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Receipt of a living donor liver transplant (LDLT) has been associated with improved survival
compared with waiting for a deceased donor liver transplant (DDLT). However, the survival
benefit of liver transplant has been questioned for candidates with Model for Endstage Liver
Disease (MELD) scores <15, and the survival advantage of LDLT has not been demonstrated
during the MELD allocation era, especially for low MELD patients. Transplant candidates en-
rolled in the Adult-to-Adult Living Donor Liver Transplantation Cohort Study after February
28, 2002 were followed for a median of 4.6 years. Starting at the time of presentation of the
first potential living donor, mortality for LDLT recipients was compared to mortality for
patients who remained on the waiting list or received DDLT (no LDLT group) according to
categories of MELD score (<15 or �15) and diagnosis of hepatocellular carcinoma (HCC).
Of 868 potential LDLTrecipients (453 with MELD <15; 415 with MELD �15 at entry), 712
underwent transplantation (406 LDLT; 306 DDLT), 83 died without transplant, and 73 were
alive without transplant at last follow-up. Overall, LDLT recipients had 56% lower mortality
(hazard ratio [HR]5 0.44, 95% confidence interval [CI] 0.32-0.60; P < 0.0001). Among can-
didates without HCC, mortality benefit was seen both with MELD <15 (HR 5 0.39;
P 5 0.0003) and MELD �15 (HR 5 0.42; P 5 0.0006). Among candidates with HCC, a
benefit of LDLTwas not seen for MELD <15 (HR5 0.82, P5 0.65) but was seen for MELD
�15 (HR5 0.29, P5 0.043). Conclusion: Across the range of MELD scores, patients without
HCC derived a significant survival benefit when undergoing LDLT rather than waiting for
DDLT in the MELD liver allocation era. Low MELD candidates with HCC may not benefit
from LDLT. (HEPATOLOGY 2011;54:1313-1321)

See Editorial on Page 1125

F
ollowing the introduction of adult-to-adult liv-
ing donor liver transplantation (LDLT) in the
U.S. in the late 1990s, the procedure gained in

popularity and in 2001 represented approximately 8%
of all adult liver transplants performed in the U.S.
Subsequently, use of the procedure declined from 412
cases in 2001 to 168 LDLT in the U.S in 2009

(www.optn.transplant.hrsa.gov accessed 08/13/10). Pre-
vious retrospective reports by the Adult-to-Adult Liv-
ing Donor Liver Transplantation Cohort Study
(A2ALL) identified a survival benefit for patients who
received LDLT as compared to waiting for, or receiv-
ing, a deceased donor liver transplant (DDLT).1 That
report employed data accrued over the early years of
LDLT in nine active liver transplant centers in the
U.S. More than 70% of the potential liver transplant
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recipients enrolled in that retrospective cohort study
were evaluated in the era before the Model for End-
stage Liver Disease (MELD) score was employed for
deceased donor liver allocation in the U.S. (February
28, 2002), and thus the benefits of pursuing LDLT as
compared to waiting for deceased donor liver trans-
plant (DDLT) in the MELD allocation era are not
well understood.
Moreover, there is considerable uncertainty regard-

ing which populations of adult liver transplant
candidates benefit most from receipt of LDLT in com-
parison to awaiting DDLT. Markov modeling suggested
a benefit associated with receipt of LDLT in patients
with hepatocellular carcinoma (HCC)2,3 compared
with waiting for DDLT. Experience from A2ALL, how-
ever, demonstrated higher rates of posttransplant recur-
rence in liver transplant candidates with HCC who
underwent LDLT.4 Similarly, there is uncertainty
regarding whether there is a survival benefit associated
with receipt of LDLT among transplant candidates
with MELD <15. Two recent large database analyses
of the U.S. liver transplant population have suggested
that a survival benefit is obtained by transplant candi-
dates undergoing transplantation with MELD scores in
excess of 155 or 126 in comparison to remaining on
the waiting list. Analyses from the retrospective cohort
study reported by A2ALL suggested a survival benefit
for transplant candidates enrolled in A2ALL with labo-
ratory (nonexception) MELD scores less than 15,
although the majority of those patients were actually
transplanted in the pre-MELD allocation era.1

To resolve some of the uncertainties delineated
above, and better inform liver transplant candidates
regarding transplant outcomes in the current allocation
paradigm, we examined data from A2ALL for liver
transplant candidates who entered into the study fol-
lowing the introduction of the MELD-based liver allo-
cation system on February 28, 2002 through August
31, 2009. Outcomes for these patients who presented
to A2ALL transplant centers with their first potential
living donor during this period were analyzed in order

to assess the potential benefit of receipt of LDLT based
on transplant candidate MELD score and presence or
absence of HCC. The study design, which examined
patient outcomes from the time of first living donor
evaluation, was created to allow clinicians to counsel
transplant candidates and their donors when the op-
portunity for LDLT presented itself in the transplant
clinic setting.

Patients and Methods

A primary objective of the A2ALL study has been
to identify transplant candidates who accrue a survival
benefit from adult LDLT. In order to encompass both
pretransplant events and posttransplant survival,
patient entry into the study occurred on the date that
each potential LDLT candidate’s first potential living
donor presented for initial donor history and physical
examination at one of the nine A2ALL transplant cen-
ters as previously described.1

Data Sources. Liver transplant candidate and
potential donor data were provided by the participat-
ing A2ALL transplant centers based on a common
protocol. Chart reviews and prospective data collection
were supplemented by additional ascertainment of
deaths and transplants through the end of 2008 for
patients included in the retrospective study only (n ¼
112) and through February 2010 for the remaining
patients (n ¼ 756) under a data use agreement with
the Scientific Registry of Transplant Recipients
(SRTR). The study cohort utilized for this report
included 868 adult liver transplant candidates for
whom the first living liver donor was evaluated
between February 28, 2002 and August 31, 2009. For
these candidates, median follow-up was 4.6 years
(range: 4 days to 7.9 years). Data from DDLT recipi-
ents not enrolled in A2ALL but transplanted at
A2ALL centers were obtained from SRTR for compar-
ison with A2ALL patients who received DDLT during
the same period.
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Statistical Methods. The cumulative incidence
function was calculated using SAS macro ‘‘comprisk.’’7

The MELD scores reported were calculated on labora-
tory data only8 and ignored MELD exception scores
used in organ allocation.
Survival analyses, starting at the time of evaluation

of each subject’s first potential donor, were employed
to compare mortality after LDLT to the conventional
transplant strategy of waiting for and potentially
receiving DDLT. The non-LDLT group thus included
those who received DDLT, those who remained on the
waitlist without receiving a liver transplant at study
end, and those who died prior to receiving a DDLT.
LDLT (n ¼ 4) or DDLT (n ¼ 2) procedures that
were aborted intraoperatively due to recipient condi-
tions were considered transplants. Domino transplants
were classified as DDLTs (n ¼ 1).
A Cox regression method employing sequential

stratification to compare the effect of receipt of LDLT
with not receiving LDLT over the entire period of ob-
servation was utilized for the primary analysis.1 The
sequentially stratified Cox model was adjusted for
baseline covariates of age, HCC, hepatitis C virus
(HCV), cholestatic liver disease, and MELD score, all
determined at the time of first donor evaluation. Mul-
tiplicative interactions (effect modification) between
LDLT, HCC, and MELD score were evaluated. An
additional Cox regression analysis of posttransplant
mortality was performed starting on the day of trans-
plant and compared LDLT versus DDLT adjusted for
age, HCC, HCV, cholestatic liver disease, and MELD
score at transplant.
Survival probabilities in the tables and figures were

calculated in the following manner. Survival in the ab-
sence of receipt of LDLT was estimated from a Cox
regression censored at LDLT. This model was adjusted
for age, HCC, HCV, cholestatic disease, and MELD
score as above. Depiction of probabilities of survival
that encompass both the waiting period for liver trans-
plantation and posttransplant period were estimated by
multiplying the waitlist survival probability at the re-
spective LDLT median transplant time by the post-
transplant survival probability for LDLT recipients.
Transplant and survival experiences are shown over the
5 years from initial donor evaluation, during which
time 88% of all patient follow-up and 93% of all
deaths occurred. All analyses were performed utilizing
SAS 9.2 software (Cary, NC).
Human Subjects Protection. The Institutional

Review Boards and Privacy Boards of the Data Coor-
dinating Center and the nine participating transplant
centers approved the study.

Results
Characteristics at Study Entry and at Transplant
A total of 868 adult transplant candidates were en-

rolled in the A2ALL study between February 28, 2002
and August 31, 2009. The clinical characteristics of
these candidates, measured closest to the time of the
evaluation of the first potential living donor, are pre-
sented in Table 1 according to MELD <15 (n ¼ 453)
or �15 (n ¼ 415) and subsequent receipt of LDLT.
Among candidates with MELD <15, LDLT recipients,
compared with non-LDLT recipients, were significantly
(P < 0.05) more likely to be white, have cholestatic liver
disease, or biliary atresia, and to have a history of upper
abdominal surgery. They were less likely to have a diag-
nosis of hepatitis C or HCC. Among candidates with
MELD �15, LDLT recipients were more likely to have
advanced HCC and diagnosis of ‘‘other’’ liver disease.
For those transplant candidates with a MELD <15

at the time of study entry, the mean MELD score of
those who ultimately received LDLT was not signifi-
cantly different from those who received a DDLT or
no transplant (Table 1, P ¼ 0.66). However, mean
MELD at transplant was higher for DDLT recipients
than for LDLT recipients (P ¼ 0.004). For those trans-
plant candidates with a MELD �15 at study entry,
the mean MELD at entry was lower for those patients
who ultimately received an LDLT compared to those
who did not (P ¼ 0.01). The mean MELD at trans-
plant for recipients of LDLT in this group was much
lower than the mean MELD at time of transplant for
recipients of DDLT (P < 0.0001), an observation
reflecting the need for MELD scores to rise in order
to receive priority for DDLT.

Outcomes Based on MELD Score at Study Entry
Of those transplant candidates with MELD score

<15 at enrollment, 224 received LDLT, whereas 123
received DDLT and 106 did not receive a transplant.
Of this latter group, 49 (46%) died on the waitlist
without receiving a transplant of any type. Of those
transplant candidates with MELD �15 at enrollment,
182 received LDLT, whereas 183 received DDLT and
50 did not receive a transplant during the study pe-
riod. Of this latter group, 34 (68%) died on the wait-
list without receiving any transplant.
Overall, LDLT recipients had 56% lower mortality

(hazard ratio [HR] ¼ 0.44, 95% confidence interval
[CI] 0.32-0.60; P < 0.0001). The probability of receiv-
ing an LDLT, receiving a DDLT, or dying on the waitlist
over the five years from the time of initial donor evalua-
tion is shown in Fig. 1A for those candidates with
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MELD <15 at study entry and in Fig. 1B for those can-
didates with MELD �15 at study entry.

Mortality in Candidates Without HCC

Mortality Based on MELD Score at Enrollment. In
an adjusted sequential stratification analysis of time

from initial donor evaluation to death for transplant
candidates with MELD <15 and no HCC at study
entry, patients who underwent LDLT had a mortality
HR of 0.39 (95% CI 0.24-0.65; P ¼ 0.0003) com-
pared with patients who did not receive LDLT (Fig.
2). For these candidates the median time to receipt of

Table 1. Characteristics of Potential LDLT Recipients at Enrollment by MELD Group at Enrollment

MELD <15 at Enrollment MELD �15 at Enrollment

ALL LDLT Non-LDLT LDLT vs. Non-LDLT ALL LDLT Non-LDLT LDLT vs. Non-LDLT

Characteristic at Enrollment*

Mean 6 SD

or Percent

Mean 6 SD

or Percent

Mean 6 SD

or Percent P-valuey
Mean 6 SD

or Percent

Mean 6 SD

or Percent

Mean 6 SD

or Percent P-valuey

Patients (N) 453 224 229 415 182 233

Age (years) 52.2 6 10.1 51.8 6 10.4 52.5 6 9.8 0.49 51.1 6 10.7 51.3 6 10.5 51.1 6 10.8 0.84

Female 43.9 48.2 39.7 0.07 39.8 43.4 36.9 0.18

Race 0.028 0.68

White 87.4 91.5 83.4 87.5 89.0 86.3

African-American 3.3 2.7 3.9 5.3 4.4 6.0

Other 9.3 5.8 12.7 7.2 6.6 7.7

Hispanic 15.2 9.8 20.5 0.002 21.0 20.3 21.5 0.78

Body mass index (kg/m2) 26.9 6 5.0 26.5 6 4.9 27.3 6 5.0 0.12 27.2 6 5.3 26.9 6 5.4 27.4 6 5.3 0.36

Previous transplant 0.7 0.4 0.9 0.575 2.2 2.2 2.1 0.97

Diagnosis

Hepatitis C 41.7 32.6 50.7 <0.0001 41.2 42.3 40.3 0.69

Hepatocellular carcinoma (HCC) 20.5 14.3 26.6 0.001 8.9 9.3 8.6 0.79

HCC stage 0.09 0.01

T0 2.2 0.0 3.3 0.0 0.0 0.0

T1 7.5 6.3 8.2 16.2 0.0 30.0

T2 43.0 34.4 47.5 45.9 41.2 50.0

T3þ 44.1 56.3 37.7 35.1 52.9 20.0

Missing 3.2 3.1 3.3 2.7 5.9 0.0

Alcoholic liver disease 12.1 10.7 13.5 0.36 10.1 9.9 10.3 0.89

Cholestatic liver disease 21.9 31.7 12.2 <0.0001 23.6 22.5 24.5 0.64

Other noncholestatic cirrhosis 17.2 18.8 15.7 0.39 20.2 18.1 21.9 0.34

Metabolic disease 2.4 2.2 2.6 0.79 3.4 2.7 3.9 0.53

Biliary atresia 0.9 1.8 0.0 0.04 0.2 0.5 0.0 0.26

Non-HCC malignancy 4.6 6.3 3.1 0.11 0.7 1.1 0.4 0.42

Other 7.3 5.4 9.2 0.12 6.0 8.8 3.9 0.04

Ascites 57.4 54.6 60.2 0.23 73.2 71.0 75.0 0.36

Encephalopathy 44.5 42.1 46.9 0.31 62.4 57.6 66.1 0.08

Variceal bleed 28.7 30.1 27.4 0.54 27.7 27.6 27.8 0.96

Upper abdominal surgery 30.8 35.5 25.9 0.03 31.5 32.0 31.1 0.84

Spontaneous bacterial peritonitis 5.6 6.8 4.4 0.26 11.6 12.9 10.5 0.45

TIPSS 8.5 8.1 8.9 0.78 11.9 10.4 13.0 0.42

MELD 10.9 6 2.5 10.8 6 2.5 10.9 6 2.5 0.66 19.8 6 5.3 19.0 6 5.1 20.4 6 5.5 0.01

MELD (categories) 0.33 0.001

6-10 37.7 40.2 35.4 — — —

11-14 62.3 59.8 64.6 — — —

15-20 — — — 67.0 75.8 60.1

21-30 — — — 26.5 19.8 31.8

31-40 — — — 6.5 4.4 8.2

MELD at transplant 13.3 6 5.4 12.7 6 4.3 14.5 6 7.0 0.004 21.6 6 7.1 18.6 6 5.0 24.7 6 7.6 <0.0001

MELD at transplant (categories) 0.06 <0.0001

6-10 27.7 27.7 27.6 1.4 2.2 0.5

11-14 38.6 43.3 30.1 6.8 9.9 3.8

15-20 19.6 20.5 17.9 41.4 56.6 26.2

21-30 6.3 4.0 10.6 31.5 24.7 38.3

31-40 1.4 0.4 3.3 12.1 1.6 22.4

Missing 6.3 4.0 10.6 6.8 4.9 8.7

*Missing <6% for all characteristics except MELD at transplant (as noted in table).

†P-values for race computed from chi-square test; for HCC stage, MELD at enrollment, and MELD at transplant from 2-sided chi-square test for
trend excluding missing category; and for all other characteristics from t test.
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LDLT was 3.0 months after the first potential living
liver donor evaluation, whereas the time to receipt of
DDLT was 7.9 months. For patients with MELD
�15 at study entry and no HCC, patients who
underwent LDLT had a lower mortality than those
who did not receive LDLT (HR ¼ 0.42, 95% CI
0.26-0.69; P ¼ 0.0006) (Fig. 2). For this group of
candidates without HCC and a MELD score of �15
at study entry, the median time to receipt of LDLT
was 2.5 months, whereas the time to receipt of
DDLT was 3.0 months after the first potential living
liver donor evaluation. We performed additional anal-
yses to look at smaller subsets of transplant candidates
based on MELD score at enrollment to examine con-
sistency of results across categories of MELD scores.
For MELD scores of 6-10, 11-14, 15-19, and 20þ
there was a nearly constant survival advantage for
LDLT across categories, with a range in hazard ratios
of 0.38 to 0.44 (Table 2).
Survival from the Time of Transplantation. Alth-

ough not the primary focus of the A2ALL study, anal-
yses of survival were also performed beginning at the
time of transplant (rather than at the time of first do-
nor evaluation) to compare mortality following LDLT
and DDLT. Posttransplant mortality risk was similar
following LDLT and DDLT. Specifically, the mortality
HR for LDLT compared to DDLT was 0.88 (P ¼
0.78) for non-HCC candidates with MELD <15 at
evaluation and 0.83 (P ¼ 0.60) for non-HCC candi-
dates with MELD �15 at evaluation, adjusted for
MELD at transplant, age, and diagnoses of hepatitis
C, and cholestatic liver disease.

Transplant Candidate Morbidities. We used data
from SRTR and A2ALL to explore the possibility that
candidates for whom LDLT was considered were inher-
ently more ill than candidates not considered for
LDLT at the A2ALL centers. The presence of these
complications was determined based on SRTR data
alone, regardless of whether the patient was enrolled in
A2ALL or not. Three comparisons were made between
patients enrolled in A2ALL and listed liver transplant

Fig. 1. Outcomes of A2ALL transplant candidates. The probability of LDLT, DDLT, death on the waitlist, or remaining alive without transplant
over 5 years after first donor evaluation for living donor candidates with (A) MELD <15 at evaluation and (B) MELD �15 at evaluation.
Estimates are based on the cumulative incidence function.

Fig. 2. Mortality for transplant candidates. Mortality following initial
potential donor evaluation for candidates without HCC according to
MELD score at evaluation and whether LDLT was performed or not. For
graphical purposes, mortality while awaiting LDLT is assumed to be
the same as mortality for candidates for whom LDLT was not available
up until the median time for LDLT (3.0 months for MELD <15 and
2.5 months for MELD �15). Shown for patient age ¼ 50, no HCC,
with HCV, no other cholestatic disease, and MELD ¼ 10 at enrollment
for MELD <15 group and MELD ¼ 20 at enrollment for MELD �15
group.
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candidates at the nine A2ALL centers who were not
enrolled in A2ALL: liver disease complications at time
of listing (hepatic encephalopathy, ascites, variceal
hemorrhage, upper abdominal surgery, spontaneous
bacterial peritonitis, hyponatremia [Na <135 mEq/L]
and transjugular intrahepatic portosystemic shunt
[TIPSS]), donor risk index at transplantation,9 and
posttransplant survival. The frequency of complications
was similar between patients enrolled in A2ALL and
listed liver transplant candidates at the nine A2ALL
centers who were not enrolled in A2ALL. Although
significantly more of those not enrolled in A2ALL had
TIPSS in the MELD <15 group (5.1% non-A2ALL
versus 2.6% in A2ALL, P < 0.01) and more had asci-
tes in the MELD �15 group (89% non-A2ALL versus
85% in A2ALL, P ¼ 0.03). There were no significant
differences in frequency of the remaining complica-
tions (for MELD <15, P > 0.12 for all except TIPSS;
for MELD �15, P > 0.13 for all except ascites).
DDLT Donor Risk Index. The donor risk index

(DRI) provides a quantitative assessment of the risk of
donor liver graft failure. Calculation of the DRI pro-
vides an objective measure of the quality of organs
accepted by transplant centers for deceased donor liver
transplantation. We compared donor risk index
(DRI)9 for DDLT recipients enrolled in A2ALL and
DDLT recipients from the same centers but not en-
rolled in A2ALL. Median DRI for non-HCC DDLT
recipients with MELD <15 at listing enrolled in
A2ALL was 1.35 and was 1.40 for 1458 DDLT recipi-
ents not enrolled in A2ALL with MELD <15 at list-
ing who were transplanted at the nine participating
centers (P ¼ 0.94). For non-HCC DDLT recipients
with MELD �15 at listing, the median DRI was 1.33
for A2ALL patients and 1.34 for 2999 non-A2ALL-en-
rolled DDLT recipients (P ¼ 0.45).
Posttransplant Outcomes. Finally, we compared

post-DDLT mortality for non-HCC DDLT recipients.
For non-HCC patients with MELD <15 at listing,
post-DDLT mortality HR was 0.79 (P ¼ 0.23) for
A2ALL patients compared with non-A2ALL-enrolled
patients. For non-HCC patients with MELD �15 at

listing, post-DDLT mortality HR was 1.00 (P ¼ 0.98)
for A2ALL patients compared to non-A2ALL-enrolled
patients. These analyses were adjusted for recipient
age, MELD at transplant, and DRI.

Mortality in Candidates with HCC
One hundred thirty of 868 (15.0%) of the A2ALL

transplant candidates carried a diagnosis of HCC at
the time of enrollment. Of these, 93 had a laboratory
(nonexception) MELD <15 at study entry and 37 had
MELD �15 at study entry. Tumor stages at the time
of study entry are presented in Table 1 for these two
groups of transplant candidates.
Among the 93 transplant candidates in the MELD

<15 group, 32 HCC patients received LDLT at a me-
dian of 1.6 months after initial living liver donor eval-
uation, 49 received DDLT at a median of 2.2 months
after study entry, and 12 had not undergone any trans-
plant by last follow-up, including seven who died on
the waitlist. Among the 37 transplant candidates in
the MELD �15 group, 17 HCC patients went on to
receive LDLT at a median of 1.8 months after initial
living donor evaluation, 16 received DDLT at a me-
dian of 3.1 months after first living donor evaluation,
and four had not undergone any transplant at last fol-
low-up, three of whom died on the waitlist.
In an adjusted sequential stratification analysis of

time from initial donor evaluation to death for trans-
plant candidates with MELD <15 and HCC at study
entry, we were unable to detect a significant survival
benefit for LDLT recipients compared to patients who
did not receive LDLT (HR ¼ 0.82, 95% CI 0.36-
1.89; P ¼ 0.65). In a similar analysis for patients with
MELD �15 at study entry and HCC, patients who
underwent LDLT had significantly lower mortality risk
than those who did not receive LDLT (HR ¼ 0.29,
95% CI 0.09-0.96; P ¼ 0.043). When analysis was re-
stricted to those candidates with HCC (adjusted for
MELD at transplant, age at transplant, HCV infection,
and cholestatic liver disease) who actually received ei-
ther DDLT or LDLT, posttransplant survival did not
differ between recipients of LDLT or DDLT. For

Table 2. Five-Year Mortality (%)* and Relative Risk of Mortality (HR)y According to MELD Score at First Potential Living
Donor Evaluation for Transplant Candidates Without HCC

MELD at Entry LDLT 5-yr Mortality (%) Non-LDLT 5-yr Mortality (%) HR LDLT vs. No LDLT 95% CI P-value

MELD 6-10 5.5% 32.1% 0.43 (0.17, 1.05) 0.063

MELD 11-14 24.0% 36.0% 0.38 (0.21, 0.70) 0.0021

MELD 15-19 14.3% 27.6% 0.42 (0.23, 0.77) 0.005

MELD 20þ 20.1% 33.4% 0.44 (0.19, 1.02) 0.056

*Mortality shown for patient age 50, with HCV, no other cholestatic disease, and MELD ¼ 8, 12, 16, and 25 for the MELD <10, 11-14, 15-19, and 20þ
groups, respectively.

†Based on sequential stratification model (see text).

1318 BERG ET AL. HEPATOLOGY, October 2011



candidates with MELD less than 15 at enrollment and
HCC the HR was 2.17 (versus DDLT), P ¼ 0.19. For
candidates with MELD �15 at enrollment and HCC,
the HR was 1.10 (versus DDLT), P ¼ 0.91.

Discussion

There is considerable uncertainty regarding the ben-
efit of liver transplantation in adult candidates with
low MELD scores. Prior work demonstrated little or
no net survival benefit for transplant candidates with
low MELD scores (MELD <15) who received DDLT
in the U.S.5 This observation resulted in a major
change in deceased donor liver allocation policy in the
U.S., termed Share15, in a manner that markedly lim-
ited the opportunity for receipt of DDLT for adult
candidates with low MELD scores. Subsequent analysis
employing SRTR data suggested a positive transplant
benefit (incorporating pretransplant and posttransplant
mortality risk measures) for transplant candidates at
somewhat lower MELD scores.6 The majority of liver
transplant candidates with MELD scores of 12 or
greater would benefit from liver transplantation based
on that analysis. Timely receipt of DDLT for such
liver transplant candidates with MELD scores of 12-
15, however, is unlikely in the setting of allocation
policies that preferentially offer DDLT to candidates
with the highest MELD scores in order to minimize
waitlist mortality. For example, in the current analysis
only 42% of candidates with MELD <15 who did
not undergo LDLT received DDLT within 12 months
of donor evaluation.
An alternative strategy to achieve timely transplanta-

tion for candidates with lower MELD scores is LDLT.
The A2ALL consortium enrolled a large cohort of
patients with low MELD scores for whom LDLT was
an option, and thus analysis of patients enrolled in
this study provided an opportunity to ascertain
whether LDLT in patients with low MELD offers
transplant survival benefit. As detailed above, receipt
of LDLT in candidates without HCC whose MELD
scores were less than 15 at time of study enrollment
was associated with significant survival advantage in
comparison to waiting for, or receiving, DDLT. Such
benefit could be the result of either diminished waitlist
mortality, or improved posttransplant survival. As post-
transplant survival was similar in both LDLT and
DDLT recipients in the MELD <15 group, the net
survival benefit must be attributed largely to reduced
waitlist mortality. Although low MELD scores have
been associated with relatively low risk of death at 90
days and 1 year,10-12 10.8% of low MELD patients

died on the waitlist at a median of 9.8 months follow-
ing entry into this cohort. This number approximates
the percentage difference in estimated 3-year mortality
between the LDLT recipients and non-LDLT recipients
(Fig. 2). Avoidance of waitlist deaths as a consequence
of timely transplant, as reflected by a median wait for
LDLT of 3.0 months after study entry, thus appears to
be the major contributor to favorable outcomes in the
low MELD group. Additional support for the notion
that the primary survival benefit associated with LDLT
is avoidance of waitlist mortality is derived from analy-
sis of outcomes in the candidates with HCC with
MELD <15. LDLT was not associated with significant
survival benefit in this group, for whom waiting time
for LDLT (median 1.6 months) was only slightly less
than waiting time to DDLT (median 2.2 months).
We considered an alternative explanation for the sur-

vival benefit experienced by LDLT recipients in the
MELD <15 group and explored the possibility that the
quality of the DDLT grafts received by these patients
was inferior, and resulted in higher posttransplant mor-
tality following DDLT. Three lines of evidence refute
this speculation. First, as mentioned above, posttrans-
plant survival was not different in low MELD patients
who received LDLTand those who received DDLT (HR
¼ 0.96, P ¼ 0.91 for non-HCC recipients). Second, we
examined the DRI for the DDLTorgans received by the
low MELD candidates enrolled in A2ALL, and com-
pared that to the median DRI of high MELD patients
receiving DDLT at the participating centers. The me-
dian DRI for the DDLT organs received by the MELD
<15 candidates without HCC who were enrolled in
A2ALL was very similar to the median DRI for DDLT
organs transplanted during the post-MELD era into
recipients at A2ALL centers with MELD �15 at listing
who had not enrolled in A2ALL. Most important, recip-
ients of DDLT enrolled in A2ALL did not have higher
posttransplant mortality than non-A2ALL-enrolled
recipients of DDLTat the same centers.
As has been true throughout the history of LDLT,

the survival benefits observed here for LDLT recipients
must be balanced by the risks of morbidity and mor-
tality experienced by LDLT donors. It must also be
recognized that the A2ALL study does not reflect the
outcomes of a randomized trial of LDLT versus those
listed for DDLT at the nine A2ALL transplant centers.
Rather, the study reports on the observational out-
comes experienced by transplant candidates for whom
consideration of living liver donation was felt to be an
appropriate option by the treating transplant team,
and was possibly available, based on the presence of a
donor presenting for evaluation at the participating
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transplant center. It could be postulated that the candi-
dates with low MELD scores for whom LDLT was
seriously entertained by our transplant centers repre-
sent a group of individuals with perceived increased
risk of mortality beyond that associated with their
MELD score. This possibility was explored by examin-
ing the frequency of hepatic encephalopathy, ascites,
variceal hemorrhage, previous upper abdominal sur-
gery, spontaneous bacterial peritonitis, hyponatremia
(Na <135 mEq/L), and TIPS in patients enrolled in
A2ALL at the nine participating centers, as well as in
listed transplant candidates at the nine centers who
were not enrolled in the A2ALL study. Somewhat
unexpectedly, there was no significant difference in the
frequency of these complications in those candidates
for whom LDLT was seriously contemplated (i.e., for
whom a donor was evaluated at their transplant center)
and in those who did not have such a donor. Despite
this objective finding, there remains the possibility that
experienced transplant teams still may have applied
some selection bias in the recommendation of pursuit
of LDLT in their centers such that the reported sur-
vival benefit may not be universally obtained by all
candidates. Given this possibility, one should remain
cautious about the generalized pursuit of LDLT in all
candidates with low MELD scores presenting to trans-
plant centers. Future analyses of very large cohorts of
LDLT recipients may permit the further identification
of subsets of candidates who receive maximal benefit
from this procedure.
The majority of transplant candidates in the A2ALL

retrospective study1 underwent both listing and trans-
plant prior to the initiation of the MELD-based liver
allocation system. In the current MELD era analysis,
candidates who enrolled in A2ALL with MELD �15,
who did not have HCC, and who received LDLT, had
markedly lower mortality compared to those waiting
for or receiving DDLT (HR 0.42, 95% CI 0.26-0.69;
P ¼ 0.0006). This survival benefit was similar to that
previously reported by our group1 and strongly sup-
ports the continued application of LDLT in this group
of patients with higher MELD scores. As there were
only 27 patients enrolled in A2ALL in the post-
MELD era with MELD scores at enrollment of greater
than 30, and only eight of these patients received
LDLT, we were unable to perform an analysis re-
stricted to transplant candidates with very high MELD
scores and cannot comment on the presence or ab-
sence of possible futility associated with LDLT in these
high MELD candidates.
Fifteen percent of the patients in the current analysis

carried a diagnosis of HCC. As detailed in Table 1,

patients who ultimately went on to receive LDLT were
more likely to have stage T3 or higher tumors than
those who received DDLT, most likely as a consequence
of standardized (higher) exception MELD scores for
those with stage T2 HCC, which permitted relatively
expeditious DDLT. It is of note that despite the rela-
tively large percentage of patients with T3 tumors, fairly
quick access to DDLT was noted for the HCC patients
with lower laboratory MELD scores, such that wait
times for DDLT for these patients was far less than that
for non-HCC candidates (7.9 months median wait for
DDLT for MELD <15 candidates without HCC who
received DDLT versus 2.2 months median wait for
MELD <15 candidates with HCC). This wait time for
DDLT for low MELD HCC patients was similar to the
wait time for LDLT in this group (median 1.6 months).
In this setting, the lack of a survival advantage associated
with receipt of LDLT for low MELD HCC transplant
candidates was not surprising. Transplant candidates
with MELD �15 with HCC had significantly lower
mortality with LDLT.
In summary, results from the A2ALL study in the

MELD liver allocation era continued to demonstrate
significant survival advantage associated with receipt of
LDLT in comparison with continued waiting for
DDLT. This survival benefit exists for patients with low
laboratory MELD scores and for patients with MELD
scores of 15 and higher. These results justify a continued
role for LDLT in the U.S., especially in the context of a
severe and ongoing limitation in the supply of deceased
donor organs and substantial waitlist mortality. The
data presented in this study should serve to guide the
discussion that occurs between transplant physicians and
transplant candidates regarding the survival benefits
associated with receipt of a living donor liver transplant.
With the identification and quantification of this sur-
vival benefit, transplant candidates and centers may be
better prepared to advocate for pursuit of living donor
liver transplantation in transplant candidates. Future
efforts should focus on delineating those transplant can-
didates that benefit most from receipt of LDLT and on
identifying those patients for whom DDLT serves as the
best avenue to successful transplantation.
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