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Introduction

Summary

Alemtuzumab (AZ) induction in hepatitis C-seropositive (HCV+) kidney trans-
plant (KTX) recipients may negatively affect patient survival; however, available
information is scant. Using US registry data from 2003 to 2010 of adult HCV+
deceased-donor KTXs (n = 4910), we examined outcomes by induction agent —
AZ (n = 294), other T cell-depleting agents, (n = 2033; T cell), IL-2 receptor
blockade (n = 1135; IL-2RAb), and no induction (n = 1448). On multivariate
analysis, induction therapy was associated with significantly better overall patient
survival with AZ [adjusted hazards ratio (aHR) 0.64, 95% confidence interval
(CI) 0.45, 0.92], T cell (aHR 0.52, 95% CI 0.41, 0.65) or IL-2RAb (aHR 0.67, 95%
CI 0.53, 0.87), compared to no induction. A significant protective effect was also
seen with AZ (aHR 0.63, 95% CI 0.40, 0.99), T cell (aHR 0.62, 95% CI 0.49, 0.78),
and IL2R-Ab (aHR 0.62, 95% CI 0.47, 0.82) in terms of death-censored graft sur-
vival relative to no induction. There were 88 HIV+/HCV+ coinfected recipients.
Compared to noninduction, any induction (i.e. three induction groups com-
bined) was associated with similar overall patient survival (P = 0.2255) on uni-
variate analysis. Induction therapy with AZ, other T cell-depleting agents, or IL-
2RAb in HCV+ KTX is associated with better patient and death-censored graft
survival compared to noninduction. In HCV/HIV coinfected patients, induction
is not contraindicated.

that kidney transplantation, with its need for immunosup-
pression, increases the risk of post-transplant liver disease

Kidney transplantation of hepatitis C virus-seropositive
(HCV+) patients has been shown to confer a long-term
survival advantage over dialysis and is considered the treat-
ment of choice for most end-stage renal disease (ESRD)
patients with HCV infection [1,2]. Despite some conflicting
reports, however, overall HCV+ patients appear to have
lower patient and graft survival compared with HCV-sero-
negative transplant recipients [3-5]. It has been postulated
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[5-7], infection [2,8,9], and new-onset diabetes [10] among
HCV+ patients, all of which may adversely affect patient
survival [5,6,11]. However, published experience is scant
regarding the potential deleterious impact on the outcome
of induction therapy in HCV+ kidney transplant (KTX)
recipients [12—14]. In addition, whereas there are some
data on induction therapy with thymoglobulin and
basiliximab, no studies have evaluated alemtuzumab (AZ)
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(Campath-1H), separately. This is important as AZ is a
potent induction agent resulting in profound and long-last-
ing lymphocyte depletion [15-17]. Despite its increasing
utilization since its first usage in kidney transplantation in
1999 [16], there is little information with respect to its risk
of serious infection, neoplasia, and viral reactivation all of
which may impact long-term survival.

Lastly, a clinical challenge in managing kidney transplant
recipients with HCV is coinfection with human immuno-
deficiency virus (HIV+). Hepatitis C progresses more rap-
idly in patients coinfected with HIV(HCV+/HIV+) [17-19]
and the higher risk of rejection in HIV+ kidney transplant
recipients might require more potent immunosuppression
either as prophylaxis against or treatment of rejection
which may in turn further exacerbate hepatitis C infection.
No studies have evaluated outcomes associated with induc-
tion therapy in HCV+/HIV+ patients.

The purpose of our study was to evaluate Scientific Reg-
istry of Transplant Recipients (SRTR) data for the impact
of AZ compared to other induction strategies on the long-
term patient mortality and graft survival of HCV+ and
HCV+/HIV+ kidney transplant recipients.

Materials and methods

Data source

We utilized data from the SRTR. The SRTR data system
includes data on all donor, wait-listed candidates, and
transplant recipients in the US, submitted by the members
of the Organ Procurement and Transplantation Network
(OPTN). The Health Resources and Services Administra-
tion, U.S. Department of Health and Human Services pro-
vides oversight to the activities of the OPTN and SRTR
contractors.

Study population

Scientific Registry of Transplant Recipients data was
accessed to identify all HCV+ kidney transplant (KTX)
recipients between January 2003 and December 2010.
Multi-organ recipients were excluded as were pediatric-
(<18 years) and live-donor kidney recipients, and recipi-
ents from deceased donors <6 years of age.

Hepatitis C virus status is both determined and reported
at the time of transplant for donor kidneys and is reported
but not necessarily performed at the time of transplant for
recipients (reporting refers to any prior positive HCV test-
ing). Recipient induction therapy was determined and classi-
fied into four mutually exclusive induction groups. Groups
were defined as those receiving (i) AZ (Campath—1H®), (i)
basiliximab  (Simulect®) or daclizumab (Zenapax®)
(IL-2RAb), (iii) other T cell-depleting agents such as
Muromonab-CD3 (Orthoclone OKT®3) and polyclonal

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 1016-1026

Alemtuzumab in HCV kidney transplants

antithymocyte globulin (Thyrnoglobulin®) (T cell), and (iv)
no induction (none). Cases with multiple induction medica-
tions were excluded except those receiving both AZ and an
IL-2Rab were categorized as AZ and those receiving both an-
tithymocyte globulin and IL-2RAb were categorized as T
cell.

The primary outcome of this study was overall patient
mortality from any cause following transplantation. Time
to death was defined as time from the date of transplant
until death, censored for loss to follow-up, end of study
period (10/31/11), or receipt of subsequent liver transplant.
Secondary outcomes were as follows: (i) overall death-
censored graft failure (defined as graft failure, return to
dialysis, or re-transplantation), and (ii) 1-year acute rejec-
tion (indicated by reported acute rejection or treatment for
acute rejection in the follow-up forms). Maintenance
medication regimen was assessed as initial medication at
discharge from the hospital. Missing maintenance medica-
tion data (2.6%) was coded as missing.

Statistical analysis

All statistical analysis was conducted using the sas system
version 9.2 (SAS Institute, Inc., Cary, NC, USA). Univariate
associations were examined using the chi-square tests for
categorical variables. The distribution of continuous vari-
ables was examined for normality and for the identification
of clinically implausible values — which can result from data
entry errors in registries of this size. Clinically implausible
body mass index (BMI) values were not included in the
analysis of this variable. ¢-Tests and anova were used for
the analysis of continuous variables whose distribution
approximated normality.

Survival distributions for mortality and graft failure were
estimated using the Kaplan—-Meier method. Survival curves
were compared using the log-rank test. Cox proportional
hazards models were used to estimate hazards ratios (HR)
and 95% confidence interval (CI) for induction treatment
groups after accounting for other factors which were
included based on backward selection with the significance
level for a variable to remain in the model at <0.2. Induc-
tion groups as well as all other covariates were examined
for adherence to the proportional hazard assumption. Ties
in the failure time were handled using the Efron method.
Because of the nonproportionality of our primary indepen-
dent study variable (induction group), an interaction term
with time was included in the models.

The following donor variables were included in the mod-
els: age (6-17, 18-39, 4059, >60 years), gender, race (Afri-
can American, other), cause of death (cerebrovascular
accident versus other), history of hypertension, history of
diabetes, terminal serum creatinine >1.5 mg/dl, hepatitis C
status, and donation after circulatory death (DCD). The
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following recipient factors were included in the models: age
(continuous), gender, race (African American, other),
previous kidney transplantation, previous liver transplanta-
tion, duration of maintenance dialysis prior to transplanta-
tion (none, <3 years, >3 years, missing), number of HLA-
A, B, and DR mismatches (<3, >3), panel-reactive antibody
(PRA) level (>30%, <30%), BMI (<30 kg/m?, >30 kg/m?,
missing), cold ischemia time (hours; <12, >12, missing),
HIV infection status, insurance status (private, other), and
year of transplantation. BMI was calculated as weight (kg)/
height (m)?. Expanded criteria donor (ECD) was defined as
age >60 years or age 50-59 years without at least two of
three other conditions (cerebrovascular cause of death, ter-
minal serum creatinine >1.5 mg/dl, and hypertension).

The odds of acute rejection at 1 year was estimated with
logistic regression using backward selection with the signifi-
cance level for a variable (same factors as Cox models) to
remain in the model at <0.2. Acute rejection data were
missing in 2.7% of cases; these cases were not included in
the rejection analysis.

All multivariate models were fit with the results from
observations that had complete data. Missing data were
observed in less than 1%. Imputation methods were not
used. All P-values were two-sided. This study was approved
by the Institutional Review Board of the Albert Einstein
College of Medicine.

Results

HCV+ recipients and induction groups

We identified 4910 kidney transplants to HCV+ recipients
between January 1, 2003 and December 31, 2010. Among
these AZ induction was administered in 6% (n = 294; AZ),
other T cell-depleting agents combined in 41% (n = 2033;
T cell), IL-2 receptor blockade in 23% (n = 1135; IL-
2RAb), and no induction in 30% (n = 1448). The fre-
quency distribution of donor and recipient variables based
on induction category is shown in Table 1. Compared to
the other three induction categories, transplant recipients
in the AZ group were found to have higher rates of recipi-
ents who were African American, younger, obese, receiving
less maintenance immunosuppression, and had longer dial-
ysis vintage. Transplant recipients treated with AZ were
also more likely to have received an organ from donors that
were older, ECD, DCD, and with longer cold ischemia
times. Those that received no induction had a greater pro-
portion of recipients with HLA mismatch >3, pre-emptive
KTX, previous liver transplants, HIV-positive status, and
receiving maintenance immunosuppressive therapy mini-
mization. The T-cell group had a greater proportion of
recipients with PRA >30% and previous kidney transplants.
The IL-2RADb group had a significantly higher proportion
of recipients with private insurance compared to the other
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three groups. The groups were statistically similar in terms
of donor race, gender, hypertension, diabetes, death
because of CVA, terminal serum creatinine, HCV-positive
status, and recipient gender.

For each of the induction groups (AZ, T cell, IL-2RAb,
and none), patient survival was 95%, 94%, 92%, and 89%,
respectively, at 1 year and 86%, 81%, 76%, and 75%,
respectively, at 5 years (Fig. 1). On multivariate analysis,
induction therapy was associated with significantly better
patient survival when treated with AZ [adjusted HR (aHR)
0.64, 95% CI 0.45, 0.92], T cell (aHR 0.52, 95% CI 0.41,
0.65), and IL-2RAb (aHR 0.67, 95% CI 0.53, 0.87), com-
pared to no induction (Table 2a). A significant protective
effect with the use of AZ (aHR 0.63, 95% CI 0.40, 0.99), T
cell (aHR 0.62, 95% CI 0.49, 0.78), and IL2R-Ab (aHR
0.62, 95% CI 0.47, 0.82) was also observed in terms of
death-censored graft survival relative to no induction
(Table 2b).

As a result of the small sample size of the AZ group and
its resulting limited statistical power, the original Cox model
for patient and graft survival was constructed using back-
wards elimination at an alpha level of <2.0. As a sensitivity
analyses, we modeled the association of specific induction
groups including all variables in the Cox model. The results
for death-censored graft survival were similar in magnitude
and direction (AZ, aHR 0.62, 95% CI 0.39, 0.98; T cell aHR
0.61, 95% CI 0.49, 0.78; IL2R-Ab aHR 0.61, 95% CI 0.46,
0.8). The results for patient survival were similar in direction
but did not reach significance for the AZ group (AZ, aHR
0.63, 95% CI 0.39, 1.04; IL2R-Ab aHR 0.68, 95% CI 0.53,
0.87; T cell aHR 0.51, 95% CI 0.41, 0.65).

Acute rejection at 1 year occurred in 8.9% overall, 12.6%
of those induced with AZ, 9.6% with other T-cell therapies,
9.1% with IL-RAb, and 7.1% with no induction
(P = 0.0085). On multivariate analysis, the odds of acute
rejection was higher with AZ [adjusted odds ratio (aOR)
1.70, 95% CI 1.12, 2.56), and other T cell-depleting agents
(aOR 1.32, 95% CI 1.02, 1.72), but not IL-2RAbs (aOR
1.27, 95% CI 0.95, 1.71) compared to noninduction. Other
risk factors for acute rejection were donor HCV+ status
(aOR 1.38, 95% CI 1.10, 1.74), recipient HIV coinfection
(aOR 2.27, 95% CI 1.28, 4.01), whereas increasing recipient
age was protective (aOR 0.98, 95% CI 0.97, 0.99 per year).

HCV/HIV-coinfection (HCV+/HIV+) versus
HCV-monoinfection (HCV+)

A total of 88 HCV+ recipients were coinfected with HIV
(HCV+/HIV+). Transplantation of HIV coinfected patients,
within this HCV cohort, steadily increased from 2 cases in
2002 to 24 cases in 2010 (Table 3). Compared to those with
HCV monoinfection, the HCV+/HIV+ group was com-
prised of significantly greater proportions of recipients of
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Table 1. Donor and recipient characteristics by induction group.*

Characteristic % or mean =+ SD Alemtuzumab (n = 294) T cell (n = 2033) IL-2RAb (n = 1135) None (n = 1448) P-value
Donor age, years

6-17 5.8 6.1 6.1 5.1 0.0022

18-39 31.6 36.7 36.7 41.4

40-59 54.8 51.4 51.4 48.7

>60 7.8 5.8 5.8 4.8
Donor African American 19.1 15.7 14.2 14.2 0.1211
Donor female 34.7 38.6 37.4 38.0 0.5999
Donor hypertension 31.1 29.2 27.9 26.1 0.1424
Donor diabetes 4.4 5.9 5.8 5.8 0.7979
Donor death because of CVA 40.1 40.2 40.1 39.4 0.9740
Donor DCD 12.6 8.5 5.4 5.4 <0.0001
Donor expanded criteria 18.7 15.1 13.8 13.0 0.0483
Donor serum Cr > 1.5 mg/d| 12.6 14.8 13.8 12.9 0.4061
Donor HCV positive 34.7 29.2 28.9 29.6 0.2497
Recipient age, years 51.8 £ 10.3 524 +£ 94 534 +£94 53.1 £ 9.0 0.0076
Recipient ESRD diagnosis

Glomerulonephritis 13.3 16.1 16.9 1.1 <0.0001

Diabetes 29.6 243 26.0 22.4

Hypertension 37.1 31.7 25.7 27.8

Other/unknown 20.1 27.9 314 38.8
Recipient African American 59.9 52.8 42.3 45.4 <0.0001
Recipient female 27.6 271 235 26.5 0.1526
Recipient kidney re-transplant 16.3 19.6 9.3 12.0 <0.0001
Recipient dialysis

No dialysis 6.8 8.0 10.9 8.0 <0.0001

<3 years 33.0 37.3 433 45.5

>3 years 58.5 52.9 44.0 38.7
Recipient BMI > 30 kg/m? 33.7 25.8 24.5 25.2 0.0157
Recipient PRA > 30% 30.7 324 20.0 243 <0.0001
Recipient CIT > 24 h 32.0 21.9 18.0 16.7 <0.0001
Recipient HLA MM > 3 79.6 73.5 72.9 71.8 0.0500
Recipient HIV positive 1.4 0.7 1.9 33 <0.0001
Recipient insurance, private 23.5 24.5 32.1 30.5 <0.0001
Recipient previous LTX 2.0 5.6 8.4 1.2 <0.0001
Maintenance immunosuppression 63.0 329 18.9 26.3 <0.0001

at discharge <3 drugs

CVA, cerebrovascular accident; DCD, donation after circulatory death; ESRD, end-stage renal disease; BMI, body mass index; CIT, cold ischemia time;
PRA, panel-reactive antibodies; HLA, human leukocyte antigen mismatch; HCV, hepatitis C virus; HIV, human immunodeficiency virus; LTX, liver trans-
plant.

*Data not shown for waiting-list candidates and recipients missing information on BMI, panel-reactive antibody, cold ischemia time, and duration of
diabetes.

African American race, ESRD because of diabetes or glo-

i . . . Induction and HCV+/HIV+ recipients
merulonephritis, nonprivate insurance, HLA mismatch >3, p

longer vintage, and fewer prior liver or kidney transplants;
donors were more likely to be HCV+ (Table 4). Mainte-
nance immunosuppression was minimized in 13% of those
with HCV monoinfection and 16.3% of those with HCV/
HIV coinfection (P = 0.3900). On multivariate analysis
HCV+/HIV+ was associated with a somewhat increased
hazard for patient mortality (aHR 1.55, 95% CI 0.98-2.46)
and DCGL (aHR 1.40, 95% CI 0.89, 2.19) compared to
HCV+. Acute rejection at 1 year occurred in 8.5% of
HCV+ and 18.2% of HCV+/HIV+ cases.

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 1016-1026

Utilization of induction therapy in HCV+/HIV+ patients
increased from 0% in 2003 to a usage of 20-50% between
2004 and 2008, and 67% in 2010 (Table 3). Four patients
received induction with AZ, 22 with other T cell-depleting
agents, 15 with IL2R-Ab, and 47 did not receive induction.
The mean recipient age at transplantation was not signifi-
cantly different between the four groups (48.0 £ 10.7,
52.0 £ 7.3, 50.7 £9.2, and 51.1 £ 8.1, respectively;
P = 0.8229). Patient and graft survival curves of the HCV/
HIV coinfected cases are depicted in Fig. 2a for each
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Figure 1 Kaplan—-Meier plots of (a) overall patient survival and (b) death-censored graft survival for hepatitis C-seropositive kidney transplant recipi-

ents by induction group.

induction category and in Fig. 2b for the three induction
groups combined compared to noninduction. Compared
to those that did not receive induction, those that received
any induction (i.e. three induction groups combined) dem-
onstrated similar overall patient survival (overall
P = 0.2255; 85% and 94% at 1 year and 68% and 75% at
3 years (P = 0.1094) (Fig. 2b) and death-censored graft
survival (overall P = 0.4030; 85% vs. 94% at 1 year and
67% vs. 74% at 3 years, respectively).

1020

Discussion

This analysis of HCV+ KTX recipients supports an associa-
tion between induction therapy either with AZ, IL-2RAbs,
or other T-cell depleting and better overall patient and
death-censored graft survival when compared to no induc-
tion. These improved outcomes were seen in all three
induction groups when compared to noninduction which
had the lowest acute rejection.

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 1016-1026
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Table 2. Final multivariable Cox model* after backwards elimination
for (a) post-transplant mortality and (b) post-transplant death-censored

graft failure.

Parameters (reference group)

Patient mortality
Adjusted hazards
ratio (95% Cl)

(a) Post-transplant mortality
Induction (no induction)
Alemtuzumab
Other T-cell depleting
IL-2RAb
Donor age, years (6-17)
18-39
40-59
>60
Donor gender, female (male)
Donor, African American (non-African American)
Recipient age, continuous per year
Recipient race, African American (other)
Recipient BMI > 30 kg/m2 (other)
Recipient PRA > 30% (PRA < 30)
Recipient HLA-mismatches >3 (<3)
Recipient, prior kidney transplant (primary)
Recipient, HIV positive
Recipient, prior liver transplant
Recipient insurance, nonprivate
Recipient ESRD diagnosis (glomerulonephritis)
Diabetes
Hypertension
Other/unknown
Dialysis duration prior to transplant (none)
<3 years
>3 years
(b) Post-transplant death-censored graft failure
Induction (no induction)
Alemtuzumab
Other T-cell depleting
IL-2RAb
Donor age, years (6-17)
18-39
40-59
>60
Donor gender, female (male)
Donor, African American (non-African American)
Donor, death because of cerebrovascular
accident
Donor, diabetes history
Donor, terminal serum creatinine > 1.5 mg/dI
Donor, HCV seropositive
Donor, human immunodeficiency
virus seropositive
Donor, cold ischemia time > 12 h (<12 h)
Recipient age, continuous per year
Recipient race, African American (other)
Recipient, dialysis time pretransplant (none)
<3 years
>3 years
Recipient PRA > 30% (PRA < 30)

Reference

0.64 (0.45-0.92)
0.52 (0.41-0.65)
0.68 (0.53-0.87)
Reference

1.20(0.88-1.63)
1.42 (1.05-1.92)
1.63(1.12-2.38)
1.17 (1.02-1.33)
1.18 (0.99-1.40)
1.03(1.02-1.04)
0.89(0.77-1.03)
1.03 (0.87-1.20)
1.02 (0.86-1.20)
1.11(0.95-1.29)
1.52(1.26-1.84)
1.55(0.98-2.46)
1.48 (1.20-1.84)
1.13(0.97-1.31)

1.21(0.97-1.51)
0.97 (0.77-1.21)
1.17 (0.95-1.44)
Reference

1.07 (0.86-1.33)
0.99(0.78-1.25)

Reference

0.63(0.40-0.99)
0.62 (0.49-0.78)
0.62 (0.47-0.82)
Reference

1.10(0.77-1.59)
1.59 (1.10-2.30)
2.03(1.31-3.14)
1.13(0.98-1.31)
1.32(1.11-1.57)
1.22(1.05-1.43)

1.38(1.07-1.78)
1.14(0.93-1.39)
1.19(1.01-1.40)
1.40(0.89-2.19)

0.84(0.70-1.02)
0.98 (0.98-0.99)
1.51(1.29-1.76)

1.45(1.07-1.95)
1.53(1.13-2.08)
1.32(1.12-1.57)

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 1016-1026
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Table 2. continued

Patient mortality
Adjusted hazards

Parameters (reference group) ratio (95% Cl)

1.15(0.96-1.36)
1.34(1.10-1.63)
1.23(1.03-1.47)

Recipient HLA-mismatches >3 (<3)
Recipient, prior kidney transplant (Primary)
Recipient insurance, nonprivate

BMI, body mass index; ESRD, end-stage renal disease; HLA, human leu-
kocyte antigen; PRA, panel-reactive antibody; HCV, hepatitis C virus;
HIV, human immunodeficiency virus.

*The following donor variables were included in this model: age, gen-
der, race, cause of death, history of hypertension, history of diabetes,
terminal serum creatinine, donation after circulatory death, and HCV
status. The following recipient factors were included in this model: age,
gender, race, ESRD diagnosis, previous kidney transplantation, time on
dialysis therapy prior to transplantation, number of HLA-A, B, and DR
mismatches, panel-reactive antibody level, body mass index, insurance
type, HIV status, cold ischemia time, previous liver transplantation, and
the following interaction variables: alemtuzumab x time, IL-2RAb x
time, and T cell x time.

Whether induction therapies have a deleterious impact
on the outcome of HCV+ KTX recipients has been a subject
of ongoing debate. The main reason for using induction
therapy is to reduce the incidence and severity of acute
rejection, which is associated with decreased graft survival.
However, a major risk factor for infectious complications
after solid organ transplantation is immunosuppression,
including both maintenance therapy and agents used for
induction or rejection. Some small studies have shown
promising results with antithymocyte globulin or basilix-
imab in terms of viral infection, cirrhosis, and patient mor-
tality in HCV+ renal transplant recipients [2,12-14]. In a
SRTR analysis, Luan et al. [12] showed that induction with
either depleting or nondepleting antibodies was associated
with a 25% lower risk for mortality in 3708 HCV+ recipi-
ents as compared to those not receiving induction therapy.
Another SRTR analysis observed similar patient survival in
HCV+ recipients receiving depleting and nondepleting
agents [13]. In a retrospective review of 104 HCV-infected
kidney transplant recipients, patients who received induc-
tion with antithymocyte globulin had similar HCV viral
load on follow-up as compared to patients without induc-
tion [14]. In a recent single-center study that evaluated
long-term outcomes of 110 HCV-infected patients after
KTX, a subset analysis of 31 recipients showed that patients
who received daclizumab had a worse progression of liver
fibrosis score than patients receiving a lymphocyte-deplet-
ing agent [2]. Whereas various single and multicenter stud-
ies, both randomized and nonrandomized, are reasonably
consistent in demonstrating the effectiveness of AZ as an
induction or preconditioning agent in renal transplant
recipients [20-25], no studies have investigated the use
of AZ induction — separate from other T cell-depleting
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Table 3. HIV+/HCV+ recipients and induction therapy by year

Induction type

HIV+/HCV+ cases  Induction
Year (N = 88) (%) therapy, n (%) AZ Tcell IL-2RAb
2003 2(2.3) 0(0) 0 0 0
2004 6 (6.8) 3 (50) 0 0 3
2005 5(5.7) 1(20) 0 1 0
2006 10(11.4) 4 (40) 0 1 3
2007 10(11.4) 2 (20) 0 1 1
2008 15(17.1) 5(33) 0 2 3
2009 16(18.2) 10 (62) 1 2 7
2010 24 (27.3) 16 (67) 3 8 5

therapies — on HCV(+) recipients. Given the findings of
these reports and our study, it appears that induction ther-
apy, even with AZ, may result in better outcomes, and at
very least not worse ones, compared to noninduction.

Our study highlights that the patient survival benefit of
induction therapy is maintained over time. Given that the
effect of HCV on patient survival after KTX may follow a
slow time trajectory and that liver disease can develop
slowly or late after transplantation [26], a study of HCV(+)
recipients must include long-term outcomes. Studies
mostly focusing on 5-year survival rates have generally
failed to find significant differences in patient survival
between HCV-seropositive and HCV-seronegative recipi-
ents [27-31]. However, the majority of studies with large
sample size and adequate follow-up have demonstrated a
detrimental effect of HCV+ on patient and graft survival
(3,4,32-37].

The potential impact of induction therapy on graft sur-
vival of HCV+ recipients is unclear. Increased graft loss
associated with HCV status has been attributed to the
occurrence of HCV-related renal disease [38], glomerulo-
nephritis [4], post-transplant diabetes mellitus [10],
chronic allograft nephropathy [4], and liver-related mortal-
ity [4,5]. In the liver transplant literature, immunosuppres-
sion causes an early increase in HCV replication after liver
transplantation resulting in progression of recurrent HCV
and liver fibrosis [39—41]. Conceivably immunosuppres-
sion related increases in HCV replication could increase the
risk of glomerular damage of the kidney graft; however, it
remains unknown whether the influence of immunosup-
pression in HCV+ liver recipients can be extrapolated to
kidney recipients. A few studies looking at the impact of
induction on graft failure in HCV+ patients have failed to
find any differences in terms of any induction versus non-
induction [12], and depleting versus nondepleting agents
[13]. The traditional paradigm is that a patient and graft
survival benefit in HCV+ KTX recipients is best derived
from minimization of immunosuppression and avoidance
of acute rejection (and the subsequent requirement for
additional immunosuppression) resulting in a reduced net
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state of immunosuppression that over the long term may
allow host defenses against HCV.

In contrast, our results demonstrate that the group with
the lowest acute rejection (noninduction group) had the
worst patient and graft survival. Our results are consistent
with induction therapy offering a protective effect against
graft failure. Although recipient selection bias cannot be
discounted as a cause for the disparity in the observed and
expected outcomes, it may be that the prognosis of kidney
recipients with HCV is complex and beyond simply choice
of induction and/or maintenance therapy.

A clinical challenge in managing kidney transplant recipi-
ents with HCV is coinfection with HIV. The presence of
HIV results in more rapid progression of hepatitis C in coin-
fected patients [18,19]. HIV is also a strong risk factor for
allograft rejection compared to those without HIV [42,43]
with acute rejection rates ranging from 13 to 67% [42—46].
The higher risk of rejection might require more potent
immunosuppression either as prophylaxis against or treat-
ment of rejection which may in turn further exacerbate hep-
atitis C infection. Compared to HCV monoinfection, we
found that HCV/HIV coinfection was associated with a
somewhat increased risk for patient mortality and death-
censored graft loss, and a significantly increased likelihood
of acute rejection. Results of smaller studies have found co-
infection to be a risk factor for patient survival, graft sur-
vival, or infectious complications relative to monoinfection
[47,48]. Stock et al. [47] found a marginally higher hazard
of death and significantly more serious infections in 16
HCV+/HIV+ patients compared to 80 HIV monoinfected
patients. Time to event curves for graft loss and graft rejec-
tion did not differ. In an observational, multicenter, retro-
spective case—control study of 20 HIV+ and 40 HIV patients
in Spain, Mazuecos et al. [48] noted that eight HCV+/HIV+
coinfected patients had significantly lower death-censored
graft survival compared to the monoinfected groups on early
follow-up [vs. HCV+/HIV— (n = 8); log-rank P = 0.009; vs.
HCV—/HIV+ (n = 12); log-rank P = 0.02]. The authors
suggested that the higher risk of pharmacologic nephrotoxi-
city or the possible effect of HIV infection on either HCV
infection or on the development of rejection could, among
other factors, explain the increased susceptibility to graft
loss. However, the meaningfulness of the conclusions from
these reports is limited by small sample size, short follow-up
and lack of risk-adjusted analyses.

Most transplantation centers have been historically
reluctant to use lymphocyte-depleting agents for induction
in HIV+ recipients (and there is no information available
regarding HCV+/HIV+ patients), as these agents severely
deplete CD4" T cells for several months [43]. In the initial
clinical trials of organ transplantation in patients with
HIV infection, immunosuppressive regimens focused
on maintenance therapy using agents with known
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Table 4. Donor and recipient characteristics of cases with HCV alone
compared to those with HIV/HCV coinfection.

HIV/HCV Isolated HCV

Characteristic % or mean 4+ sd (n = 88) (n = 4823) P-value
Donor age, years

6-17 3.4 6.2 0.1283

18-39 48.8 37.6

40-59 40.9 50.3

>60 6.8 5.8
Donor African American 13.6 15.2 0.6933
Donor female 37.5 37.9 0.9386
Donor hypertension 20.9 28.2 0.1369
Donor diabetes 4.6 5.8 0.6263
Donor death because of CVA 341 40.1 0.2590
Donor DCD 5.7 7.1 0.5997
Donor serum Cr > 1.5 mg/dl 15.9 13.8 0.5735
Donor HCV positive 54.6 29.1 <0.0001
Recipient age, years 51.1 £ 81 528+ 9.3 0.0849
Recipient ESRD diagnosis

Glomerulonephritis 18.2 25.6 <0.0089

Diabetes 4.6 14.8

Hypertension 37.5 29.3

Other/unknown 39.8 31.3
Recipient African American 77.3 48.1 <0.0001
Recipient female 23.9 26.1 0.6321
Recipient kidney re-transplant 6.8 15.1 0.0313
Recipient dialysis

No dialysis 5.7 10.9 0.0015

<3 years 27.3 40.7

>3 years 65.9 46.3
Recipient BMI > 30 kg/m? 18.2 232 0.5657
Recipient PRA > 30% 21.6 25.9 0.4163
Recipient CIT > 24 h 18.2 18.0 0.9252
Recipient HLA MM >3 83.0 73.0 0.0368
Recipient insurance, private 85.2 71.8 0.0054
Recipient previous LTX 1.1 7.9 0.0191

CVA, cerebrovascular accident; DCD, donation after circulatory death;
ESRD, end-stage renal disease; BMI, body mass index; CIT, cold ischemia
time; PRA, panel-reactive antibodies; HLA, human leukocyte antigen
mismatch; HCV, hepatitis C virus; HIV, human immunodeficiency virus;
LTX, liver transplant.

antiretroviral qualities [43,47]. This therapy consisted of a
combination of steroids, a calcineurin inhibitor and myco-
phenolate mofetil. However, because of high rejection
rates, induction therapy with interleukin-2 receptor
blocker was next introduced [44-46]. Data from a pro-
spective study by Kumar et al. [45] demonstrated that
induction therapy by anti-CD25 antibody administration
and maintenance therapy with sirolimus resulted in a
decreased rejection rate; however, the 1-year patient and
graft survival rates were in the range of other high-risk
populations — 85% and 75%, respectively. Another small
retrospective study by Gruber et al. [46] that examined
outcomes in eight HIV+ KTXs receiving induction therapy
with an anti-interleukin-2 receptor antibody and mainte-
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nance therapy with cyclosporine, mycophenolate mofetil
and prednisone found patient and graft survival rates of
100% and 88%, respectively, and the rate of acute rejec-
tion was 13% at a median follow-up of 15 months.
Despite an initial reluctance, recent reports are supporting
the use of thymoglobulin induction in HIV+ recipients
[47,49]. A study of 150 HIV+ KTX recipients found that
thymoglobulin induction was significantly associated with
an increased risk of graft loss on multivariate analysis (HR
2.1, 95% CI 1.1-5.6, P = 0.03). Thymoglobulin induction
was also associated with twice as many serious infections
per follow-up year as patients receiving IL-2RADb induction
or no induction (0.9 vs. 0.4, P = 0.002) [47]. Another
study reported that 2-year patient survival was less than
50% in the elderly (>60 years old) who had DGF and
received thymoglobulin induction [49]. Tan et al. [50]
described three HIV-infected live-donor kidney transplant
recipients that were successfully preconditioned with AZ,
all of whom had good graft function and no incidence of
acute rejection, while requiring only maintenance with
low-dose tacrolimus monotherapy. Our report found a
shift in the United States toward the use of more potent
induction therapy in patients with HCV+/HIV+. In con-
trast to other reports, we show on univariate analysis that
overall patient survival among those that received any
induction therapy was comparable to those that did not
receive induction. The modest sample size did not allow
for the conduct of a multivariate analysis.

Our results are subject to the limitations inherent in
observational data. Because kidney transplant recipients
are often not randomly selected to receive specific types of
induction strategies, it is possible that they are in some
unmeasured way systemically less (or more) healthy than
those that received other types of induction or no induc-
tion. There is the possibility for residual confounding as a
result of donor, recipient, or transplant factors not
included in the analysis (not available in SRTR dataset)
such as HCV genotype, administration of HCV therapy,
duration and severity of HCV infection, liver histology,
HCV viral load and, if HIV+, CD4 counts and HIV ther-
apy. The intensity of maintenance immunosuppressive
regimens may have a significant impact on the post-trans-
plant course and although we assessed drug number, drug
levels are not available in the SRTR database. In addition,
it is challenging to assess the impact of a specific immuno-
suppressive drug on the outcome of HCV infection in kid-
ney transplant recipients as immunosuppressive drugs are
generally given in combination. Potential issues relating to
the determination of acute rejection include missing or
incomplete data, reporting bias, sampling and technique
errors, measures of quantification and subjective interpre-
tation. One systematic limitation of this and other previ-
ous studies is the use of HCV antibody screening to label
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Figure 2 Kaplan—Meier plots of (a) overall patient survival by induction group (b) overall patient survival by induction versus no induction for hepatitis
C-seropositive/human immunodeficiency virus coinfected kidney transplant recipients.

patients as ‘HCV+. In the absence of PCR analyses,
patients may have false-positive HCV antibody results.
Lastly, registry data is somewhat limited towards gaining
an understanding of the causes of graft or patient loss; as
such it is difficult to assess the direct association of failures
that would be more reflective of induction therapy, donor
risk factors, recipient characteristics, or the interaction of
these. The results of the HCV/HIV coinfected group are
largely descriptive. As a result of small sample size com-
parisons of donor and transplant characteristics between
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the four groups were not meaningful and a multivariate
analysis was not possible.

In conclusion, this analysis supports not only that the
use of induction therapy either with AZ, IL2R-Abs, or other
T cell-depleting agents is not contraindicated but that it
may be beneficial in HCV+ kidney transplant recipients.
Inferences are limited because of the potential for patient
selection bias; nevertheless, the large sample size and long
follow-up allows for informative evaluation of causal fac-
tors associated with key outcomes. HCV/HIV-coinfection
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represents a somewhat higher risk group compared to
HCV-monoinfection with regard to long-term outcomes.
The findings for this subgroup are less clear. More defini-
tive studies are necessary to clarify the role of induction
therapy in patients with HCV+ and HCV/HIV+.

Authorship

MV: wrote the paper, designed research/study. PF: designed
research/study, performed research/study, analyzed data.
YX: collected data. TK: wrote the paper, collected data.
KM: contributed important reagents. SG: contributed
important reagents. JC-F: contributed important reagents.
MK: contributed important reagents. MA: contributed
important reagents. EA: contributed important reagents.
LKK: wrote the paper, designed research/study, analyzed
data.

Funding

The authors have declared no funding.

References

1. Bloom RD, Sayer G, Fa K, Constantinescu S, Abt P, Reddy
KR. Outcome of hepatitis C virus- infected kidney trans-
plant candidates who remain on the waiting list. Am
Transplant 2005; 5: 139.

2. Roth D, Gaynor JJ, Reddy KR, et al. Effect of kidney trans-
plantation on outcomes among patients with hepatitis C.

J Am Soc Nephrol 2011; 22: 1152.

3. Meier-Kriesche HU, Ojo AO, Hanson JA, Kaplan B. Hepati-
tis C antibody status and outcomes in renal transplant recip-
ients. Transplantation 2001; 72: 241.

4. Scott DR, Wong JK, Spicer TS, et al. Adverse impact of hep-
atitis C virus infection on renal replacement therapy and
renal transplant patients in Australia and New Zealand.
Transplantation 2010; 90: 1165.

5. Fabrizi F, Martin P, Dixit V, Bunnapradist S, Dulai G. Hep-
atitis C virus antibody status and survival after renal trans-
plantation: meta-analysis of observational studies. Am J
Transplant 2005; 5: 1452.

6. Roth D, Zucker K, Cirocco R, et al. A prospective study of
hepatitis C virus infection in renal allograft recipients.
Transplantation 1996; 61: 886.

7. Zylberberg H, Nalpas B, Carnot F, et al. Severe evolution of
chronic hepatitis C in renal transplantation: a case control
study. Nephrol Dial Transplant 2002; 17: 129.

8. Legendre C, Garrique V, Le Bihan C, et al. Harmful long-
term impact of hepatitis C virus infection in kidney trans-
plant recipients. Transplantation 1998; 65: 667.

9. Rao KV, Ma J. Chronic viral hepatitis enhances the risk of
infection but not acute rejection in renal transplant recipi-
ents. Transplantation 1996; 62: 1765.

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 1016-1026

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Alemtuzumab in HCV kidney transplants

Kasiske BL, Snyder JJ, Gilbertson D, Matas AJ. Diabetes
mellitus after kidney transplantation in the United States.
Am ] Transplant 2003; 3: 178.

Baid-Agrawal S, Pascual M, Moradpour D, Frei U, Tolkoft-
Rubin N. Hepatitis C virus infection in haemodialysis and
kidney transplant patients. Rev Med Virol 2008; 18: 97.

Luan FL, Schaubel DE, Zhang H, et al. Impact of immuno-
suppressive regimen on survival of kidney transplant recipi-
ents with hepatitis C. Transplantation 2008; 85: 1601.
Sureshkumar KK, Thai NL, Marcus R]. Kidney transplanta-
tion in hepatitis C-positive recipients: does type of induction
influence outcomes. Transplant Proc 2012; 44: 1262.
Rodrigues A, Pinho L, Lobato L, et al. Hepatitis C virus
genotypes and the influence of the induction of immuno-
suppression with anti- thymocyte globulin (ATG) on
chronic hepatitis in renal graft recipients. Transpl Int 1998;
11(Suppl 1): S115.

Kirk AD, Hale DA, Mannon RB, et al. Results from a human
renal allograft tolerance trial evaluating the humanized
CD52-specific monoclonal antibody alemtuzumab
(CAMPATH-1H). Transplantation 2003; 76: 120.

Calne R, Moftatt SD, Friend PJ, et al. Campath I-H

allows low-dose cyclosporine monotherapy in 31 cadav-

eric renal allograft recipients. Transplantation 1999; 68:
1613.

Eyster ME, Diamondstone LS, Lien JM, et al. Natural
history of hepatitis C virus infection in multitransfused
hemophiliacs: effect of coinfection with human
immunodeficiency virus. The Multicenter Hemophilia
Cohort Study. J Acquir Immune Defic Syndr 1993; 6:

602.

Darby SC, Ewart DW, Giangrande PL, ef al. Mortality from
liver cancer and liver disease in haemophilic men and boys
in UK given blood products contaminated with hepatitis C.
UK Haemophilia Centre Directors’ Organisation. Lancet
1997; 350: 1425.

Rockstroh JK, Spengler U, Sudhop T, et al. Immunosup-
pression may lead to progression of hepatitis C virus associ-
ated liver disease in hemophiliacs coinfected with HIV. Am |
Gastroenterol 1996; 91: 2563.

Margreiter R, Klempnauer J, Neuhaus P, Muehlbacher F,
Boesmueller C, Calne RY. Alemtuzumab (Campath-1H) and
tacrolimus monotherapy after renal transplantation: results
of a prospective randomized trial. Am J Transplantation
2008; 8: 1480.

Vathsala A, Ona ET, Tan SY, et al. Randomized trial of ale-
mtuzumab for prevention of graft rejection and preservation
of renal function after kidney transplantation. Transplanta-
tion 2005; 80: 765.

Kaufman DB, Leventhal JR, Axelrod D, Gallon LG, Parker
MA, Stuart FP. Alemtuzumab induction and prednisone-
free maintenance immunotherapy in kidney transplantation:
comparison with basiliximab induction-long-term results.
Am ] Transplantation 2005; 5: 2539.

1025



Alemtuzumab in HCV kidney transplants

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

1026

LaMittina JC, Mezrich JD, Hofmann RM, et al. Ale-
mtuzumab as compared to alternative contemporary induc-
tion regimens. Transpl Int 2012; 25: 518.

Bunnapradist S, Madhira BR, Anastasi B, Shah T, Gill J.
Alemtuzumab induction in living-donor kidney
transplantation: an analysis using the OPTN/UNOS
database. Transplantation 2008; 86(Suppl 2): 305.

Calne R, Friend P, Moffatt S, et al. Prope tolerance,
perioperative campath 1H, and low-dose cyclosporin
monotherapy in renal allograft recipients. Lancet 1998; 351:
1701.

Alric L, DiMartino V, Selves J, et al. Long-term impact of
renal transplantation on liver fibrosis during hepatitis C
virus infection. Gastroenterology 2002; 123: 1494.

Orloff SL, Stempel CA, Wright TL, et al. Long-term out-
come in kidney transplant patients with hepatitis C infec-
tion. Clin Transplantation 1995; 9: 119.

Roth D, Zucker K, Cirocco R, et al. The impact of hepatitis
C virus infection on renal allograft recipients. Kidney Int
1994; 45: 238.

Ponz E, Campistol JM, Bruguera M, et al. Hepatitis C virus
infection among kidney transplant recipients. Kidney Int
1991; 40: 748.

Ynares C, Johnson HK, Kerlin T, Crowe D, MacDonell R,
Richie R. Impact of pretransplant hepatitis C antibody status
upon longterm patient and renal allograft survival —a

5- and 10-year followup. Transplant Proc 1993; 25: 1466.
Mosconi G, Scolari MP, Morelli C, et al. Renal transplanta-
tion and HCV hepatitis: a longitudinal study. Transplant
Proc 2001; 33: 1185.

Hanafusa T, Ichikawa Y, Kishikawa H, et al. Retrospective study
on the impact of hepatitis C virus infection on kidney transplant
patients over 20 years. Transplantation 1998; 66: 471.

Aroldi A, Lampertico P, Elli A, et al. Long-term evolution of
anti- HCV positive renal transplant recipients. Transplant
Proc 1998; 30: 2076.

Fabrizi F, Bunnapradist S, Lunghi G, Martin P. Transplanta-
tion of kidneys from HCV-positive donors: a safe strategy? J
Nephrol 2003; 16: 617.

Bouthot BA, Murthy BV, Schmid CH, Levey AS, Pereira BJ.
Long- term follow- up of hepatitis C virus infection among
organ transplant recipients: implications for policies on
organ procurement. Transplantation 1997; 63: 849.
Mathurin P, Mouquet C, Poynard T, et al. Impact of hepati-
tis B and C virus on kidney transplantation outcome. Hepa-
tology 1999; 29: 257.

Morales JM, Dominguez-Gil B, Sanz-Guajardo D, Fernan-
dez J, Escuin F. The influence of hepatitis B and hepatitis C

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Vivanco et al.

virus infection in the recipient on late renal allograft failure.
Nephrol Dial Transplant 2004; 19(Suppl 3): iii72.

Cruzado JM, Carrera M, Torras J, Grinyo JM. Hepatitis C
virus infection and de novo glomerular lesions in renal allo-
grafts. Am J Transplant 2001; 1: 171.

Chazouilleres O, Kim M, Combs C, et al. Quantitation of
hepatitis C virus RNA in liver transplant recipients. Gastro-
enterology 1994; 106: 994.

Gane EJ, Portmann BC, Naoumov NV, et al. Long-term
outcome of hepatitis C infection after liver transplantation.
N Engl ] Med 1996; 334: 815.

Pascual M, Thadhani R, Chung RT, et al. Nephrotic syn-
drome after liver transplantation in a patient with hepatitis
C virus-associated glomerulonephritis. Transplantation
1997; 64: 1073.

Stock PG, Roland ME, Carlson L, et al. Kidney and liver
transplantation in human immunodeficiency virus-infected
patients: a pilot safety and efficacy study. Transplantation
2003; 76: 370.

Landin L, Rodriguez-Perez J, Garcia-Bello MA, et al. Kidney
transplants in HIV-positive recipients under HAART. A
comprehensive review and meta-analysis of 12 series. Neph-
rol Dial Transplant 2010; 25: 3106.

Roland ME, Barin B, Carlson L, et al. HIV-infected liver and
kidney transplant recipients: 1- and 3-year outcomes. Am J
Transplant 2008; 8: 355.

Kumar MS, Sierka DR, Damask AM, et al. Safety and suc-
cess of kidney transplantation and concomitant immuno-
suppression in HIV-positive patients. Kidney Int 2005; 67:
1622.

Gruber SA, Doshi MD, Cincotta E, et al. Preliminary experi-
ence with renal transplantation in HIV+ recipients: low
acute rejection and infection rates. Transplantation 2008; 86:
269.

Stock PG, Barin B, Murphy B, et al. Outcomes of kidney
transplantation in HIV-infected recipients. N Engl ] Med
2010; 363: 2004.

Mazuecos A, Fernandez A, Andres A, et al. HIV infection
and renal transplantation. Nephrol Dial Transplant 2011; 26:
1401.

Patel SJ, Knight RJ, Suki WN, et al. Rabbit antithymocyte
induction and dosing in deceased donor renal transplant
recipients over 60 yr of age. Clin Transplant 2011; 25: E250.
Tan HP, Kaczorowski DJ, Basu A, et al. Living-related
donor renal transplantation in HIV+ recipients using
alemtuzumab preconditioning and steroid-free tacrolimus
monotherapy: a single center preliminary experience.
Transplantation 2004; 78: 1683.

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 1016-1026



