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Introduction

Since the implementation of the Model for End-stage Liver
Disease (MELD) scoring system in 2002, the number of
simultaneous liver/kidney transplantations (SLKT) in the
United States substantially increased to 413 cases in 2011,
which is nearly a twofold increase from 2002 [1, http://
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Summary

Appropriate recipient selection of simultaneous liver/kidney transplantation
(SLKT) remains controversial. In particular, data on liver graft survival in hepati-
tis C virus-infected (HCV+) SLKT recipients are lacking. We conducted a single-
center, retrospective study of HCV+ SLKT recipients (N = 25) in comparison
with HCV— SLKT (N =26) and HCV+ liver transplantation alone (LTA,
N = 296). Despite backgrounds of HCV+ and HCV— SLKT being similar, HCV+
SLKT demonstrated significantly impaired 5-year liver graft survival of 35%
(HCV— SLKT, 79%, P = 0.004). Compared with HCV+ LTA, induction immu-
nosuppression was more frequently used in HCV+ SLKT. Five-year liver graft sur-
vival rate for HCV+ SLKT was significantly lower than that for LTA (35% vs.
74%, respectively, P < 0.001). Adjusted hazard ratio of liver graft loss in HCV+
SLKT was 4.9 (95% confidence interval 2.0-12.1, P = 0.001). HCV+ SLKT recipi-
ents were more likely to succumb to recurrent HCV and sepsis compared with
LTA (32% vs. 8.8%, P < 0.001 and 24% vs. 8.8%, P = 0.030, respectively). Ten
HCV+ SLKT recipients underwent anti-HCV therapy for recurrent HCV; only 1
achieved sustained virological response. HCV+ SLKT is associated with signifi-
cantly decreased long-term prognosis compared with HCV— SLKT and HCV+
LTA.

optn.transplant.hrsa.gov]. Although a consensus meeting
in 2008 proposed the SLKT selection criteria with recent
modifications [2,3], there is a significant regional variation
in SLKT practices [4] and lack of data to identify predictive
factors of survival. Upon retrospective analysis, we found
that hepatitis C viral (HCV) infection was an independent
risk factor affecting both patient and death-censored kidney
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graft survivals in SLKT [5]. The clinical evidence of patient
and liver graft survival in HCV+ SLKT recipients is scarce
[6-10], with only two reports contrasting the results of
SLKT and liver transplantation alone (LTA) [9,10].

To clarify the HCV+ impact on SLKT in the MELD era,
we retrospectively compared the long-term outcomes of
HCV+ SLKT with those of HCV— SLKT and then with
those of LTA for patients exclusively with HCV infection at
our institution since 2002.

Patients and methods

We retrospectively reviewed all consecutive adult patients
who underwent primary SLKT (both HCV+ and HCV—)
and HCV+ LTA from February 2002 to December 2010 at
the University of Miami/Jackson Memorial Hospital. This
study conformed to the ethical guidelines of Declaration of
Helsinki (1975) and was approved by the Institutional
Review Board of University of Miami. The indication for
SLKT was end-stage liver disease with evidence of irrevers-
ible chronic kidney disease. Each patient was discussed and
approved by a multidisciplinary selection committee of the
transplant program. All transplant candidates
screened serologically for anti-HCV antibody using enzyme
immunoassay before 2003 and chemiluminescence assay
thereafter. Patients with detectable serum anti-HCV anti-
bodies underwent HCV-RNA PCR testing to confirm HCV
infection (HCV+). Patients were excluded from the study
whether they had a live donor or donation after cardiac
death, coinfection with hepatitis B virus or human immu-

were

nodeficiency virus, coexisting inborn metabolic disorders
or autoimmune disease, or any malignancy (including, but
not limited to, hepatocellular carcinoma) confirmed histo-
pathologically in the explanted native liver.

Data collected and analyzed included recipient/donor
demographics, causes of graft loss, survival rates, recurrent
HCV, and anti-HCV treatment. As a rule, liver biopsies
were performed in response to liver enzyme elevations and
protocol biopsies were not obtained. Recurrent HCV was
defined by histological criteria [11]. Kidney biopsy was per-
formed when renal allograft dysfunction occurred. Biopsy-
proven acute liver or kidney rejection requiring a steroid
pulse was recorded as rejection. From 2005, we strength-
ened our steroid avoidance policy for HCV+ recipients and
steroid pulses were used less frequently. Cholestatic HCV
was diagnosed in patients who underwent transplantation
more than 1 month ago and who met the following crite-
ria: (i) histological features (ballooning of hepatocytes, cho-
lestasis, fibrosis, and cholangiolar proliferation); (ii)
laboratory data (serum bilirubin >6 mg/dl and HCV-RNA
>1 x 10° TU/ml); and (iii) the absence of biliary obstruc-
tion and hepatic artery thrombosis [12,13]. Induction
immunotherapy was administered at the discretion of the
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transplant team, which comprised lymphocyte depleting
agents and/or interleukin-2 receptor antagonists. SLKT
recipients were maintained on a triple drug immunosup-
pressive regimen comprising tacrolimus, mycophenolate
mofetil, and prednisone. Immunosuppression for LTA
recipients comprised tacrolimus with prednisone. Predni-
sone was tapered off over 3-6 months in both groups. Ta-
crolimus was switched to cyclosporine A or sirolimus when
toxicity was encountered. Mycophenolate mofetil was used
occasionally in LTA recipients with kidney dysfunction
to lower the dose of tacrolimus. In both groups, post-
transplant antiviral therapy was primarily recurrence-based
and was given to stable patients with a progressive rise in
liver enzymes and histologic evidence of recurrent HCV. A
combination of pegylated interferon alpha and ribavirin
was used in the vast majority of patients. Conversion to
cyclosporine A from tacrolimus was not undertaken. This
principal strategy was consistent over the study period.

Statistical analysis

Patients were censored if they were alive at the time of last
follow-up. A liver graft was deemed “lost” when a patient
died or underwent retransplantation. When an SLKT reci-
pient returned to permanent dialysis, underwent graft
nephrectomy, or received kidney retransplantation, the kid-
ney graft was defined as “lost.” If an LTA recipient required
chronic dialysis, the native kidney was categorized as “kid-
ney failure.” Survival time was calculated as the interval
between the time of transplantation and recipient death or
graft loss. Unadjusted survival rates were estimated using
the Kaplan—Meier method, and survival distributions were
compared using the log—rank test.

To identify baseline recipient/donor characteristics asso-
ciated with decreased patient and liver graft survival in
HCV+ SLKT and HCV+ LTA, univariate Cox regression
analyses were performed. The variables included were the
type of transplantation; recipient factors, that is, age/gen-
der/race/duration of dialysis prior to transplantation/
MELD score/pretransplant HCV-RNA PCR/induction
immunotherapy using a lymphocyte depleting agent, inter-
leukin-2 receptor antagonist, or both/era (the first era from
2002 to 2005 and the second era from 2006 to 2010); and
donor factors, i.e., age/D-MELD [14]/gender/cold ischemia
time of the liver allograft. Factors that emerged in the entire
cohort with a P value <0.20 were considered as the signifi-
cant baseline covariates for survival. They were adjusted for
comparison between SLKT and LTA by multivariate Cox
regression analyses using the forced entry method. To
check for consistency, Cox proportional hazard models
were also generated using the stepwise backward elimina-
tion method and the log-likelihood ratio was applied to
determine the goodness of fit.
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The Mann—Whitney U-test was used to compare contin-
uous variables and the x> test or Fisher’s exact probability
test for categorical variables. Data were shown as median
(interquartile range) or number (%). Statistical significance
was defined as a P value <0.05. All statistical analyses were
performed using BM spss sTaTISTICS 20 (SPSS, Inc., Chicago,
IL, USA).

Results

A total of 25 patients underwent HCV+ SLKT, 26 patients
underwent HCV— SLKT, and 217 patients underwent
HCV+ LTA from February 2002 to December 2010. For
reference, six malignant tumors (five hepatocellular carci-
nomas and one neuroendocrine tumor) were found in
SLKT recipients, and 204 tumors (202 hepatocellular carci-
nomas and two intrahepatic cholangiocarcinomas) were
found in HCV+ LTA recipients during the same period,
and these cases were excluded from the study.

Comparison between HCV+ SLKT and HCV— SLKT

Regarding HCV+ SLKT (N =25) and HCV— SLKT
(N = 26) recipients, the pretransplant information, immu-
nosuppression regimen, and major clinical outcomes are
summarized in Table 1. Uncommon indications for kidney
transplantation in HCV+ SLKT included renal agenesis in
two (8%) patients and bilateral renovascular disease in one
(4%). In HCV— SLKT, four (15%) patients had polycystic
kidney disease, two (8%) had Caroli’s disease, and one
(4%) had sickle cell disease as the cause of kidney failure.
Contrarily, backgrounds including panel reactive antibody
and cross match were comparable between the groups and
the majority of patients received induction immunother-
apy. Lymphocyte-depleting agents were more frequently
used in HCV— SLKT. A total of four episodes of liver rejec-
tion were successfully treated with steroid pulse therapy
except in one HCV— SLKT recipient who subsequently
required anti-CD3 monoclonal antibody for reversal. Over
a median follow-up of 48 months, HCV+ SLKT demon-
strated significantly impaired 5-year overall patient and
liver graft survivals of 35 £ 10% and 35 £ 10%, respec-
tively, compared with HCV— SLKT (79 + 8%, P = 0.005
and 79 + 8%, P = 0.004, respectively). Detailed features
and outcomes of HCV+ SLKT recipients are reported in
Table 2. A total of 15 deaths in HCV+ SLKT, 13 (87%)
deaths occurred within two years post-transplant. Recur-
rent HCV (cases 1-8) and sepsis (cases 9-14 in Table 2)
were the two leading causes of death: 1 HCV+ SLKT recipi-
ent died after valve replacement surgery for severe aortic
stenosis (case 15 in Table 2). In HCV— SLKT, five recipi-
ents died of sepsis (N = 3), stroke (N = 1), and delayed he-
moperitoneum after paracentesis (N = 1).
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Table 1. Comparison between HCV+ SLKT (N = 25) and HCV— SLKT
(N = 26).

P
Factors HCV+ SLKT HCV— SLKT value
Age, year 56 (47-62) 56 (51-61) 0.82
Female gender 9(36) 10 (39) 0.86
African—-American 3(12) 2(8) 0.67
Model for end-stage liver 23(21-28) 23 (22-29) 0.64
disease
Duration of pretransplant 17 (68) 12 (46) 0.12
dialysis >8 week
Etiology for liver failure
Chronic HCV infection 25 (100) — -
Alcoholic liver disease - 8(31)
Chronic hepatitis B - 4 (15)
infection
Polycystic liver disease — 4 (15)
Non-alcoholic - 3(12)
steatohepatitis
Cryptogenic disease — 3(12)
Caroli’s disease - 2(8)
Primary sclerosing — 1(4)
cholangitis
Sickle cell disease - 1(4)
Etiology for kidney failure
Diabetes mellitus/ 10 (40) 6(23) 0.34
hypertension
Glomerulonephritis 8(32) 6(23)
Hepatorenal syndrome 4(16) 7 (27)
Others 3(12) 7(27)
Previous kidney 5 (20) 2(8) 0.25
transplantation
Panel reactive antibody, % 10 (0-42) 4(0-14) 0.48
Donor age, year 34 (19-46) 35 (19-42) 0.90
Donor female gender 9(36) 10 (39) 0.86
Human leukocyte antigen 5(4-5) 5(4-5) 0.97

mismatch

Liver cold ischemia time, 460 (385-536) 446 (389-502) 0.85

min
Induction immunotherapy, 19 (76) 25 (96) 0.050
total
Anti-interleukin-2 receptor 17 (68) 11 (42) 0.065
antibodies
Lymphocyte depleting 9(36) 20 (77) 0.003
agents
Maintenance immunosuppression
Tacrolimus 20 (80) 25 (96) 0.13
Cyclosporine 0(0) 3(12)
Sirolimus 1(4) 2(8)
With mycophenolate 14 (56) 12 (46) 0.48
mofetil
With prednisone 6 (24) 7(27) 0.81
Liver rejection 1(4) 3(12) 0.61
Sepsis as the cause of death 6 (24) 3(12) 0.29
Liver graft loss 15 (60) 5(19) 0.003

Data presented as median (interquartile range) or number (%).
HCV, hepatitis C virus; SLKT, simultaneous liver/kidney
transplantation. Bold values are statistically significant.
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Table 2. Clinical details of HCV+ SLKT recipients (N = 25).

HCV+ simultaneous liver/kidney transplantation

Immunosuppression

Pretransplant HCV-RNA, PEGIFN Cause
Case Age/Sex dialysis, days 1U/ml Induction Maintenance Re-HCV +RIB 0S, mo Status of death
1 32/F 42 2 830 000 - TAC/MMF/ Yes Yes 4 Dead Re-HCV
PRED
2 54/M 30 22 100 000 DAC CYA Yes No 6 Dead Re-HCV
3 39/M 1825 8 980 000 ATG/ TAC Yes Yes 9 Dead Re-HCV
DAC
4 58/M 44 25 100 DAC TAC Yes Yes 12 Dead Re-HCV
5 76/M 180 6 500 000 ATG/ TAC/MMF Yes No 16 Dead Re-HCV
DAC
6 54/M 536 102 000 ATG/ TAC/MMF Yes Yes 16 Dead Re-HCV
BAS
7 69/M 121 623 000 - TAC/MMF Yes Yes 19 Dead Re-HCV
8 73/F - 691 000 DAC TAC/MMF Yes Yes 40 Dead Re-HCV
9 42/F - 1260 000 ALEM TAC/MMF/ No No 1 Dead Sepsis
PRED
10 51/M 56 96 300 - CYA/MMF/ Yes Yes 2 Dead Sepsis
PRED
11 57/M 576 Detected DAC TAC/MMF/ No No 2 Dead Sepsis
PRED
12 54/F 38 1010 DAC TAC Yes Yes 2 Dead Sepsis
13 58/M 643 251 000 DAC CYA/PRED No No 5 Dead Sepsis
14 58/F 895 11 100 000 ATG SRUYMMF Yes No 17 Dead Sepsis
15 63/M 136 11 100 000 DAC TAC Yes No 26 Dead Cardiac
16 56/M 242 1 040 000 ATG/BAS TAC/MMF No No 12 Alive -
17 62/M 548 2 580 000 ATG/BAS TAC No No 13 Alive -
18 62/F 247 2 060 000 ATG/BAS TAC Yes No 17 Alive -
19 53/F 730 14 600 000 ATG/DAC SRL No No 33 Alive -
20 61/F 30 53 900 - TAC/MMF Yes No 49 Alive -
21 47/M 140 6 110 000 - TAC/MMF No No 59 Alive -
22 62/M 665 22 300 000 DAC TAC/MMF/ No No 65 Alive -
PRED
23 46/M 14 Detected - TAC Yes Yes 83 Alive -
24 47/F 68 406 000 DAC TAC/MMF Yes Yes 102 Alive -
25 27/M 1460 850 000 DAC TAC No No 108 Alive -

HCV, hepatitis C virus; SLKT, simultaneous liver-kidney transplantation; Re-HCV, recurrent hepatitis C; PEGIFN, pegylated interferon; RIB, ribavirin;
OS, overall survival; TAC, tacrolimus; MMF, mycophenolate mofetil; PRED, prednisone; DAC, Daclizumab; CYA, cyclosporine A; ATG, anti-thymocyte
globulin; BAS, basiliximab; ALEM, alemtuzumab; SRL, sirolimus.

Patient demographics of HCV+ SLKT and HCV+ LTA

the donor age was younger in HCV+ SLKT recipients com-
pared with HCV+ LTA recipients.

Recipient and donor demographics of HCV+ SLKT and
HCV+ LTA are outlined in Table 3. The HCV+ SLKT
cohort had a higher MELD score and a longer time on dial-
ysis (median, 6 months) before transplantation compared
with the HCV+ LTA cohort. In the HCV+ SLKT group, 5/
25 (20%) patients underwent an isolated kidney transplan-
tation previously (median interval from first transplanta-
tion, 18 years). Of these patients, three were completely off
immunosuppressants (cases 1, 19, and 25), one was on
methylprednisolone at 4 mg and azathioprine at 25 mg
daily (case 9), and one was on methylprednisolone at 2 mg
daily (case 12 in Table 2) at the time of HCV+ SLKT.
HCV-RNA titers before transplantation were higher and

© 2014 Steunstichting ESOT 27 (2014) 606616

Liver and kidney allografts for an HCV+ SLKT patient
were universally procured from the same deceased donor.
Liver allografts for SLKT had longer cold ischemia time
than those for HCV+ LTA. Four (16%) HCV+ SLKT recip-
ients received kidneys from expanded criteria donors (cases
4, 6,9, and 22 in Table 2). Median cold ischemia time for
kidneys in HCV+ SLKT was 13.7 (11.9-18.9) hours.

Patient and liver graft survival

In-hospital mortality was comparable between both groups
[HCV+ SLKT, 1/25 (4%) versus HCV+ LTA, 7/296
(2.4%)]. The incidence of recurrent HCV (cases 1-8) and
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Table 3. Patient demographics of HCV+ SLKT (N = 25) and HCV+ LTA
(N =217).

Factors HCV+ SLKT HCV+ LTA Pvalue
Age, year 56 (47-62) 53 (49-58) 0.27
Female gender 9(36) 71(32.7) 0.74
Race/Ethnicity
Caucasian 15 (60) 135(62.2) 0.38
Hispanic 7 (28) 70(32.3)
African 3(12) 9(4.1)
American
Others 0(0) 3(1.4)
Model for end- 23(21-28) 20 (16-24) 0.016
stage liver
disease
Total bilirubin, 1.4(1.1-2.2) 3.9(2.2-6.9) <0.001
mg/d|
Creatinine, mg/d| 6.6 (4.0-8.9) 1.1(0.8-1.5) <0.001
Pretransplant 23(92) 10 (4.6) <0.001
dialysis
Duration, days 180 (44-643) 9 (4-35) <0.001
Pretransplant 1.3(0.3-9.0) 0.3(0.1-0.9) 0.002
HCV-RNA
(x10° IU/ml)
Donor age, year 34 (19-46) 42 (26-53) 0.051
Donor female 9(36) 77 (35.5) 0.96
gender
D-MELD 767 (474-1073) 767 (566-1061) 0.50
Liver cold 460 (385-536) 422 (347-469) 0.041
ischemia time,
min
Era, 2002 10:15 112:105 0.27
2005:2006—
2010

Data presented as median (interquartile range) or number (%).

HCV, hepatitis C virus; SLKT, simultaneous liver/kidney transplantation;
LTA, liver transplant alone; D-MELD, donor age x calculated model for
end-stage liver disease score. Bold values are statistically significant.

sepsis (cases 9—14 in Table 2) as the cause of death was sig-
nificantly higher in HCV+ SLKT than in HCV+ LTA
[HCV+ SLKT, 8/25 (32%) versus HCV+ LTA, 19/217
(8.8%), P < 0.001 and HCV+ SLKT, 6/25 (24%) versus
HCV+ LTA, 19/217 (8.8%), P = 0.030, respectively]. Of
note, mortality from cholestatic HCV occurred more fre-
quently in HCV+ SLKT [HCV+ SLKT, 5/25 (20%, cases
1-4 and 6 in Table 2) versus HCV+ LTA, 6/217 (2.8%),
P < 0.001].

With a median follow-up of 60 months, 5-year overall
patient and liver graft survivals for HCV+ SLKT were
35 &+ 10% and 35 £ 10%, respectively, which were signifi-
cantly lower than those for HCV+ LTA (75 + 3% and
74 + 3%, respectively; both P < 0.001: Fig. 1la and b).
Univariate analysis of the entire cohort revealed SLKT, reci-
pient age, race (African—American versus others), duration
of pretransplant dialysis, induction immunotherapy, and
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donor female gender as potential risk factors for decreased
overall patient survival. With adjustments for these baseline
characteristics, the risk (hazard ratio) of patient death in
HCV+ SLKT was 5.7 (95% confidence interval 2.3-14.6,
P < 0.001) compared with HCV+ LTA. For liver graft sur-
vival, SLKT, recipient race, duration of pretransplant dialy-
sis, induction immunotherapy, and donor female gender
were the significant baseline covariates of graft loss. The
adjusted hazard ratio of liver graft loss in HCV+ SLKT was
4.9 (95% confidence interval 2.0-12.1, P = 0.001). Even
when the subgroup of HCV+ SLKT recipients with a previ-
ous history of isolated kidney transplantation (N = 5) were
excluded, the results of univariate (Table 4) and multivari-
ate analyses were essentially the same; the adjusted risks
were 3.6 (95% confidence interval 1.9-6.8, P < 0.001) for
patient death and 3.2 (95% confidence interval 1.7-6.0,
P < 0.001) for liver graft loss in HCV+ SLKT compared
with HCV+ LTA as the reference. It is worth mentioning
that donor female gender also emerged as an independent
predictive factor of diminished overall patient (hazard
ratio, 2.0; 95% confidence interval 1.3-3.3, P = 0.004) and
liver graft survivals (hazard ratio, 2.0; 95% confidence
interval 1.2-3.2, P = 0.005) in the entire cohort. Analogous
results were obtained after exclusion of kidney retransplan-
tation recipients in HCV+ SLKT.

Immunosuppression regimens and clinical outcomes

For induction immunotherapy, 19/25 (76%) HCV+ SLKT
patients received interleukin-2 receptor antagonists (dac-
lizumab, N = 13; basiliximab, N = 4) and/or lymphocyte
depleting agents (anti-thymocyte globulin, N = 8; ale-
mtuzumab, N = 1; Table 5). Dual regimens were adminis-
tered to seven recipients (28%) in the HCV+ SLKT group
(cases 3, 5, 6, and 16-19 in Table 2). In contrast, only 7.8%
(17/217) in the HCV+ LTA group underwent induction
with daclizumab (P < 0.001), although higher doses were
administered in HCV+ LTA than in HCV+ SLKT. There
was no difference in the use of calcineurin inhibitors, but
HCV+ SLKT recipients were more often maintained on
mycophenolate mofetil and prednisone.

The incidence of recurrent HCV and post-transplant dia-
betes mellitus was equivalent in both groups. Liver allograft
rejection occurred more frequently in HCV+ LTA than in
HCV+ SLKT. Death-censored kidney graft loss occurred in
11 (44%) HCV+ SLKT recipients (cases 1-3, 5, 9, 10, 12,
14, 18, 19, and 22 in Table 2), whereas 18 (8.3%) HCV+
LTA recipients developed native kidney failure postopera-
tively. Five (1.7%) HCV+ LTA and no HCV+ SLKT recipi-
ents underwent subsequent kidney transplantation. One
HCV+ SLKT recipient who suffered acute cellular rejection
of the kidney was successfully treated with steroids and
anti-thymocyte globulin (case 22 in Table 2).
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Figure 1 Comparison of cumulative overall (a) patient and (b) liver graft survivals of HCV+ liver transplantation alone recipients (LTA) and HCV—/+
simultaneous liver/kidney transplantation (SLKT). Five-year overall patient and liver graft survivals of HCV+ SLKT (N = 25: dot-dashed line) were
35 + 10% and 35 + 10%, respectively, significantly lower than those of HCV+ LTA (N =217; 75 &+ 3% and 74 + 3%, respectively; both
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liver graft survivals of HCV+ LTA and HCV— SLKT were not statistically significant (both P > 0.05). HCV, hepatitis C virus.

Table 4. Factors affecting survival of HCV+ SLKT (N = 25) and HCV+ LTA (N = 217) using univariate Cox regression analysis.

Overall patient survival at 5 years

Liver graft survival at 5 years

Entire cohort

No kidney retransplants

Entire cohort No kidney retransplants

Factors HR (95% CI) Pvalue HR (95% Cl) Pvalue HR (95% ClI) Pvalue HR (95% CI) Pvalue
SLKT 3.6 (2.0-6.4) <0.001 3.4(1.8-6.4) <0.001 3.2(1.8-5.7) <0.001 3.1(1.6-5.8) <0.001
Recipient age, year 1.0(1.0-1.1) 0.14 1.0(1.0-1.1) 0.059 1.0(1.0-1.0) 0.28 1.0(1.0-1.1) 0.15
Female gender 1.4(0.8-2.2) 0.24 1.2 (0.7-2.0) 0.47 1.2(0.8-2.0) 0.39 1.1(0.7-1.9) 0.68
African-American 2.3(1.0-5.3) 0.055 2.4(1.0-5.6) 0.042 2.1(0.9-4.8) 0.089 2.2(0.9-5.1) 0.072
Duration of dialysis >8 week 2.2 (1.0-4.6) 0.040 2.7 (1.3-5.8) 0.008 2.0(1.0-4.2) 0.065 2.5(1.2-5.3) 0.016
MELD 1.0(1.0-1.0) 0.49 1.0(1.0-1.0) 0.51 1.0(1.0-1.0) 0.78 1.0(1.0-1.0) 0.81
HCV-RNA >800 000 U/ml 1.2(0.7-2.1) 0.50 1.2 (0.7-2.0) 0.59 1.1(0.7-1.9) 0.71 1.1(0.6-1.9) 0.80
Induction immunotherapy 2.0(1.1-3.5) 0.023 1.9(1.0-3.5) 0.044 2.0(1.1-3.4) 0.019 1.9(1.1-3.4) 0.033
Donor age, year 1.0(1.0-1.0) 0.55 1.0(1.0-1.0) 0.53 1.0(1.0-1.0) 0.53 1.0(1.0-1.0) 0.52
D-MELD 1.0(1.0-1.0) 0.25 1.0(1.0-1.0) 0.21 1.0(1.0-1.0) 0.41 1.0(1.0-1.0) 0.36
Donor female gender 2.0(1.2-3.3) 0.004 2.1(1.3-3.5) 0.003 2.0(1.2-3.2) 0.005 2.1(1.3-3.3) 0.004
Liver cold ischemia time >8 h 0.8(0.4-1.5) 0.55 0.8(0.4-1.5) 0.50 0.8(0.4-1.5) 0.43 0.8(0.4-1.4) 0.39
Era, year 2002-2005 1.3(0.8-2.1) 0.32 1.3(0.8-2.1) 0.37 1.3(0.8-2.2) 0.25 1.3(0.8-2.2) 0.29

HR, hazard ratio; Cl, confidence interval; SLKT, simultaneous liver-kidney transplantation; MELD, Model for End-stage Liver Disease; HCV, hepatitis C

virus; D-MELD, donor age x MELD.

Antiviral therapy

Overall, 10/25 (40%) in HCV+ SLKT (cases 1, 3, 4, 6-8, 10,
12, 23, and 24 in Table 2) and 119/217 (54.8%) in HCV+
LTA received antiviral therapy for recurrent HCV using a
combination of pegylated interferon alpha and ribavirin
(Table 6). More recipients in HCV+ SLKT (9/10, 90%)
were treatment-naive than in HCV+ LTA (65/119, 54.6%,
P =0.043). The number of recipients with METAVIR
activity grade >2 and/or fibrosis score >2 was similar in
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both groups (HCV+SLKT, 6/8 (75%) versus HCV+ LTA,
40/80 (50%), P = 0.27). Median doses of medications were
higher, and the duration of therapy was longer in HCV+
LTA than in HCV+ SLKT. HCV genotype, response rate,
and toxicity were analogous between both groups.

In HCV+ SLKT, only one (10%) recipient achieved sus-
tained virological response (case 23), 4 (40%) discontinued
medications because of adverse events (acute kidney injury,
cases 3 and 12; pancytopenia, case 7; anemia and psychosis,
case 6), and 8 (80%) were nonresponders (cases 1, 3, 4, 7,
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Table 5. Immunosuppression regimens and clinical outcomes of HCV+

SLKT (N = 25) and HCV+ LTA (N = 217).

Hibi et al.

Table 6. Post-transplant antiviral therapy in HCV+ SLKT (N = 10) and

HCV+ LTA (N = 119).

Factors HCV+ SLKT HCV+ LTA Pvalue
Induction 19 (76) 17 (7.8) <0.001
immunotherapy,
total
Anti-interleukin-2 17 (68) 17 (7.8) <0.001
receptor antibodies
Daclizumab, 4.0(1.0-4.0) 8.0 (5.5-8.0) <0.001
ma/kg
Basiliximab, mg 40.0 (25.0-40.00 - -
Lymphocyte 9(36) 0(0) <0.001
depleting agents
Anti-thymocyte 1.5(1.0-2.8) - -
globulin, mg/kg
Alemtuzumab, mg 30 (-) - -
Maintenance immunosuppression
Tacrolimus 20 (80) 188 (87.0) 0.28
Cyclosporine 3(12) 10 (4.6)
Sirolimus 2(8) 18 (8.3)
With mycophenolate 14 (56) 70(32.4) 0.019
mofetil
With prednisone 6(24) 21(9.7) 0.032
Recurrent hepatitis C 16 (64) 108 (49.8) 0.18
Liver rejection 1(4) 49 (22.6) 0.034
Kidney graft loss* or 11 (44) 18(8.3) <0.001

native kidney failure
Kidney rejection 1(4) - -
Post-transplant 5/13 (39) 48/186 (25.8) 0.32
diabetes mellitus

Data presented as median (interquartile range) or number (%).

HCV, hepatitis C virus; SLKT, simultaneous liver/kidney transplantation;
LTA, liver transplant alone. Bold values are statistically significant.
*Death-censored.

8, 10, 12, and 24 in Table 2). None of the interferon-treated
HCV+ SLKT recipients experienced acute rejection of the
kidney. In this subgroup, there were four death-censored
kidney graft losses (HCV-related glomerulonephritis in
cases 1, 10, and 12; lupus nephritis in case 3 in Table 2)
during the study period. Ultimately, there were eight mor-
talities (liver graft failure due to recurrent HCV in patients
1, 3, 4, 12, and 6-8; sepsis in case 10 in Table 2), of which
7/8 (88%) occurred within two years after transplantation.
The remaining two patients are currently alive at 83 and
102 months (cases 23 and 24 in Table 2).

Discussion

This is the first study describing significantly lower patient
and liver graft survival rates of primary HCV+ SLKT com-
pared with those of HCV— SLKT and HCV+ LTA in the
MELD era. Our previous study primarily focused on kidney
graft survival in SLKT and included cases of liver
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P
Factors HCV+ SLKT HCV+ LTA value
HCV genotype
1 9 (90) 96 (80.7) 1.00
2 0(0) 7 (5.9)
3 0(0) 2(1.7)
4 0(0) 2(1.7)
Unknown 1(10) 12 (10.1)
HCV-RNA prior to therapy ~ 13.9(1.0-47.3) 2.7(0.5-12.8) 0.22
(x10° 1U/ml)
Interval after transplant, 3.0(1.0-6.8) 4.0(2.0-7.0) 0.30
mo
Pegylated interferon alpha, 90 (86-101) 135 (90-180) 0.011
mcg/wk
Ribavirin, mg/d 200 (175-400) 400 (300-800) 0.001
Duration, mo 5(2-12) 24 (12-51) 0.002
Virological response
Sustained virological 1(10) 28 (23.5) 0.71
response
End-of-treatment 0(0) 2(01.7)
response
Early virological 0 (0) 4(3.4)
response
Partial responder 0 (0) 3(2.5)
Relapse 1(10) 22 (18.5)
Nonresponder 8(80) 60 (50.4)
Treatment discontinued 4 (40) 58 (48.7) 0.63

Data presented as median (interquartile range) or number (%).
HCV, hepatitis C virus; SLKT, simultaneous liver/kidney transplantation;
LTA, liver transplant alone. Bold values are statistically significant.

retransplantation and malignancies; moreover, head-to-
head comparisons between HCV+ and HCV— SLKT were
not conducted [5]. In the present study, we found that the
predominant causes of patient death in our HCV+ SLKT
recipients were recurrent HCV and sepsis. Two major fac-
tors were implicated in the poorer outcomes in HCV+
SLKT recipients: (i) Induction immunotherapy in the
HCV+ SLKT cohort was equivalent to HCV— SLKT and
was more potent than HCV+ LTA, thus bringing the nega-
tive consequences of possible over-immunosuppression to
light in a subset of SLKT recipients with HCV infection,
and (ii) Anti-HCV therapy for recurrent HCV was ineffec-
tive in SLKT, reflecting not only inadequate dosage and
shorter duration of treatment but also a potentially more
aggressive course of disease, which was supported by a
higher incidence of death from cholestatic HCV. The dis-
crepancy from earlier reports [9,10] may be attributed in
part to our study inclusion criteria and the use of induction
agents. The etiology of kidney failure and the duration of
pretransplant dialysis were also different, implying a varia-
tion in SLKT indications. It is noteworthy that a previous
history of isolated kidney transplantation affected neither
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the overall patient nor liver graft survivals among HCV+
SLKT recipients. A combination of primary liver transplan-
tation and kidney retransplantation may be justified in
carefully selected cases when patients are maintained at a
low-immunosuppressive level.

In the 2009 Organ Procurement and Transplantation
Network/Scientific Registry of Transplant Recipients
Annual Report: Transplant Data 1999-2008 (http://www.
ustransplant.org/annual_reports/current/), HCV+ SLKT
patients (N = 954) were associated with lower 5-year unad-
justed patient survival in the 60% range compared with
that of HCV— SLKT patients (N = 1431) exceeding 75%.
These data call for serious attention; however, precise
patient information are not provided in this report, and we
do not know whether the potential contributing factors of
poor survival for HCV+ SLKT recipients in our series
match those of the national database. There is no doubt
that SLKT is a life-saving procedure for many recipients
with end-stage liver and kidney disease, and most recipients
enjoy prolonged survival [5]. Nonetheless, our results
necessitated a reappraisal of SLKT in HCV+ individuals.
We recently reported that isolated kidney transplantation
for HCV+ patients with end-stage renal disease confers a
long-term survival benefit over those on the waitlist [15].
Chronic dialysis is poorly tolerated in liver transplant recip-
ients than in patients with kidney failure alone [16]. The
deleterious effect of sequential transplantation on survival
has also been recognized [17,18]. SLKT is still justified for
HCV+ patients with end-stage liver and kidney disease;
cautious immunosuppression, strict donor/recipient selec-
tion [5], and refinements in anti-HCV treatment will play
pivotal roles in improving outcomes.

Optimal immunosuppression after liver transplantation
in HCV+ recipients remains controversial. A recent consen-
sus report concluded that the use of a specific calcineurin
inhibitor has shown no impact on long-term outcomes in
HCV+ recipients [19]. A multicenter trial lately described
that steroid-free immunosuppression has no clear advan-
tage over other regimens incorporating steroids [20], which
was in accordance with our preceding studies [21,22]. Most
of our SLKT recipients received an interleukin-2 receptor
antagonist and/or lymphocyte-depleting agent for induc-
tion, for which their use in HCV+ patients is yet to be
determined [23-26]. The influence of mycophenolate mo-
fetil on recurrent HCV has also been the subject of conflict-
ing results [27,28]. In recipients receiving sirolimus, one
group observed a lower rate of fibrosis over time [29]. An
analysis of the United Network for Organ Sharing registry
data reported contradictory outcomes with an increased
risk of death and graft loss [30]. HCV+ SLKT recipients
require individually tailored immunosuppression; particu-
larly, the induction regimen needs to be carefully chosen
because SLKT is associated with increased mortality from
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infection [5,6,9]. The results of this study led us to reduce
the induction dose of antithymocyte globulin by half to
one-third of what is currently given for isolated kidney
transplantation at our center or to use other regimens with
less immunosuppressive potency.

In the present investigation, donor female gender had a
detrimental effect on long-term survival. Gender should be
one of the critical determinants when a potential donor is
being evaluated for HCV+ SLKT [5,31]. Meanwhile, we
failed to demonstrate the widely accepted negative prog-
nostic impact of donor age [32,33]. Donor age tended to be
younger in HCV+ SLKT than in LTA in our study, entailing
a more favorable allocation reserved to the SLKT cohort.
We are extremely cautious about the degree of liver steato-
sis and arterial conditions at the time of organ procure-
ment, which is in line with a recent publication reporting
satisfactory results with the use of carefully selected donors
60 years or older [34]. Furthermore, there was a lack of
correlation between survival and MELD or D-MELD. The
limited number of cases and the adopted statistical
approach in our study being different from their original
description may be the underlying reasons. Numerous vari-
ables that may affect outcomes such as recipient age/gen-
der/race, donor gender/race/liver steatosis, cold ischemia
time, multiorgan transplantation, and pretransplant
conditions are all excluded from MELD score calculation
[35-38]. For D-MELD, an [talian study and further inter-
national correspondence appear to have clarified some of
the drawbacks of the original study, such as its short fol-
low-up period [39-45]. Therefore, the importance of
appropriate donor and recipient matching cannot be
overstated.

Management of recurrent HCV remains a major chal-
lenge in liver transplantation [46—48] and it may be exceed-
ingly difficult in SLKT [5]. In our series, only 1 SLKT
recipient achieved sustained virological response to anti-
HCV therapy and 80% (8/10) of the treated SLKT recipi-
ents eventually succumbed to sepsis or liver graft failure
due to recurrent HCV. On the contrary, a recent French
study reported better outcomes: differences in the timing,
duration, and dosage of therapy may explain the discrep-
ancy [49]. Novel approaches in antiviral therapy for HCV
are on the verge of a breakthrough [50,51]. Recently, the
successful use of new direct-acting antiviral agents in LTA
recipients has been reported, indicating a paradigm shift in
the treatment of HCV+ transplant candidates [52,53].
Given our disappointing results, a deliberate strategy for
HCV infection is imperative in SLKT.

Whether SLKT provides an immunologic advantage for
kidney allografts has been controversial. Several mecha-
nisms, such as absorption of anti-HLA antibodies by the
liver, have been proposed [54,55], with a beneficial clinical
application to positive lymphocytotoxic cross-match SLKT

613



HCV+ simultaneous liver/kidney transplantation

recipients [56]. We and other authors reported that
pre-SLKT sensitization or class II donor-specific antibody
has a negative impact on patient and kidney graft survival
(5,57,58].

There are several limitations of our study: (i) the retro-
spective design, (ii) selection bias on which patient under-
went SLKT, (iii) era bias with patient data collected over a
9-year period, (iv) potential confounders such as recipient/
donor age, sex, and race, (v) heterogeneity in immunosup-
pression, and (vi) a limited number of SLKT recipients. To
solve the shortcomings from (i) to (v), we focused on pri-
mary transplantations with no coexisting liver disorders or
malignancies and performed multivariate analyses to con-
trol for multiple factors that may affect survival outcomes.
Consequently, although the sample size issue still remains,
we believe our results unveiled detrimental effects of HCV
infection on prognosis in SLKT.

In conclusion, patient and graft survival rates of HCV+
SLKT are significantly lower than those of HCV— SLKT
and HCV+ LTA. Main causes of patient death in HCV+
SLKT are recurrent HCV and sepsis, which necessitate
immunosuppression to be individually tailored according
to the patients’ condition. Response to anti-HCV therapy
after SLKT is limited; therefore, novel approaches for HCV
infection are critical for improving outcomes.
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