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Abstract

Introduction: Alemtuzumab and rabbit antithymocyte
globulin (rATG) are being used with increasing frequency as
induction agents in kidney transplantation. Using the US
Renal Data Base System, we analyzed the safety profile of
these agents in the elderly. Methods: In a cohort of patients
transplanted from January 2000 to July 2009 and followed
through 2009, we assessed the effect of induction on al-
lograft loss and death among elderly recipients. Recipients
were censored at dates of allograft loss, death or the end of
study. Independent associations between induction agents
and allograft loss or death were examined using multivari-
ate analysis with forward stepwise Cox regression. Results:
Among 130,402 patients with first transplants, 14,907 were
age65yearsorolder.4,466 (30%), 3,049 (20.5%), 1,501 (10.1%),
and 999 (6.7%) were induced with thymoglobulin, basilix-
imab, daclizumab, and alemtuzumab, respectively. After ad-

justing for baseline differences, induction with alemtuzu-
mab was associated with an increased risk of graft loss and
death, with an adjusted hazard ratio (AHR) of 1.26 (95% ClI
1.08-1.48). Risk was also present at other age cutoffs [age
>60 (AHR 1.16;95% Cl1 1.03-1.31; p = 0.014), age >70 (AHR 1.43;
95% Cl 1.13-1.81; p = 0.003) and age >75 (AHR 1.68; 95% Cl
1.07-2.63; p = 0.024)]. Conclusions: In the elderly, alemtu-
zumabis associated with an escalating risk of death and graft
loss in recipients of kidney transplantations.

Copyright © 2011 S. Karger AG, Basel

Introduction

The introduction of several potent immunosuppres-
sive agents has improved the outcomes of solid organ
transplant; however, success has been tempered by as-
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sociated complications including potentially life-threat-
ening infections and malignancy [1]. Induction immu-
nosuppression involves intense prophylactic therapy ad-
ministered at the time of transplantation with the goal of
preventing acute rejection and ultimately facilitating a
tolerogenic state [2]. The requirement for induction im-
munosuppression is a consequence of the increased im-
munogenicity of the allograft in the immediate post-
transplant period. Specifically, the cumulative effects of
a high frequency of donor-specific T-cell precursors pres-
ent in most recipients, coupled with innate immune sys-
tem activation during organ transplantation, account for
this vulnerable period for the allograft.

The majority of transplant programs in the US use in-
duction therapy as many of these preparations have been
shown to be superior to bolus methylprednisolone when
combined with standard maintenance regimens [3]. Most
trials use the surrogate endpoint of acute rejection and
under these circumstances induction immunosuppres-
sion has exhibited a reduction in the incidence of acute
rejection when compared to historical standards; how-
ever, patient or graft survival have not been clearly shown
to improve outcomes [4-6].

The increased use of induction agents in kidney trans-
plantation and given the significant risk of adverse events,
in particular with alemtuzumab and rabbit antithymo-
cyte globulin (rATG), we analyzed the US Renal Data
Base System (USRDS) with particular emphasis on the
cause of death and induction agents. Our analysis is rel-
evant for elderly patients who have decreased immunoge-
nicity and may perhaps not require heavy induction.

Methods

This study used the USRDS which incorporates extensive
baseline and follow-up demographic and clinical data on all pa-
tients accessing the Medicare ESRD program in the United States
[7]. The variables included in the USRDS standard analysis files
(SAFs), as well as methods and validation studies, are published
and listed at the USRDS website, under ‘Researcher’s Guide to the
USRDS Database’, Section E, ‘Contents of all the SAFs’. The de-
mographics of the renal transplant population have been previ-
ously described (2011 USRDS report). The files SAETXUNOS
were used as the primary data set. We used an inception cohort
(based on date of transplant) with patients over the age 18 years
between January 1, 2000, and July 1, 2009, and followed through
to September 30, 2009. Induction and maintenance immuno-
suppressive medications were determined using data from the
TXIRUNOS file. Treated rejection was determined using data
from the TXIFUNOS file. Recipients were censored at dates of al-
lograft loss (return to dialysis), time of death, or the end of the
study period (September 30, 2009).

Alemtuzumab in Kidney in Elderly
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All analyses were performed using SPSS 12.0™ (SPSS, Inc.,
Chicago, Ill., USA). Files were merged and converted to SPSS
files using DBMS/Copy (Conceptual Software, Houston, Tex.,
USA). Bivariate analysis of factors associated with induction
agents was performed with x? testing for categorical variables
and one-way ANOVA for continuous variables. Statistical sig-
nificance for bivariate comparisons was defined as p < 0.05. The
independent associations between induction agents and al-
lograft loss or death were examined using multivariate analysis
with forward stepwise Cox regression. Variables with p < 0.10
tested in bivariate analysis for a relationship were entered into
multivariate analysis as covariates because of the possibility of
negative confounding. Variables thought to have a known clini-
cal association with outcomes were also introduced into multi-
variate models even if bivariate p values were >0.10, in accor-
dance with established principles of model development. Inter-
action terms were evaluated by adding pairs of significant
covariates to the model. Proportionality of hazards was assessed
graphically using log minus log plots.

Results

Among 130,402 patients with first transplants, 14,907
(11.4%) were age 65 years or older. Excluding any overlap
in medications and patients with missing or no induc-
tion, 4,466 (30%), 3,049 (20.5%), 1,501 (10.1%), and 999
(6.7%) were induced with thymoglobulin, basiliximab,
daclizumab, and alemtuzumab, respectively. Table 1
demonstrates the differences among older patients with
the different induction regimens. Notable differences in-
clude more patients of black race, with deceased donors,
and delayed graft function (DGF) in the thymoglobulin
group, and more expanded criteria donors and higher
panel reactive antibody (PRA) in the thymoglobulin and
alemtuzumab groups. Maintenance immunosuppression
differed in that patients induced with thymoglobulin or
alemtuzumab were less likely to be discharged on cyclo-
sporine and steroids.

After adjusting for these differences, induction with
alemtuzumab in this population was associated with an
increased risk of allograft loss (including death) with an
adjusted hazard ratio of 1.26 (95% CI 1.08-1.48; table 2).
This association was not observed with the other induc-
tion agents, which can be seen graphically in figure 1.
Other age cutoffs were also assessed and the risk ap-
peared to be present after age >60 [adjusted hazard ratio
(AHR) 1.16; 95% CI 1.03-1.31; p = 0.014], with an increas-
ing risk noted for age =65 (table 2), age =70 (AHR 1.43;
95% CI1.13-1.81; p=0.003) and age =75 (AHR 1.68; 95%
CI 1.07-2.63; p = 0.024).

After deconstructing the composite outcome of al-
lograft loss, which includes death with functioning al-
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Table 1. Characteristics of older patients (aged >65 years) by induction agent

Basiliximab Daclizumab Thymoglobulin Alemtuzumab p
(n =3,049) (n=1,501) (n =4,466) (n=999)
Transplant recipient factors
Recipient age, years 70.0x3.5 69.9%3.5 69.8 3.4 69.9*3.6 0.024
Male gender vs. female 2,004 (65.7) 988 (65.8) 2,731 (61.2) 636 (63.7) <0.001
Black race vs. all others 432 (14.2) 255 (17.0) 940 (21.0) 146 (14.6) <0.001
Peak or recent PRA >20% 288 (9.9) 188 (13.2) 748 (17.7) 161 (16.8) <0.001
Delayed graft function 515 (16.9) 244 (16.3) 944 (21.1) 140 (14.0) <0.001
Diabetes 917 (30.1) 476 (31.7) 1,429 (32.0) 340 (34.0) 0.096
Deceased donor 2,120 (69.5) 1,031 (68.7) 3,358 (75.2) 696 (69.7) <0.001
Expanded criteria donor 752 (24.7) 363 (24.2) 1,300 (29.1) 295 (29.5) <0.001
Discharge immunosuppression
Tacrolimus 1,852 (60.7) 950 (63.3) 3,637 (81.4) 840 (84.1) <0.001
Cyclosporine (Neoral) 729 (23.9) 373 (24.9) 400 (9.0) 51(5.1) <0.001
Mycophenolate mofetil 2,324 (76.2) 1,367 (91.1) 3,506 (78.5) 692 (69.3) <0.001
Mycophenolate sodium 409 (13.4) 42 (2.8) 516 (11.6) 84 (8.4) <0.001
Sirolimus 283 (9.3) 101 (6.7) 386 (8.6) 15 (1.5) <0.001
Corticosteroids 2,594 (85.1) 1,327 (88.4) 2,849 (63.8) 280 (28.0) <0.001

Data presented as mean * standard deviation for continuous variables and n (%) for categorical variables.

Table 2. Cox regression analysis of factors associated with al-
lograft loss after renal transplantation among patients aged >65
years

Variable AHR 95% CI p

Induction - basiliximab (ref.) 1 0.019
Induction daclizumab 0.961 0.859-1.076 0.494
Induction thymoglobulin 1.031  0.940-1.131 0.520
Induction campath 1.263 1.076-1.482 0.004
Recipient age, per year 1.033 1.022-1.045 <0.001
PRA >20% 1.143 1.019-1.283 0.023
Year of transplant 0.948  0.929-0.968 <0.001
Tacrolimus at discharge 0.720  0.645-0.803  <0.001
Cyclosporine at discharge 0.880  0.778-0.996 0.043
Diabetes mellitus 1.361 1.256-1.474  <0.001
Deceased donor 1.367 1.237-1.512  <0.001
Delayed graft function 1.870 1.712-2.041  <0.001
Male gender 1.220 1.122-1.327  <0.001
Expanded criteria donor 1.472 1.354-1.600  <0.001

AHR = Adjusted hazard ratio; CI = confidence interval.
Included in model but not significant: black race, mycopheno-
late mofetil, sirolimus, and steroids.
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lograft, we found that induction with alemtuzumab was
associated with an increased risk of death (AHR 1.31;95%
CI 1.10-1.56; p = 0.002) in this population (fig. 2). There
was no significant association with death-censored al-
lograft loss, which represented the minority of event out-
comes (n = 321, 3.2% of total). For the patients who had a
categorized cause of death available, there were no sig-
nificant differences noted among cardiac, infectious, or
malignant causes of death (table 3).

Higher rejection rates at 1 year were noted among pa-
tients induced with basiliximab and alemtuzumab (ta-
ble 3). As a sensitivity analysis, treated acute rejection in
the first year was added to the primary allograft loss
model (only including those patients whose allografts
survived at least 12 months). Induction with alemtuzu-
mab continued to be associated with increased risk of al-
lograft loss (AHR 1.39; 95% CI 1.12-1.72; p = 0.003). In a
sensitivity analysis including a subset of elderly patients
of lower immunologic risk (low PRA and non-black),
similar findings were noted (AHR 1.30; 95% CI 1.08-1.57;
p = 0.006).

A significant interaction was noted in the model with
alemtuzumab and DGF. However, when limiting analy-
sis to only patients with or without DGF, alemtuzumab
induction remained significantly associated with al-
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Fig. 1. Time to allograft loss among patients aged >65 years with
regard to the 4 induction agents.

Fig. 2. Time to death among patients aged >65 years with regard
to the 4 induction agents.

Table 3. Outcomes associated with the 4 induction agents

Basiliximab Daclizumab Thymoglobulin Alemtuzumab p

(n =3,049) (n=1,501) (n = 4,466) (n=999)
Rejection within 12 months! 168 (6.8) 62 (5.1) 170 (5.0) 50 (6.8) 0.013
Died 634 324 679 152
Cause of death missing (27.2% overall) 252 (28.4) 98 (23.2) 271 (28.5) 46 (23.2) 0.090
Cardiac death 215(33.9) 100 (30.9) 199 (29.3) 55 (36.2) 0.193
Infectious death 119 (18.8) 58 (17.9) 150 (22.1) 32(21.1) 0.329
Malignancy death 70 (11.0) 43 (13.3) 93 (13.7) 16 (10.5) 0.416

Data presented as n (%) for categorical variables.

! Includes any use of medications to treat rejection within the first year after transplant in those patients whose allograft survived

at least 12 months.

lograft loss. When limiting the analysis to patients who
were or were not discharged on steroids, there was no
significant association between alemtuzumab and the
investigated outcomes. However, in a sensitivity analysis
which included a subset of elderly patients on both tacro-
limus and mycophenolate mofetil, the increased risk of
allograft loss (AHR 1.56; 95% CI 1.23-1.98; p < 0.001)
with the use of alemtuzumab in this population re-
mained.

Alemtuzumab in Kidney in Elderly
Transplant Recipients

Discussion

The elderly group (>60 years old) comprises the fast-
ing growing segment of transplant recipients. As of 2008,
induction agents were administered in 82% of kidney re-
cipients, as three types of agents currently account for
more than 97% of induction therapies: rATG, monoclo-
nal antibodies, daclizumab and basiliximab, and alemtu-
zumab [8]. The recently released data from the OPTN/

Am ] Nephrol 2011;34:534-541 537

Color version available online



SRTR annual Report (2009) showed that the use of alem-
tuzumab has steadily increased over the years to 10.7% of
all kidneys transplanted in 2008, while the use of rATG
has remained relatively steady at approximately 40%. The
use of basiliximab has been steady at approximately 17%
and that of daclizumab has reduced from a peak of 14.4%
in 2001 to 10.9% in 2008 [9]. Few studies have studied the
effect on immunosuppressive agents in the elderly popu-
lation [10-13] including the increasing use of alemtu-
zumab [11, 14, 15].

The present analysis is an extension of the study by
Gill et al. [14] which also used the UNOS-based database.
Gill et al. [14] showed that alemtuzumab use was associ-
ated with a higher risk of acute rejection, death, and all-
cause graft loss in the elderly population (>60 years old)
and that rATG may be preferable in high-risk recipients
with high-risk donors and possibly low-risk recipients
with high-risk donors. These findings are consistent with
the results of our study. In particular, alemtuzumab was
associated with an increased risk of graft loss (AHR 1.26)
and death (AHR 1.31) among first transplant recipients
above 65 years of age. The worse outcomes associated
with alemtuzumab versus rATG occurred despite lower
proportions of high-risk recipient factors in the alemtu-
zumab cohort, such as black race, PRA >20% and DGF.
This association can be potentially explained by the low-
er rate of steroid use in the alemtuzumab versus rATG
group (28 vs. 63.8%). However, the higher rate of graft loss
in the alemtuzumab group remained significant after ad-
justing for steroid use.

We also utilized escalating age cutoffs in assessing the
risk of graft loss which increased consistently with in-
creasing age in the recipients who received alemtuzumab
as an induction agent. Furthermore, this heightened risk
of graft loss included death in the analysis, while there
was no significant association with death-censored graft
loss, suggesting the important contribution of death with
functioning graft as an etiology of graft loss. We did not
detect any significant differences in the causes of death
(cardiac, infections, malignancy) when comparing recip-
ients receiving alemtuzumab with other induction agents,
but the cause of death variable was missing in 27% of
cases, so it is difficult to draw any conclusions regarding
the etiology of death in this cohort. Given that thymo-
globulin is considered to be of similar potency, we were
intrigued that this therapy was not also associated with
an increased risk of death when compared with the anti-
IL-2 induction agents. It is possible that if thymoglobulin
was used in the elderly population, it was given in lower
doses as has been previously reported [11, 15]. Both of
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these groups concluded that the use of full-dose anti-
thymocyte therapy (7-10 mg/kg) was associated with
increased morbidity in the elderly and low-dose rATG
(<6 mg/kg) is safe and effective to use in patients older
that 65 and leads to equivalent graft survival and func-
tion without incurring excess morbidity.

We found higher rejection rates at 12 months after
transplant among patients induced with basiliximab and
alemtuzumab versus rATG (6.8 vs. 5.0%). This finding is
consistent with outcomes reported by Gill et al. [14] that
elderly recipients who received rATG had the lowest rate
of acute rejection within the first year after transplant
(7.3%) compared with the alemtuzumab group (11.4%). In
contrast, Hanaway et al. [16] found a significantly lower
rate of biopsy-confirmed acute rejection among patients
receiving alemtuzumab than among those receiving con-
ventional induction (basiliximab or rATG) at both 6 (3 vs.
15%) and 12 months (5 vs. 17%). However, rates of late
biopsy-confirmed acute rejection (occurring between 12
and 36 months after transplant in patients who did not
have rejection within the first 12 months) were higher in
the alemtuzumab versus conventional groups (8 vs. 3%;
p = 0.03). Antibody-mediated rejection was not an end
point in the study and donor-specific antibody formation
was not evaluated and therefore, humoral rejection can-
not be excluded.

In our study, we did not detect any significant inter-
actions between high-risk recipient factors (i.e. black
race and PRA >20%) and alemtuzumab for the outcome
of death. Therefore, pooled, rather than stratified analy-
ses were performed to assess mortality rate in the study.
Failure to detect significant differences in stratified
analyses in other studies may represent insufficient
sample sizes.

Alemtuzumab [17] was approved by the US Food and
Drug Administration in 1999 as a treatment for lymphoid
malignancy (Campath-1H; Genzyme, Cambridge, Mass.,
USA). Alemtuzumab is an anti-CD52 humanized, com-
plement-fixing, IgG1 monoclonal antibody that targets
primarily T cells, but also B cells, macrophages, NK cells,
and some granulocytes and leads to antibody-dependent
lysis. The Cambridge group performed the first clinical
trial of alemtuzumab induction with cyclosporine mono-
therapy in kidney transplant recipients, and reported
outcomes comparable to historical controls [18]. Kirk et
al. [19] investigated the use of alemtuzumab in a pilot
tolerance trial designed to test the requirement for
maintenance immunosuppression. Although there was
significant depletion of peripheral lymphocytes and
monocytes, all patients developed rejection episodes
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and required commencement of maintenance immuno-
suppression. In the first randomized, prospective trial
evaluating alemtuzumab, efficacy appeared similar to
induction with either thymoglobulin or daclizumab; of
interest, most of the patients in the alemtuzumab arm
remained steroid-free [20]. Ciancio et al. [21] carried out
a parallel, open-label, randomized controlled trial com-
paring the following three regimens: alemtuzumab,
rATG, and daclizumab induction in patients who re-
ceived deceased donor renal grafts. After a 15-month fol-
low-up, there were similar rates of acute rejection and
other adverse events in the 3 groups, and 80% of the alem-
tuzumab patients remained steroid-free. After 36 months,
once more there were similar rates of acute rejection and
other adverse events [21].

In a recent publication, Hanaway et al. [16] compared
induction therapy with alemtuzumab to basiliximab or
rAGT in a patient population at either high or low im-
munologic risk over a 3-year period. Patients were strat-
ified according to acute rejection risk (repeat transplant,
a peak or current value of panel-reactive antibodies of
>20% or black race). The group concluded that biopsy-
confirmed acute rejection at 3 years in the low-risk
group was lower with alemtuzumab than with basilix-
imab (10 vs. 22%, p = 0.003), but in the high-risk group,
there was no difference when comparing alemtuzumab
with rATG (18 vs. 15%, p = 0.63). Adverse-event rates
were similar among all 4 treatment groups; however, the
incidence of serious adverse events related to cancer was
higher in the alemtuzumab group (p = 0.03). Amongst
the low-risk patients, the rate of serious infectious ad-
verse events was lower with basiliximub versus alemtu-
zumab (22 vs. 35%, p = 0.02). Among high-risk patients,
the rate of all infectious adverse events was slightly
higher with rATG versus alemtuzumab (81 vs. 60%, p =
0.009) [16].

In another study comparing infection rates, Kaufman
et al. [22] showed that alemtuzumab (n = 123) and basi-
liximab (n = 155) induction in patients undergoing ear-
ly glucocorticoid withdrawal showed no significant dif-
ferences. They found that I-year actual patient and
death-censored kidney transplant survival rates were
96.8 versus 99.4%, and 99.2 versus 99.4%, respectively
(p = n.s.). The rate of acute rejection for both groups was
equivalent (alemtuzumab 14.9%; basiliximab 13.5%),
and there was no difference in renal function at 1 year.
Also, long-term patient and graft survival did not differ
between the 2 groups, but alemtuzumab had a lower rate
of early rejection, defined as <3 months [22]. Farney et
al. [23] compared alemtuzumab and rATG induction in

Alemtuzumab in Kidney in Elderly
Transplant Recipients

adult kidney and pancreas transplantation using similar
maintenance immunosuppression. Of the 98 patients,
77 (79%) underwent kidney alone (KA) transplant, 17
(17%) pancreas-kidney transplant, and 4 (4%) pancreas
after kidney transplant. Of the 77 KA transplants, 66
(86%) were from deceased donors and 31 (40%) from ex-
panded criteria donors. Patient and kidney survival were
100 and 96%, respectively. It was concluded that surviv-
al and overall acute rejection rates were similar between
alemtuzumab and rATG groups; however, acute rejec-
tion occurred in 9 (20%) rATG patients compared with
0 (0%) alemtuzumab patients who received KA trans-
plants (p = 0.007) [23]. In a later publication, the authors
concluded that both therapies were equally safe, but
alemtuzumab was associated with less biopsy-proven
acute rejection [13].

Several studies have compared the incidence rates of
rejection and patient and graft-survival rates [12, 13, 16,
18, 22-25] and use in African American and Hispanic
populations [26], but thus far few studies have looked into
the efficacy and safety in the patient population over 65
years [11, 14, 15]. This is important, as the use of alemtu-
zumab has increased over the past decade in the United
States and the fact that alemtuzumab is such an effica-
cious agent and its mechanism of depletion is so profound
that it may take up to a year after administration for the
immune system to regain full function. Significant ad-
verse-effect profile includes neutropenia, thrombocyto-
penia, anemia, nausea, vomiting, diarrhea, headache,
among others, which may require the administration
of corticosteroids, acetaminophen, and antihistamine
agents in order to decrease the severity of the adverse ef-
fects [24, 27].

Currently, the literature shows that rATG appears to
be a superior agent in the prevention of biopsy-proven
acute rejections, though the graft and patient survivals
are not significant. There were are no differences in
overall survival and biopsy-proven acute rejection rates
between alemtuzumab and rATG groups; however,
acute rejection occurred in 9 (20%) rATG patients com-
pared with 0 alemtuzumab patients who received KA
transplants (p =0.007) [23]. In a multicenter study, rATG
was compared to daclizumab. The study selected high-
risk HLA-sensitized patients and randomly assigned
them to either rATG (n = 227) or daclizumab group
(n =227). The study showed that compared to the dacli-
zumab group, patients treated with rATG had a lower
incidence of steroid-resistant rejection (2.7 vs. 14.9%;
p = 0.002) and biopsy-proven acute rejection (15 vs.
27.2%; p = 0.016) at 1 year, and patient survival and graft
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survival were similar [28]. Another multicenter study
compared basiliximab and rATG. The study followed
135 recipients who were in either the basiliximab group
(n=70) versus rATG (n = 65). Basiliximab had low acute
rejection rates similar to those achieved by rATG; how-
ever, it had a better safety profile, with no increase in
malignancies, infections, or deaths [29]. Another study
showed that the 6-year patient and graft survival in the
rATG group was not significantly higher than that com-
pared to basiliximab (91.7 vs. 85% and 89.7 vs. 83.6%,
respectively); however, cytomegalovirus infections were
more prevalent in the rATG group (22 vs. 5%, p = 0.05)
and so was the incidence of hematological complications
[30].

The Cochrane review looked into the comparison of
IL2Ra treatment to rATG in 18 studies (1,844 partici-
pants) and found that there were similar results in graft
loss or acute rejection, but there was a benefit of rATG
therapy over IL2Ra for biopsy-proven acute rejection at 1
year (9 studies; RR 1.30; 95% CI 1.01-1.67), but the side
effects of rATG were much higher compared to the IL2Ra

induction agents, as a 75% increase in malignancy (7
studies; RR 0.25; 95% CI 0.07-0.87) and a 32% increase in
cytomegalovirus infections (4 studies; MD-11.20 pwmol/l;
95% CI -19.94 to -2.09). In addition, the review conclud-
ed that there was a higher incidence of fever, cytokine
release and leucopenia [7].

The limitations of the USRDS are well described in the
literature [24]. Pertinent limitations were the inability to
determine the precise cause of increased graft loss or pa-
tient death using alemtuzumab. Another limitation is the
lack of dosing of medications in the USRDS.

We have shown that induction with alemtuzumab in
elderly patients was associated with an increased risk of
graft loss and death. It may be speculated that transplant
programs recognizing the profound depleting effects of
alemtuzumab may empirically be reducing the dosage of
maintenance immunosuppression. Historically, alemtu-
zumab has allowed a reduction or total avoidance of ste-
roids in recipients of kidney transplantation. Ongoing
clinical trials will clarify this; until then, we urge caution
in using alemtuzumab in elderly patients.
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