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Abstract

Context—In February 2002, the allocation system for liver transplantation became based on the
Model for End-Stage Liver Disease (MELD) score. Before MELD, black patients were more
likely to die or become too sick to undergo liver transplantation compared with white patients.
Little information exists regarding sex and access to liver transplantation.

Objective—To determine the association between race, sex, and liver transplantation following
introduction of the MELD system.

Design, Setting, and Patients—A retrospective cohort of black and white patients (= 18
years) registered on the United Network for Organ Sharing liver transplantation waiting list
between January 1, 1996, and December 31, 2000 (pre-MELD cohort, n=21 895) and between
February 28, 2002, and March 31, 2006 (post-MELD cohort, n=23 793).

Main Outcome Measures—Association between race, sex, and receipt of a liver transplant.
Separate multivariable analyses evaluated cohorts within each period to identify predictors of time
to death and the odds of dying or receiving liver transplantation within 3 years of listing. Patients
with hepatocellular carcinoma were analyzed separately.

Results—Black patients were younger (mean [SD], 49.2 [10.7] vs 52.4 [9.2] years; £< .001) and
sicker (MELD score at listing: median [interquartile range], 16 [12-22] vs 14 [11-19]; £<.001)
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than white patients on the waiting list for both periods. In the pre-MELD cohort, black patients
were more likely to die or become too sick for liver transplantation than white patients (27.0% vs
21.7%) within 3 years of registering on the waiting list (odds ratio [OR], 1.51; 95% confidence
interval (Cl), 1.15-1.98; £=.003). In the post-MELD cohort, black race was no longer associated
with increased likelihood of death or becoming too sick for liver transplantation (26.5% vs 22.0%,
respectively; OR, 0.96; 95% Cl, 0.74-1.26; P=.76). Black patients were also less likely to receive
a liver transplant than white patients within 3 years of registering on the waiting list pre-MELD
(61.6% vs 66.9%; OR, 0.75; 95% CI, 0.59-0.97; P=.03), whereas post-MELD, race was no
longer significantly associated with receipt of a liver transplant (47.5% vs 45.5%, respectively;
OR, 1.04;95%Cl, 0.84-1.28; P=.75).Women were more likely than men to die or become too
sick for liver transplantation post-MELD (23.7% vs 21.4%; OR, 1.30; 95%Cl, 1.08-1.47; P=.
003) vs pre-MELD (22.4% vs 21.9%; OR, 1.08; 95% ClI, 0.91-1.26; £=.37). Similarly, women
were less likely than men to receive a liver transplant within 3 years both pre-MELD (64.8% vs
67.6%; OR, 0.80; 95% ClI, 0.70-0.92; P=.002) and post-MELD (39.9% vs 48.7%; OR, 0.70; 95%
Cl, 0.62-0.79; P<.001).

Conclusion—Following introduction of the MELD score to the liver transplantation allocation
system, race was no longer associated with receipt of a liver transplant or death on the waiting list,
but disparities based on sex remain.

The Model for End-Stage Liver Disease (MELD) score has been used by the Organ
Procurement and Transplantation Network (OPTN) since February 2002 as the basis for
allocation of deceased donor livers for transplantation among adults in the United States.12
Its use reflects the Institute of Medicine’s recommendations for a system based on objective
criteria with less emphasis on waiting time.3

The previous allocation system included subjective assessments of disease, such as the
severity of ascites and encephalopathy, and placed great emphasis on waiting time. Under
that system, a patient referred late in the course of cirrhosis was disadvantaged and could die
waiting for an organ, while another patient with more accrued time on the waiting list but
less severe disease received a transplant.

The MELD score is based on objective laboratory variables (bilirubin, creatinine, and the
international normalized ratio for the prothrombin time) and predicts the risk of mortality
within 3 months. In the current system, patients with higher MELD scores receive greater
priority for organ allocation regardless of the amount of time spent on the waiting list. The
current system also prioritizes patients with hepatocellular carcinoma (HCC) to increase
their likelihood of undergoing liver transplantation before disease progression renders them
ineligible. Studies of the first year under the MELD system reported improved
transplantation rates and decreased mortality on the waiting list.

An investigation of the previous allocation system by Reid et al® assessed access to liver
transplantation by race using OPTN data. They demonstrated that black patients were
underrepresented on the waiting list, had more advanced disease at listing, and were more
likely to die while awaiting liver transplantation.® These data confirmed previous studies
and highlighted decreased access to liver transplantation among black patients despite
greater burden of liver disease.”8 Relatively little is known about access to liver
transplantation based on sex and whether the use of the MELD score has disadvantaged one
sex over another. One study,® reported only in abstract form, showed that women in the
MELD-based allocation system had higher mortality and were less likely to undergo liver
transplantation than men. Our study uses a national database to determine whether race- or
sex-based disparities exist in access to liver transplantation in the MELD era.

JAMA. Author manuscript; available in PMC 2013 May 01.
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METHODS

Study Population and Data Collection

The OPTN database of the United Network for Organ Sharing (UNOS) was used to identify
patients registered on the waiting list on or before April 24, 2006, during 2 periods, pre-
MELD (January 1, 1996—-December 31, 2000) and post-MELD (February 28, 2002—-March
31, 2006). The study population comprised all non-Hispanic black and non-Hispanic white
patients aged 18 years or older who were liver transplant waiting list registrants during those
periods. Race is identified by patients when registering on the UNOS waiting list. Hispanics
were not included as the UNOS database has multiple variables that identify race and
ethnicity with often discordant results.

Patients listed for retransplantation or multiorgan transplantation were excluded. Given the
different criteria for organ allocation, patients were excluded if they were listed as status 1,
defined as fulminant liver failure with a life expectancy without liver transplantation of less
than 7 days. We also excluded patients listed as temporarily inactive because they could not
be properly assessed for receipt of liver transplantation. The UNOS variables collected
included listing date, age, sex, blood type, listing diagnoses, race, education level, insurance
payer, UNOS region, calculated MELD score at listing and removal, waiting time, reason
for removal from the waiting list, and comorbid illnesses. Waiting time was determined
using the first date each patient was placed on the waiting list and the date of removal from
the list.

Education level was grouped into 3 categories comprising no education or grade school
education, high school and attended college without degree, and college degree or higher.
The UNOS regions were grouped into 4 categories according to region of the country
(northeast = UNOS regions 1, 2, and 9; southeast = UNOS regions 3, 4, and 11; midwest =
UNOS regions 7, 8, and 10; and west = UNOS regions 5 and 6). Listing diagnoses were
grouped into 11 common diagnostic categories including cryptogenic cirrhosis, hepatitis C
virus, hepatitis B virus, Laennec cirrhosis, nonalcoholic steatohepatitis, autoimmune
hepatitis, primary biliary cirrhosis, primary sclerosing cholangitis, alpha-1 antitrypsin
deficiency, hemochromatosis, and HCC. All other diagnoses were combined into a category
designated “other.”

Patients with reasons for removal from the waiting list, such as emergency transplant, died
during transplant, and transplanted at another center, were combined into a category called
“transplanted.” Similarly, patients removed from the waiting list with reasons such as
medically unsuitable or too sick for liver transplantation were combined into a category
called “too sick for liver transplantation,” and patients whose reasons for removal from the
waiting list were identified as refused transplant, transferred to another center, other,
condition improved, living donor, and removed in error were combined into a category
called “other.” Patients who died before liver transplantation were kept as 1 category and
called “died.”

Statistical Analyses

The primary outcome measure was the association between black or white race and liver
transplantation in the MELD era compared with the previous allocation system. Secondary
outcomes of interest included the identification of other sociodemographic characteristics
associated with liver transplantation, including sex.

Patients listed for liver transplantation with and without HCC were analyzed independently.
Patients with HCC were systematically given priority in both the pre-MELD and post-
MELD cohorts, because neither the MELD score nor the previous allocation system

JAMA. Author manuscript; available in PMC 2013 May 01.
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accurately reflects the prognosis for HCC. Our initial analyses confirmed that patients with
HCC compared with patients without HCC waited significantly less time for liver
transplantation (median [range], 53 [19-143] vs 155.5 [37-478] days; £ < .001). These
observations confirmed that patients with and without HCC should be analyzed separately.

To assess the association between MELD score and race in receipt of liver transplantation,
we conducted separate sets of analyses for patients listed between 1996 and 2000 (pre-
MELD cohort) and patients listed between 2002 and 2006 (post-MELD cohort). First,
logistic regression analyses were performed to determine whether race was associated with
the likelihood of death or becoming too sick for liver transplantation or the likelihood of
liver transplantation within 3 years of listing. These analyses were restricted to patients
listed between January 1, 1996, and January 1, 1997 (pre-MELD analysis), and February 28,
2002, and March 31, 2003 (post-MELD analysis), to allow at least 3 years of follow-up.

Second, Cox proportional hazard regression models were used to study the association
between prognostic factors such as race and sex on death or becoming too sick for liver
transplantation while controlling for confounders.1? The Cox proportional hazard regression
models covered the entirety of the 2 periods and were used to account for differences in
follow-up times after listing among patients. They were also used to account for time-
dependent covariates such as age and calculated MELD score, because MELD is not a static
characteristic. Patients who did not die were censored. The assumption of proportionality
was tested via Kolmogorov-type supremum tests for each variable in the models.1! No
violations to this assumption were found for any of the models. Patients listed with and
without HCC were analyzed separately.

To determine which variables to include in the multivariable models, we first performed
univariate comparisons by the outcome of interest (liver transplantation, death, or becoming
too sick for liver transplantation) by each covariate including age, sex, blood type, listing
diagnoses, education level, insurance payer, region, calculated MELD score at listing and
removal, reason for removal from the waiting list, and comorbid illnesses, retaining those
variables with £<.05. Race, sex, and age were considered for inclusion regardless of the
univariate analysis. The models were built using forward selection of covariates retaining
covariates that improved the likelihood ratio or goodness of fit of the model. We also
compared each covariate by race for each group of patients.

Differences were tested by using ¢tests or Wilcoxon rank sum tests for continuous
predictors and Pearson Xz or Fisher exact tests for categorical variables depending on their
distribution. Covariates were selected a priori to any comparisons. Multicollinearity was
tested for predictor variables and linearity of the log assumption was verified for all
continuous predictors.12 Interactions between clinically relevant covariates were examined
including between race and calculated MELD score, race and blood type, race and region,
race and insurance payer, and sex and calculated MELD score. We determined that
calculated MELD score at listing and removal were highly correlated; therefore, only 1 was
included in the multivariable models. For all multivariable models, we excluded patients
with missing data.

All tests of significance were 2-sided, with £< .05 considered significant. Hazard ratios
(HRs) are reported for the Cox proportional hazard regression models and adjusted odds
ratios (ORs) are reported for the logistic regression analyses. All statistical analyses were
performed by using SAS statistical software version 9.1 (SAS Institute Inc, Cary, North
Carolina).

This study was approved by the institutional review board at Duke University Medical
Center, Durham, North Carolina.
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A total of 36 724 patients were registered on the UNOS liver transplantation waiting list in
the pre-MELD cohort, with 21 895 of these patients being included in the analyses. A total
of 42 187 patients were on the waiting list in the post-MELD cohort, with 23 793 of these
patients being included in the analyses (Figure).

Characteristics of the pre- and post-MELD cohorts of black and white patients listed for
liver transplantation with and without HCC are shown in Table 1. Black patients comprised
between 7.7% and 12.0% of listed patients, respectively. For both periods, differences
between black and white patients were more apparent among patients without HCC. Black
patients were significantly younger, more likely to be women, and had a lower education
level than white patients. Significantly more black patients had diabetes mellitus, drug-
treated systemic hypertension, and renal insufficiency in the post-MELD cohort.

Black patients without HCC were listed and removed from the liver transplantation waiting
list with significantly higher median (interquartile range) calculated MELD scores compared
with white patients (at listing: 16 [12-22] vs 14 [11-19], A< .001; and at removal: 18 [13-
26] vs 16 [11-22], P<.001). In the pre-MELD cohort, 810 black patients (49.2%) and 10
202 white patients (51.7%) listed without HCC received liver transplantation. The frequency
of liver transplantation was somewhat lower in the post-MELD cohort for both races, with
849 black patients (46.6%) and 8492 white patients (42.2%) receiving liver transplantation.

Women comprised between 19.0% and 38.3% of patients depending on the period. Women
were older than men at listing in both the pre-MELD (mean [SD]: 51.0 [10.7] vs 49.9 [9.4]
years; £<.001) and post-MELD (mean [SD]: 53.8 [9.9] vs 52.2 [8.9] years; P< .001)
cohorts. The rates of drug-treated systemic hypertension were lower for women vs men in
both the pre-MELD (4.75% vs 7.1%, P=.03) and post-MELD (17.9% vs 19.9%, P=.04)
cohorts, whereas the rates of diabetes mellitus were not significantly different by sex in
either period. Women who did not have HCC were listed and removed with lower median
(interquartile range) calculated MELD scores (at listing: 14 (10-18) for women vs 15 (11—
19) for men, P<.001; at removal: 15 (11-22) for women vs 16 (12-23) for men, £<.001).
A greater percentage of men received liver transplantation compared with women in the pre-
MELD cohort if listed without HCC (53.5% vs 48.3%) but not if listed with HCC (52.4% vs
56.4%). In the post-MELD cohort, fewer patients received liver transplantation overall and
men still had a greater frequency of liver transplantation than women if listed without HCC
(45.1% vs 37.7%). If listed with HCC in the post-MELD cohort, both men and women
received liver transplantation at high rates (72.2% vs 74.0%).

To assess the primary outcome of the association of race with receipt of liver transplantation
while controlling for factors known to be associated with liver transplantation or death on
the waiting list, several adjusted analyses were performed. The first of these analyses
revealed the odds of death or becoming too sick for liver transplantation within 3 years of
listing to be significantly higher in black vs white patients in the pre-MELD cohort (27.0%
vs 21.7%; OR, 1.51; 95% confidence interval [CI], 1.15-1.98; £=.003) but not in the post-
MELD cohort (26.5% vs 22.0%; OR, 0.96; 95% CI, 0.74-1.26; P=.76). This was also the
case for patients listed with a diagnosis of HCC (Table 2).

After adjustment for all relevant covariates, we found that black patients were significantly
less likely than white patients to receive liver transplantation within 3 years of listing in the
pre-MELD cohort (61.6% vs 66.9%; OR, 0.75; 95% CI, 0.59-0.97; P=.03) but not in the
post-MELD cohort (47.5% vs 45.5%; OR, 1.04; 95% CI, 0.84-1.28; P=.75). However, race
was not a significant predictor of receipt of liver transplantation within 3 years of listing if
listed with a diagnosis of HCC in the pre- or post-MELD cohorts (Table 2). Interaction
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between race and calculated MELD score was not predictive of results as it was
nonsignificant in our multivariable analyses.

Sex was significantly associated with death and liver transplantation after adjusting for race
despite the use of the MELD score (Table 3). Women were more likely to die or become too
sick for liver transplantation within 3 years of listing in the post-MELD cohort (23.7% of
women vs 21.4% of men; OR, 1.30; 95%CIl, 1.08-1.47; P=.003) but not in the pre-MELD
cohort (22.4% of women vs 21.9% of men; OR, 1.08; 95% CI, 0.91-1.26; A= .37). Women
were also less likely to receive a liver transplant within 3 years of listing in both the pre-
MELD (64.8% of women vs 67.6% of men; OR, 0.80; 95% CI, 0.70-0.92; P=.002) and
post-MELD (39.9% of women vs 48.7% of men; OR, 0.70; 95% Cl, 0.62-0.79; £<.001)
cohorts. Such differences were not observed if patients were listed with HCC (pre-MELD:
70.4% of women vs 48.4% of men; OR, 2.48; 95% Cl, 0.91-7.30; £=.08; vs post-MELD:
74.4% of women vs 78.4% of men; OR, 0.72; 95% CI, 0.41-1.31; P=.27). Interaction
between sex and MELD was also assessed and found to be nonsignificant.

Lastly, we assessed the risk of death or becoming too sick for liver transplantation by race
over the course of the entire 2 periods by using Cox proportional hazard regression models.
These models allowed us to assess the association between race and the risk of death at any
given point while controlling for other predictors known to affect the risk of death, such as
age and calculated MELD score. Black patients listed in the pre-MELD cohort without HCC
had a significantly higher risk of death compared with white patients (HR, 1.21; 95% ClI,
1.09-1.34; P<.001).

In the post-MELD cohort, the risk of death was no longer associated with race in these
patients (HR, 1.03; 95% ClI, 0.92-1.16; P = .61). Race also was not associated with the risk
of death in the post-MELD (HR, 0.86; 95% ClI, 0.56-1.30; P=.48) or pre-MELD (HR, 1.24;
95% Cl, 0.78-1.97; P=.36) cohorts if listed with a diagnosis of HCC. After controlling for
race, sex was also associated with the risk of death. In the post-MELD cohort, women listed
without a diagnosis of HCC had a significantly higher risk of death than men did while on
the waiting list (HR, 1.09; 95% ClI, 1.02-1.17; P=.01), whereas in the pre-MELD cohort,
this was not the case (HR, 0.95; 95% CI, 0.89-1.00; £ =.06). Like race, sex was not
associated with risk of death if patients were listed with a diagnosis of HCC in both the pre-
MELD (HR, 0.70; 95% Cl, 0.49-1.04; P=.08) or post-MELD (HR, 0.80; 95% Cl, 0.56—
1.14; P=.21) cohorts.

Calculated MELD score was associated with all of the outcomes assessed, including the risk
of death, death or becoming too sick for liver transplantation within 3 years of listing, and
likelihood of liver transplantation within 3 years of listing in the post-MELD cohort. For
example, patients with more severe liver disease (ie, those with a higher calculated MELD
score) had significantly increased risk of death for each 1-point increase in calculated
MELD score (HR, 1.16; 95% Cl, 1.14-1.18; P<.001) if listed without HCC.

COMMENT

A major strength of the current MELD score allocation system is its emphasis on objective
measures of disease severity rather than on subjective assessments and waiting times. When
OPTN adopted the MELD score as the basis for liver transplantation allocation in 2002, one
of its goals was to eliminate possible biases presented by the previous allocation system.13
Since its introduction, refinements to the MELD system continue to be made and a recent
analysis demonstrated that the addition of serum sodium to the MELD formula may improve
its ability to predict survival on the waiting list.14 To our knowledge, this is the first
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comprehensive investigation of the new allocation system to assess improvements in its
ability to address race- or sex-based disparities in access to liver transplantation.

Before the MELD era, we found that black race was associated with an increased likelihood
of death or becoming too sick for liver transplantation and a decreased likelihood of liver
transplantation within 3 years of listing. Under the new MELD allocation system, these
differences between black and white race resolved. Similarly, black patients had a 20%
increased risk of death in the pre-MELD cohort if listed without HCC and an equal risk in
the post-MELD cohort. These findings suggest that the present allocation system is
achieving a critical goal of ensuring more equitable organ allocation by race. Our pre-
MELD results concur with those found by Reid et al® in a similar analysis performed
between 1994 and 1998. Their investigation found race to be associated with a shorter time
to death or becoming too sick for liver transplantation when black patients were compared
with white patients (HR, 1.36; 95% CI, 1.23-1.49; £< .001). Black patients were also less
likely to undergo liver transplantation (OR, 0.67; 95% CI, 0.52-0.87; £=.003) and more
likely to die or become too sick for liver transplantation within 4 years of listing (OR, 1.52;
95% Cl, 1.15-1.99; P =.003) when compared with white patients.® The authors also
reported that black patients were underrepresented on the liver transplantation waiting list
(8.4%) and among liver transplantation recipients (7.9%) compared with their percentage of
the general population (13.6%).

This elimination in racial disparity in the post-MELD cohort likely reflects the fact that the
MELD score now accounts for the severity of a patient’s disease when listed. A critical issue
to understand is that although black and white patients now have equal time to death and
equal odds of death or receipt of liver transplantation once listed, there remains an important
difference that persists between the races. Black patients continue to be listed with more
severe liver disease (as reflected in their higher MELD scores) than white patients. Once
MELD is added to the adjusted post-MELD model, it accounts for this difference in severity
of liver disease and puts black patients at equal position at listing. Race likely accounted for
this difference in the pre-MELD cohort.

It remains to be determined why black patients get listed at a more advanced stage of
disease. The reasons may reflect barriers faced by black patients in referral for liver
transplantation. Although our study evaluated the use of liver transplantation among patients
already listed for liver transplantation, disparities between race in getting listed for a liver
transplantation remain and other studies have shown this to be a persistent issue. Julapalli et
al15 reported a decreased likelihood of referral for liver transplantation among black patients
in a Veterans Affairs hospital. Eckhoff et al” performed a retrospective analysis at 1
institution and found black patients made up 14.1% of referrals despite making up 25.6% of
the population. Most of these referrals for black patients were for children.” It is somewhat
encouraging that despite getting listed with more severe disease, black patients no longer die
or become too sick for liver transplantation while waiting compared with white patients.
This mortality benefit is likely explained by the addition of the MELD score, which
prioritizes disease severity.

After controlling for differences based on race, there remain persistent differences in access
to liver transplantation based on sex and region. Women experienced an approximately 30%
increased odds of death or becoming too sick for liver transplantation compared with men
after the introduction of the MELD allocation system. Women also had decreased odds of
liver transplantation within 3 years of listing and a shorter time to death than men did in the
post-MELD cohort. Recent studies have questioned if women are disadvantaged with the
MELD score due to lower creatinine values.16:17 Qur study did not address this important
issue in detail given that organ allocation for women may also be influenced by other factors
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such as organ size matching not evaluated in this study. The methods and database were
limited in the ability to study this question adequately. But to our knowledge, these are the
first published data addressing access to liver transplantation by sex before and after MELD.

Similarly, we found that regional variation in access to liver transplantation continues to
occur in the MELD era. Our findings concur with previous investigations demonstrating
geographic and center disparity despite the utilization of the MELD score for organ
allocation.18-22 patients listed in regions other than the southeast region (UNOS regions 3,
4, and 11) in our analyses waited longer for liver transplantation in both the pre-MELD and
post-MELD cohorts.

Hepatocellular carcinoma remains a controversial issue in the MELD era through the use of
exception points aimed to improve the likelihood of liver transplantation for patients with
HCC. The number of cadaveric transplants for this indication has increased nearly 6-fold
since 2002.23 The incidence of HCC has more than doubled in the United States during the
past 2 decades largely due to an increase among minority populations.24-26 To date, there is
only limited information regarding racial disparity and utilization of liver transplantation for
HCC. Our analyses of patients listed from the pre- and post-MELD cohorts demonstrate that
most patients listed with a diagnosis of HCC, both black and white, were transplanted. Black
patients with HCC, however, had a significantly increased risk of death or becoming too
sick for liver transplantation within 3 years of listing before MELD. These findings are
consistent with a recent investigation of the Surveillance, Epidemiology, and End Results
database in which black patients were approximately half as likely as white patients to
receive liver transplantation for HCC between 1998 and 2002.27 Although the allocation
plan for HCC has been refined repeatedly in the MELD era, we found that this system
appears to be functioning equitably in terms of race and sex.

The strengths of our study include the use of a large national database, the ability to assess
numerous factors influencing liver transplantation, and the large number of patients
involved. Our study also has several limitations. First, the results rely on the accuracy of
recorded data through the UNOS database. Variables have been increasingly collected
throughout the life of the database resulting in missing data for the pre-MELD era for
potentially relevant predictors such as MELD score and body mass index. For most
predictors, including race, sex, calculated MELD scores (in the MELD era), removal codes,
and region, there was no missing data. Missing data regarding comorbidities of renal
insufficiency and coronary artery disease as well as education level were apparent both
before and after MELD. We chose to exclude missing data rather than to perform imputation
techniques given the changing qualities of the database over time and fear of bias. Given the
overall high numbers of patients included in the analyses and the fact that these covariates
were not included in most of the multivariable models, we do not think that the frequency of
missing values significantly impacted the results, particularly with regards to race or sex.
However, this missing data may limit our ability to fully assess the effect of predictors such
as education level on the outcomes.

Second, the database and the allocation system have been dynamic during the period under
study and while the general concept of MELD has been in practice since the beginning of
the MELD era, the specific effect of these refinements was not assessed. This is particularly
relevant for the analyses of HCC, because the methods of diagnosis and requirements for
listing have changed during these periods. The MELD score is analyzed as a static variable
in our analyses. Much of the liver transplant literature treats MELD as a time-dependent
covariate that factors in the change in MELD score over time. We found that the initial
MELD score and removal MELD score were highly correlated; therefore, we chose to use
only 1 MELD score in the multivariable models.

JAMA. Author manuscript; available in PMC 2013 May 01.
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Third, a potential limitation with respect to retrospective cohort studies is that failure to
identify differences in the post-MELD era may result from chance alone based on sample
sizes (type 2 error). We performed a post hoc power calculation and found that given the
samples size and a = .05, we had a 90% power to detect at least a 4% difference in liver
transplantation between black and white patients.

Finally, this study assessed only patients listed for liver transplantation by UNOS. It did not
assess whether black patients continue to be underrepresented on the waiting list when
compared with the racial distribution of the general population. There remains an unknown
denominator of patients with end-stage liver disease needing liver transplantation not listed.
Variables that influence which patients get listed include patient and physician preferences,
referral patterns, insurance providers, and regional and physician differences on
appropriateness for listing and removal.

Although our study identified significant differences between the clinical and
sociodemographic characteristics of black and white patients listed for liver transplantation,
race was not significantly associated with receipt of liver transplantation or death on the
waiting list during the MELD era. These findings differ significantly from those findings
before the use of the MELD score in which black race was associated with a decreased
likelihood of liver transplantation as well as an increased risk of death or becoming too sick
for liver transplantation. Sex differences persist despite the use of MELD. Whether these
differences result from true anatomic differences or represent a problem not addressed by
the use of the MELD score mandates further investigation. The use of the MELD score
allocation system appears to have reduced at least racial disparity in liver transplantation.
We hope that ongoing investigations and refinements of MELD can provide even greater
equity in the allocation of this precious resource.
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BEFORE MELD

36724 Patients registered on the UNOS
liver transplantation waiting list
(January 1, 1996-December 31, 2000)
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AFTER MELD

42187 Patients registered on the UNOS
liver transplantation waiting list
(February 28, 2002-March 31, 2006)

14829 Excluded
6087 Race other than black
or white
3645 Listed with AHN or
fulminant liver failure
2990 Aged <18y
868 History of previous
liver transplant
575 Listed as status 1
315 Listed for retransplant
or multiorgan transplant
349 Listed as temporarily
inactive

‘ 21895 Included in analysis ‘

{

i

18394 Excluded
6927 Race other than black
or white
3917 Listed with AHN or
fulminant liver failure
3365 Aged <18y
1646 History of previous
liver transplant
1391 Listed as status 1
909 Listed for retransplant
or multiorgan transplant
239 Listed as temporarily
inactive

‘ 23793 Included in analysis |

'

i

21948 Without a diagnosis of HCC
1820 Black patients
1063 Men
757 Women
20128 White patients
13299 Men
6829 Women

1845 With a diagnosis of HCC
221 Black patients
168 Men
53 Women
1624 White patients
1327 Men
297 Women

21375 Without a diagnosis of HCC 520 With a diagnosis of HCC
1645 Black patients 54 Black patients
842 Men 36 Men
803 Women 18 Women

19730 White patients 466 White patients

12340 Men 351 Men
7390 Women 1156 Women

Figure.

Flow of Patients Registered on the UNOS Liver Transplantation Waiting List Before and

After MELD
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Table 2

Multivariable Analyses of Likelihood of Death or Becoming Too Sick for Liver Transplantation and
Likelihood of Liver Transplantation Within 3 Years of Registering on the Waiting List by Race

Frequency (%)
Black White Adjusted OR P
Patients Patients (9594 CI)@ Value
Death or becoming too sick for liver transplantation
Without hepatocellular carcinoma?
Pre-MELD cohort (n = 4066) 85(27.0) 816(21.7) 1.51(1.15-1.98)  .003
Post-MELD cohort (n = 5163) 113 (26.5) 1063 (22.0) 0.96 (0.74-1.26) .76
With hepatocellular carcinoma
Pre-MELD cohort (n = 91) 4 (50.0) 23(27.7) 7.80(1.15-71.00) .04
Post-MELD cohort (n = 387) 5(11.6) 45(13.1) 1.03(0.39-3.27) .95
Liver transplantation
Without hepatocellular carcinoma
Pre-MELD cohort (n = 4067) 194 (61.6) 2511(66.9) 0.75(0.59-0.97) .03
Post-MELD cohort (n = 5289) 200 (47.5) 2215(455) 1.04(0.84-1.28) .75
With hepatocellular carcinoma
Pre-MELD cohort (n = 91) 3(33.3) 47(55.9) 3.42(0.67-21.8) .15
Post-MELD cohort (n = 387) 34(79.1) 266 (77.3) 0.97(0.41-2.09) .94

Abbreviations: ClI, confidence interval; MELD, Model for End-Stage Liver Disease; OR, odds ratio.
aAdjusted for core set of covariates: sex, age, blood type, region, listing diagnoses, calculated MELD score (for post-MELD models).

bPre- and post-MELD analyses also adjusted for insurance payer and diabetes mellitus.
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Table 3

Multivariable Analyses of Likelihood of Death or Becoming Too Sick for Liver Transplantation and
Likelihood of Liver Transplantation Within 3 Years of Registering on the Waiting List by Sexa

Frequency (%)
Adjusted OR P
Women Men (95% CI1)& Value
Death or becoming too sick for liver transplantation
Without hepatocellular carcinoma?
Pre-MELD cohort (n = 4066) 353(22.4) 548(21.9) 1.08(0.91-1.26) .37
Post-MELD cohort (n = 5163) 437(23.7) 739 (21.4) 1.30(1.08-1.47)  .003
With hepatocellular carcinoma
Pre-MELD cohort (n = 91) 4(14.8) 23(35.9) 0.28(0.07-0.99) .05
Post-MELD cohort (n = 387) 9 (10.0) 41 (13.8) NA
Liver transplantation
Without hepatocellular carcinoma
Pre-MELD cohort (n = 4067) 1109 (64.8) 1686 (67.6) 0.80 (0.70-0.92)  .002
Post-MELD cohort (n = 5289) 736 (39.9) 1679 (48.7) 0.70(0.62-0.79)  <.001
With hepatocellular carcinoma
Pre-MELD cohort (n = 91) 19 (70.4) 31(48.4) 2.48(0.91-7.30) .08
Post-MELD cohort (n = 387) 67 (74.4)  233(78.4) 0.72(0.41-1.31) .27

Abbreviations: ClI, confidence interval; MELD, Model for End-Stage Liver Disease; NA, not applicable (sex was not included in this final
multivariable model); OR, odds ratio.

aAdjusted for core set of covariates: race, age, blood type, region, listing diagnoses, calculated MELD score (for post-MELD models).

bPre- and post-MELD analyses also adjusted for insurance payer and diabetes mellitus.
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