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Abstract

Objective—To determine if A2ALL (Adult-to-Adult Living Donor Liver Transplantation Cohort
Study) findings are reflected in the national experience, and further define risk factors for patient
mortality and graft loss in living donor liver transplantation (LDLT).

Background—A2ALL previously identified risk factors for mortality after LDLT, including
early center experience, older recipient age and duration of cold ischemia.

Methods—LDLTs at the 9 A2ALL centers (n=702) and 67 non-A2ALL centers (n=1664) from
1/1/98 to 12/31/07 in the Scientific Registry of Transplant Recipients database were analyzed.
Potential predictors of time to death or graft failure were tested using multivariable Cox
regression, starting at time of transplant.

Results—There was no significant difference in overall mortality between A2ALL and non-
A2ALL centers. Higher mortality hazard ratios (HR) were associated with donor age (HR=1.13/10
years, P<0.001), recipient age (HR=1.20/10 years, P<0.001), serum creatinine (HR=1.52 (log
scale), P<0.001), diagnosis of HCC (HR=2.12, P<0.001) or HCV (HR=1.18, P=0.03), ICU
(HR=2.52, P<0.001) or hospitalized (HR=1.62, P<0.001) vs home, and earlier center experience
(LDLT case number <15, HR=1.61, P<0.001; HR=2.24, P<0.001 among A2ALL centers,
HR=1.45, P=0.005 among non-A2ALL centers). Cold ischemia time (CIT) >4.5 hours was also
associated with higher mortality (HR=1.79, P<0.001). Other than for center experience,
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comparisons of risk factor effects between A2ALL and non-A2ALL centers were not significant.
Increased risk of graft failure in early experience was comparable in both groups.

Conclusions—Mortality risk factors were similar at A2ALL and non-A2ALL centers. Variables
associated with graft loss were identified and showed similar trends, with some minor differences
in degree of significance. These analyses demonstrate that the findings from the A2ALL
consortium are relevant to other centers in the U.S. performing LDLT, and conclusions and
recommendations from A2ALL may help guide clinical decision making.
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Introduction

In response to the organ donor shortage, living donor liver transplantation (LDLT) was
expanded to adult recipients, with rapid growth across the U.S. after the first reported case in
1998 (1). Limited numbers of cases were performed at most centers and approaches to the
recipient and donor were so diverse across centers that it was difficult to provide reliable
information on outcomes that could be generalized and used for patient education.
Therefore, in 2002, the National Institutes of Health, with supplemental funding from the
American Society of Transplant Surgeons and the Health Resources and Services
Administration, U.S. Department of Health and Human Services, organized a consortium of
nine liver transplantation centers and a data coordinating center to accrue and follow
sufficient numbers of patients being considered for and undergoing right lobe LDLT to
provide results from adequately powered studies. The Adult-to-Adult Living Donor Liver
Transplantation Cohort Study (A2ALL) was developed with the aim of providing accurate
information on the risks and benefits of adult-to-adult LDLT for both donors and recipients.
Retrospective and prospective studies were initiated with a primary goal of providing
information on donor and recipient outcomes over a decade from 1998 to 2008. Follow-up
data collection was completed in 2009, and a subsequent renewal of A2ALL with additional
centers has now been refunded by the NIH.

The first report from the nine clinical centers in the A2ALL consortium focused on the
predictors of graft loss after LDLT. A learning curve was identified, with graft failure risk
decreasing significantly after the first 20 adult-to-adult LDLTSs in each center (2). In the
initial report, additional risk factors for graft failure after LDLT were also identified,
including older recipient age and duration of cold ischemia. Other variables found not to be
significant included Model for End-stage Liver Disease (MELD) score, hepatitis C virus
(HCV) status, and donor age.

Since graft failure is only one contributor to post-transplant mortality, it is also important to
determine if the significant risk factors associated with graft failure identified by A2ALL
also apply to recipient mortality at A2ALL as well as non-A2ALL centers. As A2ALL
moves ahead to additional studies in its second phase, it is important to analyze the first
phase of A2ALL and compare to other US centers. If the findings correlate with outcomes at
other centers, then A2ALL reports can be viewed as representative of national results.
Therefore, the aims of this study were to determine if the previous reported findings of the
importance of center experience and other predictors of outcome in the A2ALL study are
reflected in the national LDLT experience.

Liver Transpl. Author manuscript; available in PMC 2012 July 1.
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Experimental Procedures

Statistical

Data for this study were obtained from the Scientific Registry of Transplant Recipients
(SRTR) under a data use agreement. SRTR data are sourced from national transplant data
voluntarily submitted by all transplant centers in the U.S. to the Organ Procurement and
Transplantation Network (OPTN), and are supplemented with data from the Social Security
Death Master File (SSDMF) to identify deaths not reported by transplant centers. The
multiple-source follow-up or censoring date was calculated as the transplant anniversary
(six-month, one-year, two-year, etc.) immediately preceding the current SRTR database
snapshot date (August 1, 2008), allowing an extra three month lag to ensure completion of
forms. Graft failure was defined as the date of the earlier of retransplant or death.

Comparison of A2ALL centers to non-A2ALL centers was done by analyzing LDLT
recipients at nine A2ALL (n=702) and 67 non-A2ALL centers (n=1664) from 1/1/1998 to
12/31/2007. A case number was assigned for each LDLT transplant, based on the number of
LDLT previously performed at that center up to that date. Cold ischemia time (CIT) was
defined as time from donor cross clamp to graft removal from ice. CIT data from the
A2ALL retrospective cohort study were used to augment the data available in SRTR due to
substantial missing data in the latter.

analysis

Descriptive statistics included means, ranges, standard deviations (s.d.) and proportions.
Potential predictors of time from LDLT to death or graft failure were tested by fitting
multivariable Cox regression models, starting at time of transplant, with adjustment for
center clustering using robust variances based on the sandwich estimator. Covariate effects
are reported as hazard ratios (HR) with 95% confidence intervals (CI). Covariates evaluated
include center type (A2ALL vs. non-A2ALL), center-specific LDLT case number,
transplant year (before vs. after 12/31/2000), recipient age, recipient weight, donor age,
donor weight, hepatocellular carcinoma (HCC) and HCV diagnoses, presence of ascites,
pretransplant status (ICU, hospital (non-1CU), home), CIT, serum creatinine, and biological
relationship (biologically related vs. non-related). A2ALL data from SRTR were augmented
with CIT data from A2ALL when not available in SRTR, which was not possible for the
non-A2ALL data. Because of the level of missing CIT data in SRTR, separate CIT models
were fit using the subset of the cohort with complete CIT data. Statistical interactions
between center type and other predictors were tested. Assessment of the association of
patient and graft survival with case number was performed by estimating the HR by 5-case
intervals (e.g., case 1-5, 6-10, etc.), with case number >30 as the reference category. When
individual center effects were added to the models using indicator variables, variability in
mortality among centers was statistically significant (P<0.001), even when limited to centers
with more than 10 LDLT cases (P<0.001), thus motivating the analysis adjusted for center
clustering. P-values <0.05 were considered to be statistically significant. All analyses were
carried out using SAS 9.2 statistical software (SAS Institute Inc., Cary, NC).

Human Subjects Protection

The study was approved by the Institutional Review Boards and Privacy Boards of the
University of Michigan Data Coordinating Center and each of the nine participating
transplant centers.
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Results

Patient characteristics

Characteristics of patients from A2ALL and non-A2ALL centers are shown in Table 1.
Mean donor and recipient age were similar between A2ALL and non-A2ALL centers. A2All
centers had higher mean MELD scores and a higher percentage of recipients with HCV.
A2ALL centers also had a higher percentage of left lobe recipients, but this was very small
in both (5% vs 4%). Overall mean creatinine was not different, but a significantly higher
percentage of non-A2ALL patients had serum creatinine < 0.7 mg/dl. The non-A2ALL
group also had a higher percentage of HCC and a higher percentage of ICU and hospitalized
recipients. A2ALL LDLT grafts had a significantly shorter mean cold ischemia time.
Because most non-A2ALL centers never exceeded 15 LDLT cases in total, the proportion of
recipient case numbers <15 was significantly higher in this group (33% vs. 19%; P<0.001).

Transplant centers and volume

A total of 2366 LDLTs were performed during the study period, including 702 (30%) at the
nine A2ALL centers and 1664 (70%) at 67 non-A2ALL centers. Two-thirds (42/67) of the
non-A2ALL centers performed 15 or fewer LDLTs over the 10-year study period. Five non-
A2ALL centers and three A2ALL centers each performed more than 100 LDLTSs. The
number of years of activity (=1 LDLT per year) between 1998 and 2007 varied widely
among non-A2ALL centers (median=4 years, range 1-10), with only 1/67 (1.5%) programs
active in all 10 years. In contrast, 3/9 (30%) A2ALL centers were active during each year
(median=9 years, range 7-10).

A2ALL centers were among the first to implement LDLT programs. All nine A2ALL
centers performed their first LDLT by the end of 2000, whereas approximately one-third of
the 67 non-A2ALL centers performed their first LDLT in 2001 or later (Figure 1a). The
distribution of LDLTs over time was relatively similar between the two groups (Figure 1b).
However, it is important to note that the non-A2ALL cases reflect many centers starting and
stopping, whereas the A2ALL cases are from nine centers that continued their activity
throughout the study period. The national trend has been toward fewer centers performing
LDLT. In 2008 and 2009, only 32 and 33 (respectively) adult liver transplant programs in
the U.S. performed LDLT, of which eight were A2ALL centers. A2ALL centers performed
30% and 37% of all U.S. LDLTs in those two years, respectively. The number of LDLTs
performed in the U.S. peaked at 411 in 2001, and gradually declined to 198 in 2007 (Figure
1c). Although the total number of adult LDLT has continued to decline over the last 2 years
in non-A2ALL centers (124 in 2008 and 106 in 2009), the A2ALL numbers have slightly
increased in 2008 (n=54) and 2009 (n=62).

Patient mortality

Overall adjusted post-transplant mortality risk decreased after centers gained experience.
When center experience was divided into 5-case intervals, a threshold from higher to lower
mortality risk was observed at case 15 at A2ALL centers, and at case 10 at non-A2ALL
centers in separate models (Figure 2a). For subsequent analyses combining the A2ALL and
non-A2ALL transplants, we used a threshold of case 15 to differentiate earlier center
experience (cases 1 to 15) from later center experience (case 16 and higher).

Compared to later experience, earlier center experience was associated with significantly
higher mortality risk in both A2ALL (HR=2.24, P<0.0001) and non-A2ALL centers
(HR=1.45, P=0.005) (Table 2; Figure 3a). Compared to non-A2ALL centers that went on to
perform more than 15 LDLTSs, mortality during the early experience was higher in both
A2ALL centers (HR=1.9, P<0.001) and non-A2ALL centers that stopped by case 15
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(HR=1.44, P<0.001). There was no statistical difference between A2ALL centers during
early experience and non-A2ALL centers that never did more than 15 cases (HR=1.05,
P=0.80).

Additional significant predictors of mortality (both groups combined) were identified (Table
2). Older donor age (HR=1.13 per 10 years, P<0.001), older recipient age (HR=1.20 per 10
years, P<0.001), diagnosis of HCV (HR=1.18, P=0.03), diagnosis of HCC (HR=2.12,
P<0.001), higher serum creatinine (HR=1.52 per log, unit increase, P<0.001), medical
condition (ICU vs home: HR=2.52, P<0.001; hospitalized vs home: HR=1.62, P<0.001), and
early center experience (case number <15 vs. >15, HR=1.61, P<0.001), were each
significantly associated with higher mortality risk. In a subset with available CIT data, CIT
>4.5 hours was associated with significantly higher mortality risk (HR=1.79, P<0.001), but
occurred in only 4-6% of the grafts. There was no significant difference in patient mortality
risk between the eras before and after 12/31/2000 after adjustment for center experience and
other covariates.

In separate analyses of A2ALL centers and non-A2ALL centers, all associations were
consistent in direction, although there were some differences in effect size and significance
between A2ALL and non-A2ALL centers. Medical condition was a significant predictor of
patient mortality in non-A2ALL centers (ICU vs home: HR=2.89, P<0.001; hospitalized vs
home: HR=1.67, P<0.001), but not in A2ALL centers. We tested for differences in the
association of each factor by center type (i.e., statistical interaction). The only significant
interaction was with center experience, where the effect was significantly stronger at
A2ALL than non-A2ALL centers, as reported above (HR=2.24 vs. HR=1.45, interaction
P=0.04).

When center experience was divided into 5-case intervals, the threshold from higher to
lower graft failure risk was identified at case 15 at A2ALL centers, and at case 10 at non-
A2ALL centers (Figure 2b). As with mortality analyses, we used a threshold of case 15 to
differentiate earlier from later center experience in models that included A2ALL and non-
A2ALL centers.

A2ALL and non-A2ALL centers had similarly higher graft failure risk during the early
experience period (combined HR=1.61, P<0.0001) compared with the experience after
completing at least 15 cases (Table 3 and Figure 3b). During their early experience, non-
A2ALL centers that never did more than 15 cases had significantly higher graft failure than
the non-A2ALL centers with total cases > 15 (HR=1.30, P=0.002). This significant
difference in early experience was not seen when non-A2ALL centers that performed <15
LDLT were compared with A2ALL centers during their early experience (HR=1.23,
P=0.25).

Significant predictors of graft failure (both groups combined) were identified (Table 3).
Older donor age (HR=1.13 per 10 years, P<0.001), diagnosis of HCC (HR=1.87, P<0.001),
higher serum creatinine (HR=1.26 per loge unit increase, P=0.05), medical condition (ICU
vs home: HR=2.67, P<0.001; hospitalized vs home: HR=1.49, P<0.001), and early center
experience (case number <15 vs. >15, HR=1.61, P<0.001) were associated with increased
risk of graft failure. Older recipient age (P=0.26), heavier recipient weight (P=0.06), and
HCYV diagnosis (P=0.23) were also associated with increased graft failure, and were retained
in the model for face validity, even though they were not statistically significant. In the
subset with CIT data, CIT >4.5 hours (HR=1.49, P=0.05) was associated with higher graft
failure risk.

Liver Transpl. Author manuscript; available in PMC 2012 July 1.
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In separate analyses of A2ALL centers and non-A2ALL centers with regard to factors
associated with graft failure, all associations except recipient age, recipient weight, and
hospitalized vs home were consistent in direction. Older recipient age (HR=1.26 per 10
years, P=0.001), serum creatinine (HR=1.43, P=0.02), and diagnosis of HCV (HR=1.41,
P=0.02) were more significant predictors of graft failure in A2ALL centers than non-
A2ALL centers. The effect of CIT on graft failure risk was significantly stronger in A2ALL
centers (HR=3.25, P<0.0001) compared to non-A2ALL centers (HR=1.29, P=0.34).
Recipient weight (HR=1.09 per 10 pounds, P=0.01) and medical condition (ICU vs home:
HR=3.12, P<0.001; hospitalized vs home: HR=1.58, P<0.001) were significant predictors of
graft failure in non-A2ALL centers, but not in A2ALL centers. We tested for differences by
center type (i.e., statistical interaction), and found that center type only had a significant
statistical interaction with recipient age (P=0.03) and CIT (P=0.03).

Discussion

As the transplant community continues to make efforts to define the most appropriate role
for LDLT, it is important to identify the significant clinical risk factors associated with graft
failure and recipient mortality. Within the A2ALL consortium, one of the first observations
about adult-to-adult LDLT was the significant learning curve, with improved graft survival
after the first 20 cases at each center (2). We have also recently described a decrease in the
incidence of recipient and donor complications following a period of experience (3,4).
Similar findings have been reported in large single center reports, where patient and graft
survival has improved significantly after initial center experience (5-7). Significant clinical
characteristics associated with graft loss, including older recipient age and cold ischemic
time were also identified. With the first phase of A2ALL completed, and the second phase
beginning, it was important to determine whether the findings of the A2ALL consortium are
representative of centers throughout the U.S. with respect to experience and post-transplant
outcomes, specifically graft failure and patient mortality. Equally important was the goal to
identify any significant similarities and differences between A2ALL and non-A2ALL
centers with regard to other factors affecting outcome that might alter the applicability of
A2ALL findings to the general pool of patients undergoing LDLT, and provide evidence
regarding the most appropriate recipients of LDLT.

In this report we have again shown that there was an association of center experience with
regard to both patient and graft outcome following LDLT in the U.S. experience. Non-
A2ALL centers that never did more than 15 cases had significantly higher graft failure than
those that went on to do more. After the initial 15 cases, both A2ALL and non-A2ALL
centers demonstrated a significant decrease in post-transplant mortality. While the A2ALL
centers had significantly higher mortality rates for their first 15 cases, it only took 10 LDLT
cases for non-A2ALL centers to see their results improve, perhaps due to the fact that many
non-A2ALL centers started in later years, with experienced teams moving from centers that
had already performed LDLT. By comparison, most A2ALL centers maintained a stable
surgery and hepatology team composition over the years.

Learning curves are often described after the introduction of a new procedure, but no new
complex procedures have been introduced in the field of liver transplant in the last 10 years
except for right lobe LDLT. Relationships between experience and outcome in kidney, liver,
and heart transplantation have been reported (8,9), with outcomes being better at high
volume centers, and a strong relationship has been reported between higher surgeon volume
and decreased morbidity and mortality with other complex surgical procedures (10,11).
Therefore, the learning curve noted here was not unexpected, since the introduction of adult-
to-adult LDLT was a major technical development from deceased donor liver
transplantation.

Liver Transpl. Author manuscript; available in PMC 2012 July 1.
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It was also equally important to determine what other clinical factors contribute to mortality
after LDLT, and if they were comparable in both A2ALL and non-A2ALL centers. These
findings can help centers select the most appropriate donor and recipient for the LDLT
procedure for the best outcome. For all centers, we found that older recipient age, donor age,
diagnosis of HCC, higher creatinine (a major component of MELD), and being hospitalized
or in ICU all contributed to recipient mortality. When we explored the clinical risk factors
for mortality in A2ALL and non-A2ALL centers that were available, we found that these
risk factor effects were not significantly different between A2ALL and non-A2ALL centers.
The separate A2ALL and non-A2ALL models gave results of consistent direction and fairly
similar magnitudes.

With regard to graft failure, we also found similar risk factor estimates in the A2ALL and
non-A2ALL groups. When the cohorts were combined, older donor age, diagnosis of HCC,
higher serum creatinine, and location in the ICU were each associated with a higher risk of
graft loss. There were some differences in the effects of individual predictors between the
two groups, recipient age and CIT were the only two variables that demonstrated statistically
significant differences in their effects between the A2ALL and non-A2ALL cohorts. The
CIT discrepancy may be explained by the fact that we were able to supplement missing
SRTR data with A2ALL data for this field, and although the missing CIT data in SRTR may
have affected the coefficient estimates, we have previously reported that CIT is significantly
associated with various outcomes in A2ALL (2,3,12,13). It is more difficult to explain the
difference in the significance of recipient age in the A2ALL group versus the non-A2ALL
group. Nonetheless, each of these factors may be of clinical importance, either alone or in
combination, and should be considered when making decisions regarding donor and
recipient selection for LDLT.

The A2ALL multicenter consortium was formed to address outcomes in both donors and
recipients with detailed prospective data collection, with the goal of generalizing these
results to the national experience since detailed data collection and reporting is not feasible
on a national scale. This report demonstrates that the A2ALL study results are generally
representative of national outcomes. While incomplete data collection and lack of
granularity in the SRTR data may contribute to some of the differences noted in this study,
we have shown comparability between the groups with regard to magnitude and direction of
risk factor effects.

Limitations of this study may include missing data and misclassification in the SRTR data
for the covariates and outcomes investigated (14), and potential secular trends not captured
in the statistical modeling, although era effects (before vs after 12/31/2000) were tested.
Also, due to the limitation of variables available in the SRTR database, we were not able to
demonstrate comparability of A2ALL with non-A2ALL centers for other published A2ALL
results, such as donor and recipient complication, and graft size.

From these results of all U.S. centers performing LDLT, we have shown that gaining initial
experience is important to improve survival after LDLT, irrespective of when a center starts
an adult LDLT program. The data also demonstrate that there is a continued decline in the
number of adult LDLTs performed outside of the A2ALL consortium, which may
demonstrate the natural tendency of these procedures to gravitate to experienced centers.

The analyses presented here support the application of findings from the A2ALL consortium
to other centers in the U.S. performing LDLT. As we embark on further studies in the
second phase of A2ALL, it is the goal of the A2ALL consortium that analyses of the
detailed data and the lessons learned may contribute to the future advancements on a
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national scale and A2ALL findings may be used to provide guidance for center performance
and clinical decision-making in the field of adult-to-adult LDLT.
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Figure 1a: Distribution of 15t Transplant Date
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Figure 1b: Distribution of LDLT Transplant Dates During 1998 — 2007
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Figure 1c: Number of LDLT Transplants During 1998 — 2007
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Figure 1.

Figure 1a. Year of first living donor liver transplant (LDLT) in A2ALL (n=9) and non-
A2ALL (n=67) centers.

Figure 1b. Percent of LDLTs performed by year between 1998 and 2007 in A2ALL and
non-A2ALL centers.

Figure 1c. Number of LDLTSs performed by year between 1998 and 2007 in A2ALL and
non-A2ALL centers.
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Figure 2.

Relative risk of (a) patient mortality or (b) graft failure by center LDLT case number
(Dashed line: A2ALL, Solid line: Non-A2ALL). Reference category: non-A2ALL center
with case number >30. Adjusted for recipient and donor age, HCC and HCV diagnoses,
creatinine, and medical condition at transplant; the graft failure model was also adjusted for

recipient weight.
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(a) Patient survival or (b) graft survival by center type and case humber from an adjusted
model, plotted for the mean covariate values of recipient (50) and donor age (37) at
transplant, HCC (0.07) and HCV (0.37) diagnoses, creatinine (—0.09), and medical
condition (ICU=0.04, hospitalized=0.12). The graft survival model was also adjusted for
recipient weight (77 kg).
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