
ORIGINAL ARTICLE

Alemtuzumab as compared to alternative contemporary
induction regimens
John C. LaMattina,1 Joshua D. Mezrich,2 R. Michael Hofmann,2 David P. Foley,2

Anthony M. D’Alessandro,2 Hans W. Sollinger2 and John D. Pirsch2

1 Division of Transplantation, University of Maryland School of Medicine, Baltimore, MD, USA

2 Division of Transplantation, University of Wisconsin, Madison, WI, USA

Introduction

Alemtuzumab, a humanized rat monoclonal antibody to

CD-52, has enjoyed extensive off-label use as an induc-

tion agent in solid organ transplantation [1]. CD-52 anti-

gen is present on the cell surface of T-cells, B-cells, NK

cells, macrophages and monocytes [2]. After administra-

tion of alemtuzumab, peripheral cells experience near-

immediate profound depletion [3]. Reconstitution of the

varying cell lines follows a disparate course, with T-cell

levels depleted for more than 1 year [4,5]. Both nonhu-

man primate and human studies have suggested an

immunologic benefit associated with T-cell depletion in

terms of decreased rejection and prolonged graft survival

[6,7]. Furthermore, nonhuman primate models have

shown tolerance induction in association with lymphocyte

depletion [2,8]. These early results prompted us to per-

form our own investigations of the utility of ale-

mtuzumab as an induction agent in renal transplantation.

Favorable results [9,10] prompted us to adopt ale-

mtuzumab as our standard induction agent. Subsequent

internal quality control data prompted us to return to an

induction regimen using either the nondepleting CD-25

antibody, basiliximab, or rabbit anti-thymocyte globulin

(ATG). CD-25 is an IL-2 receptor on the cell surface on

T-cells, and binding of CD-25 eliminates T-cell activation

by IL-2. ATG is a polyclonal rabbit anti-human T-cell

antibody preparation. Because of perceived efficacy, ATG

was preferentially utilized in patients of higher immuno-

logic risk.
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Summary

Between 1 January 2002 and 31 December 2007, our center performed 1687

adult renal transplants. A retrospective analysis was performed to compare out-

comes between patients receiving alemtuzumab (n = 632) and those receiving

either basiliximab (n = 690) or thymoglobulin (n = 125). Patients receiving

alemtuzumab were younger (49 vs. 51 years, P = 0.02), had fewer HLA

matches (1.7 vs. 2.0, P < 0.0001), were more likely to have a cytomegalovirus

(CMV) donor(+)/recipient()) transplant (22% vs. 17%, P = 0.03) and were

less likely to receive a living donor allograft (32% vs. 37%, P = 0.04). Ale-

mtuzumab recipients were less likely to receive tacrolimus (35% vs. 47%,

P < 0.0001). The 1-, 3-, and 5-year cumulative incidence of antibody-mediated

rejection (AMR) in alemtuzumab-treated patients was 19%, 24%, and 27%, vs.

11%, 15%, and 18% for the other group (P < 0.0001). The 1-, 3-, and 5-year

allograft survival in the alemtuzumab group was 88%, 75%, and 67%, vs. 91%,

82%, and 74% for the other group (P < 0.0001). Patient survival was equiva-

lent. Alemtuzumab was an independent risk factor for living donor allograft

loss (HR 2.0, P = 0.004), opportunistic infections (HR 1.3, P = 0.01), CMV

infections (HR 1.6, P = 0.001), and AMR (HR 1.5, P = 0.002). The signifi-

cantly worse graft survival in the alemtuzumab cohort may be due to the

increased rates of AMR and infectious complications.
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Recently, a prospective, open-label, randomized, multi-

center, controlled trial which enrolled 501 patients

between May 2005 and February 2006 studied the out-

comes of alemtuzumab induction versus ATG or basilix-

imab in a steroid minimization regimen in renal

transplantation [11]. The authors concluded that the rate

of biopsy-confirmed acute rejection was lower in patients

receiving alemtuzumab induction and that ‘adverse event

rates were similar’ among the treatment groups. As our

center had accumulated experience with over 600 patients

receiving alemtuzumab induction over a similar time per-

iod, and because our clinical experience was not consis-

tent with this report, we retrospectively compared our

results using alemtuzumab induction with the alternative

regimen consisting of basiliximab or ATG in adult, sin-

gle-organ, renal transplantation.

Patients and methods

A retrospective review of all adult, single-organ, renal

transplants (n = 1687) performed between 1 January

2002 and 31 December 2007 was conducted utilizing the

University of Wisconsin prospectively collected trans-

plant database. The study was conducted under Institu-

tional Review Board approval. Patients on minimization

or desensitization protocols, as well as those receiving

HLA-identical organs, were excluded from review. In

general, during the first 2 years of the study period

recipients underwent induction with alemtuzumab

(Campath-1H, ILEX, San Antonio, TX, USA; n = 632).

During the latter half of the study period, patients of

higher immunologic risk [high panel reactive antibody

(PRA), re-transplants, African-American race] underwent

induction with ATG (Thymoglobulin, Genzyme, Cam-

bridge, MA, USA; n = 125), and those of lower risk with

basiliximab (Simulect, Novartis, Basel, Switzerland;

n = 690). During the first 6 months of alemtuzumab

use, patients underwent induction with two doses given

during the transplant hospitalization (n = 125). This was

later decreased to a single dose of 30 mg at the time of

transplant. ATG was administered at 0.75–1.5 mg/kg/day

starting at the time of transplant for a total dose of 6–

8 mg/kg. Basiliximab was administered as a 20 mg dose

on postoperative day (POD) #0 and POD #4. All

patients received dexamethasone or methylprednisilone

and mycophenolate mofetil (CellCept, Roche, Basel,

Switzerland) at the time of transplant. The timing of the

institution of calcineurin inhibitors was decided by indi-

vidual surgeons, but, in general, calcineurin inhibitors

were started when the recipient’s creatinine fell below

3.0 mg/dl. During the study period, our group transi-

tioned to a regimen that preferentially utilized tacroli-

mus (Prograf, Fujisawa, Tokyo, Japan; n = 608) for a

calcineurin inhibitor, although cyclosporine (Neoral,

Novartis) continued to be used at the discretion of the

surgeon (n = 608). Calcineurin inhibitor therapy was not

utilized in 231 cases (alemtuzumab group n = 118, ATG/

basiliximab group n = 113). Maintenance immunosup-

pressive therapy typically consisted of a calcineurin

inhibitor and either mycophenolate mofetil or myco-

phenolic acid (Myfortic, Novartis). In the alemtuzumab

group, cyclosporine levels were typically maintained

50 ng/ml lower than those in the other group, and ta-

crolimus levels were maintained 2–3 ng/ml lower. In the

alemtuzumab group, steroids were rapidly tapered during

the transplant hospitalization, and were continued on an

outpatient basis at a low dose (5–7.5 mg/day). In the

other group, steroids were tapered during the transplant

hospitalization to prednisone 30 mg/day. This dose was

tapered further over the first few postoperative months

to a baseline of 5–10 mg/day.

Cytomegalovirus (CMV) prophylaxis consisted of val-

ganciclovir for CMV-negative recipients of CMV-positive

donor organs and those receiving thymoglobulin induc-

tion, and acyclovir for all other donor-recipient combina-

tions for 3 months. Trimethoprim/sulfamethoxazole 160/

800 mg daily for 1 year was used for pneumocystis carinii

prophylaxis. Mucosal candidiasis prophylaxis was with

oral nystatin or clotrimazole tablets for 3 months.

Standard CDC cross-matching was used throughout

the study period. Biopsies were performed in patients

with a creatinine elevated at least 20% above baseline,

and were scored using hematoxylin and eosin staining per

the Banff criteria [12]. C4d staining was utilized to diag-

nose antibody-mediated rejection (AMR) when clinically

indicated. Renal allograft failure was defined as a return

to dialysis, renal re-transplantation, or death with a func-

tioning graft. Graft losses ascribed to rejection were con-

firmed histologically.

Rates of rejection, rates of infection, and patient and

graft survival were estimated by Kaplan-Meier analysis.

Group comparisons were performed by a log-rank test.

Additional factors potentially associated with the

outcomes were assessed utilizing a Cox proportional haz-

ards regression model. Statistical analysis was performed

using SAS software. P-values <0.05 were considered

significant.

Luminex� testing with single-antigen beads was intro-

duced in our center in September 2004 for patients

enrolled in our desensitization program, and was

expanded to screen all sensitized patients in May 2005.

Pretransplant Luminex� screening for all patients began

in July 2008 and does not apply to this study population.

For the purpose of this study, AMR was defined as posi-

tive staining for C4d, since donor-specific antibody was

not available in the early time period of the study.
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Mean follow-up in the alemtuzumab group was

4.2 years and was 3.2 years in the other group.

Results

Demographics

As shown in Tables 1 and 2, patients receiving ale-

mtuzumab induction (n = 632) were similar to the other

group receiving either basiliximab (n = 690) or ATG

(n = 125) in regards to gender, race, body-mass index

(BMI), duration of end-stage renal disease, type of dialy-

sis, history of diabetes, number of re-transplants, CMV

status, peak PRA, and creatinine at discharge. There were

no differences in donor age, gender, race, or CMV status.

Patients receiving alemtuzumab were slightly younger

(49.2 vs. 51.1, P = 0.02), had fewer HLA matches (1.7 vs.

2.0, P < 0.0001), were more likely to have a CMV

donor(+)/recipient()) transplant (22.4% vs. 17.1%,

P = 0.03) and were less likely to receive a living donor

allograft (31.7% vs. 36.7%, P = 0.04). Although there

were no significant differences in steroid or mycopheno-

late use, alemtuzumab recipients were less likely to receive

tacrolimus (35.3% vs. 47.2%, P < 0.0001).

Patient and graft survival

There was no difference noted in overall patient survival

between the two groups. Kaplan-Meier estimates of 1-, 3-,

and 5-year patient survival in the alemtuzumab group

were 94.3%, 87.1%, and 80.7%, vs. 95.4%, 89.0%, and

82.4% for the other group (Fig. 1, P = 0.32). Likewise

there was no difference when the groups were stratified

Table 1. Demographics.

Mean

P-value

Alemtuzumab

(n = 632)

Other

(n = 815)

Age (years) 49.2 ± 13.1 51.1 ± 13.0 0.01

BMI (kg/m2) 27.4 ± 5.8 27.7 ± 5.2 0.09

Caucasian (%) 80.1 83.2 0.13

CMV donor+/

recipient) (%)

22.4 17.1 0.03

CMV negative (%) 42.9 42.0 0.79

Diabetes (%) 28.6 25.3 0.17

Disease duration (years) 16.8 ± 11.8 16.9 ± 12.4 0.87

Living donor (%) 31.7 36.7 0.04

Male (%) 58.1 62.3 0.10

PRA (peak) 8.0 ± 19 8.7 ± 19 0.05

Retransplant (%) 24.4 24.0 0.85

Tacrolimus

maintenance (%)

35.3 47.2 <0.0001

Total match 1.7 ± 1.5 2.0 ± 1.5 <0.001

Table 2. Donor and recipient CMV antibody status.

CMV status Alemtuzumab Conventional

Donor)/recipient) (%) 20.5 22.6

Donor)/recipient+ (%) 25.2 25.9

Donor+/recipient) (%) 22.4 17.1

Donor+/recipient+ (%) 31.9 30.1

Figure 1. Patient survival was equivalent in renal transplant recipients

receiving alemtuzumab induction versus conventional immunosuppression.

Figure 2. Overall renal allograft survival was significantly worse with

alemtuzumab induction compared to alternative, contemporary immu-

nosuppression.
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by primary versus nonprimary transplants, as well as

deceased versus living donor transplants. On multivariate

analysis of patient survival, the degree of matching at the

DR locus (HR 0.80, P = 0.04) and receipt of a living

donor allograft (HR 0.44, P = 0.0002) proved protective.

The two most common causes of death were cardiac-

related (n = 22 in both groups) and infectious complica-

tions (n = 33 in the alemtuzumab group, n = 17 in the

other group, P = 0.03).

There was significantly lower graft survival in patients

receiving alemtuzumab induction at all time points.

Kaplan–Meier estimates of 1-, 3-, and 5-year renal allo-

graft survival in the alemtuzumab group were 87.7%,

75.1%, and 66.6%, vs. 91.2%, 81.8%, and 73.5% for the

other group (Fig. 2, P < 0.0001). This lower graft survival

remained significant when the groups were stratified by

primary transplants with deceased versus living donors

(Fig. 3a and b), as well as nonprimary transplants with

deceased donors (Fig. 3c). Although a similar trend was

noted with nonprimary living donor transplants, this did

not reach statistical significance (Fig. 3d, P = 0.10). On

multivariate analysis of overall graft survival, CMV

Figure 3. (a)–(d) Renal allograft survival was significantly worse with alemtuzumab induction in primary deceased donor (a), primary living donor

(b), nonprimary deceased donor (c) and nonprimary living donor (d) renal allografts.
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donor(+)/recipient()) transplantation was associated with

an increased risk of graft loss (HR 1.28, P = 0.05).

Receipt of a living donor allograft (HR 0.55, P = 0.001)

and matching at the DR locus (HR 0.82, P = 0.02)

proved protective. However, on multivariate analysis spe-

cific to living donor renal allograft survival, alemtuzumab

induction emerged as a significant independent risk factor

for graft loss (HR 2.00, P = 0.004). In this particular

group, CMV donor (+)/recipient()) transplantation

remained a risk factor for graft loss (HR 1.04, P = 0.01).

Alemtuzumab was not found to be an independent risk

factor for allograft loss on multivariate analysis of

deceased donor graft survival. The most common cause

of graft loss was death with a functioning graft (ale-

mtuzumab n = 80, other n = 62), followed by chronic

rejection (alemtuzumab n = 34, other n = 20) and acute

rejection (alemtuzumab n = 31, other n = 32). Tacroli-

mus maintenance immunosuppression was not an inde-

pendent predictor of renal allograft loss (HR 0.798,

P = 0.061).

Rejection

There were no significant differences in overall episodes

of biopsy-proven rejection between the two groups

(P = 0.82). There was a significantly increased incidence

of AMR, diagnosed by C4d staining on biopsy, in patients

receiving alemtuzumab induction. As shown in Fig. 4, the

1-, 3-, and 5-year cumulative incidence of AMR in ale-

mtuzumab-treated patients was 18.8%, 23.8%, and 26.5%,

vs. 11.3%, 15.2%, and 17.6% for the other group

(P < 0.0001). On multivariate analysis of biopsy-proven

AMR, alemtuzumab was an independent predictor of

rejection (HR 1.55, P = 0.002).

Infectious complications

Infectious complications occurred more frequently in

patients undergoing alemtuzumab induction. Overall

cumulative infection rates (defined as culture, serologic,

or pathologic evidence of bacterial, viral, or fungal infec-

tion at any site) at 1, 3, and 5 years in alemtuzumab-trea-

ted patients was 64.7%, 75.8%, and 80.3%, as compared

to 58%, 69.1%, and 77.4% (P = 0.04). Opportunistic

infections and CMV infections (diagnosed serologically or

pathologically) occurred with greater frequency in the ale-

mtuzumab cohort. Cumulative 1-, 3-, and 5-year oppor-

tunistic infection rates in alemtuzumab-treated patients

were 34.5%, 42.7%, and 45.5%, vs. 26.6%, 34.6%, and

37.4% (P < 0.001). Cumulative CMV infection rates in

alemtuzumab-treated patients were 21.3% and 22.7% at 1

and 3 years vs. 10.8% and 12.4% in the other group

(Fig. 5, P < 0.0001). There was no difference in the fre-

quency of noncandidal fungal infections (P = 0.99).

Leukopenia

Patients receiving alemtuzumab induction had signifi-

cantly lower white blood cell (WBC) counts at 1, 3, 6, 12,

Figure 4. AMR following renal transplantation occurred more com-

monly with alemtuzumab induction than with conventional immuno-

suppression.

Figure 5. CMV infection occurred more commonly in renal trans-

plant recipients undergoing alemtuzumab induction as compared to

those receiving conventional immunosuppression.
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and 24 months (P < 0.0001). Leukopenia, defined as a

WBC count <1500 cells/ll, developed more often in

patients receiving alemtuzumab induction, with a cumu-

lative incidence of 25.4%, 29.3%, and 30.9% at 1, 3 and

5 years vs. 9.2%, 11.0%, and 11.9% for the other group

(Fig. 6, P < 0.0001). Leukopenia developed as late as

3 years following alemtuzumab induction.

Maintenance immunosuppression

Patients receiving alemtuzumab induction were less likely

to be maintained on tacrolimus than on cyclosporine. In

both cases, mean calcineurin inhibitor levels were lower

in the alemtuzumab group than those in the other group

over the first year. The mean cyclosporine level in the ale-

mtuzumab group was 118 ng/ml, vs. 141 ng/ml in the

other group (P < 0.0001). A similar trend was noted with

patients maintained on tacrolimus, with mean levels of

6.6 ng/ml in the alemtuzumab group as compared to

6.9 ng/ml in the other group (P = 0.01).

Multiple doses of alemtuzumab

There was no difference in patient (P = 0.73) or allograft

(P = 0.59) survival between patients who received one

dose of alemtuzumab versus two doses. Similarly, there

were no differences in rates of biopsy-proven rejection,

AMR, opportunistic infection, CMV infection, or fungal

infection.

Discussion

Alemtuzumab induction has been associated with a durable,

sustained suppression of a number of components of the

immune system, with a lesser to absent suppression of the

humoral response [13–16]. However, it is unclear whether

or not this sustained immunosuppressive effect translates

into improved patient and allograft survival. A recent

randomized multicenter trial demonstrated decreased rates

of acute rejection in low risk patients undergoing renal

transplantation with alemtuzumab induction as compared

with basiliximab [11]. No difference in patient or graft

survival was noted. Although the group in which there was

a perceived benefit of alemtuzumab induction (low risk

recipients) had a statistically significant increased rate of

serious infections, it was concluded that adverse events rates

were similar. The maintenance immunosuppression did not

include steroids. Rates of AMR were not reported.

Ascribable to an institutional shift in the type of

induction agent, two cohorts of patients have emerged for

analysis in our center. Alemtuzumab was employed as

standard induction for renal transplant recipients between

2002 and 2004. After 2004, the standard regimen changed

to utilize basiliximab for low risk recipients and ATG for

high risk recipients.

The sustained immunosuppressive effect of ale-

mtuzumab is a reasonable explanation for the increased

infectious complications seen in renal transplant patients

undergoing alemtuzumab induction, with overall, oppor-

tunistic, and CMV infections all occurring with greater fre-

quency in this group. This occurred despite near-identical

prophylactic regimens in both groups, and likely is reflec-

tive of the increased rates of leukopenia seen in the ale-

mtuzumab group. The elevated rate of CMV infection may

be secondary to inadequate viral prophylaxis in the ale-

mtuzumab group, and may have been lower had all

patients undergoing alemtuzumab induction received

long-duration valganciclovir. Our protocol limited val-

ganciclovir to CMV-negative recipients of CMV-positive

donor organs, or to those patients undergoing induction

with thymoglobulin. Another report, in which all recipients

were treated with valganciclovir, did not note an increased

rate of CMV infection associated with alemtuzumab [17].

More concerning, however, is the patient survival data.

Although there was no statistically significant difference

in overall patient survival, the rates of infectious causes

leading to patient death was notably higher in the ale-

mtuzumab induction group.

Although the infectious complications suggest a net

state of over-immunosuppression, the alemtuzumab

cohort suffered worse overall graft survival. This cohort

also experienced a significantly higher rate of AMR, a

likely explanation for the overall worse allograft survival.

Figure 6. Leukopenia in renal transplant recipients was more com-

mon following alemtuzumab induction and continued to develop

more than 3 years post-transplant.
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Referable to the perceived efficacy of induction therapy,

there was a tendency to delay the introduction of

calcineurin inhibitor maintenance therapy until the recov-

ery of renal allograft function following transplantation

(creatinine below 3.0 ng/dL). Although this may have

contributed to the increased rate of AMR noted in the

alemtuzumab cohort, this practice was universal and

should have affected all groups equally. This is no longer

standard practice at our institution.

One limitation of this retrospective study was that the

cohort of patients undergoing alemtuzumab induction

was not identical to the cohort of patients receiving either

basiliximab or ATG induction. The alemtuzumab cohort

had a somewhat greater HLA mismatch, had a higher

ratio of CMV donor (+)/recipient ()) transplants, and

was less likely to receive tacrolimus maintenance therapy.

The latter represents an institutional time bias, as in the

early time points in the study, our preferred calcineurin

inhibitor was cyclosporine, and with increasing experience

with tacrolimus, this replaced cyclosporine as our routine

calcineurin inhibitor. Multivariate analysis, however, dem-

onstrated that tacrolimus maintenance therapy did not

prove to be an independent risk factor for patient and

graft survival. Graft survival remained superior in the

non-alemtuzumab cohort even when controlling for

tacrolimus versus cyclosporine. Although overall CMV

infection was more common in patients undergoing ale-

mtuzumab induction, when this was stratified by all pos-

sible donor-recipient combinations, the only combination

to reach statistical significance was in the CMV donor(+)/

recipient(+) match. In this case, 30.7% of patients under-

going alemtuzumab induction developed CMV infection

versus 12.4% of the other group (P < 0.0001). It is possi-

ble that this is secondary to inadequate CMV prophylaxis

in this particular group, and that treatment with valganci-

clovir could have prevented this outcome. The differential

degree of HLA-matching is of unclear etiology, and does

not represent any institutional changes in organ alloca-

tion, but perhaps is representative of a higher proportion

of deceased donors in the alemtuzumab cohort.

A further confounding factor, especially given the high

rate of AMR in patients undergoing alemtuzumab induc-

tion, was the absence of adequate class II crossmatch

capabilities. Our center relied upon the CDC crossmatch

for these patients. Luminex� testing was initially utilized

in our desensitization program in 2004, and was gradually

expanded to sensitized patients in 2005. Luminex testing

was not utilized in pretransplant patient screening during

the study period. Nonetheless, this deficiency would be

expected to affect all groups equally.

In the study groups, AMR was diagnosed on the basis

of positive C4d staining in the context of renal allograft

dysfunction and histological evidence of injury. Although

admittedly this is not presently the international standard

for diagnosing AMR, at the time of the study, our center

did not measure alloantibody levels. Using the present

Banff 2007 criteria, graft injury and C4d positivity is con-

sidered suspicious for antibody mediated rejection even

in the absence of alloantibody. Although any conclusions

drawn from this data would have been strengthened by

concomitant alloantibody levels, we still feel that valid

conclusions can be made despite this limitation.

Although these results must be interpreted within the

context of a retrospective study, with some significant

demographic differences between the treatment groups,

this study presents a large cohort of alemtuzumab-treated

recipients with the longest follow-up period reported to

date. Furthermore, there is nearly complete follow-up

with our recipients.

There are a number of potential explanations for the

differences noted in outcomes between our study and

those of the multicenter trial cited earlier. The two pri-

mary differences between our study and the multicenter

trial are the increased rate of allograft loss in patients

receiving alemtuzumab and the equivalent rate of acute

rejection between groups in our study. It must be noted

that the patient groups between studies are slightly differ-

ent, as our group included donation after cardiac death

donors, expanded criteria donors, and overall a higher

proportion of deceased donors. These factors would be

expected to increase the rate of allograft loss. Importantly,

all patients in our study were maintained on triple main-

tenance immunosuppression. A higher rate of late rejec-

tion was noted in patients undergoing alemtuzumab

induction in the multicenter trial. This may be attribut-

able to the lack of maintenance steroids, or could be sec-

ondary to AMR. Their study is consistent with our

finding of higher infectious complications in patients

receiving alemtuzumab, but this was limited to patients

of lower immunologic risk in their analysis.

There are a number of disparate results from other

centers utilizing alemtuzumab induction. The Miami

group reported on 90 patients, undergoing primary renal

transplantation with either alemtuzumab, thymoglobulin

or daclizumab induction [17]. Maintenance immunosup-

pression was limited to mycophenolate and low-dose

tacrolimus (4–7 ng/ml) in the alemtuzumab group, and

included mycophenolate, higher dose tacrolimus (8–

10 ng/ml), and steroids in the other groups. They noted

no differences in patient or allograft survival, or in rejec-

tion rates, at a median follow-up of 15 months. They did,

however, note the association between alemtuzumab and

leukopenia. All patients were given intravenous ganciclo-

vir and outpatient valganciclovir for 3 months, and only

one patient developed CMV. This study did not note an

association between alemtuzumab induction and AMR, as
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only 2–3 patients per group had C4d-positive staining on

biopsy.

A larger study in renal transplantation from Pittsburgh

utilized tacrolimus monotherapy in 90 patients receiving

alemtuzumab and 101 patients receiving thymoglobulin

[13]. The outcomes from these two groups were com-

pared with 152 historical controls undergoing standard

triple immunosuppressive maintenance therapy. No dif-

ference was noted in patient or allograft survival. Overall

rejection was more common with thymoglobulin induc-

tion and, like the recent trial, late rejection was noted to

occur more frequently with alemtuzumab. Rejection

episodes seemed to correlate with efforts to minimize

maintenance immunosuppression. Follow-up in the ale-

mtuzumab group was limited to 12–18 months.

The group from Northwestern performed a retrospec-

tive database analysis comparing 123 patients receiving

alemtuzumab to 155 patients receiving basiliximab induc-

tion in a steroid-free protocol in renal transplantation

[18]. Maintenance therapy consisted of mycophenolate

mofetil and tacrolimus. No difference in patient or graft

survival was noted, and rejection rates were equivalent at

1 year (although rejection tended to occur earlier in the

basiliximab group). The mean follow-up was 33 months.

Although the results did not reach statistical significance,

the patient and graft survival curves tended to be lower in

the alemtuzumab cohort. Similarly to the above studies,

this report did not specifically investigate rates of AMR.

Although the smaller, single-center studies show equiv-

alent results in regard to rejection rates, a review of the

Organ Procurement and Transplantation Network

(OPTN) database of over 14 000 patients who received

deceased donor renal allografts in 2003 and 2004 showed

alemtuzumab to be associated with less early rejection,

but higher rejection rates at 6 months and 1 year as com-

pared with thymoglobulin, interleukin-2 receptor anti-

body, or no induction [19]. Although the unadjusted

graft survival curves showed alemtuzumab to be associ-

ated with lower graft survival, it was not an independent

risk factor for graft loss on multivariate analysis.

The plethora of minimization studies utilizing ale-

mtuzumab suggests that the durable immunosuppression

and leukopenia associated with alemtuzumab induction

encourage centers to limit long-term exposure to steroids

and high-dose calcineurin inhibitors. In our center, a

deliberate attempt was made to limit the dose of both ste-

roids and calcineurin inhibitors. This effort was met with

an unacceptably high rate of AMR. The large sample size

and duration of follow-up are one potential explanation

for the elevated rate of rejection seen in our study (as

well as in the OPTN database review) that was not noted

in smaller, single-center reports.

Although we did not note a difference in episodes of

acute rejection between groups, there was a markedly

decreased graft survival in patient receiving alemtuzumab

induction. In multivariate analysis of living donor renal

transplant recipients, alemtuzumab proved to be an inde-

pendent risk factor for graft loss. Although there were a

number of real factors that disadvantaged the ale-

mtuzumab cohort in terms of graft survival (slightly older

donors, minimal differences in HLA-matching, lower

numbers of patients receiving tacrolimus, increased CMV

mismatches, and fewer living donors), it is likely that the

majority of this difference is accounted for by the

increased rates of infectious complications (in particular,

death from infection causes) and episodes of AMR.

Alemtuzumab has clear benefits in terms of cost and

ease of administration and it has been used with reason-

able outcomes in many centers. Nonetheless, as used in

our center, there were clearly worse overall outcomes.

Based on our internal analysis of this data, we have aban-

doned the use of alemtuzumab induction in favor of a

regimen consisting of basiliximab for low risk recipients

and thymoglobulin for high risk recipients.
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