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Background

Induction therapy reduces the frequency of acute rejection and delayed graft func-
tion after transplantation. A rabbit antithymocyte polyclonal antibody or basilix-
imab, an interleukin-2 receptor monoclonal antibody, is most commonly used for 
induction.

Methods

In this prospective, randomized, international study, we compared short courses of 
antithymocyte globulin and basiliximab in patients at high risk for acute rejection 
or delayed graft function who received a renal transplant from a deceased donor. Pa-
tients taking cyclosporine, mycophenolate mofetil, and prednisone were randomly 
assigned to receive either rabbit antithymocyte globulin (1.5 mg per kilogram of 
body weight daily, 141 patients) during transplantation (day 0) and on days 1 through 
4 or basiliximab (20 mg, 137 patients) on days 0 and 4. The primary end point was 
a composite of acute rejection, delayed graft function, graft loss, and death.

Results

At 12 months, the incidence of the composite end point was similar in the two groups 
(P = 0.34). The antithymocyte globulin group, as compared with the basiliximab 
group, had lower incidences of acute rejection (15.6% vs. 25.5%, P = 0.02) and of acute 
rejection that required treatment with antibody (1.4% vs. 8.0%, P = 0.005). The anti-
thymocyte globulin group and the basiliximab group had similar incidences of graft 
loss (9.2% and 10.2%, respectively), delayed graft function (40.4% and 44.5%), and 
death (4.3% and 4.4%). Though the incidences of all adverse events, serious adverse 
events, and cancers were also similar between the two groups, patients receiving anti-
thymocyte globulin had a greater incidence of infection (85.8% vs. 75.2%, P = 0.03) 
but a lower incidence of cytomegalovirus disease (7.8% vs. 17.5%, P = 0.02).

Conclusions

Among patients at high risk for acute rejection or delayed graft function who received 
a renal transplant from a deceased donor, induction therapy consisting of a 5-day 
course of antithymocyte globulin, as compared with basiliximab, reduced the inci-
dence and severity of acute rejection but not the incidence of delayed graft function. 
Patient and graft survival were similar in the two groups. (ClinicalTrials.gov number, 
NCT00235300.)
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T wo events occurring early in the 
post-transplantation period, acute rejection 
and delayed graft function, negatively af-

fect graft survival.1-3 Patients with delayed graft 
function have an increased risk of acute rejection, 
and graft survival is superior in patients who do 
not have delayed graft function or acute rejection 
as compared with those who have either or both.4-7 
The up-regulation of immunogenic molecules dur-
ing brain death and during the subsequent pro-
curement of organs predisposes allografts from 
deceased donors to acute rejection and delayed 
function. Induction therapy is specific therapy giv-
en at the time of transplantation to lower the in-
cidence of acute rejection or to prevent or treat 
delayed graft function. Currently, almost 70% of 
kidney-transplant recipients receive induction ther-
apy with either rabbit antithymocyte globulin 
(Thymoglobulin, Genzyme), a lymphocyte-deplet-
ing polyclonal antibody that targets multiple im-
munologic epitopes,8-12 or basiliximab (Simulect, 
Novartis Pharmaceuticals) or daclizumab (Zena-
pax, Roche Pharmaceuticals), non–lymphocyte-
depleting monoclonal antibodies that target the 
interleukin-2 receptor.13

Historically, rabbit antithymocyte globulin has 
been administered intravenously daily for 7 to 14 
days after transplantation. Initiating this treatment 
during transplantation is generally associated with 
a lower incidence of delayed graft function and a 
trend toward a lower incidence of acute rejec-
tion.14,15 Short courses and prolonged courses ap-
pear to have similar efficacy.16 Basiliximab, the 
most commonly used interleukin-2 receptor an-
tagonist,13 is administered both intraoperatively 
and on postoperative day 4. We compared the 
safety and efficacy of basiliximab and antithymo-
cyte globulin (each administered intraoperatively 
and over the next 4 days) in patients with a high 
risk of acute rejection or delayed graft function who 
received a renal allograft from a deceased donor.

Me thods

study Design

This prospective, randomized, international study 
was designed to compare the safety and efficacy 
of rabbit antithymocyte globulin and of basilix-
imab for induction therapy in patients who were 
at high risk for acute rejection or delayed graft 
function and who received a renal transplant from 
a deceased donor. The design, data collection, and 

analysis were performed by a sponsor, Genzyme, 
which holds the primary data. All the authors re-
viewed the data, vouch for the veracity and com-
pleteness of the data and data analyses, and wrote 
the manuscript.

The study was approved by the institutional 
review board at each site, and written informed 
consent was obtained from all patients. All patients 
were randomly assigned to receive either antithy-
mocyte globulin or basiliximab before transplan-
tation, according to 1:1 variable-block random-
ization at each investigative center. The treatment 
assignments were randomized at an independent 
center. Patients were followed for 12 months or 
until they were withdrawn from the study or were 
lost to follow-up (Fig. 1).

Inclusion and Exclusion Criteria

Only adult candidates for renal transplants from 
deceased donors were considered for enrollment. 
Eligibility was determined according to the dura-
tion of cold ischemia and other donor and recipient 
risk factors (Table 1). One or more of these factors, 
which put the recipient at high risk for acute rejec-
tion or delayed graft function, were required for 
eligibility.

Patients were excluded if they had been receiv-
ing immunosuppressive therapy before transplan-
tation; had received an investigational medication 
within the past 30 days; had a known contra-
indication to the administration of antithymocyte 
globulin or basiliximab; were suspected or known 
to have an infection or were seropositive for hepa-
titis B surface antigen (HBsAg), antibody against 
hepatitis B core antigen (anti-HBcAg), hepatitis C 
virus (HCV), or human immunodeficiency virus 
(HIV); or had had cancer (except nonmelanoma 
skin cancer) within the previous 2 years. Pregnant 
women, nursing mothers, and women of child-
bearing potential who were not using condoms 
or oral contraceptives were excluded. 

Induction Therapy

Patients in the antithymocyte globulin group were 
given acetaminophen and diphenhydramine be-
fore receiving antithymocyte globulin (1.5 mg per 
kilogram of body weight given intravenously), 
which was reconstituted according to the pack-
age insert. Treatment with antithymocyte globulin 
was initiated intraoperatively, before graft reper-
fusion. Subsequent doses were given daily through 
day 4, for a total dose of 7.5 mg per kilogram. The 
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dose was decreased by 50% in patients with plate-
let counts of less than 80,000 per cubic millime-
ter or an absolute neutrophil count of less than 
3000 per cubic millimeter. If the platelet count 
was less than 50,000 per cubic millimeter or the 
absolute neutrophil count was less than 1500 per 
cubic millimeter, then antithymocyte globulin 
was withheld. Basiliximab (20 mg) was adminis-
tered intravenously according to the instructions 
of the manufacturer, which called for a first infu-
sion before graft reperfusion, followed by a sec-
ond infusion on day 4. Neither premedication nor 
dose adjustments were recommended by the man-
ufacturer. According to the protocol, either anti-
thymocyte globulin or basiliximab could be dis-
continued or interrupted if the patient refused to 
take it or if a serious adverse event that was se-
vere and related to infusion occurred.

Maintenance Therapy

Both groups received maintenance immunosup-
pressive therapy involving cyclosporine (modified), 
mycophenolate mofetil, and prednisone. The first 
dose of cyclosporine (6 to 8 mg per kilogram given 
orally, divided into two doses) was initiated in each 
patient when any of the following events took 
place: urinary output reached or exceeded 1.5 liters 
per day for 2 consecutive days; the serum creati-
nine level was 3.0 mg per deciliter (265 μmol per 
liter) or less on 2 consecutive days; or the serum 
creatinine level decreased to less than 50% of the 
pretransplantation level. If treatment with cyclo-
sporine had not been initiated before day 4, the 
drug was begun then, since it was prespecified 
that the cyclosporine level in each patient had to 
reach the therapeutic range (defined according to 
local institutional standards) by day 10.

Treatment with mycophenolate mofetil (1.0 g 
given orally twice a day) was initiated before trans-
plantation and was continued postoperatively once 
the patient could tolerate oral medications. The 
dose was adjusted by the investigators at their 
discretion, and the dose was reduced or the drug 
withheld if the absolute neutrophil count was less 
than 3500 per cubic millimeter.

Methylprednisolone (7 mg per kilogram given 
intravenously) was administered before the ini-
tial intraoperative dose of antithymocyte globu-
lin or basiliximab. A standard corticosteroid taper 
was used to reduce the dose of prednisone or its 
equivalent to 5 mg by 6 months (see the Supple-
mentary Appendix, available with the full text of 

this article at www.nejm.org). The taper schedule 
and corticosteroid dose were adjusted at the dis-
cretion of the investigator if biopsy-proven acute 
rejection occurred.

Concomitant Therapy

Patients who received basiliximab were not per-
mitted to receive rabbit antithymocyte globulin, 
except for the treatment of biopsy-proven acute 
rejection. Primary immunosuppressive therapy with 
tacrolimus, azathioprine, sirolimus, or other agents 
was prohibited. However, a switch to other im-
munosuppressive therapy was permitted after a 
documented episode of rejection. Patients with 
severe gastrointestinal intolerance to mycopheno-
late mofetil could be given azathioprine instead.

Prophylaxis against Infection

Patients who were seropositive for cytomegalovi-
rus (CMV) before transplantation and patients who 
received an organ from a donor who was seroposi-
tive for CMV received ganciclovir (orally or intra-
venously) for at least 14 days, beginning on day 1, 
followed by maintenance therapy with oral gan-
ciclovir through day 90. Each investigator deter-
mined the dose on the basis of standard criteria. 
Antifungal and antibacterial medications were ad-
ministered on the basis of the standards at each 
center.

278 Patients randomly assigned
to treatment

141 Received antithymocyte
globulin

137 Received basiliximab

3 Lost to follow-up
14 Withdrawn

6 Died
1 Had an adverse event
7 Withdrawn for other reasons

5 Lost to follow-up
24 Withdrawn

6 Died
4 Had an adverse event

14 Withdrawn for other reasons

141 Included in analysis 137 Included in analysis

Figure 1. Treatment Assignment, Follow-up, and Analysis.
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Efficacy End Points

The primary efficacy end point was a composite 
of the first occurrence of biopsy-proven acute re-
jection, delayed graft function, graft loss, or death; 
the incidence of each of these end points was also 
studied. All episodes of acute rejection were con-
firmed by biopsy, with histologic characteristics 
described according to the Banff criteria with the 
use of microscopy.17 Delayed graft function was 
defined as the need for dialysis within the first 
week after transplantation. Slow graft function 
was defined as a serum creatinine level exceeding 
3.0 mg per deciliter on day 5 that did not require 
treatment with dialysis.6

Clinical Assessment

Demographic and baseline data included the age, 
sex, and race or ethnic group of the donor and 
recipient, the weight and height of the recipient, 
the cold-ischemia time, the panel-reactive antibody 
value before transplantation and at its peak, the 
CMV serostatus of the donor, and the presence or 
absence of a heartbeat in the donor. Laboratory 
data — including hemoglobin level, white-cell and 
platelet counts, cyclosporine trough level, and se-
rum creatinine level — were measured at base-
line, days 0 through 5, day 14, and months 1, 2, 3, 
6, 9, and 12. Thrombocytopenia was defined as a 
platelet count of less than 80,000 per cubic mil-
limeter; leukopenia was defined as a white-cell 

count of less than 2500 per cubic millimeter. Safe-
ty data included all adverse events and serious ad-
verse events. Frequencies of infection, cancer, and 
CMV disease were also calculated.

Statistical Analysis

We calculated that 240 patients would have to be 
enrolled for the study to have a statistical power 
of 80% to detect a significant difference between 
the two groups, with the use of a two-sided test 
and a significance level of 5%, given an incidence 
of the primary end point of 27.0% with antithy-
mocyte globulin and 45.3% with basiliximab.18 
The study design included an interim assessment 
and the subsequent readjustment of enrollment 
to 340 patients, because the interim differences 
between the two groups (particularly with regard 
to delayed graft function) were smaller than ex-
pected.19 The data and safety monitoring commit-
tee recommended the discontinuation of the study 
after 278 patients had been enrolled. This deci-
sion was made because of the statistical improb-
ability of showing a change in the primary end 
point if more patients were enrolled.

All analyses were performed on the basis of 
the intention-to-treat principle. Categorical vari-
ables were summarized as counts and percentag-
es, and continuous variables as means with stan-
dard deviations. Categorical data were compared 
with the use of Fisher’s exact test, and continuous 
variables with the use of the Wilcoxon–Mann–
Whitney test or the t-test. The incidences of graft 
rejection, graft loss, and death were calculated 
with the use of survival-analysis techniques. All 
tests were two-tailed, and a P value of less than 
0.05 was considered to indicate statistical sig-
nificance.

R esult s

Characteristics of the patients

Eleven European centers enrolled 95 patients and 
17 U.S. centers enrolled 183 patients between 
May 2, 2000, and March 6, 2002. Of these 278 pa-
tients, 141 were randomly assigned to receive an-
tithymocyte globulin and 137 were randomly as-
signed to receive basiliximab. The baseline and 
demographic characteristics of the two groups 
were similar (Table 2). The mean (±SD) numbers 
of risk factors for acute rejection or delayed graft 

Table 1. Eligibility Criteria According to Allograft Cold-Ischemia Time.*

Duration of Cold Ischemia Required Risk Factors

<16 Hr, or ≤30 hr and any 
machine perfusion

If donor had a heartbeat, the donor had to 
be older than 50 yr or have a serum cre-
atinine level >2.5 mg/dl (220 μmol/liter); 
if donor did not have a heartbeat, no fur-
ther recipient risk factors required†

16–24 Hr One donor or recipient risk factor†

>24 Hr No additional risk factors required

>30 Hr and some machine 
perfusion

No additional risk factors required

* All information available before transplantation was considered. 
† Donor risk factors were cold ischemia for more than 24 hours, donor age 

older than 50 years, donor without a heartbeat, donor with acute tubular ne-
crosis, and donor requiring high-dose inotropic support. Recipient risk factors 
were repeated transplantation, panel-reactive antibody value exceeding 20% 
before transplantation, black race, and one or more HLA antigen mismatches 
with the donor.
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Table 2. Baseline Characteristics of Recipients and Donors and Transplantation Characteristics.*

Characteristic
Antithymocyte Globulin 

(N = 141)
Basiliximab 

(N = 137) P Value

Recipient

Age — yr 51.3±13.1 49.7±13.0 0.27

Sex — no. (%) 0.55

Female 62 (44.0) 55 (40.1)

Male 79 (56.0) 82 (59.9)

Race or ethnic group — no. (%)† 0.77

White 85 (60.3) 89 (65.0)

Black 41 (29.1) 39 (28.5)

American Indian 1 (0.7) 0

Asian 4 (2.8) 3 (2.2)

Other 10 (7.1) 6 (4.4)

Weight — kg 73.7±16.2 76.0±16.0 0.26

Height — cm 168.6±10.8 169.9±10.5 0.19

Body-mass index 26.0±5.0 26.5±5.1 0.46

Donor

Age — yr 0.96

Mean 46.8±17.5 46.9±17.3

Median 51.0 51.0

Sex 0.16

Female 64 (45.4) 51 (37.2)

Male 76 (53.9) 86 (62.8)

Unknown 1 (0.7) 0

Race or ethnic group† 0.97

White 107 (75.9) 103 (75.2)

Black 11 (7.8) 9 (6.6)

Asian 2 (1.4) 2 (1.5)

Other 19 (13.5) 20 (14.6)

Unknown 2 (1.4) 3 (2.2)

Transplantation

Duration of cold ischemia — hr 25.4±8.6 27.1±8.4 0.09

Cold ischemia lasting >24 hr — no. (%) 73 (51.8) 84 (61.3) 0.26

Repeated transplantation — no. (%) 16 (11.3) 13 (9.5) 0.83

Cytomegalovirus serologic status — no. (%) 0.14

Donor positive, recipient negative 21 (14.9) 31 (22.6)

Donor and recipient positive 66 (46.8) 52 (38.0)

Donor negative, recipient positive 33 (23.4) 29 (21.2)

Donor and recipient negative 8 (5.7) 14 (10.2)

Unknown 13 (9.2) 11 (8.0)

Donor without heartbeat — no. (%) 7 (5.0) 6 (4.4) 1.00

Donor older than 50 yr — no. (%) 75 (53.2) 74 (54.0) 0.90

Panel-reactive antibody — % 0.86

Before transplantation 6.3±19.0 5.7±17.1

Peak 14.0±28.2 13.5±27.7 0.68

* Plus–minus values are means ±SD. The body-mass index is the weight in kilograms divided by the square of the height 
in meters.

† Race or ethnic group was self-reported by recipients and reported by the investigator for donors.
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function were similar among recipients in the 
antithymocyte globulin group and those in the 
basiliximab group (0.6±0.75 and 0.6±0.79, respec-
tively; P = 0.96), as well as among donors (1.4±0.78 
and 1.4±0.71, respectively; P = 0.83). The mean du-
ration of the hospital stay did not differ signifi-
cantly between the antithymocyte globulin group 
and the basiliximab group (13.2±8.3 and 12.6±7.9 
days, respectively; P = 0.38); the mean duration 
was 9.7±5.5 days in the United States and 19.1±8.9 
days in Europe (P<0.001).

Induction and Maintenance Therapies

Basiliximab was initiated intraoperatively in 96.7% 
of all patients who were assigned to receive it, and 
96.4% received the intended two doses. The aver-
age total dose of basiliximab was 39.3±3.8 mg 
per patient (0.54±0.13 mg per kilogram). Rabbit 
antithymocyte globulin was initiated before re-
perfusion in 87.9% of all patients assigned to re-
ceive it, and 68.8% received the intended five doses. 
One patient (0.7%) received six doses, and another 
(0.7%) received seven doses. At least four doses 
were administered in 87.2% of patients. The ma-
jor reasons for stopping or reducing the antithy-
mocyte globulin dose were leukopenia (in 45.2% 
of patients), thrombocytopenia (11.9% of patients), 
or both (14.3% of patients). These conditions re-
solved by day 14, on average (Fig. 2). The incidenc-
es of acute rejection, infection, and cancer did not 
differ significantly according to whether patients 
received full or reduced doses of antithymocyte 
globulin. The average total dose of antithymocyte 
globulin was 474.2±147.5 mg (6.5±1.5 mg per kilo-
gram), and the minimum and maximum doses 
were 1.3 mg per kilogram and 9.8 mg per kilogram, 
respectively. Graft loss less than 24 hours after 
transplantation was the reason that 3.6% of pa-
tients did not receive the second dose.

The use of maintenance immunosuppressive 
therapy in the two groups was generally simi-
lar. However, at 12 months, more patients in the 
antithymocyte globulin group than in the basilix-
imab group were receiving mycophenolate mofetil 
(20.2% vs. 10.3%, P = 0.05).

Efficacy End Points

At 12 months, the incidence of the primary end 
point did not differ significantly between the an-
tithymocyte globulin group (50.4%) and the basi-
liximab group (56.2%, P = 0.34) (Table 3). There 
were fewer patients with biopsy-proven acute re-

jection in the antithymocyte globulin group than 
in the basiliximab group (15.6% vs. 25.5%, P = 0.02) 
(Table 3). The incidence of acute rejection tended 
to be lower among blacks and nonblacks receiv-
ing antithymocyte globulin than among those re-
ceiving basiliximab. The incidence did not differ 
significantly between blacks and nonblacks in 
both groups combined (P = 0.14). The incidence 
also did not differ significantly between patients 
(in both groups combined) in the United States 
and those in Europe (P = 0.28). There were no epi-
sodes of rejection with a Banff grade of III (a se-
vere episode of rejection consisting of marked 
arteritis involving the intima or transmural arte-
ritis with fibrinoid deposits and necrosis of the 
medial smooth muscle cells). Severe rejection, as 
indicated by the need for antibody treatment, was 
less frequent among patients receiving antithy-
mocyte globulin than among those receiving basi-
liximab (1.4% vs. 8.0%, P = 0.005). 

The incidence of delayed graft function was 
similar in the antithymocyte globulin group (40.4%) 
and the basiliximab group (44.5%, P = 0.54), as 
was the incidence of slow graft function (23.4% 
and 26.3%, respectively; P = 0.49). The mean num-
ber of hemodialysis treatments was similar in the 
antithymocyte globulin group and the basiliximab 
group (3.2±3.0 and 3.1±2.9, respectively; P = 0.62). 
The incidence of graft loss was also similar among 
patients receiving antithymocyte globulin (9.2%) 
and those receiving basiliximab (10.2%), as were 
the incidences of death (4.3% and 4.4%, respec-
tively) and the causes of graft loss and death.

Safety

The two agents were associated with a similar 
overall incidence of adverse events and serious 
adverse events (Table 4). Immediately after trans-
plantation, leukopenia and thrombocytopenia 
were more common among patients who received 
antithymocyte globulin than among those who 
received basiliximab (P<0.001). By day 14, there 
were no significant differences noted (Fig. 2).

Overall, the incidence of infection was higher 
in the antithymocyte globulin group than in the 
basiliximab group (85.8% vs. 75.2%, P = 0.03). This 
difference appeared to be attributable to a greater 
frequency of urinary tract infections in the anti-
thymocyte globulin group (39.0%, vs. 27.0% in the 
basiliximab group; P = 0.04) and non-CMV viral 
infections (21.3% vs. 11.7%, P = 0.04). The inci-
dence of CMV disease was lower in the antithy-
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mocyte globulin group than in the basiliximab 
group (7.8% vs. 17.5%, P = 0.02). Antibiotic pro-
phylaxis was administered according to each cen-
ter’s protocol, and it was used in fewer patients 
receiving antithymocyte globulin than patients 
receiving basiliximab (18.9% vs. 30.9%, P = 0.03).

There were no significant differences between 
the two groups in the incidence of cancer, includ-
ing post-transplantation lymphoproliferative dis-
ease, though there were five cases of cancer in the 
antithymocyte globulin group and only one in 
the basiliximab group (Table 4). All cancers ap-
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Figure 2. Mean White-Cell Counts (Panel A) and Platelet Counts (Panel B) in the Two Groups during 12 Months 
of Follow-up.

Mean counts of both white cells and platelets were lower in the antithymocyte globulin group during induction 
therapy (days 0 through 4) but were similar in the two groups as of day 14.
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pear to have been successfully treated, and none 
were fatal during follow-up.

Hemoglobin levels between the groups did not 
differ significantly at any point during the study. 
At 12 months, the mean, median, and range of the 
serum creatinine levels were 2.0±1.45, 1.7, and 0.7 
to 12.0 mg per deciliter (177±128, 150, and 62 to 
1061 mmol per liter), respectively, in the antithy-
mocyte globulin group and 1.8±0.75, 1.7, and 
0.8 to 6.6 mg per deciliter (159±66, 150, and 71 to 
583 mmol per liter), respectively, in the basilix-
imab group. These measures did not differ signifi-
cantly between the two groups (P = 0.51).

Discussion

In our trial, immunoprophylaxis with antithymo-
cyte globulin, as compared with basiliximab, did 
not reduce the incidence of delayed graft function 
among patients at high risk for delayed graft func-
tion or acute rejection who received a renal trans-
plant from a deceased donor. It is possible that 
the injury associated with prolonged cold ischemia 
and an advanced age of the donor or recipient were 
too great to prevent delayed graft function. A pos-
sible alternative explanation is the finding that the 
use of an interleukin-2 receptor antagonist such 

Table 3. Efficacy End Points 12 Months after Transplantation.

End Point
Antithymocyte Globulin 

(N = 141)
Basiliximab 

(N = 137) P Value

no. of patients (%)

Composite of acute rejection, delayed graft function, 
graft loss, and death

71 (50.4) 77 (56.2) 0.34

Biopsy-proven acute rejection 22 (15.6) 35 (25.5) 0.02

No. of black recipients/total no. of such recipients 8/41 (19.5) 13/39 (33.3) 0.14

No. of nonblack recipients/total no. of such 
recipients

14/100 (14.0) 22/98 (22.4) 0.07

No. of recipients in United States/total no. 
of such recipients

13/91 (14.3) 21/92 (22.8) 0.07

No. of recipients in Europe/total no. of such 
recipients

9/50 (18.0) 14/45 (31.1) 0.12

Antibody-treated acute rejection 2 (1.4) 11 (8.0) 0.005

Delayed graft function 57 (40.4) 61 (44.5) 0.54

Graft loss 13 (9.2) 14 (10.2) 0.68

From death 4 (2.8) 3 (2.2)

From acute rejection 1 (0.7) 1 (0.7)

From primary nonfunction 1 (0.7) 4 (2.9)

From graft thrombosis 0 4 (2.9)

From chronic rejection 2 (1.4) 1 (0.7)

From infection 1 (0.7) 1 (0.7)

From toxic effects of cyclosporine 1 (0.7) 0

From recurrent disease 1 (0.7) 0

From hypertension 1 (0.7) 0

From urinary fistula 1 (0.7) 0

Death 6 (4.3) 6 (4.4) 0.90

From cardiovascular disease 2 (1.4) 5 (3.6)

From pulmonary disease 1 (0.7) 1 (0.7)

From gastrointestinal disease 2 (1.4) 0

From unknown cause 1 (0.7) 0
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as basiliximab is associated with a trend toward 
a lower incidence of delayed graft function than 
that with placebo.20

We found that the incidence and severity of 
acute rejection were lower in the antithymocyte 
globulin group than in the basiliximab group. The 
incidence of biopsy-proven acute rejection among 
patients who received basiliximab was more than 
1.5 times that among those who received anti-
thymocyte globulin, and the severity of rejection 
was also greater, since the need for antibody treat-
ment was more than 6 times that in the antithy-
mocyte globulin group. These results were achieved 
even though the dose and duration of antithy-
mocyte globulin therapy were lower than those 
in previous reports.

The incidences of adverse events and serious 
adverse events were similar in the two groups, but 
the types of events differed. The higher initial in-
cidence of leukopenia in the antithymocyte globu-
lin group was anticipated. The white-cell counts 
in our trial did not distinguish between lympho-
penia, which is essential to the efficacy of antithy-

mocyte globulin, and leukopenia, which potentially 
compromises resistance to infection. Absolute neu-
trophil counts might have been more useful than 
white-cell counts in comparing the safety of the 
two induction agents, because neutrophil counts 
more accurately predict the risk of infection related 
to leukopenia. Most centers now reduce the dose 
of antithymocyte globulin by one half for patients 
with an absolute neutrophil count of less than 
1200 per cubic millimeter and withhold the dose 
if the absolute neutrophil count is less than 800 
per cubic millimeter.

Urinary tract infections were more common 
among patients in the antithymocyte globulin 
group than among those in the basiliximab group. 
Antibiotic prophylaxis was used less frequently 
in the antithymocyte globulin group than in the 
basiliximab group. The study design stipulated the 
use of prophylaxis against CMV disease for the 
first 3 months. The incidence of CMV disease was 
lower in the antithymocyte globulin group than 
in the basiliximab group, which may have been 
due to the greater incidence of rejection episodes, 

Table 4. Frequency of Adverse Events at 12 Months.*

Adverse Event
Antithymocyte Globulin 

(N = 141)
Basiliximab 

(N = 137) P Value

no. of patients (%)

Total events 140 (99.3) 135 (98.5) 0.62

Serious events 103 (73.0) 99 (72.3) 0.89

Leukopenia 47 (33.3) 20 (14.6) <0.001

Thrombocytopenia 15 (10.6) 8 (5.8) 0.19

All infections 121 (85.8) 103 (75.2) 0.03

Urinary tract 55 (39.0) 37 (27.0) 0.04

Probable bacterial or other 87 (61.7) 70 (51.1) 0.09

Confirmed bacterial 74 (52.5) 51 (37.2) 0.01

Cytomegalovirus 11 (7.8) 24 (17.5) 0.02

Viral other than cytomegalovirus 30 (21.3) 16 (11.7) 0.04

Fungal 20 (14.2) 20 (14.6) 1.00

Protozoal 0 1 (0.7) 0.49

Cancer 5 (3.5) 1 (0.7) 0.21

Post-transplantation lymphoproliferative 
disease

3 (2.1) 0 0.13

Renal-cell carcinoma in native kidney 1 (0.7) 1 (0.7) 1.00

Cutaneous squamous-cell carcinoma 1 (0.7) 0 1.00

* Leukopenia was defined as a white-cell count of less than 2500 per cubic millimeter. Thrombocytopenia was defined as 
a platelet count of less than 80,000 per cubic millimeter. Values for each type of infection do not sum to the total num-
ber of infections because some patients had more than one type of infection.
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and a greater need for antibody therapy to treat 
rejection, in the basiliximab group. There were 
more cases of cancer in the antithymocyte globu-
lin group, but not significantly more.

A small French, multicenter study compared 
rabbit antithymocyte globulin and basiliximab 
in patients at low risk for acute rejection or de-
layed graft function (50 patients per group).21 Rab-
bit antithymocyte globulin was not administered 
intraoperatively in that study, but there was a trend 
toward a lower incidence of delayed graft func-
tion in the antithymocyte globulin group (6%) 
than in the basiliximab group (14%), though no 
significant differences were seen in the incidence 
of acute rejection. In that study, 94% of patients 
receiving rabbit antithymocyte globulin did not 
receive cyclosporine until after day 6, whereas all 
patients receiving basiliximab started receiving 
cyclosporine on day 0 or day 1, which may consti-
tute a selection bias. No antiviral prophylaxis was 
used, but the incidences of clinical CMV disease 
in the antithymocyte globulin group (12%) and 
the basiliximab group (6%) did not differ signifi-
cantly.

A French study at three centers compared rab-
bit antithymocyte globulin (in 53 patients) and 
basiliximab (in 52 patients); all the patients were 
at low risk for acute rejection and delayed graft 
function and were undergoing a standard main-
tenance regimen of cyclosporine, mycophenolate 
mofetil, and corticosteroids.22 In that study, rab-
bit antithymocyte globulin was not used intra-
operatively. There was no significant difference 
between the antithymocyte globulin group and 
the basiliximab group in the incidence of delayed 
graft function (30.2% and 28.8%, respectively) or 

acute rejection (9.4% and 9.6%, respectively). No 
specific prophylaxis against CMV disease was 
used. Cytomegalovirus infection was more com-
mon in the rabbit antithymocyte globulin group 
than in the basiliximab group (41.5% vs. 21.2% 
of patients).

Our study has certain limitations. It was not 
a blinded trial; the identity of the induction agent 
could be deduced from the lymphopenia that oc-
curs with rabbit antithymocyte globulin. However, 
the treatment assignments were randomized at 
an independent center. We do not believe that the 
lack of blinding influenced the study, since the 
end points were objective and did not involve sub-
jective interpretation.

In conclusion, our study, which was relatively 
large, compared induction therapy with rabbit 
antithymocyte polyclonal antibody and induction 
therapy with basiliximab, an interleukin-2 recep-
tor antagonist, in patients at high risk for acute 
rejection or delayed graft function who received 
a renal transplant from a deceased donor. Intra-
operative use of antithymocyte globulin did not 
lower the incidence of delayed graft function in 
this high-risk population but did reduce the in-
cidence and severity of acute rejection. 
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