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ACKGROUND & AIMS: Human immunodeficiency
irus (HIV) infection increases the rate of liver disease
rogression in patients infected with hepatitis C virus

HCV) and could shorten survival times of those awaiting
iver transplants. The Model for End-Stage Liver Disease
MELD) predicts mortality in HIV-negative transplant can-
idates, but its reliability in predicting mortality of HIV-
ositive candidates has not been established. METHODS:
e evaluated predictors of pretransplantation mortality

n HIV-positive liver transplant candidates enrolled in
he Solid Organ Multi-Site Transplant Study (HIVTR),

atched 1:5 by age, sex, race, and HCV infection with
IV-negative controls from the United Network of Or-

an Sharing. RESULTS: Of 167 HIVTR candidates, 24
ied (14.4%); this mortality rate was similar to that of
ontrols (88/792, 11.1%, P � .30) with no significant differ-
nce in causes of mortality. A significantly lower proportion
f HIVTR candidates (34.7%) underwent liver transplanta-
ion, compared with controls (47.6%, P � .003). In the

ultivariate model for the combined cohort, baseline
ELD score predicted pretransplantation mortality (hazard

atio [HR], 1.27; P � .0001), whereas HIV infection was not
ignificantly associated with increased risk of pretransplan-
ation mortality (HR, 1.69; P � .20). After controlling for
retransplantation CD4� cell count and HIV RNA levels,
he only significant predictor of mortality in the HIV-in-
ected subjects was pretransplantation MELD (HR, 1.2; P �
0001). CONCLUSIONS: Pretransplantation mortality
haracteristics are similar between HIV-positive and
IV-negative candidates. Although lower CD4� cell

ounts and detectable levels of HIV RNA might be as-
ociated with a higher rate of pretransplantation mor-
ality, the baseline MELD score was the only significant
ndependent predictor of pretransplantation mortality
n HIV-infected liver transplant candidates.

mong individuals with human immunodeficiency
virus (HIV) infection, liver-related death is the most
requent cause of non-acquired immunodeficiency syn-
D
 P

Rrome (AIDS)-related death1,2 primarily related to com-
lications of chronic hepatitis B virus (HBV) or hepatitis
virus (HCV) coinfection, as well as hepatoxicity associ-

ted with antiretroviral therapy and alcohol use.3–5 Given
he improved survival now possible with use of highly
ctive antiretroviral therapy (HAART), many long-term
IV-infected individuals are developing end-stage liver
isease (ESLD) and increasingly being considered for

iver transplantation.
Transplant programs have adopted the Model for End-

tage Liver Disease (MELD), which was established in
IV-uninfected patients and incorporates creatinine, bil-

rubin, and international normalized ratio to estimate
rognosis and determine the medical urgency for liver
ransplantation, ensuring the appropriate organ alloca-
ion to those with the highest risk of death.6 Although
he MELD has been validated as a predictor of survival in

wide variety of patients with ESLD,6,7 no data exist
egarding its use in HIV-infected patients with ESLD in
hom other factors (eg, HIV disease stage, CD4 cell

ount, and antiretroviral therapy) may be important pre-
ictors of mortality. This is of concern because HIV-

nfected patients with ESLD have a shortened survival
ompared with HIV-negative patients with similar MELD
cores.8 Previous studies have suggested, in fact, that
redictors of mortality used for organ allocation in
IV(�) liver transplant candidates may not be valid in

heir HIV(�) counterparts.8 –11 Thus, it is timely to define
redictors of mortality in HIV(�) transplant candidates
o optimize organ allocation and clinical outcomes in
his group. The objectives of this study were to determine
he incidence of, time to, causes of, and risk factors for
retransplantation mortality, including pretransplanta-

Abbreviations used in this paper: HCC, hepatocellular cancer; HCV,
epatitis C virus; HIV, human immunodeficiency virus; MELD, Model for
nd-Stage Liver Disease; UNOS, United Network for Organ Sharing.

© 2010 by the AGA Institute
0016-5085/10/$36.00
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ion MELD, CD4� count, HIV viral load (VL), HCV coin-
ection, and HAART therapy in HIV-infected liver trans-
lant candidates and compare these with matched
IV(�) controls.

Patients and Methods
Study Subjects
The HIV in Solid Organ Transplantation Multi-

ite Study (HIVTR) enrolled patients with HIV infection
nd ESLD who were candidates for liver transplantation
t 20 transplant centers in the United States between
ebruary 2003 and September 2007 (clinicaltrials.gov,
CT00074386). Patients were required to meet standard

ite criteria for placement on the liver transplant wait list
s well as HIV-specific study inclusion criteria, which
ncluded CD4� cells �100/�L or �200/�L if there was a
istory of prior opportunistic infection or HIV-1 RNA �50
opies/mL or �50 copies/mL in those with hepatotoxicity
r HAART intolerance in whom HIV suppression was
redicted posttransplantation. Subjects with a history of
rogressive multifocal leukoencephalopathy, chronic in-
estinal cryptosporidiosis, primary central nervous sys-
em lymphoma, multidrug-resistant fungal infections, or
ignificant wasting were excluded from this study. Pa-
ients with hepatocellular carcinoma (HCC) were en-
olled in the HIVTR protocol, although excluded from
his analysis, because they are typically assigned a higher
riority for liver transplantation regardless of MELD
core.

Data Collection
Clinical and laboratory data were collected locally

t screening, enrollment (time of placement on the trans-
lant waiting list), and every 3 months until transplan-
ation or death and entered into an online data collection
ystem at each of 20 participating sites. Clinical variables
ncluded age, sex, race, liver disease etiology, antiretrovi-
al medications, body mass index (BMI), and cause of
eath (when appropriate). Laboratory tests included
D4� cell count, HIV RNA polymerase chain reaction

PCR), and serum chemistries for calculating MELD scores,
s follows: MELD � [0.957 � Ln (creatinine mg/dL, max-
mum 4.0) � 0.378 � Ln (bilirubin mg/dL) � 1.120 Ln
international normalized ratio) � 0.643] � 10.

Control Subjects
Controls were HIV(�) liver transplant candidates

nrolled in the United Network for Organ Sharing
UNOS)-administered Organ Procurement and Trans-
lantation Network (OPTN) database during the same
ime frame as the HIV(�) study subjects from the HIVTR
tudy. Each case subject was matched to up to 5 controls
y age, sex, race, and HCV infection status, as defined by
CV antibody positivity. Controls with HCC were ex-
luded. Other variables collected from the HIV(�) con- L
D
 P

R
O

O
F

rols included MELD scores and time to transplantation,
eath, or current wait listing.

Human Subjects Research
Written informed consent was obtained from all

tudy subjects prior to enrollment in the HIV transplant
rotocol. The study protocol conformed to the ethical
uidelines of the Declaration of Helsinki and was re-
iewed by each site’s institutional review board. No donor
rgans were obtained from executed prisoners or other

nstitutionalized persons.

Statistical Analysis
Frequencies and percentages were calculated for cat-

gorical variables and medians and interquartile ranges
IQR) for continuous variables. Fisher exact test was used
o analyze categorical data, and Wilcoxon rank-sum test
as used to analyze continuous data. Trajectories for

ime-to-death, time-to-transplant, and time-to-MELD
core �25 were calculated from date of placement on the
ransplant waiting list. Time-to-event distributions were
stimated by the product-limit estimate method, and
urvival distributions were compared by log-rank test.

Univariate and multivariate proportional hazards
odels were developed to examine predictors of pretrans-

lantation mortality. Models were developed for the over-
ll cohort, the HCV-infected subgroup, and the HIV-
nfected subjects alone. The multivariate proportional
azards models for pretransplantation mortality in-
luded variables that were significant in the univariate
nalyses as well as important potential confounders. The
ELD was examined as a dichotomous, a categorical,

nd a continuous variable. Respective hazard ratios (HR)
ere determined with 95% confidence intervals (CI). The

tatistical analysis was carried out using SAS version 9.2
SAS Institute, Cary, NC).

Results
Baseline Characteristics of Subjects and
Controls
Of 196 HIV(�) liver transplant candidates en-

olled during the study period, 167 (85.2%) were evalu-
ble, and 29 (15%) with HCC were excluded from analy-
is. The 167 subjects were matched with 792 HIV(�) liver
ransplant candidate controls without HCC from the
NOS database. The median (IQR) follow-up time for
IV(�) subjects was similar to that of UNOS controls,

66 days (10 –526) vs 194 days (35–598), P � .09. An
dditional 136 HIV(�) subjects with advanced liver dis-
ase who were screened did not become transplant can-
idates in this study, among whom, 31 (22.8%) died.
Of the HIV(�) subjects, 24 of 167 (14.4%) died prior to

ransplantation, similar to the mortality rate in the
IV(�) UNOS controls, 88 of 792 (11.1%), P � .30.

imiting the comparison with HCV(�) subjects only, the 113

http://www.clinicaltrials.gov
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Tortality rate was similar between the HIV(�) subjects,

8 of 125 (14.4%), and the UNOS controls, 62 of 592
10.5%), P � .28. By contrast, although 75% of both
roups were HCV(�), a significantly lower proportion of
IV(�) transplant candidates, 58 of 167 (34.7%), under-
ent liver transplantation, as compared with the HIV(�)
NOS controls, 377 of 792 (47.6%), during the study
eriod, P � .003.

able 1. Characteristics of HIV(�) and UNOS HIV(�) Liver
Transplant Candidates

HIV (�)
(n � 167)

UNOS
(n � 792) P value

edian (IQR), age, y 47 (42�52) 49 (43�53) .06
o. (%) male sex 136 (81) 642 (81) .83
ace, n (%) .97
White 126 (75) 579 (73)
African American 25 (15) 127 (16)
Other 17 (10) 87 (11)
edian (IQR), body mass

index
24 (22�28) 28 (25�32) �.0001

ealth care coverage,
n (%)a

�.0001

Private insurance 71 (43) 464 (64)
Medicare 47 (28) 71 (10)
Medicaid 34 (20) 153 (21)
Other 15 (9) 42 (6)

NOS/OPTN region, n (%) �.0001
1 (New England) 28 (17) 43 (5)
2 (Mid-Atlantic) 50 (30) 111 (14)
5 (Southwest) 47 (28) 121 (15)
9 (New York) 22 (13) 63 (8)
Other 20 (12) 454 (58)

Not reported for 62 (8%) of the UNOS controls.

able 2. Characteristics of Liver Transplant Candidates by Tr

Transplant

o. enrolled, n (%)
HIVTR 58 (35)
UNOS 377 (48)
edian (IQR), age, y
HIVTR 47 (42�52)
UNOS 48 (43�52)

ace (white), n (%)
HIVTR 41 (71)
UNOS 275 (73)
ale sex, n (%)
HIVTR 44 (76)
UNOS 309 (82)
edian (IQR), baseline CD4
HIVTR 315 (229-437)
UNOS —

o. (%) Detectable HIV RNA
HIVTR 9 (16)
UNOS —

o. (%) HCV infection
HIVTR 47 (81)
UNOS 277 (73)
For tests comparing transplant, no transplant, and died groups within co
D
 P

R
O

O
F

The HIV(�) HIVTR and HIV(�) control subjects did
ot differ overall in most of the baseline characteristics

Tables 1 and 2). The 2 groups were similar in age, sex,
nd ethnicity. The proportion with private medical in-
urance coverage was significantly lower in HIV(�) than
n HIV(�) control subjects, P � .0001. Another difference
as the median baseline body mass index (BMI), signif-

cantly lower in HIV(�) than in HIV(�) control subjects,
� .0001. The geographic regions of the transplant

enters also varied between both groups (P � .0001), with
he majority of HIV(�) cases receiving a transplant in
ew England, New York, the mid-Atlantic states, and the

outhwestern United States.
The primary causes of pretransplantation death—sep-

is and multiple organ system failure— did not differ
etween groups (Table 3). No patients with HIV infection
ere reported to have died of opportunistic infections. A

otal of 34% (29/85) of HIV(�) subjects not undergoing
ransplantation was either removed early from the study

lant Status

No Transplant Died
P

valuea

85 (51) 24 (14) N/A
327 (41) 88 (11) N/A

47 (43�51) 50 (41�55) .85
50 (44�54) 49 (43�54) .09

68 (80) 16 (67) .34
239 (73) 69 (78) .8

71 (84) 21 (88) .39
254 (78) 75 (85) .19

264 (189-399) 237 (146-348) .03
— —

6 (7) 5 (21) .09
— —

60 (71) 18 (75) .37
253 (77) 62 (70) .3

able 3. Causes of Pretransplantation Mortality in HIV(�)
and HIV(�) Candidates

HIVTR HIV(�)
cases

UNOS HIV(-)
controls

o. deaths (%) 24/167 (14.4) 88/792 (11.1)
ause of death, n (%)a

Sepsis, infection 6/24 (25.0) 18/88 (20.4)
Multiple organ failure 4/24 (16.7) 23/88 (26.1)
Gastrointestinal bleed 3/24 (12.5) 5/88 (5.7)
Other causes 7/24 (29.2) 24/88 (27.3)
Unknown 4/24 (16.7) 18/88 (20.4)

P value � .67 for comparison between HIVTR and UNOS.
ansp
hort. 169
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r temporarily inactive on the liver transplant waiting
ist, primarily because of active illicit drug use or no
onger meeting HIV-specific inclusion criteria. On review
f the UNOS cohort group, 20% had a status of tempo-
arily inactive on the liver transplant wait list as of the
ata cut-off date (P � .01).

Time to Elevated MELD Score and Death
Comparing time-to-event curves for death, trans-

lant, and MELD score �25 between HIV(�) subjects
nd HIV(�) UNOS controls revealed no significant dif-
erences (Figure 1), even for the HCV-infected subgroups
data not shown).

HIV-Related Characteristics
Within the HIV-infected group, HIV-related vari-

bles were analyzed by transplant status, as shown in
able 2. HIV(�) subjects who died pretransplantation
ad a significantly lower median CD4 count at enroll-
ent (237 cells/�L) than those who received a transplant

315 cells/�L, P � .01). No significant differences were
bserved in nadir CD4 count, proportion with detectable
IV RNA at enrollment, history of AIDS-related oppor-

unistic infections, or use of protease-inhibitor contain-
ng initial antiretroviral regimen by transplant status, eg,
xpired vs receiving transplant. No specific antiretroviral
edication or combination of medications was associ-

ted with death.

Predictors of Pretransplantation Mortality
for the Overall Cohort
In multivariate proportional hazards regression

odels for the overall cohort and the HCV-infected sub-
roup, adjusting for the baseline MELD, BMI, and re-
ion, the hazard of pretransplantation mortality was not

igure 1. (A) Time to death in HIV(�) transplant candidates. This Kaplan
andidates, P � .18. (B) Time to transplantation in HIV(�) transplant ca

n HIV(�) and HIV(�) transplant candidates, P � .13. (C) Time to MELD s
ime to elevation of MELD score to �25 is similar in HIV(�) and HIV(�)
ignificantly higher in HIV(�) subjects (HR, 1.69; 95% CI:
D
 P

R
O

O
F

.76 –3.75; P � .20) compared with HIV(�) subjects (HR,

.71; 95% CI: 0.67– 4.35; P � .26). An additional interac-
ion term between HIV status and baseline MELD score
as also nonsignificant (P � .33), ie, HIV status did not
ave a significant impact on the association between
aseline MELD score and the hazard of death. In both
ultivariate models, the baseline MELD score was the

nly significant predictor of pretransplantation mortality
HR, 1.31; 95% CI: 1.21–1.41 and HR, 1.36; 95% CI:
.22–1.51, respectively, P � .0001).

Predictors of Pretransplantation Mortality
for HIV-Infected Subjects
In univariate proportional hazards models (Table

), HCV infection, CD4 count at enrollment, and pro-
ease inhibitor use were not associated with increased risk
f death or MELD score elevation of �25. Detectable

r plot shows that time to death is similar in HIV(�) and HIV(�) transplant
tes. This Kaplan Meier plot shows that time to transplantation is similar
�25 in HIV(�) transplant candidates. This Kaplan Meier plot shows the
plant candidates, P � .13.

able 4. Risk Factors for Pretransplantation Mortality in HIV
(�) Transplant Candidates

Univariate analysis
HR for
death P value

HR, MELD
score �25

P
value

nivariate analysis
Risk factor at enrollment

MELD � 25 15.0 �.0001 —
HCV coinfection 1.0 0.97 0.8 0.52
Protease inhibitor

regimen
1.5 0.37 1.2 0.59

CD4 count � 200/�L 1.1 0.74 1 0.94
Detectable HIV RNA 3.2 0.02 2.79 0.005

ultivariate analysis
Risk factor at enrollment

MELD score 15�19 5.7 0.005
MELD score 20�24 21.4 �.0001
MELD score � 25 101.1 �.0001
CD4 count � 200/�L 2.4 0.07
Meie
ndida
core
Detectable HIV RNA 1.0 0.98 225
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IV RNA at baseline, however, increased the hazard of
eath (HR, 3.2; 95% CI: 1.2– 8.6, P � .02) and rate of
rogression to MELD score �25 (HR, 2.79; 95% CI:
.4 –5.7, P � .005). Not surprisingly, high baseline MELD
core (�25) was also associated with greater hazard of
eath (HR, 15.0; 95% CI: 5.2– 43.3, P � .0001).
In multivariate proportional hazards models for death,

fter controlling for CD4 count and detectable HIV RNA,
he only significant predictor of mortality was pretrans-
lantation MELD score. This was true for MELD score as
dichotomous variable �25 and �25 (HR, 19.5; 95% CI:
.8 – 66.0, P � .001) and as a 4-level categorical variable
Table 4). When MELD score �15 was used as the refer-
nce category, relative hazard increased as MELD score
ncreased. When baseline MELD score was examined as a
inear variable, after adjusting for both CD4 count

200/�L and detectable baseline HIV RNA, each unit
ncrease in MELD score was associated with a 20% in-
rease in the risk of pretransplantation death (P � .0001).

Discussion
ESLD in patients coinfected with HIV and HCV

as only recently become an indication for liver trans-
lantation.12–14 With the availability of HAART, the mor-
ality from HIV is declining. It is projected, however, that

ortality from HCV will continue to increase over the
ext 25 years.15 HIV is known to accelerate the progres-
ion of HCV-associated liver fibrosis, cirrhosis, hepatic
ncephalopathy, and death,9,16 whereas HAART may slow
SLD progression among coinfected individuals.11,17

nique risk factors for ESLD and liver-related mortality
ave been identified in HIV/HCV coinfected patients, such
s a limited CD4 improvement and failure to maintain an
ndetectable viral load on antiretroviral therapy.8 –10 De-
pite these data suggesting that HIV disease stage and/or
ts treatment with antiretroviral therapy may impact

ortality in HIV-infected patients considered for liver
ransplantation, organ allocation in most centers has
een based on models derived from HIV-uninfected per-
ons with ESLD. Importantly, our data demonstrate that,
fter controlling for variables such as CD4 count at the
ime of listing and HIV RNA level, baseline MELD score
as the only independent predictor of pretransplantation
ortality in HIV-infected liver transplant candidates.
A lower proportion of the HIV-infected patients un-

erwent transplantation as compared with the UNOS
ontrols. This may be partly explained by the regional
ariation of the participating transplant centers or com-
licating illness precluding transplantation. The majority
f HIV-infected patients were located in regions of the
ountry that historically have longer wait times for or-
ans, whereas the UNOS controls were evenly distributed
hroughout the United States. A higher percentage of
IV-infected subjects were either on temporarily inactive

tatus or removed from the wait list as compared with

he UNOS controls, which may have led to the differen- p
D
 P

R
O

O
F

ial rates of transplant. There was, however, no difference
n cause of death between both groups nor were there any
eaths because of opportunistic infections in the HIV-

nfected patients. This cohort of patients was required to
ave a fairly robust CD4 count at entry and maintain it
bove 100 cells/mL to remain eligible for a transplant.
his may explain the lack of opportunistic infections

een.
Interestingly, there was no significant difference in
ortality in HIV-infected and uninfected patients wait-

ng for liver transplantation. In contrast, previous reports
ave found shorter pretransplantation survival in HIV-
ositive liver transplant candidates, unrelated to severity
f liver or HIV disease.8,9 Unlike these studies that in-
luded patients irrespective of stage of HIV disease, pa-
ients in our study met specific HIV disease criteria (eg,
dequately controlled HIV replication and CD4 count
100/�L) in addition to standard transplant criteria for

ther comorbid conditions. Furthermore, they were en-
olled only at the time of placement on the transplant
ait list and underwent rigorous routine pretransplanta-

ion evaluation, including cardiac stress tests and pulmo-
ary function tests, with optimization of their overall
ealth status by multiple subspecialty care providers. It is
ossible that lead bias affected our results, for example, if
ubjects in this study were at an earlier stage of ESLD
han HIV-infected patients in the previous studies. None-
heless, among HIV-infected persons considered for liver
ransplantation, our findings strongly support use of the

ELD score to predict mortality and to guide the allo-
ation of limited organs, given that each point increase in

ELD score was associated with a 20% greater risk of
eath in our HIV-infected patients.
Patients with HCC were not included in this cohort

ecause they receive priority for organ allocation, which
ould introduce bias when evaluating predictors of mor-
ality. A recent case-control study of patients with HCC
howed that those with HIV infection were usually
ounger and more likely symptomatic, but tumor staging
nd survival appeared to be similar in those with and
ithout HIV infection.18 It will be important to prospec-

ively study outcomes in HIV-infected patients with
CC.
The data we report have implications for monitoring

nd management of the HIV/HCV coinfected individual.
here may be better predictors of mortality in HIV/HCV
oinfection, especially in patients with more advanced
IV disease, such as MELD score combined with CD4

ount. Furthermore, MELD-Na, which incorporates se-
um sodium concentrations along with the traditional

ELD calculations, may be a more accurate predictor.19

nfortunately, we had insufficient data to determine
hether any of these markers would have been better
redictors of pretransplantation mortality.
Our study suggests a smaller proportion of coinfected
atients come to transplantation as compared with HCV 281
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onoinfected patients. Although the reasons for this are
ot known, it would seem prudent for HIV providers to
alculate MELD scores on all HIV/HCV coinfected pa-
ients during routine quarterly HIV monitoring to help
uide decisions on prompt referral for transplant evalu-
tion. Overall, this study demonstrates that pretransplan-
ation mortality risks in HIV(�) transplant candidates
ith CD4 count �100, who meet criteria for placement
n the liver transplant wait list, are similar to HIV(�)
andidates. Because the MELD score is an equally reliable
redictor in both groups, these data support the incor-
oration of MELD score as part of standard HIV medical
anagement.
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