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ABSTRACT
Objective: Acute rejections (ARs) have a negative impact on long-term graft survival and are the major predictor of chronic rejection. Induction
therapy is used to reduce AR and prevent delayed graft function (DGF). Anti-thymocyte globulin (ATG) and basiliximab are mainly used for this
purpose. In this prospective, cohort study, we analyzed and compared the safety and efficacy of ATG and basiliximab in induction therapy for live
donor kidney transplant recipients.
Methods: Graft survival, AR-free survival, renal function, DGF, and tolerability were compared in patients who underwent live donor transplantation
between January 2014 and August 2014 at Muljibhai Patel Urological Hospital, Nadiad, Gujarat, India.

Results and Discussion: A total of 85 live donor kidney transplant recipients who enrolled were followed up for 12 months. The incidence of AR was
greater in the basiliximab group, as compared with the ATG group (25.6% vs. 7.1%, p<0.05). The incidence of antibody-treated AR was also greater
(18.6% vs. 2.4 %, p<0.05). Patient survival rate and graft survival rate were 95.2% and 92.9% in the ATG group, respectively, compared with 90.4%
and 90.7% in the basiliximab group, respectively. The incidence of adverse events was higher in the ATG group compared with the basiliximab group
(71.4% vs. 48.3%, p<0.05).

Conclusion: The incidence of AR and antibody-treated AR was significantly higher in the basiliximab group than in the ATG cohort. However, ATG
was associated with the significantly higher incidence of adverse events and leukopenia than basiliximab. Both the strategies were achieved similar
patient and graft survival.
Keywords: Anti-thymocyte globulin, Basiliximab, Induction therapy, Biopsy-proven acute rejection, Live donor transplantation.
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INTRODUCTION
Renal transplantation is the treatment of choice for patients with endstage renal disease, to improve both qualities of life and life expectancy.
Controlling the alloimmune reaction is imperative for successful renal
transplantation. The occurrence of delayed graft function (DGF) and
acute rejections (AR) during the early post-transplantation period may
have a negative effect on graft survival [1,2]. Patients with DGF have
a greater risk of AR, and graft survival is better in those who do not
have DGF or AR compared with those who have either or both [2].
DGF has been defined as the need for dialysis within the first week
after transplantation and/or a serum creatinine level, in the absence
of dialysis, 250 mmol/L or more at day 10 of post-transplantation [3].
The activation and subsequent proliferation of resting T lymphocytes
is an essential factor in the development of AR episodes [4]. Therefore,
drugs that affect either T-cell activation or proliferation are used
to prevent AR and DGF. Such drugs are known as induction agents.
Induction therapy is administered at the time of transplantation to
reduce the incidence of AR or to prevent DGF. Long-term graft survival
is improved by induction therapy [1,5]. At present, 90% of renal
transplant recipients is treated with induction therapy. Two types
of induction agents are used as (1) lymphocytes-depleting agents
and (2) interleukin-2 (IL-2) receptor antagonists (non-lymphocytedepleting agent). Basiliximab or daclizumab, an IL-2 receptor
antagonist, is used in 36.8% of renal allograft recipients, and T-celldepleting agents such as anti-thymocyte globulin (ATG) (lymphocytedepleting agent) are used in 55.7% of all renal allograft recipients. The
percentage of recipients receiving no induction therapy is 10.4% [6].

ATG, rabbit-derived lymphocyte-depleting polyclonal antibody, is
administered intravenously through a series of divided doses or a bolus
dose. The importance of the IL-2/IL-2R pathway in the proliferation
of T-lymphocytes, together with the selective expression of CD25 (the
alpha chain of the IL-2 receptor subunit) on activated lymphocytes,
suggests that CD25 inhibition can reduce the incidence of acute graft
rejection [7]. Basiliximab, a chimeric monoclonal antibody, bind to the
alpha chain of the IL-2 receptor (IL-2R alpha) with an affinity equal to
that of IL-2, and hence, it is a potent inhibitor of IL-2-mediated T-cell
proliferation [8]. It is administered as prophylactically in two divided
doses of 20 mg on day 0 and day 4 of post-transplantation.
Every so often, profound and excessive immunosuppression is achieved
with induction agent, which may sometimes increase the risk of
infection-bacterial (Pneumocystis pneumonia and Mycobacterium
tuberculosis) or viral mainly cytomegalovirus (CMV) disease and posttransplant lymphoproliferative disorder (PTLD) [9-12]. The current
study was carried out to analyze and compare the clinical outcomes
in terms of graft function, number of rejections, infections, and
hospital admissions, in live renal allograft recipients who had received
basiliximab and ATG induction therapy with a triple-drug regimen
(tacrolimus, mycophenolate, and steroids), in an Indian population,
over a period of 12 months.

The objective of the study was to evaluate the efficacy, safety, and
tolerability of basiliximab, and ATG when these are administered
in combination with a triple - immunosuppressive regimen of
tacrolimus, steroids, and mycophenolate mofetil (MMF) in live donor
transplant recipients. The safety and tolerability of basiliximab and
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ATG were assessed by comparing the incidences in the two treatment
groups of adverse events, infections (bacterial, viral, and fungal), and
development of malignancies. The safety and tolerability were also
evaluated by comparing the duration of post-transplant hospitalization
in the two groups.
METHODS

This was a prospective, observational, cohort study of 1-year with
follow-up data analysis. Renal transplant data about patients with
live-related and other-than-related (OTR) donors and data about ABOincompatible transplantations performed at Muljibhai Patel Urological
Hospitals, Nadiad, Gujarat, India, were collected. ATG or basiliximab
had been administered as induction therapy to the patients. Data about
patients who had received second grafts were also collected. Ethical
approval was obtained from the Institute Ethics Committee of Muljibhai
Patel Society for Research in Nephro-Urology, and informed consent was
obtained from all the patients. Transplant patient with deceased donors
and those who were not administered induction therapy were excluded
from the analysis. All the patients had been offered either basiliximab
or ATG as induction therapy. Basiliximab was administered in a dose of
20 mg intravenously 2 hrs before transplantation and on day 4 after the
operation. Treatment with ATG was initiated intraoperatively before
graft reperfusion. The dose of ATG varied from 1.5 to 6 mg/kg and was
administered either as a bolus or as divided doses.

Concomitant therapy
Throughout the study, in addition to basiliximab or ATG, all patients
received a triple immunosuppressive regimen consisting of tacrolimus,
steroids, and MMF as maintenance therapy. Pulse methylprednisolone
(1 g) was given intravenously to all patients on day 0. Oral prednisone
was subsequently prescribed, starting at 1.0 mg/kg and tapered to
7.5-10 mg/d. MMF (2000 mg/day) was administered orally from day
2 in both groups. MMF was continued throughout the study if possible,
but the dose was reduced or discontinued in the event of suspected
toxicity, according to clinical judgment. Tacrolimus trough levels of
5-10 ng/ml were targeted for the initial 2 months and levels of 3-7 ng/
ml were targeted thereafter in both groups. All the recipients received
prophylaxis for CMV, i.e., oral valganciclovir for 3-6 and for P. pneumonia,
i.e., cotrimoxazole for 6-12 months.
Clinical evaluation
The demographic and baseline data gathered included the age, weight,
genders of the recipient and donor, human leukocyte antigen (HLA)
mismatch, baseline serum creatinine level, native kidney disease,
number of transplantation, and type of living donor (related or OTR).
Hemoglobin level, white cell and platelet counts, tacrolimus trough
level, and serum creatinine level were recorded at day 0 and 7 and
month 1, 3, 6, 9, and 12. AR was diagnosed either clinically or through
biopsies. AR episodes were treated either with intravenous courses of
methylprednisolone (500-1000 mg) or with monoclonal antibodies,
depending on the severity of rejection.

Statistical analysis
Statistical analysis was performed using MedCalc15.4. Categorical
variables were summarized as total number and percentages, and
continuous variables were summarized as means with standard
deviations. Categorical data were compared using Fisher’s exact test,
and continuous variables were compared using the Mann–Whitney
test or the unpaired t-test. Kaplan–Meier analysis was conducted
for AR-free survival, defined as the period without an acute decline
in glomerular filtration due to biopsy-proven AR and graft survival.
p<0.05 was considered statistically significant.
RESULTS

The baseline demographic characteristics of the recipients are presented
in Table 1. There were 42 patients in the ATG group and 43 patients
in the basiliximab group. In general, the demographics of the two
groups were similar, but several high-risk characteristics were more
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prevalent in the ATG group. The ATG group had a higher proportion of
HLA mismatches and OTR donor transplantations compared with the
basiliximab cohort. All the 42 patients in the ATG group completed
the study except four: Two of them had graft failure, and the other two
died during the study period. In the basiliximab group, 37 out of the
43 patients were followed until the end of the study. Four patients could
not be followed to the end of the study period due to graft loss, and two
could not be followed due to death.

All the patients except six in the basiliximab cohort (86%) received both
the 20 mg doses as intravenous bolus injections at the scheduled times
according to the protocol. The second dose was not given to the six
patients because of AR; instead, they received ATG injections. Patients
in the ATG group received a mean cumulative dose of 177.4±50 mg
(median 175 mg and range 75-275 mg). The proportion of patients who
received the second dose of ATG was 19.04%. The use of maintenance
immunosuppressive therapy in the two groups was generally similar.
However, at 12 months, a significantly higher number of patients in the
basiliximab group (11) than in the ATG group (3) were receiving MMF
or enteric-coated mycophenolate sodium (26.2% vs. 6.9%; p=0.0381).
The mean daily dose of tacrolimus and mean whole blood trough
levels were not different in the two groups. The use of concomitant
medication was also comparable in the two groups. The mean duration
of hospitalization was 6.6 days in the basiliximab group, compared with
7.9 days in the ATG cohort (p=0.667). Nine patients in the ATG group
were hospitalized for 10 days or longer, compared with seven patients
in the basiliximab group.
Efficacy
The values of the efficacy parameters of the two cohorts are presented
in Table 2. At 12 months, the patient and graft survival rates were
90.4% and 90.7%, respectively, in the basiliximab group; in the ATG
group, they were 95.2% and 92.9%, respectively. The total number of
biopsy-proven AR episodes was significantly higher in the basiliximab
cohort compared with the ATG cohort (25.6% vs. 7.1%, p<0.05).
Antibody-treated AR episodes occurred in eight patients (18.6%) of
the basiliximab group, compared with one patient (2.4%) of the ATG
group. The frequency of antibody-treated rejections was significantly
higher in the basiliximab group compared with the ATG group (p<0.05).
Eight patients had AR episodes within 1 month of transplantation in
the basiliximab group while in the ATG group only two had rejection
episodes during the first month of transplantation. 13 patients (30.2%)
in the basiliximab group had treatment failure (11 AR and 2 graft loss),
compared with 5 patients (11.9%) in the ATG group, 2 of died, with
the rest having AR. Kaplan–Meier survival analysis showed ATG was
associated with significantly higher AR-free survival than basiliximab
(p<0.05; Fig. 1).
Renal function
DGF is defined as the need for post-operative dialysis and/or a serum
creatinine level above 250 mmol/L (2.82 mg/dl) at day 10 posttransplant. The incidence of DGF was 11.6% (n=8) in the basiliximab
cohort, and it was 7.1% (n=3) in the ATG group. Of these, five patients
underwent post-operative dialysis (n=4 for basiliximab; n=1 for ATG).
The other three patients (n=1 for basiliximab, n=2 for ATG) did not
require dialysis but had slow graft function. Among the patients with
DGF, two in the ATG cohort and four in the basiliximab group had
rejections. The creatinine clearance level was statistically significant in
favor of ATG at week 1 (Table 3). At 12 months, the serum creatinine
level was below 1.5 mg/dl in 29 out of 38 patients in the ATG group and
29 out of 37 patients in the basiliximab group.

Safety
The most of the patients (n=30 in the ATG group and n=21 in the
basiliximab group) experienced one or more adverse events. The
number of patients in the ATG group who had adverse events was
greater than the corresponding number of the basiliximab cohort.
Likewise, the total number of events was also higher in the ATG
cohort (n=52) than in the basiliximab group (n=34), with the number
188
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Table 1: Baseline and demographic characteristics of recipients and donors
Characteristics
Recipient
Male/Female
Weight
Mean recipient age (years)
Pre‑Txn dialysis (Months)
Second transplantation
Pre‑emptive transplantation
Donor
Donor’s age
Donor’s gender male/female
Living other than related
Native kidney disease
DKD
CGN
Interstitial nephritis
Polycystic kidney disease
Undetermined
HLA mismatch
Mean lymphocytes cross match (%)
Mean baseline Serum creatinine (mg/dl)

ATG (n=42)

Basiliximab (n=43)

p value

33/9
60.4±10
39.92±8.33
10±7
5 (11.9)
6

34/9
56.3±8.4
37.53±8.39
3.4±1.9
3 (7.0)
8

1.000
0.0926
0.1154
0.1747
0.4833
0.7711

14 (33.3)
6 (14.3)
2 (4.8)
3 (7.1)
17 (40.5)
4.14±1.6
4.81
3.5±1.4

10 (23.3)
6 (14)
3 (7)
3 (7)
21 (58.1)
3.6±1.06
3.94
4.2±1.8

0.0928

46.6±10.1
11/31
28 (66.7)

49.8±8.11
16/27
4 (9.3)

0.1075
0.3528
<0.000001*

0.0823
0.4449
1.0000

HLA: Human leukocytes antigen, Txn: Transplantation, Data are expressed as mean values, with plus‑minus values as SD, or as numbers, with percentages in
parentheses; *Significant, SD: Standard deviation

Table 2: Incidence of efficacy variables during the 12‑month
post‑transplantation period

Efficacy variable

ATG
(n=42)

Basiliximab
(n=43)

p value

Biopsy‑proven AR
First AR episode treated with
antibody therapy
Graft loss
Death
Treatment failure
Delayed graft function
Graft survival
Patient survival

3 (7.1)
1 (2.4)

11 (25.6)
8 (18.6)

0.0381*
0.0295*

3 (7.1)
2 (4.8)
5 (11.9)
3 (7.1)
39 (92.9)
40 (95.2)

4 (9.3)
2 (4.7)
13 (30.2)
5 (11.6)
39 (90.7)
41 (90.4)

1.0000
1.0000
0.0616
0.7130
1.0000
1.0000

p value finds by Fisher exact test; treatment failure is defined as AR, graft loss
or death whichever occur first. *Statistically significant. ATG: Anti‑thymocyte
globulin, AR: Acute rejection

Table 3: GFR (mean±SD) during 12‑month post‑transplant
period

Parameters

ATG

Basiliximab

p value

Day 0
Day 7
1 month
3 month
6 month
9 month
12 month

22.2±19.36
76.12±31.49
60.35±26.35
69.59±22.85
69.39±30.35
70.94±32.29
82.82±35

21.83±9.77
64.90±23.18
69.58±18.31
63.85±16.82
66.88±19.61
64.51±16.50
71.78±21.34

0.7917
0.0290*
0.0808
0.5169
0.9712
0.6744
0.5391

Mann–Whitney test; *Statistically significant. ATG: Anti‑thymocyte globulin,
GFR: Glomerular filtration rate, SD: Standard deviation

of serious adverse events in the ATG cohort being 12 (23.1%) and
10 (29.4%) in the basiliximab group. The total number of episodes of
leukopenia was significantly higher in the ATG group (n=14) than in the
basiliximab cohort (n=6). There were three cases of thrombocytopenia
in the ATG group while there was no patient with thrombocytopenia
in the basiliximab group. No significant hematologic or biochemical
abnormalities were seen in the basiliximab group.
A total of 26 patients (61.9%) in the ATG group had one or more
infectious episodes (n=38), whereas there were 18 patients (41.8%) in
the basiliximab group who had a total of 26 different types of infectious

episodes (Table 4). The majority of these infections affected the urinary
tract. Six patients in the ATG group and three patients in the basiliximab
group had CMV infections. All the patients responded to treatment
with either parenteral or oral ganciclovir administration, depending
on the severity of the infection. No cases of malignancy either new
or recurrent, and in particular, no cases of PTLD were seen in either
treatment group during the study period.
DISCUSSION

Since the introduction of several novel immunosuppressive agents,
there is a reduction in the frequency of AR episodes. Nonetheless,
AR is still a major problem in renal transplant recipients, and
chronic rejection, in particular, remains undiminished or has even
increased [13]. In this context, induction strategies using monoclonal
or polyclonal anti-lymphocyte antibodies have an important role to
play. Induction therapy is administered to reduce AR and to reduce the
use/dose of maintenance therapy and is of particular benefit to highrisk patients (sensitized patients, second-graft recipients, pediatric
patients). Mainly, two types of antibodies are used as induction agent
(1) polyclonal ATG and (2) IL-2 receptor antagonist (basiliximab and
daclizumab). Induction therapy using ATG combined with CsA, MMF,
and steroids (17% vs. 29% for placebo) [14], or with tacrolimus,
azathioprine, and steroids (15.2 vs. 30.4% with placebo) [15] can
reduce the occurrence of acute cellular rejection. Basiliximab acts at
a specific site on T-lymphocytes and thus prevents T cell proliferation.
Thus, the additional risk of adverse events is minimal compared with
lymphocytes-depleting agents. Basiliximab reduced the incidence of
acute graft rejection [16,17]. It is well established that ATG reduces AR
episodes compared with anti-IL-2 receptor agents. However, it did not
improve graft or patient survival.

In the present study population, consistent with the previous
findings, the incidence of DGF was similar in the ATG and basiliximab
groups [18-20]. Lebranchu et al. observed a higher incidence of
treatment failure with a basiliximab group (14%) than with an
ATG group (8%) [3]. Similarly, in the present study, there was more
treatment failure in the basiliximab group than in the ATG group
(30.2% vs. 11.9%, p<0.05). However, Brenan and Yang et al. found no
difference in their study [18,20].
The efficacy and safety of induction therapy administered using ATG
and using basiliximab for adult live-donor kidney transplant recipients
were compared in this study.
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Susceptibility to infections, particularly CMV is a complication in
patients receiving ATG [21,22]. Brennan et al. observed that the
incidence of adverse events and serious adverse events in ATG and
basiliximab cohorts (99.3% vs. 98.5%) was similar [18]. In contrast,
the present study found a significantly higher incidence of adverse
events in the ATG group compared with the basiliximab group
(71.4% vs. 48.3%, p<0.05). The incidence of serious adverse events
was also higher in the ATG group compared with the basiliximab group,
albeit the difference was not significant. The present study found a
significantly higher incidence of leukopenia in the ATG group compared
with the basiliximab cohort. Brennan et al. [18] and Lebranchu et al. [3]
found a higher incidence of leukopenia with ATG. However, episodes
of thrombocytopenia were not significantly more frequent in the ATG
cohort compared with the basiliximab group (7.15% vs. 0%, p>0.05).

Characteristic

ATG
(n=42)

Basiliximab
(n=43)

p value

Although ATG and basiliximab were tolerated well in the study
population, a greater number of patients had infections in the ATG group
(61.9% vs. 41.8%, p>0.05). Likewise, Yang et al. [20] observed a nonsignificantly high incidence with ATG after a year’s follow-up (47.5% vs.
42.9%, p>0.05). Libório et al. [19] found a significantly higher incidence
of CMV infections in an ATG group. There was a higher incidence in this
ATG cohort despite prophylaxis with ganciclovir, but the difference was
not significant. This finding was consistent with that of a study carried
out by Yang et al. [20,23,24]. In contrast to all these findings, Brennan
et al. reported a significantly high incidence in a basiliximab group [18].

Patients with one or
more adverse events
Total number of
adverse events
Serious adverse events
Patients with infections
Total episodes of
infection
UTI
Bacterial infection
CMV
Viral infection
Fungal infection
Leukopenia
Thrombocytopenia

30 (71.4)

21 (48.3)

0.0464*

CONCLUSION

14 (33.3)
26 (61.9)
38

11 (25.6)
18 (41.8)
29

0.4816
0.0836

Fig. 1: Kaplan–Meier survival curve for 1-year rejection-free
survival in renal transplant recipient using anti-thymocyte
globulin and basiliximab
Table 4: Adverse events profile during the 12‑month
post‑transplantation period

52

14
11
6
3
4
14 (33.3)
3 (7.1)

34

13
7
3
5
1
6 (14)
0

*p value finds by Fisher exact test, ATG: Anti‑thymocyte globulin,
CMV: Cytomegalovirus, UTI: Urinary tract infection

0.6170
0.7833
0.7212
0.2782
0.3824
0.0431*
0.1162

It showed that the graft and patient survival rates were similar between
the two treatments after 1 year. In the present study, the AR rates were
similar to those reported in previous studies for induction therapy with
both ATG and basiliximab [18-20]. The incidence of biopsy-proven
AR was more than two times greater in the patients who received
basiliximab compared with those received ATG (25.6% vs. 7.1%;
p<0.05). The severity of rejection was, likewise, more remarkable
since the need for antibody treatment was six times greater in the
basiliximab cohort than that of the ATG group (18.6 % vs. 2.4%,
p<0.05). Similarly, according to Brennan et al. [18], the rate of incidence
of AR and the severity of rejections were 15.6% and 1.4% in the ATG
group, respectively, while the incidence of AR (25.5%) and that of
antibody-treated AR (8%) were higher in the basiliximab group. Libório
et al. [19] also observed a significantly higher incidence of AR and nonsignificantly higher incidence of severe AR in a basiliximab group at the
end of a year’s follow-up.
The glomerular filtration rate (GFR) was measured using the Cockcroft–
Gault formula. It was not significantly different in the two cohorts
throughout the study period except on day 7. The mean GFR at the
end of the study was 64.48±28.24 ml/minute in the ATG group and
60.46±17.93 ml/minute in the basiliximab group. The renal function
was similar in the two groups at the end of 1 year.

The present study had certain limitations. The sample came from a
single-center, with the number of participants was limited, and the
duration was relatively short.

Although a definite conclusion requires a longer follow-up, the present
findings suggest that both strategies were effective in live donor
allograft recipients. However, ATG, as compared with basiliximab, was
associated with reduced incidence and severity of AR. On the other
hand, basiliximab was associated with fewer episodes of adverse
events and leukopenia. The two induction therapies had similar graft
and patient survival rates.
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