW) was not associated with
prolonged cholestasis (defined as TBil = 5 mp/dL on
POD 7). Conversely; grafts with long W1Ts and ClTs
developed cholestasis, supgesting that small-for-size liv-
ers were more vulnerable to ischemic insult. Further-
more, we found chac'graft and patient survival in pa-
tients who developed prolonged cholestasis  were
markedly inferior to those who did not.

In conclusion, the use of PD livers in adults was
associated with a greater incidence of HAT, probably
accributable to smaller donor vessel size and dhe inade-
quate capacity of the donor vessel for accommedating
high arterial Aow velocity in the recipient. Post-LT
anticaagulation cherapy is warranted when using PD
livers in adults. The outcome of small-for-size grafts is
niore likely to be adversely affecred by longer W1T's and
CITs. Grafts with a DLW/ERLW of 0.4 or greater
for =40% of ideaf liver volume) can be wused safely.
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Liver grafts from antl-hepatms B core positive donors:
A systematlc review
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tonden NW3 200, UG 22nd Department of Internaf Medicine, Athens University Medieal School, Hippokration General Hospltal
114 Vas. Sophias Ave, 115 27Athzns, Greece

Baclground & Aims: Although hepatitis B virus (HBV) transmis-
sion after liver transplantation of grafts from HBsAg-negative,
anti-HBe positive donors [s well established, the growing organ
shortage favours the use of such marginal grafts, We systemati-
cally evaluated the risk of HBV Infection after liver transplanta-
, tion with such grafis and the effect of anti-HBY prophylaxis.
Methods: We performed a literature review over the last
15 years identifying 39 studies Including-903 recipients of anti-
HBc pasitive liver grafts,

Results: Recurrent HBV infection developcd in 114 of HBsAg-
positive liver transplant recipients of anti-HBEc positive grafts,
while survival was similar (67-100%) to HBsAg-positive recipients
of ant-HBc negative gralts. De nove HBV infection developed in
19% of HBsAg-negative reciplents being less frequent in anti-
HBe/anti-HBs positive thar 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 reciplents (12%). De novo infection rates were 19%, 26X
and 2.8% in HBsAg-negative recipients under hepatitis B immeno-
globulin, lamivudine and their combination, respectively.
Canclusions: Liver grafts from anti-HBc positive donors can be
safely used, preferentialfly in HBsAg-positive or anti-HBcfanti-
HBs positive reclplents, HBsAg-negative reciplents should receive
prophylaxis with lamivudine, while both anti-HBc and anti-HBs
posltive 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 fiver tmnsplantatmn {LT), there is

a growing gap between the availability of donors and recipients

on the waiting list. One of the cument cfforts. to overcome the
organ shortage is based on the nse of gralts that are from denors
with antibodies against the HBV core antigen (anti-HBc), but hep-

Keywords: De novo HBV {nfection; Liver transplantation; Marginal donors; Anti-

‘HBe prshtive donors; Hepatits B immwnogichuling Lamivudine; Vacdnation.

" Comresponding author. Tel: 30 210 7774742; fax: 430 210 7706871.

E-muell eddress: gepapath@meduoa.gr {G.V., Papatheoderidis). -

Abbreviations: HBV, hepatitls B virus; LT, liver transplantation; antl-HBe, HBV core
antigen; HBsAg, hepatitis B surface aptigen; cccDNA, covalently closed clreular
. DNA: HBIG, hepatitis B immunoglobulin; LAM, lamivudine.

atitis B surface antigen (HBsAg) negative; the so called “anti-HBe .
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, antl-HBe positive
liver donors frequently have occult HBV infection, i.e. persistent
iver andjor serum HBYV DNA without serologle 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 circolar DNA (cccDNA) and pregenomic RNA, which is a
marker of ongoing viral replication [2,3), and thar may signifi-
cantly Increasé with the use of post-LT immunosuppression and
in particular with corticosteraids [41. The liver grafts from anti-

. HBc positive donors are currently the main sources of de novo

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

The lack of definite data explains the wide variation in current
clinical 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]. In 2 more recent
international survey, the responders documented using prophy-
laxis with a nuclees(t)ide analogue (mostly lamivudine, but also
entecavir and adefovir) in the majority of LT recipients of anti-

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

Tin (HBIG} (69% 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-HBe positive donors and identify the optimal post-LT pro-
phylaxis, We selected two types of recipients: (2) HBsAg-positive
recipients and (b) HBsAg-negative recipients. In particular, we
documented the rates of de nove HBV Infection with or without

. anti-HBY prophylaxis relative to the donor-recipient HBV sero-

logical status, as well as data on the outcome of de novo post-
LT HBV infection. Qur search was based on Mediine/PubMed from
January 1994 to decemnber 2008 using the search terms “hepatitis
B core antibody" and “liver transplantation”, in papers published
in English, We also conducted a 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 origlnal
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TFable 1, Published studfes on the prevatence of znt-HEc positivily amony,

liver donors in different conntrics,

First author, year [Ref} Denars, M anti-HBe

Country Posltive[total Prevalence (X}
Wachs (1995) [42) Usa 25/1190 2
Dauglas (3887) [12), - ;"¢ ;- DSA" .. v.-333 ‘3
Dodson (1997) [29] , . usa 70]2578 , 3
Shinji (1998) [13] | +'« Japan' - JAepimy e .9
Yu (2001} [19] usa' - 15/168 .3
Néry (2001) {a0) - -, SUSAY T - 48f724 ° 6.
Prieto (2001) [10] i Spaln’ . 33/268 12
Lea (2001) [24] - ~China , ' 1630 . . .,53
Roque-Alfonso (2002) {21] France | 22315 7
Chen (2002)116]7. ~1-~  -Talwan' 24M2 - -~ 57 .-
Lo (2003} F15] China 2851 55

articles evaluated the rate of de fove HBV infection from anti-HBc

positive donots, 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
{GVPE,AK B ).

Prevalence of anti-HBc¢ positive liver donoxs
LY

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

in different countries reflecting the Jocal prevalence of HBV infect
tion. Thus, the prevalence of anti-HBc islower in devaloped coun-
triesranging from 3% to 15%19-13), butitmay exceed 50%in highly
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-~
wic populations (e.g it Is estimated that 25% of non-Hispanic black
Americans in the USA are anti-HBc positive) [ 17}, and it is usually
higkerin olderage Individuals, who are cirently increasinglyused
as liver donors [10]. The latter could partly explain the increasing
number of anti-HBc positivk cadaveric livers transplanted in the
. USA (from 3.9% in 1998 to 4.9% in 2002) [18},

Liver grafts from anti-HBe positive donors to HBsAg- positlve
recipients

Nine studies [11,19-26) evaluated the recurrence of HBV infec~
tion in HBsAg-positive recipients of anti-HBe positive liver prafts
{Table 2). During a median foflow-up of 27 (19-42) months, post-
transplant HBV infection was observed in 12 (10.5%) of 115 recip-
ients, while median survival ranged from 67% to 100%. In the 12
cases with post-transplant HBV infectfon, the prophylaxis was:

JOURNAL OF HEPAT@L@GY

three with HBIG, three with lamivudine and six with HBiG’ and

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

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

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

grafts (n= 65), The 14 recipients of and-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 praft 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: 0.248, p= 0 021), but not the

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

Liver gmfm {xom anti-HBc positive donors to HBsAg-negative
recipients—risk of de move HBV infection

We identified 38 relevant studies published as full papers [59-
13,16,19,21-50} (Table 3). Nine did not have sufficient data
regacding the serological HBV status in donors andfor recipients
[12,13,23,31,35,43,45,49,50]. Four centres published two studies;
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,
21-23,2526,28,30,31,36,37,3941-4547 49,50}, HCV cirrhosis
was the most common (25%), [otlowed by aleohiolie cirrhosis and
cholestatic liver diseases, The cohort size ranged frotn 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 nove HBV infection was based on the detec-
tion of HBsAg in previously HBsAg-negative recipients with or

" without compatible biochemical or histologlcal fndings in 14

studies [8,10,24,25,27-29,33,35,42,44,4547,49), or the appear- -

ance of HBsAg and/or serum HBV DNA in 19 studies 15,11,13,19,
21,22,.26,30-32,34,36-41,43,48]. The, presence of HBY DNA was
determined by a hybridization technique in three |10,16,37),
branched-DNA assay in one [11] and polymerase chain reaction
(PCR) assay in the remaining 20 studies [5,9,13,19,21,2225,
26,28,30-32,34,36,39-41,47-49], HBV DNA was evaluated in
serum in 17 [9-11,1622,25,26,30,37,35,40,43-45,47-49] and in
both serum and liver tissue in nine studies 75,12,19,21.28,
31.323441), while It was also evaluated in leukacytes in two
studies |5.34}. In only one study. cecDNA was assessed in llver
tissue [36].

Table 2. Publshed studies of Hver transplantation using anit-HBc positive donors in HBsAg-posiiive reciplents,

First author, year [Ref) . HBEsAg positive Follow-up (menths) HDV recurrence, r{X) Sunvival (%)
Reclplents, 1 Anbl-HBY prophylads )
Yu {2001) [19] [ . HBIG 20 o 100
Manzabeita {2002) [11] & .3, .-x% .+ HBIG FLAM | B0V 8 . st PR sl B T 6
Joya-Varquez {2002) |2u] 14 - HBIC: 5, LAM: 3, Halmum 5 42 9 (68) )
Roque-Alarisa(zom2} [21) .5 ;4 7 - T L HEIG - . MR L R B P T S -
Nery (2003) {22), 17 O LAME 12, HBIG + LaM: s 29 o . ' )
Mongaltl (2004) [23] < . "6, -.' HBIG&LAM N CNA e vt L. 0 . 0 i
Donatazcia (2005) [24} 4 HBIG: 3, HBIG +LAM: T kY sy T
Pracnso (2006] [25] . LS T e T tHEIGHIAM - B 0 . fte BT .
Celebi-Kobak (2007) [zs] . 35 HBIG +LAM 19 1(3) Com

HBIG, hepamts B immunogiobulini LAM, lamivudine: NA, not available,

225 padenl:s under HBIG, 3f3 patlents under LAM and 4f5 patients under HBIG + U\M

b 1/3 patients under HBIG.

Journal of Hepatology 2010 vol. 52 | 272279 273
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Table 3, Fublished studiss with Hver transplantation using anti-HB¢ positive donors in HBsAg-negative reciplents.”

First author, Anti-HBe (+), anti-HBs [—) recipionts - An-HBe (#), anti-HBs (#) recipients HBV nalve recipisnts
year [Rel} Patients, Ant-HBY  Follow-up, Denova Patisnts, Ant-HBY  Follow-up, Denpova Patlents Anti-HBV Follow-up, De novo
N prophylaxls months  HEV.r N prophylaxis months  HBV,n N praphylaxls months  HBV.q
Dlckson (1897)18) 2 None n 0 Nona 18 None 2 i5
" Dodson{1997) [29), 15 None 56 z ‘7 Lo 56 o, 25 None - _ 56, 14
Dodson (1998) [35] 8 HEIG+LAM 45 - o None - 8 HBIG+LAM: 46 1
. : 7, HBIG: 1
Prietro (2001) (10} 3 - Mome - © 29 . 0 2 - Nome . -28 0 25 ° None - I
Manzzbzita 11 None 26 2 .13 26 0 2 ' HBIG 26 2
(2002) 11} . '
Roque-Afonso - © -, 4 HBlg % o - . . . one: 4, 2 .5
o). . LT et e T Lo .. HEGHE I
Bacerna (2002) [37} 19 Nene NA 0 64 * Na 10
.Chen (2002) [16] . -2,  LaM:%, @a ., .0 3 CLAM:Z, - 40T - 0 15 LAM: 13, .40 2
S e . e meAmd . L LN pems TLo- 0 memd T .t momes2 . .
Nery {2003) [22] 13 HEIG+1AM: 22 1 23 HBIG +EAM: 21 ] 8 HRIG+LAM: 37 1
. 4, 1AM: 9 . B, nones 17 - 2, LAM: 6
loss (2003) {32} ’ i . - I & | HBIG{bolus)+” 23 .~ @
Coe b T . " L e o . Vaccinaton, |, .
Suehiro {2005} {28) 4 HBIG +1AM 39 o 3 NA 3g 0 15 HEIG+1AM 34 0
De Feo (2005)* [27] - NA_  "Nome . NA 0 . NA , Nope NA .a 4 ' Neme . NA - 6
Dopataccio NA HBiG NA NA NA HEIG NA NA 1 HBIG+LAM: 1, 57 7
{2006’ [24] . . . )
Utneda (2008) [47]" e o T L co 38 KEIG * - a2 9
Celebi-Kobalk 4 1AM 17 0 3 LM . 28 L] 4 LAM 23 0
{2007} |26] oo . . '
Takemura - . 2z LAM a1, ,.0.- s < HBE- 3 1 9 HBIG - - 3 A |
(2007) 133] . L ) . .

HBIC, hepatitis B immunoglobuling LAM, lam!vudlnz. NA, nat avall:b]e.

De nove HBY infection also developed In (a) 13 anti-HBs poshive recipients undzr HBIG + LAM +vacdnation® 132); (h) 9/35 ant-HBc pns:ﬁvc andjor anti-HBs positive
reciplents under no anti-HBV prophylaxis? [27], (€} 0f1 anti-HBe positive raciplent (unknown anti-HBs status) under HBIG during 1 months of follow-up? [24),

* Twenty-two studies with <10 patients each {n = 13) (5,19,25.30,34,35,38,40-42,44,46,48) or Insufficient data {r «9) on the sefolagical HBV status of donocs andfor
reciplents [12,13,23,31,39.43,45,49,50) are not included, De novo HBY infection developed in: (a) 15/57 HBY nalve reciplents [5,15,25,30,34,38,40-42,48) under no anti-HBV
prophylaxis or LAM +HEIG tvaccinadon, (b) 2/81 anti-HBc pasitive reciplents [anti-HBs negatlve (3/3), ant-HBs posltive (1/20), antl-HBs unknown (Df22))
15,19.253633,40,44,45] under no antj-HAY prophylaxis or HBIG £ LAM & vaceInation and (d) 1/25 only anti-HBs positve seciplents under LAM plus vaccination [44], Be
nova HBV Inféction also developed In'{a) 15/20 anti-KBe positive raciplents (unknown anti-HBs status) under no antl-MBV prophylaxls (15/16) [13] ar HEIG + LAM o)
[31] or HBIS pliss vaccination (0f3) {49), (b) 011 anti-HBs pesitive raciplents under HBIG plus vacdnatlon [49] and (c) 14/35 recipients with unknown ant-HBsfanti-HEc
status under HBIG 2 LAM or no prophylaxis {9/67) [12,23,39,43) or HBIG % vaccination (225) [45,50] or vacdnation alane (3/3) [50)

b Thicty one reciplents (from seven studies (11,16,21,22,24,36,37)) with success(ul pre-LT vaccination and ne post-LT prophylaxis were not included: thres (9.6%) of them
developed De novo HBV Infection. In addition, 34 reciplents {from seven studles [18,24~26,31,33,34]) with suceessfu] pre-L¥ vaccination and HBIG and/for Iamwudme post-
LT prophylaxis were not included; none of them developed de novo HEV [nfection,

The immunosuppressive therapy after LT was reported in post-transplant prophylaxis: median onset after LT: 19 vs
detail for each patient in only one study [32}, while the immuno- 35 months (p = 0.05),
suppressive regimens with or without the number of patients in
cach regimen was reported in 15 studies {10,11,13,16,19.25, ’ . , o .
28,30 31233 343639 4_'5,) -45.47-48] and no irEformation on the Probabxl:tyh c}f de novo HBY infection without post-transplant anti-
o o y ; . HBY prophylads

mmunosuppression was provided in 18 studies [5,9,12,21-24,

]26,27 29,35p.§7.33 40-42 4‘5‘:.50] Tacrolimus  or [cy'?:lnsjorine— De nove HBV infection alter LT with grafts from anti-HBe positive
based regimens were used in seven [10,11,25,28.34,36,39), only donors developed in 47.8% (89/186) of HBV naive recipients com-
tacrolimus-based regimens in 10 [13,19,31-33,43.45,47-49] and pared to 15.2% (21/138) of recipients with serological markers of
only cyclosporine-based regimens in three studies [16,30.44). In past HBV infection (p <0.001) or 9.7 (3/31) of recipients with
18 studles [11,13,16,19,25.28,30-34 '35 43-4547 -48] steroids successfut pre-].:!‘ vacdnation (p<0.001). De rovo BBV infection
were used as immunosuppressive regimen, while in two studjes also developed in 8.9% (6/67) of HBsAg-negative recipieqts with
[10,39] steroid use was not reported. The plan of sterdid with unknnwp_pre-!.’l‘ HBV statu.s. The presence n_f anti-H8s 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 30 studies [16,19.31,32,3444,45.47-49). cases, reduced the probability of de novo HBV inlection but did

' In total, de nove HBV infection was observed in 149 {18.9%) of ' Aot eliminate it {Fig. 1).

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

transplant anti-HBV prophylaxis significantly affected the proba- Anti-HBc posittve liver grofts to HBsAg-hegative recipients with past
bility of de nove HBY infection, which developed In 28,2% (119/ HBV infection. (a) BBsAg and anti-HBs negativity with anti-HBe
422) of recipients without, and B.2% (30/366} of reciplents with positivity in recipients, [n elght studies [5,9-11,1629,36,38), de
post-transplant prophylaxis (p < 0.001). Moreover, de nove HBY novo HBV infection developed in 13.1% (5{38) of such recipients

" infection developed more rapidly in patients without than with with anti-HBc pesitive donors during a median follow-up of

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



£ <0.001 for all comparison Vs HBV nalve

Recipler]ls with de rovo HBV, %

HBY naive enli-HBe+/ anﬁ—HEcH only anli-HBg+
antl-HBs-  anll-HBs+

Reciplenls,n 172 38 68 o3

PostkLT- FUP35(0-91). 27(0-84) 26(0-86) 40{26-01)
Fig. 1. Risk of de novo hepalitis B virus (HBV) Infectlon In HBsAg-negative
recipients who recelved Lver grafts from antl-HBc positive donors and no

HBV prophylads after liver transplaniation (LT) in relation Lo their HBY
serologheal status belore transplant.

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

22,2529,36.37], de novo HBV infection was documented in,

only 1.4% (1/68) of such reciplents with anti-HBe positive donors
during a median follow-up of 26 {0.2-86} months. The anti-HBs
status of the donors was reparted in only five studies including
Jjust 18 HBsAg-negative recipients positive for anti-HBc with or
without positive anti-HBs [5,8,16,3638], and therefore the
impact of the anti-HBs donors' status could’ not be safely
determined.
Anti-HBc positive liver grafis to HBsAg-negative recipients with
successfil pre-LT vaccination, Seven studies evaluated the devel-
opment of de nove 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 during 2 median
post-LT follow-up of 40 (26-91) montbs.

Anti-HBc positive liver grafts to HBY raive recipients. During a med-
ian follow-up of 35 months {range: 0.1-91), de nove HBV infection
alter LT with grafts from anti-HBc positive donors was detected in
47.8% (89f186) of HBY naive recipients included in 14 studies
[5,9-11,16,21,24,27.29,30,37,38.41,42]. Interestingly, the pres-
ence of anti-HBs in the donors did not affect 'the prabability of de
riovo HBV Infection in HBV nalve recipients. In particular, in eight
studies {5.9,10,16,21,30,38,41] providing the anti-HBs status in
the donor, de nove HBV infection developed in 71% (28/39) of recip-
ients with both anti-HBcand 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 anti-HBs negative donors during a
follow-up of 33 (0.1-91) months (p = 0.70) (Fig. 2).

Post-rraHSp[unt prophylmxis against de nove HEV Infection

Twenty five [5,11,16,19,21-262831-3540,43-50] studies
reported data on post-transplant prophylaxis {HBIG andfor lami-
vudine and/or HBV vaccination) against de novo HBV infection in
366 patients who recelved liver grafts Irom znti-HBc positive
donors. HBIG alene wis used in 96, lamivudine alone in 75, HBIG

and lamivudine in 104, HBIG andfor lamivudice in 7, post-LT .

—

JOURNAL OF HEPATOLOGY

OB p<000 oiT prophyieds

S wf 418 T [l

% 401 :

[~3

1]

: ¥ p=0.01 X

_:’5 0 15.2 p=0.100

g 1ol a.7

=3 B

E?: u e —; 2
HBVnaive .  ant-HBc+  only anlHHBs+

Reciplents, n  172/50 1387119 31134

¥ig. 2. Risk of de nmovo hepatitis B virus (HEV) Infectfon In HBsAg-negative
recipjents of liver grafts from anti-HBe positive donors in relation to thelr
pre-ransplant HEV serological status and the use of HBV prophylaxis alter
lver ransplantation (LT).

-

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

cination alone in three cases, De rovo HBV infection developed in ,

7.4% [27{363) of recipients who received HEIG andfor 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-HBc andfor anti-HBs positive recipients (18{150 or
12% vs 4{153 or 2.6%, p=0.006). De novo HBV [nfection also
developed in 8.3% (5/60) of recipients with unknown pre-LT sta-
tus who received HBIG andfor lamivudine with or without post-
LT vaccination (Table 3)

HBIG monopraphylmxis.,, HBIG (5000 or 10,000 1U intravenously
starting during the anbepatic phase) was used as monoprophylaxis
for varying intervals after LT in eight stodies {11,21,2433,
35,46,47,50] (Table 3). During @ median follow-up of 31 months
(range: 3-86), de novo HBVY infection developed In 18 {18.7%) of
96 recipients: five (27%) had discontinued HBIG and another two
(11%) had lew serum antl-HBs levels (<50 1UfmL) despite HIBG
administration, at the diagnosis of de nove HBV infection. In partic-
ulat, de novo HBV Infection under HBIG monoprophylaxis devel-
oped in 27% (17/63) of HBV naive recipients and 5.8% (1/17) of
reciplents with past HBV infection (p = 0.10) during a median fol-
low-up of 30 (3-86) and 19 (3-86) months, respectively. In addi-
tion, de novo HBV infcclion also developed in none of five
recipients 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, '

. Lamivudine ménoprophylaxis. Since HBIG bas several limitatians,

such as High cost, poor compliance and even low protection partic-
wlarly in HBV naive recipients {11}, lamivudine monoprophylais
(100~350 mgjday for Yong periods) against de novo HBV infection
was alsoevaluated in six studies]16,19,22.25 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 [1/25 (4.0%) reclpients -

with past HBV infection, 1/33 (3.4%) HBV naive recipients, 0/17
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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Fig. 3. Risl of de nove heparitis B virus (HBV) infection in HBsAg-negative
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prophylaxis after !Iw_-r transplantation (LT} In relatfon ta their pre-g=nsplant
HBV sexological status and the type of past-transplant HBV proghylaxds. HBIG,
hepatitis B immunoglobulin: LAM, lamivudine,

HBIG and lamivudine combined prophylnxis, Increasing periods of
administration of lamivudine as monotherapy is associated with
increasing rates of HBY resistance, particularly in patients under
immunosuppressive therapy 151} Thus, the effectiveness of HBIG
and lamivudine combination was evaluated In eight studies
[22,24,28,31,34,35,40,43] (Table 3). Lamivudine (100-300mg/

day) was given long-ternn, while HBIG was given short- or long-
term at dosages ranging from 400U intmmusculatly to -

10,000 IU intravenously. During a mean follow-up of 39 (range:
1-86) months, de nove HBV infection was cbserved in 2.8% (3/
104) of recipients [0f29 reciplents with past HBV infection, 0/35
HBV naive recipients, 0f12 recipients wjth successful pre-LT vacdi-
nation, 3/28 (11%) recipients with unknown pre-LT HBV status].
Since the comblnation of HBIG with lamivudine is the most widely
used approach for prevention of post-LT HBV recurrence in
patients transplanted for HBV related liver disease, it is often used
as prophylaxis against de rrove HBV infection as welt [8). However,
given the low probability of de novo HBV infection with Jamivudine
alone, the benefit of HBIG with lamivudine combined prophylaxis
over monoprophylixis with lamivudine or perhaps a mora potent
antiviral agent is not clear from the current literature, ,

HBV vaccination, HBV vaccination after LT has been evaluated as a
strategy to prevent de nove 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 nove HBY infection
developed in 5.7% (4/81) of recipients during a median post-LT
follow-up of 33 months [22~85)] (0f19 HBV naive, 248 anti-HBe
andfor anti-HBs positive and 2{14 with unknown pre-LT HBV sta-
tus, p= 0.1}, In contrast, in the only study in which post-LT HBV
vaccination was given alone, de nove HBV infection was observed
in all three (100%) recipients at 14-20 months after transplant
[50). Thus, although data are very limited, monoprophylaxis with
HBV vacrination after LT also does not appear to be an elfective
prophylactic strategy against de nove HBV infection In recipients
1 of anti-HBc positive grafts.

Survival of recipients of grafts from anti-HBc positive donots

The 3-year survival of such redpients has been repotted to range
hetween 66% and 100%, if they were HBV naive, and between 89%
and 100%, if they had past HBV infection [5,8-11,13,16,18,21~
26,29-40.43-45 48,43], The post-transplant survival of recipients
of liver grafts from anti-}FBc positive and anti-HiBe negative
donors has been cornparatively evaluated in only two studles
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 (68% vs 76%, p > 0.05) [10].

Dutcome of patients with de nove HBV infection *

Histological choracteristics

Histological characteristics were avallable in 13 studies including
68 patients [9,10,13,21,22,24.3032,39,41,4247,52], but liver
biopsies at diagnosis of de novo HBV infection were performed
in only six studies and only 41 patients [10,21,22,24,32,39] (Table
4). Mild inflammation without fibrosis was found in 33, mild to
moderate inflammation with portal or bridging fibrosis in 12,

Table 4. Published studies® on the cousse of de 1ove hiepatitls B vicds (1BV) infectlon 2fter livee transplantation,

First author, Patients with Course of de nove HBV infection Fallow-up?
year [Ref] Dt nove Histological findlngs * 'HBY therapy months
HEV. n '
Priete {2001) [10] 15 Chronic hepatitist 12, LaM Survlval: 80% - 3 deaths 37
mild/massive (recurrent HCV: 1, lymphotna:
. necrosts: 12 L 1, sepsls: 1)
Segmria (znon [52] 5 Cirhosls: 1, medératé - . LAM] . Survlval woz . . ", 8
T ., fibrosis: 1 sy - R ; oL
Manzabe]ra (2002} [11] i Mild hepatiis: 1 HBIG+ LAM 1AM resistauce 1 (mnd hepatits) 19-63
RoquéAfonse (2002) (2] .. - 5- Mild inflammation: 4 - 1AM 1AM resistanice alter 7-16 mosiths; 5§ 12
Lee (2004) [50) 3 NA LAM:HBIG . Stable course NA
Jain (2005) {43) 3, NA . ’ * ADV (YMDD mutation) . .V death (fulminant liver faiture), NA
. Donatateip pﬁcﬁ) m) 7. Chnlmalir. hnpa\iﬁs 2 A 2 deaths {cholestatic H8V: 1, s:psis 1) 23
Umeda (ZDDE) [47] 8- . Mild {n[limmarjunj' LAM (in six patients) * Disdppeacance of HesAg ins - .2
. * Abeosis: 5 LS . padents after 4.6 months undcr]_nM

HBIG hepauﬁs Bl'mmumglnbulln LAM, lamivudme NA. nat avallable

4 seven reports of 1-2 cases with dé navo HBV {nfectlon after liver transplantation w:rz not included [22,32,33,36,38,39,44]. In [oml. 11 reclplents (severe hepatitis: 1)
recelved 1AM (n~10) or HBIG plas LAM (n=1). All patients had an uneventful coursa, excapt for ene patient [26] with poor rasponss to LAM treated with addition of

adefovir.
"® After dfagnosis of de nove HBV infection.
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- Course of de novo HBV infection under antiviral therapy

The data on the treatment of de novo HBV infection Is not well doc-
umented, but there are no grounds to expect the efficacy of treat-
ment to be different from that of post-transplant HBY recurrence
[51,53]. Only a total of 62 patients are reported. Lamivudine was
used in the first 15 studies (combined with HBIG in three) with
good initial response [10,1121.22,24,32,32,3638,39,434447,
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 long-term lamivedine mono-
therapy, newer and rmore potent nlcleos(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 novo HBV infection

The survival has been reported to range between 66% and 100%
during a median fotlow-up of 48 (3-B0) months in 19 studies
providing relevant data [5.10,13,16,21,24,30,32,33,35-35,4142,
47,50,52L. [n 14 studies, survival was 100% with a median fol-
low-up of 32 (3-80} months [5,16,21,30.3233,35-39,47,50,52].
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 HBV infection in only 2 of 21 non-survi-

* vors with de novo HBV infectlon and two additional patients -

underwent re-LT due to HBY 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 fvers, such as those
from anti-HBc positive individuals will be very helpful. In fack,
such donors represent a significant source of (ransplantable
argans, particularly in countries with high or intermediate HBY
prevalence [54]. The risk of de nevo post-LT HBV infection is

the major limitation of wsing Jiver grafts from anti-HBc positive
donors, since dgeeult HBV Infection 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 require life-long anti-HBV
prophylaxis in any case (Fig. 4). Although in one study HBsAg-
positive 1ecipients of anti-HBc positive liver grafts were sug-
gested 1o 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 reported to be high in several other stud-
ies and the donor’s antl~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 recipients. Since the probability of such de novo

"HBV infection is substantially lower in anti-HBc andfor anti-HBs |,

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

- donors should be preferentially directed to HBV exposed LT candi-

dates (Fig. 4), In the latter, the presence of anti-HBs seems to pro-
tect from de novo HBY infection and both anti-HBc and anti-HBs
positive recipients seém to represent a group that can safely
receive anti-HBc positive liver grafts without any post-transplant
HBV prophylaxis (probability of de nove HBV infection <2%). Pre-
LT vaceination alone does not appear to be an effective strategy,
as de novo HBV infection alter LT developed In 10% of successfully
vaccinated reciplents without any post-LT propliylaxis. However,
HBV vaccination should be offered to all naive BBV patients early
in the course of non-HBY chronic liver disease {L.e. in the pre-cir-
thotic stage), even though additional anti-HBV prophylaxis will
be needed In cases of LT with grafts from anti-HBc positive donors.
Because of laclcof data, no conctusionscan be drawn on the effectof
the donot's anti-HBs status, which could theoretically reduce the

. risk of transmission even further,

The use of post-transplant praphylaxis with HBIG and/or lam-

" jvudine reduces the averall probabiiity of de nove HBV infection

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

'3%). According to a recent survey reflecting current clinical prac-

tice, prophylaxis with lamivudine and often HBIG is usuzlly 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-
cinatien after LT is an {neffectiva strategy, as it is associated with
approximately 20% and 100% risk of de novo HBV infection.
Monopraophylaxis with lamivudine appears to offer satisfactory
protection with <3% risk of de nova 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

empirically In this setting, because of its proven benefit. in pre- |

venting HBV recurrence after [T for HBV related liver disease
[51,55]. However, this combination does not seem to provide a
clear benefit compared te lamivodine monoprophylaxis in liver
transplant HBsAg-negatlve patients who raceive anti-HBc posi-
tive grafts. In (act, the rationale for HBIG use is unclear, as thers

. are no circulating HBsAg coated virions in HBsAg-negative recip-
icnts to be nevtralited by HBIG. Whether monoprophylaxis with

a new nucleos(t)ide analogue with better resistance profile might
be a more cost-effective long-tetm approach in alk or in 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 anti-HBcjanti-HBs status and
the varied prophylactic interventions, multicenire studies will
be required in order to provide evidence-based data,

. If de nove post-LT HBV infection develops, antiviral treatmeat
is mandatory. Although docymentation of transplant details and
outcomes is scanty, it is reasonable to think that the efficacy of
treatment is similar to that of post-transplant HBV securrence.
Given the pebr resistance profile of long-term lamivudine mone-
therapy and the low potency of adefovir, both entecavir and ten-

ofovir may be the agents of choice today, despite the current lacle

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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Abstract Hepatitis B surface antigen — negative and hepali-
‘tis B core antibody — positive grafts were considered vasuit-
able for transplantation, The number of potential recipients
for liver transplantation now cxceeds that of potential donor
organs, which has led us to recvaluate the feasibility of these

grafts. Several strategies involving prophylactic administra- .

tion of hepatitis B immunoglobulin and/or lamivudine 1o
transplant recipients have been proposed. At the University
of Tokyo, we have continued ta 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 — negative/hepatitis B core antibody — positive
grafts with hepatitis B immunoglobulin monotherapy. We
conducted a review of the literature regarding the feasibility
of these gralts to reconfirm optimal prophylactic strategics
for preventing de nove hepalitis B virus infection in trans-
plant recipients.

Keywords Hepatitis B virs - De novo hepatitis - Living
donor liver transplantation - Hepatitis B core antibody +
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Introduction

Hepatitis B surface antigen (HBsAg) — negative and hepati-.
tis B core antibody (HBeAb) — positive grafls are sources
of de nove hepatitis B virus (HBV) infections. Therefore,
they were considered unsuitable for tcansplantation during: -
the early 1990s [1-3]. As shownin Table 1, the occurrence of
de nove HIBY hepatitis in recipients that received the grafts
might be influenced by the pre-existing HBV jmmunity of
the recipient [4--10].

The number of potential recipients for liver transplan-
tation now exceeds that of potential dohor organs, leading
s 1o recvaluate the feasibility of using these grafts. Sev-
eral strategies involving the prophylactic administration of
hepatitis B immunoglobulin (HBIG) and/or lamivudine to
the recipients have been proposed (7, 10-20). Liver trans-
plantation from live donors (LDLT) is currently the most
effective alternative to overcome the organ shortage. Live
donors are often restricted to the relatives of the recipient. In
regions where HBYV is prevalent, there isno choice other thén
a graft from a live donor who is HBsAg-negative/HBeAb-
positive, ) -

HBsAg-negative/HBecAb-positive grafis are now impor-
tant topics in LDLT. The optimal prophylactic strategy
remains a matter of debate. We conducted a review-of the lit-
erature regarding the feasibility of HBsAg-negative/HBc Ab-
positive: grafts to reconfirm aptimal prophylactic steategies
for preventing de zove HBY infection in recipients.
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':;:l;:: :‘n a E:Zf:;r};sB:,ual Recipient viral status (HBsAb/HBcAb)
infection rates after ransplant oI Author, yeac + /- T~ —/+ -/~ Total (%)
?E&ﬁ;ﬁ:’“"“ grafis without 1, 109211 ND ND ND ND 31 43)
Chozouilleres, 1994 {2] . m /8 (88)
Wachs, 1595 [3] 3/a 36 (50) .
Dickson, 1997 [5] 071 12 0/ 14/16 1823 (78)
Dodson, 1997 [6] 017 2/15 18/25 20/47 (43)
Uemoto, 1998 [71 1 14/15 15116 (94)
. . Priclo, 2001 [8) o2 0/2 03 . 15/23 1530 (50)
Note. HBsAb, hepatitis B Manzarbeitia, 2002 [9] o/13 111 2f11 22 37 (11)
surface antibady; HBcAD, Donataccio; 2006 [21] /1 314 3/5 (50)
hepatitis B core antibody; ND, Barcena, 2006 [40] - T ok o3

not deseribed.

Managemex.:lt protocols for i:nreve:ntion of de novo HBV
. Tnfection (Table 2)

HBIG monoprophylaxis
Uemoto ct al. [7] first reported the sxiccessful prevention of

de nove HBV infection vsing HBIG in recipients who re-
ceived 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 hepatitis
B surface antibody (EIBsAD) titer seems to be a siguificant
risk factor for de nove infection [15]. More recent reports

Tuble 2 Prophylaxis for HBcAb-pasitive grafl and infection rate

0/3 (0)

with satisfactory results targeted higher HBsAb levels for ari
indefinite period [19].

Lamivudine and HBIG °

Dodson et al. [11] reporied therapy using a combination
of prophylactics: FIBIG doses ranged from 10,000 1U only
during the anhepatic phase [13] to 10,000 IU for seven days
alter ransplantation [11,7143. The minimum amount of HBIG
required to prevent de novoinfectionis unclear, Ineithercase,
lamivudine was started after the initial HBIG administration

" or simultaneously. Suehiro.et al. [22] reported that HBIG

Author, yeer N  Followup (months)  Protocols Rate (%)
HBIG monotherapy
Radomsld, 1996 [4] -1 8 2000 TUfmonth ' 1/1 (100%)
Uemoto, 1998 (7] ¢ 3 1324 100 XUfkg for 7 days and 1000 XU/m thereafict 0/3 (0%)
Dodson, 1595 {11) 1 11 10,000 [U for 7'days and monthly for 6 months, 1000 1U 11 (100%)
biweekly for 18 month ‘ ’
" Reque-Afonso, 2002 [15] 12 6-36 . 5000 10U {or 7 days and subsequently to keep HosAb > 100 1412 (8%)
. UL
Lee, 2004 [15] 18 13-80 10,000 T for 7 days and subsequently to keep HhsAb > 200  0/18 (0%)
UL ' ..
Donataccio, 2006 [21] 6 18-62 10,000 U for 7-10 days and stopped 416 (67%)
Donataccio, 2006 [21] 4 11-34 10,000 IU for 7-10 days and subsequentdy conuuucd 0/4 (0%)
indefinitely
Takernuxa, 2006 17 396 10,000 10 in anbepauc phase and subsequently 1o ke.cp HbsAb  0/17 (0%)
> 200 [U/L for a year, then > 100 TU/L indefinitely '
HBIG 4 Lam . )
Dodson, 1999 [11] 15 6-25 HBIG; 10,000 1U for 7 days and monthly for § months, 1000 0/15 (0%) -
. ¥J biweekly for 18 months. LAM; 150 mg/fday : .
Holy, 2002 [14) 12 238 HBIG; 10,000 1U for 7 days, LAM; 300 mg/day 0/12 (0%)
_ Jain, 2005 [20] 28 36+£19 HBIG; 10,000 1U for 4 days, LAM; 100 mg/day 3128 (11%)
Suehiro, 2005 [22} 22" 25-86 HBIG; 10,000 1U in anhepatic phase, 2000 IU for 7 daysand 022 (0%)
. stbsequently to keep HbsAb > 100 TUAL, LAM; 100 mg/day
Lam . .
Yu, 2001 [12] 2-35 LAM; 100 or 150 mg/day 0/9 (0%}
Prakoso, 2006 (24) 10 2-69 LAM; 100 mg/day 0/10 (0%}

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

HBVDNA in donor :
Author, Year N Grafz Serum Recipient EBsAb  Protocols
Loss, 2001 [13]° 1 .= . - ND 10,000 1U of HBEG in anhepatic phase 4- LAM
: 150 mg/day —> discontinued after confirming the
HBVDNA status (graft and donor scrum)
0 + 4 ND HBIG 4+ LAM —» continued
5 + NA ND HBIG + LAM — LAM; 150 mp/day
Fabrega, 2003 [16]¢ 7 - - ND 10,000 1U 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 IU HRIG for 7 days, weekly for T month, and
. monthly for 6 months 4 LAM; 100 mg/day
13 - - - LAM; 100 mg/day
13 - - + None
2 NA ND - LAM; 100 mg/day
5 NA Nb + None -

Note, HBYDNA, hcpanus B vims deoxyribonucleic acid; HBIG, hepatitis B immunoglobuling NA, not available; NI, not deseribed; LAM,

lamivudine.

-

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

nse with famivudine over an indefinite period of time might

have prevented de nove infection in 22 patients receiving .

HBsAg-ncgative/FBcAb-positive grafts.

Long-term use of lamivudine is associated with the risk
of mutated HBY infection. Jain et al. [20] reported 3 of 28
patients with de novo mutated HEV infection who used apro-
tocol of short:tenm treatment with HBIG (10,000 IU HBIG
for 4 days) and indefinite use of lamivading (100 mg/day).
Among these three infected paticnts, iwo bad 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 et al. [12] advocated lamivudine monoprophylaxis. HBV
infection. was prevented in mnine patients who reccived
HBsAg-negative/HBcAb-positive allografts, Six of the nine
patients died of recurrent hepatocellular carcinoma (FICC)
and sepsis, however, and the followup periods were limited
(336 mionths), Prakoso et al. [24] reported that they sue-
cessfully prevented HBV infection in ten HBsAg-negative
patients with Jamivudine monotherapy.

.Tailored approach (Table 3) ’

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

@.Spﬁngu

Jamivudine was stopped. If HEVDNA. was detected in the
donor liver and serurn, HBIG was continued with lamiva-
dine. Fabrega et al. [16) started prophylaxis with a corbina-
tion of HBIG and lamivudine on the first operative day until
they obtained HBVDNA, results from the donor samples,
‘hey stopped. the prophylaxis when the donor’s HBVDNA,
in sexum and liver tissue was negative, even in a naiive recipi-
cnt. None of their seven palients developed de novp hepatilis
B with a 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 BV profile but also the recipient’s HBV sexology.
The 1ecipients of HBYDNA-positive grafts received HBIG
and lamivudine combination therapy. If the donor seram and
liver graft HBVDNA. were both negative and the recipient
was HbsAb-nepative, lamivodine monotherapy was selected,
If the recipient was HbsAb-positive; no therapy was admin-
istered. Their selective protocol successfully prévcnted 43
patients from reactivation of BV, including 18 patients
without prophylaxis. Two patients were excluded from their
study because of low compliance; both recipients developed
de novo hepatitis. Their allografts 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 HBYDNA
detection, however, depends on the methodology [26]. Van
Thiel et al, [27] reported that HBVDNA, was detected in 11
(8%) of 133 livers from I—lBsAg-neganVc[HBcAb—posmve
donors, Marusawa et al. [28] reported that HEVDINA 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 detccted by polymerase chain reac-
tion (PCR) methods, but the details of the methods differed.
Van Thiel used primers targeting surface antigen sequences
with a sensitivity of an approximately 600 HBV copies per
milliliter serum sample. 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 sorface region). The sensitivily of
their assay was 10 copies per 20 pg DNA. Suchiro sclected
real-iime PCR with a sensitivity of 10.copies per gram DNA.

Vaccmahon

The response rates to recombinant hepatitis B vaccine in liver |

transplantation candidates (with HB'V unrelated liver failure)
vatied from 16% to 62% [29-38]. It is difficult 1o explain
. the variations in hepatitis B vaccine tesponse rates. HB-
sAb titers rapidly decline and become undeteciable in a sig-
nificant proportion of patients after ransplantation. HBsAb
titers become undeteciable in 37%—73% of the responders
within one yearafter transplantation [33, 35, 38]. Dominguez
et al. [30] reporled a 62% response rate with 40-4p 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 because approximately
80% of adults are FIBcAb-positive in mea.n [10]. They re-
poried de nove HBV infection in three of mghtpreoperahvely
immunized patients who received an HBcAb-positive praft,
They made a policy change [18] and began to use lamivudine

after suxgery with preoperative vaccination, Thegeafter, none

- of 44 pdtients developed de novo hepatitis. Barcena et al, [40]
vaccinated only those who were HBsAb- or HBcAb-nepative
and receiving an HBcAb-positive allograft. No postoperative
prophylaxis against HBY was performed in their protocol.
They immunized 14 recipients with 40-ug hepatitis B vac-

cinations three times wilh 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 HBY mutant with a structural varia-
tion in the epitope of the surface antigen recognized by the
HBsAb [41, 42}, ’ L

University of Tokyo experience

From Januvary 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-ncgative/liBcAb-positive grafts, 19
were HBV-unrelated recipien(s and the others had HBY-
related cirrhosis. The 19 liver grafis were the subjects of the
study, The serum HBV status ineluded HbcAb- and HBsAb-
nepative (n'= 9), HbcAb- and HBsAb-positive (n = 5),
HRBcAb-posiiive (n = 2), ot 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 rec:pmnts
consisted of tacrolimus and corticosteroids.

Postoperative prophylaxis consisted of HBIG monother-
apy. A total of 10,000 YU HBIG was administrated intra-
venously during the anhepatic-phase. HBIG was adminis-
tered once a month to maintain the HBsAb level above 200
TUA. during the firgt year and above 100 IU/L thereafter,
We do not use nucleotide analogs for prophylactics o those
who received HBeAb-positive graft to avoid the emergence
of multidrug resistance.

Our strategy of anhepatic and low-dose HBIG MOROPro-
phylaxis prevcnted 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 causes between 2 and 13
months after transplantation without any evidence of HBY
infection. Two patients were dropped from the prophylaxis
protocol because of poor compliance. They skipped the
maonthly HBIG administration and as a result developed de
novo BBV infection, Preoperatively, one was najve and the
other was HBsAb- and HBcAb-positive. HIBsAD 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 tperation.
Hepatitis B e antigen became positive and seram HBVDNA
was detecled. They received antiviral therapy using lamivu-
dine and their-hepatitis B e antigen and HBVYDNA became
negative thereafter. The remaining 14 patients showed no
evidence of HBV infection with followup periods of 3-86
months (median = 31 months),

The median amount of HBIG that was used during the®
first month of transplantation 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 YU), After the first postoperative year,
10,000 1U HBIG (8000-22,000 YU) was reqiired each year

to keep HBsAb levels over 100 TUAL.

Fulure pussible aliernatives

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

. than for lamivadine [43]. Adefovir dipivoxil shows favor-

able ouicome in patients with de novo hepatitis B after liver
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transplantation [44] and in the patients with lamivudine-
resistant hepatitis B [45, 45). Recently, alternative nucleoside
analogs adefovir dipivoxil, entecavir [47], telbivadine [48],
and fenofovir [49] were admivisiered efficiendy in treating
wild-type andfor mutated HBV. All of them also have the
potential to be used for prophylaxis against de novo HBV
infection from FIB cAb-positive allograft. However, some 1e-
ports revealed the emergence of mutated HBV which showed

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

ivoxil [43}, entecavir [50], and telbivodine (48].
Conclusions

De novo HBV infection can be prevented with HBcAb-
positive grafts when an adequate strategy is applied. HBIG
monotherapy can prevent HBV infection from HBcAb-
positive liver prafts. Lamivudine use can be reserved for
de novo HBYV infection. Lamivudine or preoperative vacci-
nation monotherapy are still controversial therapies. Vacei-
ation with Jamivudine prophylaxis, however, is promising.
A taflored approach might reduce the nnnecessary adminis-
teation of antiviral prophylaxis to a recipient. Fariher studies
are needed to elucidate the optimal prophylactic lreatment.
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