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Abstract: The introduction of new immunosuppressive agents into clinical transplantation in the 

1990s has resulted in excellent short-term graft survival. Nonetheless, extended long-term graft 

outcomes have not been achieved due in part to the nephrotoxic effects of calcineurin inhibitors 

(CNIs) and the adverse effects of steroid on cardiovascular disease risk factors. Induction therapy 

with lymphocyte depleting antibodies has originally been introduced into renal transplantation 

to provide intense immunosuppression in the early post-transplant period to prevent allograft 

rejection. Over the past half decade, induction therapy with both non-lymphocyte depleting 

(basiliximab and daclizumab) and lymphocyte-depleting antibodies (antithymocyte antibodies, 

OKT3, alemtuzumab) has increasingly been utilized in steroid or CNI sparing protocols in the 

early postoperative period. Alemtuzumab is a humanized monoclonal antibody targeted against 

CD52 on the surface of circulatory mononuclear cells. The ability of alemtuzumab (Campath-1H) 

to provide rapid and profound depletion of lymphocytes from the peripheral blood has sparked 

interest in the use of this agent as induction therapy in steroid and/or CNI minimization or 

avoidance protocols. This article provides an overview of the literarure on the evolving role of 

alemtuzumab in renal transplantation.

Keywords: alemtuzumab, Campath-1H, induction, renal transplantation, calcineurin inhibitor 
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Introduction
Aggressive T-cell depletion in the peritransplant period has been suggested to 

prevent immune engagement during a period where there is a maximal drive towards 

lymphocyte activation, proliferation, and ultimately rejection.1 Experimental studies 

have shown that perioperative lymphocyte depletion using pan-T-cell immunotoxins 

or other depleting antibodies induces tolerance in some rodents, canine, and nonhuman 

primate models.2–3 Although immune tolerance has not been successfully achieved in 

clinical transplantation, lymphocyte depleting agents such as antithymocyte antibodies, 

or more recently alemtuzumab has increasingly been used as induction therapy in solid 

organ transplantation to induce a state of near-tolerance or “prope tolerance” whereby 

allografts can be maintained with reduced immunosuppression.

Alemtuzumab (Campath-1H) is a humanized immunoglobulin IgG1 monoclonal 

antibody directed against CD52, a cell surface glycoprotein expressed on circulating 

T-and B-cells and to a lesser extent on natural killer cells, monocytes, and macrophages. 

It has been suggested that after binding to its target, alemtuzumab causes cell death 

through complement-mediated cell lysis and antibody-mediated cellular cytotoxicity.4–5 

In vitro studies suggested that alemtuzumab may also enhance lymphocyte apoptosis 

through both caspase-dependent and caspase-independent pathways.6 Alemtuzumab 

was approved by the US Food and Drug administration for the treatment of lymphoid 

malignancies in 1999. It has been used off-label in bone marrow transplantation to 

prevent graft versus host disease and to treat various autoimmune diseases such as 
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rheumatoid arthritis, scleroderma, and multiple sclerosis. 

Because of its rapid and profound lymphocyte depleting 

effects, alemtuzumab has increasingly been used off-label 

as induction therapy in renal transplantation as a means to 

allow safe avoidance or minimization of steroid or CNI 

therapy. Clinical studies evaluating the safety and effi cacy of 

antibody pre-conditioning with alemtuzumab in conjunction 

with reduction in maintenance immunosuppression have 

yielded variable and conflicting results. In the current 

article we provide an overview of the literature and present 

our opinion on the evolving role of alemtuzumab in renal 

transplantation.

Early experiences
Alemtuzumab induction therapy in steroid 
avoidance and calcineurin inhibitor 
minimization protocols
Alemtuzumab was fi rst introduced in renal transplantation 

in 1998 by Calne and colleagues.7 In a small nonrandomized 

pilot study consisting of 13 primary deceased donor renal 

transplants, the authors demonstrated that the use of 

alemtuzumab as induction therapy (total 2 doses of 20 mg) 

followed by half-dose cyclosporine monotherapy resulted in 

satisfactory short-term outcomes. Patient and graft survival 

were 100% at 6-to 11-month follow-up. One patient devel-

oped steroid responsive biopsy-proven acute rejection. 

A second patient with impaired graft function showed no 

evidence of acute rejection on biopsy. No serious adverse 

events occurred during the study period.

The same group of investigators reported the long-term 

effi cacy and safety of alemtuzumab induction therapy in 

deceased donor renal transplantation. In the extension 

of a single-center study consisting of 33 renal allograft 

recipients, Watson and colleagues8 demonstrated that the 

use of alemtuzumab as induction therapy (20 mg given 

intravenously on day 0 and day 1 after transplant) followed by 

half-dose cyclosporine monotherapy resulted in satisfactory 

5-year patient and graft survival comparable to that seen 

with standard triple immunosuppression consisting of 

cyclosporine (CSA), azathioprine, and prednisolone while 

avoiding steroid therapy. Although the incidence of acute 

rejection was similar between the two treatment groups at 5 

years (alemtuzumab vs conventional triple therapy: 31.5% 

vs 33.6%, respectively), the pattern of rejection was different 

with 14% patients in the alemtuzumab group experiencing 

rejection over 1year post- transplant compared to none in the 

control group. Graft and patient survival and serum creatinine 

at 5-year follow up were similar in both groups despite the 

use of lower CSA concentration in the alemtuzumab group. 

The incidence of infections, de novo malignancies and 

serious adverse events were also comparable between the 

two treatment groups.

Alemtuzumab induction therapy without 
maintenance immunosuppression
Kirk and colleagues9 hypothesized that aggressive 

pretransplant treatment with alemtuzumab would deplete 

peripheral and secondary lymphoid T cells and establish 

favorable conditions for the development of tolerance. In a 

pilot study consisting of 7 non-sensitized recipients of living 

donor kidneys, 3 to 4 doses of alemtuzumab (at 0.3 mg/kg per 

dose) were administered intravenously in the peri-transplant 

period without additional maintenance immunosuppression. 

Despite profound lymphocyte depletion in the periphery and 

secondary lymphoid tissues, all patients developed acute 

rejection within the fi rst month that were characterized 

predominantly by monocytic (not lymphocytic) infi ltrates 

with only rare T cells in the periphery blood or allograft. 

Most episodes were reversed with steroid (n = 5). One 

patient required OKT3 and one responded to sirolimus alone. 

Sirolimus maintenance therapy was initiated in all patients. 

There were no episodes of late acute rejection at 12 month 

follow-up. This study demonstrated that alemtuzumab 

alone does not induce tolerance in clinical transplantation. 

A prominent role for early responding monocytes in human 

allograft rejection has been suggested.

Alemtuzumab induction and short-term 
deoxypergualin monotherapy
The failure of alemtuzumab induction alone to induce 

tolerance in humans and the observation that lymphopenic 

rejections were characterized predominantly by graft 

infi ltration with monocytes and macrophages have led 

Kirk and colleagues10 to hypothesize that monocytes 

were under-immunosuppressed by T-cell depletion alone 

and hence available as alternative effector cells for 

T-cell depletion-resistant rejection. The same group of 

investigators conducted a trial to determine whether T-cell 

depletion with alemtuzumab in combination with a brief 

course of deoxyspergualin (DSG), a drug with inhibitory 

effect on monocytes and macrophages would induce 

tolerance in recipients of renal allograft transplants. Five 

recipients of primary live donor kidneys were treated peri-

operatively with 4 doses of alemtuzumab at 0.3 mg/kg/dose. 

All patients also received DSG at a total dose of 36.5 mg/kg. 
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Despite profound T-cell depletion and therapeutic DSG 

dosing, all patients developed reversible rejection that was 

similar in timing, histology, and transcriptional profi le to 

that seen in patients treated with alemtuzumab alone. It 

was thus speculated that several chemokines continue to 

be transcribed post-transplantation despite the absence 

of infi ltrating lymphocytes or monocytes. These chemo-

kines, in turn can serve to gradually accumulate suffi cient 

residual monocytic antigen presenting cells and allospecifi c 

lymphocytes to eventually mount an immune response.

Early experiences: summary
Early studies have shown that antibody preconditioning with 

alemtuzumab without maintenance immunosuppression 

failed to achieve tolerance in clinical transplantation whereas 

acceptable short-term patient and graft outcomes could be 

achieved with alemtuzumab induction and minimization 

of immunosuppression (steroid-free CNI-minimization 

protocols).

Alemtuzumab induction and CNI 
avoidance protocols
Sirolimus monotherapy
In a pilot trial conducted by Knechtle and colleagues11 29 

recipients of primary renal allograft transplants were given 

2 doses of alemtuzumab (20 mg/dose) on day 0 and 1 

(fi rst 24 patients), and on day –1 and 0 (patients 25–29). In 

the fi rst 24 living donor recipients, sirolimus monotherapy 

was started the day after transplant. Six patients (25%) 

experienced severe acute rejection resulting in one graft 

loss. Most acute rejection episodes occurred within the fi rst 

3 weeks post-transplant and were predominantly humoral 

(4/6) rather than cellular in nature. Due to the unexpected 

high incidence of early acute humoral rejection (AHR) in the 

fi rst 24 patients, the subsequent 5 patients were treated with a 

modifi ed protocol that included alemtuzumab on day –1 and 

0, thymoglobulin on day 1, and steroid tapering over a 14 day 

period. A single dose of thymoglobulin was used to target 

CD52 negative cells which are usually present in 1% to 3% 

of a normal subject’s T cells. In addition, recovery T-cells 

after alemtuzumab induction were found to be largely CD52 

negative. Despite the theoretical advantage of thymoglobulin, 

2 of 5 patients experienced reversible rejection episodes 

within the fi rst month posttransplant (one with a humoral 

component). Seven of 29 patients with rejection were 

switched to standard triple therapy with tacrolimus, 

mycophenolate mofetil (MMF), and prednisone.

At 3-year follow-up,12 13 patients (46%) had experienced 

acute rejection episodes. Of these, 7 (54%) had a humoral 

component. Graft and patient survival were 96% and 100%, 

respectively. Eighteen patients (67%) were on a steroid-free 

regimen, and 15 of 27 patients with a functioning graft were 

on monotherapy (13 on sirolimus, 1 tacrolimus, and 1 on 

prednisone). No serious infections occurred.

Sirolimus and mycophenolate mofetil 
combination therapy
In view of high acute rejection rates that occurred with 

alemtuzumab induction and sirolimus monotherapy, 

Flechner and colleagues13 performed a pilot study in which 

alemtuzumab induction was followed by sirolimus and 

MMF maintenance therapy in a CNI-free and steroid-free 

immunosuppressive regimen. Twenty two primary renal 

allograft recipients were given alemtuzumab induction 

(30 mg on day 0 and 1), sirolimus and MMF maintenance 

therapy. With a mean follow-up of 15.9 months, patient 

and graft survival were 96% and 87%, respectively. Of 

the 19 surviving grafts, 18 (95%) remained steroid free 

and 15 (79%) were CNI-free. However, acute rejections 

occurred in 8 (36.8%). Of these, 2 were humoral rejections. 

Although the overall infection rates were low, 2 patients 

developed severe acute respiratory distress syndrome at 

month 3 and 7, resulting in mortality in 1 and graft loss in 

the other. No cancer or PTLD was observed. Leukopenia 

was common, requiring MMF dose reduction in 6/22 (27%) 

patients. Although the results of this study suggested that the 

goal of the study was achieved, ie, the majority of patients 

were CNI- and steroid-free at 1 year, there was a concern over 

a higher than expected rate of acute rejection, leukopenia, 

and possible pulmonary toxicity.

Alemtuzumab, MMF, steroids and CNI 
avoidance vs alemtuzumab, CNI, MMF 
and steroids
Retrospective analysis of the OPTN/UNOS database14 

revealed that alemtuzumab induction (n = 690) was associated 

with a lower rate of acute rejection during the fi rst six months 

post-transplant compared with no induction (n = 4,364), 

ATG (n = 4,930), and Il-2R antibody induction (n = 4,378) 

(2.3% vs 7.6% vs 3.4% vs 4.8%, respectively, p � 0.001). 

However, there was an increased incidence of acute rejection 

at 6 months and 1 year with alemtuzumab (14.5% and 19.2%) 

compared to no induction (12.7% and 14.8%, p � 0.001), 

ATG (8.2% and 10.2%, p � 0.001), and Il-2R antibody 
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(11.1% and 13.0%, p � 0.001) with no difference in adjusted 

relative risk for graft loss. Further analysis demonstrated that 

alemtuzumab recipients receiving FK or CSA, MMF, and 

steroids had increased graft (FK/MMF/steroids, p � 0.001), 

CSA/MMF/steroids, p = 0.007) and rejection-free survival 

(FK/MMF/steroids, p = 0.006) over 24 months compared 

with no CNI, MMF, and steroids. It should be noted that 

data on dosing information were not provided, hence it is 

unknown if patients receiving alemtuzumab induction were 

maintained on reduced dose CNI compared to those receiving 

ATG or IL-2R antibody induction.

Low-dose sirolimus vs low-dose CSA 
in combination therapy with low-dose 
MMF
In a prospective, single-center randomized study to determine 

the infl uence of immunosuppressive agents on regulatory 

T cells (Treg) homeostasis in renal transplant recipients who 

underwent profound T cell depletion with alemtuzumab and 

maintenance therapy with low-dose sirolimus (n = 11) vs 

low-dose CSA (n = 10) in combination therapy with low-

dose MMF, Noris and colleagues15 demonstrated stable graft 

function in both groups at 6, 12, and 24 months. However, 

in sirolimus-treated patients, glomerular filtration rate 

(GFR) was numerically higher than in the CSA group at 

all time points. One patient on sirolimus and two on CSA 

had an episode of steroid responsive acute rejection at 14, 

and 9 and 210 days after transplantation, respectively. The 

investigators further demonstrated that during immune 

reconstitution, CD4+CD25high cells that expressed FOXP3 

underwent homeostatic peripheral expansion that was more 

intense in patients who received sirolimus than in those who 

were given CSA. On the basis of these data, it is hypothesized 

that lymphopenia and calcineurin-dependent signaling could 

be instrumental to achieving pro-tolerogenic Treg expansion 

in the clinical transplant setting.

To test the hypothesis that the expansion of circulating 

CD4+CD15high regulatory T cells might translate into more 

effective protection against chronic allograft injury, the 

same group of investigators16 compared the long-term 

clinical outcomes and biopsy findings of sirolimus- 

(n = 11) vs CSA-treated patients (n = 10). Despite 4-fold 

higher CD4+CD25high Treg counts, sirolimus-treated 

patients – compared to CSA-treated patients, had a 

signifi cantly higher tubular C4d staining score (sirolimus 

vs CSA: 1.1 ± 0.6 vs 0.2 ± 0.3, p � 0.01) with nonsignifi -

cant trends to higher chronic allograft damage index score, 

faster GFR and RPF decline, and more clinical proteinuria. 

Furthermore, there was no signifi cant correlation between 

Treg counts and any considered outcome variable in the 

study group as a whole and within each cohort. Hence, 

these data suggest that despite enhanced Treg expression, 

low-dose sirolimus combined to alemtuzumab induction 

and MMF-based-steroid-free maintenance therapy does not 

appreciably protect renal transplant recipients from chronic 

allograft injury and dysfunction.

Alemtuzumab induction and CNI 
avoidance: summary
Alemtuzumab induction and CNI avoidance appear to be 

relatively ineffective in the prevention of acute rejection 

episodes and to lack protection against antibody-mediated 

rejection. Despite the enhanced expression of regulatory 

T cells and its strong antiproliferative effect on alloreactive 

T cells, sirolimus-based immunosuppression in CNI avoidance 

protocols fails to protect renal allograft from chronic injury 

and dysfunction.

Alemtuzumab and minimization 
of immunosuppression (CNI-based 
immunosuppressive protocols 
with or without steroids)
Alemtuzumab induction and reduced 
dose steroids
In a single-center retrospective study, Knechtle and 

colleagues17 reported their experiences with 126 consecutive 

renal allograft recipients who received two doses of 

alemtuzumab on days 0 and 1, in combination therapy with 

very low dose steroids (10 mg methylprednisolone a day), 

MMF, and either tacrolimus or CSA; the outcomes were 

compared with 1115 renal allograft recipients treated at the 

same institution who received either an anti-CD25 antibody 

(n = 799), thymoglobulin (n = 160) or other antibody 

induction therapy (n = 156) in combination with MMF, 

CNI (tacrolimus or CSA), and higher dose steroid (steroid 

taper to 10 mg by 3 months). Follow-up was 12 months for 

the alemtuzumab group and 48 to 72 months for the other 3 

groups. The overall incidence of rejection was lower in the 

alemtuzumab compared to the control groups (p = 0.037). 

At 200 days follow-up, alemtuzumab-treated patients had 

significantly less rejection compared to control groups 

(p = 0.0096). Furthermore, patients with delayed graft 

function had signifi cantly improved graft survival compared 

to the other cohorts (p = 0.0119). No difference in infections 

or malignancies among the four groups was seen at latest 
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follow-up. Subsequent analysis at 3-year follow-up revealed 

more viral and fungal infections in the thymoglobulin and 

alemtuzumab group. There was no difference in rejection 

rate. However, graft survival was better in the anti-CD25 

receptor antibody induction group than in the other two 

groups.

Alemtuzumab induction and CNI 
monotherapy (steroid avoidance)
In a prospective randomized three-arm trial in which 

induction therapy with thymoglobulin, alemtuzumab 

(0.3 mg/kg given intravenously on day 0 and day 4), and 

daclizumab were compared, Cianco and colleagues18 have 

shown comparable patient and graft survival, acute rejection 

rates, and renal function among the three treatment groups 

at a median follow-up of 15 months. All patients received 

tacrolimus, MMF, and steroids. However, the alemtuzumab 

group received half the dose of tacrolimus and no steroids 

after the fi rst week. In addition, 80% of the patients remained 

steroid-free 1 year after transplant.

In a prospective multicenter randomized controlled trial 

comparing alemtuzumab induction (two 20 mg doses given 

intravenously) and low-dose CSA monotherapy (n = 20) 

with conventional triple therapy with CSA, azathioprine, and 

steroids (n = 10), Vathsala and colleagues19 demonstrated 

comparable acute rejection rates, graft and patient survival, 

and renal function between the two treatment groups at 

6 months follow-up. Fifteen of the 20 patients (88%) 

with functioning grafts in the alemtuzumab group were 

steroid free. Thrombocytopenia and the overall incidence 

and spectrum of infections were comparable between the 

two groups.

Alemtuzumab and space-weaning 
tacrolimus monotherapy
Tan and colleagues20 compared the outcomes of 205 living 

donor renal transplant recipients who received alemtuzumab 

induction (30 mg given intravenously on day 0) and spaced-

dose tacrolimus monotherapy with 47 historical controls 

who were transplanted prior to the induction era, and who 

were treated with conventional standard triple therapy with 

tacrolimus, MMF, and prednisone. At a mean follow-up of 

493 days, 7.3% in the alemtuzumab group were on twice 

a day dosing, more than one third (36.6%) were on once 

daily, 22% were on every other day, 17% were on 3 times a 

week, 2% were on twice per week, and 1% were on once per 

week. Approximately 10% were on multiple immunosup-

pressive drugs. Actuarial 1-year patient and graft survival 

were 98.6% and 98.1% in the alemtuzumab group, compared 

to 93.6% and 91.5% in the control group, respectively. The 

incidence of acute cellular rejection (ACR) at 1 year was 

6.8% in the alemtuzumab group and 17.0% in the historic 

control group (p � 0.05). There was no cytomegalovirus 

disease or infection. The authors concluded that this study 

confi rms the short-term safety and effi cacy of alemtuzumab 

induction and tacrolimus monotherapy in living donor renal 

transplant.

Shapiro and colleagues21 compared thymoglobulin 

(n = 101) or alemtuzumab 30 mg (n = 90) induction and 

minimization of immunosuppression with conventional 

triple immunosuppression with tacrolimus, prednisolone, and 

either MMF or sirolimus (n = 152). In both induction groups 

spaced-weaning tacrolimus monotherapy was attempted 3 to 

4 months posttransplant. There was no signifi cant difference 

in overall patient and graft survival between both lymphoid 

depleting and historical control groups at 12- to 18-month 

follow-up. However, survival of live donor grafts was better 

in the thymoglobulin and alemtuzumab induction groups 

than in live donor historical controls. There was a signifi cant 

difference in the incidence and time to acute rejection among 

the three treatment groups. In the thymoglobulin-treated 

patients, the onset of rejection was earlier (p � 0.001) and 

the incidence was higher than in either the alemtuzumab or 

historical control patients. Of note, because rejection episodes 

were associated with too rapid weaning in the thymoglobulin 

series, spaced dosing beyond every other day or three times 

a week was not attempted in the alemtuzumab group until 

at least 1 year unless there were specifi c indications (eg, 

drug nephrotoxicity or neurotoxicity). The incidence of 

rejection during the fi rst 6 months in alemtuzumab-treated 

patients was 1%. Rejections that occurred after 6 months 

were frequently associated in both the thymoglobulin- and 

alemtuzumab-treated patients with attempts to space wean. 

At 24- to 39-month follow-up, 68% of patients (56/83) 

with functioning grafts in the thymoglobulin-treated group 

were on space doses of maintenance immunosuppression, 

25% were on monotherapy and 7% were on more than one 

immunosuppressant. In the alemtuzumab-treated group, 

74% (62/84) were on space weaning, 14% were on daily 

monotherapy, and 12% received more than a single agent 

at 12-18 month follow-up. The authors concluded that after 

lymphoid depletion, kidney transplantation can be readily 

accomplished under minimal immunosuppression with less 

dependence on late immunosuppression and a better quality 

of life. Alemtuzumab has been suggested to be the more 

effective agent.
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Alemtuzumab induction and minimization 
of immunosuppression (CNI-based 
immunosuppressive protocols with 
or without steroids): summary
In low immunological risk renal transplant recipients, excellent 

short- and intermediate-term outcomes can be achieved with 

alemtuzumab induction and CNI minimization with or with-

out steroids. Although alemtuzumab induction may allow 

space-weaning tacrolimus monotherapy, it should be noted 

that the study by Tan and colleagues and that of Shapiro 

and colleagues are limited by their retrospective nature and 

long-term followup is lacking. In addition, in Shapiro’s study, 

acute rejection episodes that occurred after 6 months were 

frequently associated with attempts to space wean.

Alemtuzumab induction in high risk 
renal transplant candidates
High risk renal transplant candidates have variously been 

defi ned as those with high immunological risk (such as highly 

sensitized or retransplant candidates, African Americans or 

Hispanics), or those at high-risk for delayed graft function 

(such as recipients of organs from expanded criteria donors 

or from donors after cardiac death, prolonged cold ischemia 

time, donor elevated creatinine or donor acute tubular 

necrosis).

The use of alemtuzumab induction in high-risk renal 

transplant candidates has not been consistently shown to 

offer any advantage over traditional induction agents. In the 

following section, selected studies utilizing alemtuzumab 

induction in the so called “high risk” population are 

presented.

African Americans and hispanic ethnicity
In a single-center, prospective, randomized trial consisting 

of predominantly African Americans and Hispanics, 

Cianco and colleagues22 have shown that alemtuzumab 

induction and minimization of immunosuppression were 

less effective than either thymoglobulin or daclizumab and 

higher maintenance immunosuppression. During the study 

period, 90 recipients of deceased donor renal transplants 

were randomized to receive either thymoglobulin during the 

fi rst week post-transplant (Group A), alemtuzumab on post-

operative day 0 and 4 (Group B), or daclizumab at 1 mg/kg 

on the day of surgery and every 2 weeks × 4 (Group C). 

African Americans and Hispanics comprised more than 50% 

in each group. All patients received tacrolimus, MMF and 

steroid immunosuppression. However, patients in group B 

received half-dose MMF and steroid was withdrawn after 

the fi rst week post-transplant. At a minimum follow-up of 

27 months, there were no overall group differences in patient 

or graft survival, but a trend towards worse death-censored 

graft survival in group B (p = 0.05). Acute rejection rates 

were not signifi cantly different among the treatment groups. 

The incidence of chronic allograft nephropathy was higher in 

group B than A and C (p = 0.008). Mean calculated creatinine 

clearances at 24 months were 81.1 ± 5.5, 64.4 ± 4.5, and 

80.7 ± 5.7 mL/min, for groups A, B, and C, respectively 

(p = 0.01 for B vs average A and C).

In a single center retrospective study consisting of the 

fi rst 75 primary renal transplant patients given alemtuzumab 

induction and minimization of immunosuppression (low-dose 

tacrolimus, reduced dose MMF and steroid withdrawal 

after the fi rst week posttransplant), Cianco and colleagues23 

demonstrated that while three-year actuarial patient and graft 

survival rates were comparable between African Americans 

(n = 20), Hispanics (n = 32), and non-African Americans 

non-Hispanic (n = 23) (p = NS), higher incidences of biopsy-

proven acute rejection, chronic allograft dysfunction, and 

borderline worse renal function were seen among African 

Americans in comparison with the other patient subgroups.

In a single-center, nonrandomized, retrospective, sequen-

tial study design to evaluate outcomes in kidney transplant 

recipients receiving either a single dose (30 mg) of alem-

tuzumab (n = 123) or basiliximab (n = 155) induction in 

combination therapy with tacrolimus, MMF and steroid 

avoidance, Kaufman and colleagues24 reported a lower rate of 

early rejection (�3 months) in the alemtuzumab (4.1%) vs the 

basiliximab (11.6%) group. However, at 1-year follow-up, 

the rejection rates were comparable between the two treat-

ment groups. Further analysis revealed that patient and graft 

survival and rejection rates were nearly identical between 

caucasians (n = 76) and African Americans (n = 28) receiving 

alemtuzumab (96.1% vs 96.4%, respectively). Although 

maintenance immunosuppressive regimens were identical 

in the two induction groups, alemtuzumab-treated patients 

received signifi cantly less MMF at all time points analyzed 

over a 3-year period, as well as signifi cantly less tacrolimus 

at all time points analyzed over a 2-year period.

Alemtuzumab induction in kidney 
transplantation from donors after 
cardiac death (DCD)
In a retrospective study comparing the outcomes of induction 

therapy with either alemtuzumab, interleukin-2 receptor 

(IL-2R) antagonists or anti-thymocyte globulin (ATG) in 
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renal transplantation from donors after cardiac death, Schadde 

and colleagues25 found that induction with alemtuzumab does 

not confer any advantage over traditional induction agents. 

All patients received triple immunosuppression with CNI, 

MMF, and steroids. Patients were stratifi ed into high-risk and 

low-risk groups. The latter was defi ned as those with panel 

reactive antibody �20%, retransplants, and African American 

ethnicity. Comparing alemtuzumab to either IL-2R antagonist 

or ATG, the time to acute rejection was not signifi cantly 

different among the three induction regimen in both high- and 

low-risk groups. While there was no statistically signifi cant 

difference in graft survival over 3 years, there was a trend 

for worse patient survival in high-risk recipients receiving 

alemtuzumab induction (p = 0.055). It should be noted that 

the high-risk group consisted of a small sample size (Low-

risk group: IL-2R, n = 43; alemtuzumab, n = 61. High-risk 

group: ATG, n = 21; alemtuzumab, n = 20). The antibody 

induction strategies did not lead to signifi cantly different 

outcomes in patients receiving kidneys from donation after 

cardiac death.

Alemtuzumab induction in high-risk renal 
transplant recipients (The University 
of California at Los Angeles experience)
This is a retrospective review of a single-center prospectively 

maintained database of high-risk renal transplant patients 

who received lymphocyte-depleting antibody induction. 

Patients received thymoglobulin induction (n = 54) in 

2004, and alemtuzumab induction (n = 46) in 2005. “High-

risk” was defi ned as highly sensitized patients or recipients 

with anticipated delayed graft function such as long cold 

ischemia time (CIT), expanded criteria donor (ECD) 

kidney, donor after cardiac death (DCD), and/or elevated 

donor terminal creatinine). All patients were maintained on 

non-minimization triple therapy consisting of a calcineurin 

inhibitor, MMF, and prednisone. There were no statistical 

differences in the groups with regards to recipient gender, 

ethnicity, living or deceased donor, cold ischemia time, or 

number of HLA matches. One-year patient and graft survival 

rates were comparable between the two treatment groups 

(Thymoglobulin vs alemtuzumab: 96.2% vs 95.1%, and 

90.5% vs 90.7%, respectively). There was no statistically 

significant difference in rejection (alemtuzumab vs 

thymoglobulin: 10.9% vs 16.7%) but humoral rejection was 

more common in the thymoglobulin group. The incidences of 

DGF, viral, and fungal infections were also similar between 

the two treatment groups. Our data support the use of either 

thymoglobulin or alemtuzumab induction in high-risk renal 

transplant recipients. Large randomized, controlled trials 

with long-term follow-up are needed.

Alemtuzumab in high risk renal transplant 
candidates: summary
While alemtuzumab induction and minimization of immuno-

suppression appear to provide effective immunosuppression 

in high-risk renal transplant recipients, an increased rate 

of acute rejection and chronic allograft nephropathy have 

variably been reported. Whether the latter was due to the 

difference in the levels of maintenance immunosuppression 

is speculative. Early studies from our own center suggest 

that alemtuzumab induction and non-minimization of 

immunosuppression is effective in high-risk renal transplant 

recipients. Long-term follow-up is needed.

Discussion
In summary, early experiences have demonstrated that 

alemtuzumab induction alone does not induce tolerance in 

clinical transplantation while alemtuzumab and sirolimus-based 

immunosuppression in CNI-avoidance protocols resulted in 

unacceptable high acute cellular and/or humoral rejection 

rates. In contrast, excellent short- and intermediate- term 

outcomes can be achieved in low-immunological risk renal 

transplant recipients receiving alemtuzumab induction 

in conjunction with reduction in immunosuppression in 

CNI-based steroid avoidance protocols.

Pearl and colleagues26 first studied the phenotype 

and characteristics of post-depletional T cells in renal 

transplant recipients undergoing profound T-cell depletion 

with alemtuzumab or rabbit anti-thymocyte globulin. The 

authors demonstrated that peripheral T cells from transplant 

recipients undergoing aggressive T-cell depletion consist 

almost exclusively of depletion-resistant effector memory 

T cells (CD3+CD4+CD45RA-CD62L-CCR7 phenotype) 

that expand in the fi rst month and are uniquely prevalent at 

the time of rejection. Furthermore, in vitro studies revealed 

that these cells were resistant to steroids, deoxypergualin 

and sirolimus, but were effectively inhibited by low-dose 

calcineurin inhibitors. Memory cells have been shown to 

be exquisitely sensitive to low concentrations of tacrolimus 

both in terms of proliferation and cytokine production. It is 

conceivable that the selective resistance of effective memory 

T cells to immunosuppressants accounts for the higher 

incidence of acute rejection observed in renal transplant 

recipients receiving alemtuzumab preconditioning and 

sirolimus-based immunosuppression compared to those 

maintained on CNI-based immunosuppression.
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It has been suggested that the high incidence of humoral 

rejection associated with alemtuzumab induction is due to 

its predominant effect on profound depletion of circulating 

lymphocytes but not circulating monocytes. In a study to 

investigate the role of monocytes in humoral rejection and 

the rates of C4d positivity in unremarkable protocol biopsies 

vs biopsies with acute tubular necrosis (ATN) vs biopsies 

with acute cellular rejection in renal transplant recipients 

receiving alemtuzumab induction Zhang and colleagues27 

demonstrated a low rate of C4d positive staining in both the 

protocol and ATN group. In contrast, a 47% rate of C4d posi-

tivity was noted in the acute cellular rejection (ACR) group. 

Furthermore, in ACR cases, CD68 positive monocytes were 

composed of nearly 60% infl ammatory cells compared with 

39% CD3 positive lymphocytes. Double staining revealed 

co-localization of positive C4d staining in endothelium and 

marginating CD68 positive monocytes. The high percentage 

of monocytes observed in ACR cases led the authors to 

speculate that monocytes are less sensitive to alemtuzumab 

depletion and are involved in antibody-mediated rejection.

Role of alemtuzumb in renal 
transplantation: the authors’ opinion
The role of alemtuzumab in renal transplantation is currently 

not well defi ned due to the lack of large, prospective, controlled 

trials and the mixed results obtained from single-center 

experiences. The latter may be due in part to different study 

designs, alemtuzumab dosing regimen, and heterogeneous 

maintenance immunosuppressive therapy. Nonetheless, 

based on currently existing literature, the use of alemtuzumab 

induction and minimization of immunosuppression in a 

regimen consisting of CNI-based immunosuppression with 

or without steroids provides effective immunosuppression in 

low immunological risk renal transplant recipients (eg, living 

or deceased primary transplants, non-sensitized recipients, 

non-African Americans). In high-risk renal transplant 

candidates, antibody preconditioning with alemtuzumab does 

not appear to offer any advantage over traditional induction 

agents. Whether the use of alemtuzumab induction facilitates 

minimization of immunosuppression in high-risk candidates 

needs further studies. Nonetheless, monitoring patients for 

the development of donor specifi c antibody (DSA) may be 

invaluable in the detection of imminent rejection and the 

information obtained may assist clinicians in redirecting 

therapy. In a retrospective study consisting of a heterogenous 

group of transplant recipients (low- and high-risk recipients) 

receiving alemtuzumab preconditioning with tacrolimus 

monotherapy, Shapiro and colleagues28 have shown that 

intensifi cation of immunosuppression upon detection of DSA 

in recipients who underwent tacrolimus weaning resulted 

in disappearance of DSA in 40% of patients and excellent 

graft survival at 1- and 2-year follow-up. Whether immune 

monitoring (such as measurement of serum granzyme B and 

perforin) may serve as a useful tool for the early detection of 

rejection and allow safer reduction in immunosuppression 

is a subject of ongoing research. Indeed, the dosing strategy 

for alemtuzumab and the optimal maintenance immunosup-

pressive regimen remain to be defi ned.

Disclosures
The authors have no confl icts of interest to disclose.

References
 1. Elster EA, Hale DA, Mannon RB, et al. The road to tolerance: renal 

transplant tolerance induction in nonhuman primate studies and clinical 
trials. Transplant Immunology. 2004;13:87–99.

 2. Knechtle SJ, Vargo D, Fechner J, et al. FN18-CRM9 immunotoxin 
promotes tolerance in primate renal allografts. Transplantation. 
1997;63:1–6.

 3. Thomas JM, Neville DM, Contreras JL, et al. Preclinical studies of 
allograft tolerance in rhesus monkeys: a novel anti-CD3-immunotoxin 
given peritransplant with donor bone marrow induces operational toler-
ance to kidney allografts. Transplantation. 1997;64:124–135.

 4. Weaver TA, Kirk A. Alemtuzumab. Transplantation. 2007;84(12): 
1545–1547.

 5. Nuckel H, Frey UH, Roth A, et al. Alemtuzumab induces enhanced 
apoptosis in vitro in B-cells from patients with chronic lymphocytic 
leukemia by antibody-dependent cellular cytotoxicity. Eur J Pharmacol. 
2005;514:217–224.

 6. Stanglmaier M, Reis S, Hallek M. Rituximab and alemtuzumab induce 
a nonclassic, caspase-independent apoptotic pathway in B-lymphoid 
cell lines and in chronic lymphocytic leukemia cells. Ann Hematol. 
2004;83:634–654.

 7. Calne R, Friend P, Moffatt S, et al. Prope tolerance, perioperative 
Campath-1H, and low-dose cyclosporine monotherapy in renal allograft 
recipients. Lancet. 1998;351(9117):1701–1702.

 8. Watson CJ, Bradley JA, Friend PJ, et al. Alemtuzumab (CAMPATH) 
induction therapy in cadaveric kidney transplantation-Effi cacy and 
safety at fi ve years. Am J Transplant. 2005;5:1347–1353.

 9. Kirk AD, Hale DA, Mannon RB, et al. Results from a human 
renal allograft tolerance trial evaluating the humanized CD52-
specific monoclonal antibody Campath-1H. Transplantation. 
2003;76(1):120–129.

10. Kirk AD, Mannon RB, Kleiner DE, et al. Results from a human renal 
allograft tolerance trial evaluating T-cell depletion with alemtuzumab 
combined with deoxyspergualin. 2005;80(8):1051–109.

11. Knechtle SJ, Pirsch JD, Fechner Jr J, et al. Campath-1H induction plus 
rapamycin monotherapy for renal transplantation: Results of a pilot 
study. Am J Transplant. 2003;3:722–730.

12. Barth RN, Janus CA, Lillesand CA, et al. Outcomes at 3 years of a 
prospective pilot study of Campath-1H and sirolimus immunosuppression 
for renal transplantation. Transplant Int. 2006;19:885–892.

13. Flechner SM, Friend PJ, Brockmann J, et al. Alemtuzumab induction 
and sirolimus plus mycophenolate mofetil maintenance for CNI and 
steroid-free kidney transplant immunosuppression. Am J Transpl. 
2005;5:3009–3014.

14. Huang E, Cho YW, Hayashi R, et al. Alemtuzumab induction in deceased 
donor kidney transplantation. Clin Transplant. 2007;84:821–828.

Powered by TCPDF (www.tcpdf.org)



Drug Design, Development and Therapy 2009:3 49

Alemtuzumab in renal transplantation

15. Noris M, Casiraghi F, Todeschini M, et al. Regulatory T cells and 
T cell depletion : Role of immunosuppressive drugs. J Am Soc Nephrol. 
2007;18:1007–1018.

16. Ruggenenti P, Perico N, Gotti E, et al. Sirolimus versus cyclosporine 
therapy increases circulating regulatory T cells, but does not protect 
renal transplant patients given alemtuzumab induction from chronic 
allograft nephropathy. Clin Transplant 2007;84(8):956–964.

17. Knechtle SJ, Fernandez LA, Pirsch JD et al. Campath-1H in renal 
transplantation: The University of Wisconsin experience. Surgery. 
2004;136(4):754–760.

18. Cianco G, Burke GW, Gaynor JJ, et al. A randomized trial of three 
renal transplant induction antibodies: early comparison of tacrolimus, 
mycophenolate mofetil, and steroid dosing, and newer immune-
monitoring. Transplantation. 2005;80:457–465.

19. Vathsala A, Ona ET, Tan S, et al. Randomized trial of alemtuzumab 
for prevention of renal function after kidney transplantation. 
Transplantation. 2005;80:765–774.

20. Tan HP, Kaczorowski DJ, Basu A, et al. Living donor renal 
transplantation using alemtuzumab induction and tacrolimus 
monotherapy. Am J Transplant. 2006;6(10):2409–2417.

21. Shapiro R, Basu A, Tan H, et al. Kidney transplantation under 
minimal immunosuppression after pretransplant lymphoid 
depletion with Thymoglobulin or Campath. J Am Coll Surg. 
2005;200:505–515.

22. Cianco G, Burke GW, Gaynor JJ, et al. A randomized trial of 
thymoglobulin vs alemtuzumab (with lower dose maintenance 
immunosuppression) vs daclizumab in renal transplantation at 
24 months of follow-up. Clin Transplant. 2008;22:200–210.

23. Cianco G, Burke GW, Gaynor JJ, et al. Campath-1H induction therapy 
in African American and Hispanic fi rst renal transplant recipients: 3-year 
acturial follow-up. Transplantation. 2008;85(4):507–516.

24. Kaufman DB, Leventhal JR, Axelrod D, et al. Alemtuzumab 
induction and prednisone-free maintenance immunotherapy in kidney 
transplantation: Comparison with basiliximab induction-Long term 
results. Am J Transplant. 2005;5:2539–2548.

25. Schadde E, D’Alessandro AM, Knechtle SJ, et al. Alemtuzumab induction 
and triple maintenance immunotherapy in kidney transplantation from 
donors after cardiac death. Transplant Int. 2008;21:625–636.

26. Pearl JP, Parris J, Hale DA, et al. Immunocompetent T-cells with a 
memory-like phenotype are the dominant cell type following antibody-
mediated T-cell depletion. Am J Transplant. 2005;5:465–474.

27. Zhang PI, Malek SK, Blasick TM, et al. C4d positivity is often 
associated with acute cellular rejection in renal transplant biopsies 
following Campath-1H (Alemtuzumab) induction. Ann Clin Lab Sci. 
2007;37:121–126.

28. Shapiro R, Zeevi A, Basu A, et al. Alemtuzumab preconditioning 
with tacrolimus monotherapy-The impact of serial monitoring for 
donor-specifi c antibody. Transplantation. 2008;85(8):1125–1132.

Powered by TCPDF (www.tcpdf.org)



Powered by TCPDF (www.tcpdf.org)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


