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Abstract

The purpose of this study was to evaluate long-term efficacy of immunosuppressive drugs based on the type of induction therapy given to
kidney transplant recipients, and determine the occurrence of graft dysfunctions or rejections. We compared the safety and efficacy of anti-
thymocyte globulin (ATG) and basiliximab (BAS) in high-risk patients and analyzed the cumulative incidence of immediate, slow, and delayed
graft function in kidney transplant recipients to determine their initial short-term graft function. Evaluation of the long-term efficacy after
3 years post-transplantation by assessment of patients and graft survival, incidence of infections, and risks of rejection were the primary end-
points. Patients with stable graft survival were observed more with ATG (85%) than BAS (70%); in contrast, graft dysfunctions, graft nephrec-
tomy, rejection episodes, and patient deaths were more prevalent with BAS than ATG, with statistically significant differences in long-term graft
functioning. Patient survival at 3 years in ATG group was 90.4%, compared to 88% in BAS group, and graft survival was 90.4% in the ATG
group and 81.3% in the BAS group (P < 0.001). The use of both induction therapies resulted in good patient and graft survival outcomes than
placebo, and the results showed that there was a significant difference in both patient and graft survival after 3 years between induction of ATG
and BAS, suggesting that ATG can be safer, effective, and preferable drug over BAS for high-risk recipients.
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After kidney transplantation, the immunosuppressive

Introduction
therapy usually involves induction therapy, followed by

The success rate of transplantation depends on the adminis- maintenance therapy. Initial induction with anti-lymphocyte
tration of suitable immunosuppressive therapies. The main agents is usually either through a T lymphocyte-depleting
goal of immunosuppressive therapies is to induce tolerance agent (Muromonab-CD3 mAb, alemtuzumab [anti-CD52
by preventing loss of allograft without infection or toxicity mADb] and polyclonal rabbit anti-thymocyte globulin [rATG])
and, most importantly, to achieve a long-term graft result. or a non-lymphocyte-depleting agents interleukin-2 (1L-2)
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receptor antagonist (basiliximab [BAS] and daclizumab).
Since the late 1990s, murine anti-CD3 monoclonal antibody
muromonab-CD3 and horse ATG (eATG) are no longer
used and daclizumab has been withdrawn, while polyclonal
antibody rabbit ATG (rATG) and monoclonal antibody
BAS are used more frequently (1).

Maintenance immunosuppressive agents consists of
corticosteroids (prednisone and methylprednisolone), cal-
cineurin inhibitors (cyclosporine and tacrolimus [TAC]),
antiproliferative agents (mycophenolate mofetil [MMF],
mycophenolate sodium, azathioprine, mammalian target of
rapamycin inhibitors [everolimus and rapamycin/sirolimus]),
and costimulation blockers (balatacept). A combination of
a calcineurin inhibitor plus an antiproliferative drug, with
or without corticosteroids, is usually used as a maintenance
therapy. TAC and MMF have replaced cyclosporine and aza-
thioprine, and they are being used in conjunction with low-
dose corticosteroids (prednisone), thus reducing drug-related
toxicity (2).

A series of trials have demonstrated that a combination
of TAC, MMF, and prednisone has provided an effective
immunosuppressive therapy resulting in fewer rejections (3).
Hence, we focused on induction therapy. Many studies
revealed that there was a clear association between induction
immunosuppressive therapy on graft survival and outcome
of kidney transplant patients with different immunological
risks (4, 5). Induction therapy with ATG or interleukin 2
receptor subunit alpha (IL2ZRA) has been shown in a number
of studies to minimize the probability of early acute rejec-
tion events after kidney transplantation, compared to con-
trols (6, 7). Induction therapy often is increasingly utilized
following kidney transplantation, although there is still a
lot of debate/uncertainty about the benefits and hazards of
using it as a part of modern post-transplant treatment. The
choice of induction agent varies from place to place. In the
United States, lymphocyte-depleting drugs, most commonly
rATG, are currently utilized in 60% of kidney transplants,
with IL2RA induction used in 20% of instances. On the
other hand, in Europe IL2RA induction is more commonly
used than rATG or other depleting drugs (8). According to
Kidney Disease Improving Global Outcomes (KDIGO)
guidelines, the use of lymphocyte-depleting drugs is advised
only in patients with a high immunological risk (grade 2B).
It is also believed that induction therapy helps in short-term
graft survival, although its impact on long-term graft survival
in renal transplant recipients has yet to be determined (9).
Furthermore, there is no consensus on appropriate dosage
and duration of treatment. Induction drugs at higher doses
and for longer periods have been linked to an increased risk
of infection, drug toxicity, and malignancies, while lesser
doses may not be useful in preventing acute rejection (10).
Hence, careful management of the recipient is still indispens-
able and requires drug combination to strengthen rejection

prophylaxis and reduce doses of individual drugs in order to
avoid toxic effects.

The aim of this study was to evaluate the efficacy and
safety of polyclonal and monoclonal induction therapy
with rATG and BAS on graft survival in kidney transplant
patients with different immunological profiles in the pres-
ent era of kidney transplantation. The study compared the
group of patients according to the used induction (BAS vs.
rATG) regarding the occurrence of acute rejection within
the monitored period of 5 years after patients with stan-
dard immunologic risk had received transplants. In order
to establish a risk-stratified strategy to induction therapy in
kidney transplant recipients, we investigated the relationship
between choice of induction therapy and outcomes following
kidney transplantation.

Material and Method
Design

A total of 163 kidney transplant recipients who underwent
transplantations between 2017 and 2021, and patients with
higher immunological risks, were included in this retro-
spective cohort study with follow-up until January 2022.
Induction therapy was based on perceived immunologi-
cal risk; patients with higher immunological risk group
were given ATG and BAS as induction therapy. Mainte-
nance immunosuppressive regimen was common for all the
patients. The study was designed to compare the clinical
outcome of induction therapy. Patients were compared in
two groups in accordance with their initial graft function
(immediate vs. slow or delayed) and final graft function
(stable graft function, graft dysfunction, graft nephrec-
tomy, and patient deaths) along with other complications,
such as incidence of rejections, infections, drug toxicity,
new onset diabetes after transplant (NODAT), and hyper-
tension (HTN).

Data collection

Donor and recipient characteristics, laboratory data, clinical
data, and graft and patient survival status were retrieved ret-
rospectively from medical records. We considered the follow-
ing parameters:

1. Transplant-related variables included pre-transplanta-
tion medical and laboratory evaluation to assess medical
suitability and adequacy of renal function based upon
serum blood urea nitrogen, serum creatinine (Cr), and
24-h urine collection, levels of albumin, cholesterol, low-
density lipoprotein, and high-sensitivity C-reactive pro-
tein. All immunological tests were performed to assess
donor-recipient compatibility, such as human leukocyte
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antigen (HLA) typing, panel reactive antibody (PRA),
donor-specific antibody test (DSA), complement-
dependent cytotoxicity cross-match (CDC-XM), and T
and B lymphocyte cross-match by flow cytometry based
on clinical indications. Antibody specificity with a flow
cytometry mean fluorescence intensity (MFI) thresholds
of 21000 was considered positive.

2. Donor-related variables included a detailed medical, fam-
ily, and social history questionnaire, such as age, gender,
blood group, donor relation, donor type, number of
matched HLAs, and cross-matching results. Cold isch-
emia time (CIT) and warm ischemia time (WIT) were
also reviewed.

3. Recipient-related variables, such as age, gender, primary
cause of kidney failure, native kidney disease (NKD),
renal replacement therapy (RRT) type, dialysis modality
and duration of hemodialysis (HD) vintage, type of trans-
plantation, date of transplantation, and a history of pre-
transplant issues, such as cardiopulmonary resuscitation,
diabetes mellitus, hypertension, hepatitis C virus (HCV),
induction and maintenance therapy, were reviewed.

4. Post-transplantation included post-
transplantation  issues, immediate graft biopsy,
intervention provided, immediate graft function, HD
sessions, day 4 TAC, baseline creatinine, discharge cre-
atinine, post-transplantation rejections at time, type of
rejection, post-transplantation infections, organism, cyto-
penia/leukopenia/pancytopenia, cytomegalovirus (CMYV)
infection, triple immunosuppressive modification, treat-
ment outcome, other issues, and the final outcome.

variables

Inclusion and exclusion criteria

Eligibility was determined according to the donor and
recipient risk factors. High-risk recipients for acute rejec-
tions were required for eligibility. High immunological
risk recipients were described as a recipients aged <18 and
>60 years, dialyzing therapy for >3 years, highly sensitized
recipients, such as loss of previous transplant secondary
to rejection, blood group incompatibility, high number of
HLA mismatches, PRA > 20%, presence of a DSA, cadaver
donors, and longer cold ischemia time. Patients were
excluded if they had undergone immunosuppressive ther-
apy prior to transplantation, had recently taken an inves-
tigational drug, had a known allergic response to ATG or
BSA, had a history of infection or were known to have hep-
atitis B surface antigen (HBsAg), hepatitis C virus (HCV),
or human immunodeficiency virus (HIV), or had cancer
(other than nonmelanoma skin cancer) during the previ-
ous 2 years. Women of childbearing potential who were not
using oral contraceptives, nursing mothers, and pregnant
women were also excluded.

Induction immunotherapy

Induction immunotherapy was delivered to high immunolog-
ical risk patients, which were further divided into two groups.
Immunotherapy induction with rATG (n = 40) or BAS (n =
77) was started in patients who had received cadaveric trans-
plantation or those having a high risk of rejection. rATG was
given intraoperatively after the patient was anesthetized at
a dose of 1 mg/kg started as an infusion in 250-mL normal
saline. The maximum dose being 80 mg, half dose was given
before clamp release and rest of the dose given within 2 h of
the first dose. Next dose was given on post-operative day 1
and the final dose on post-operative day 3. The patients were
evaluated on a daily basis, because dose of rATG was admin-
istered based on the following parameters: lymphocytes
> 300/mm? and platelets > 5 X 10%/mm?. If serious adverse
effects, such as anaphylaxis, pulmonary edema, or viral infec-
tions, were discovered, rATG was temporarily stopped or
interrupted. BAS was given at 20 mg on day 0 and day 4. On
the other hand, for other non-high-risk cadaveric transplant
patients and live-related renal transplant (LRRT) recipients,
nondepleting agent BAS was given at 20 mg on day 0 and
day 4. For ILRRTSs, such as transplant from parent to chil-
dren or among siblings who are HLA haplo/diplo matching,
no induction therapy was prescribed, that is, control group
(n = 406).

Maintenance immunosuppressive therapy

Maintenance immunosuppressive therapy included steroids,
MMF (1200 mg per body surface area in two divided doses),
and TAC (0.89 mg/kg/day) for all subjects. TAC levels were
checked on post-operative day 4, and at the end of 1 month,
2, 3, and 4 months, and once stabilized, 6 months thereafter.
Corresponding TAC trough concentrations were 15-20 ng/
mL during the first 2 weeks; 1015 ng/mL throughout week 3
and 4; 8-12 ng/mL during months 2 and 3; and 5-10 ng/mL
thereafter. Azathioprine was started only if patient was hav-
ing any severe adverse effects to MMF. The initial AZA dose
was 2 mg/kg and adjusted according to adverse reactions.
Initial prednisone dose was 0.5 mg/kg, with a maximum of
20 mg/kg during the first month, tapered slowly to 20 and 10
mg/kg during the second and third month, and ultimately 5
mg/kg on alternate days at the end of 1 year. Other prophy-
lactic therapy given was valgancyclovir 450 mg on alternate
days for 3—6 months, fluconazole 150 mg daily for 3 months,
and trimethoprim and sulphamethaxizole, ¥ tablet, daily for
3 months. Immunosuppression protocol was aimed to bring
maintenance immunosuppression to the lowest dose by the
end of 6-month period. Injection methyl prednisolone was
prescribed to all patients as a pulse therapy at 1 gm/day for 3
consecutive days.
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Short-term graft function

Initial graft function was generally detected by a drift in
the patient’s serum Cr during the immediate postoperative
period (POD) after induction therapy was specified in three
groups based on clinical evaluation:

1. Immediate graft function (IGF)—this category com-
prised patients with normal renal function who recov-
ered immediately post-transplantation with Cr < 3 mg/
dL on post-operative day 5 (PODS); creatinine reduction
ratio (CRR) of >20% for 3 consecutive days showed a
fast recovery of renal function with satisfactory diuresis.

2. Delayed graft function (DGF)—these patients also
showed decline in serum Cr from the base line but had
Cr > 3 mg/dL on PODS and CRR < 20% for 3 consecu-
tive days; such patients required dialysis during the first
post-transplant week.

3. Slow graft function (SGF)—such patients could be char-
acterized by slower initial post-operative decline in serum
Cr 2 3 mg/dL on PODS, and CRR < 20% for 3 con-
secutive days, with slow drop in renal function with an
intermediate recovery of renal function with moderate
diuresis, enough to avoid dialysis. Our primary outcome
was to analyze initial graft function, for which we com-
pared the incidence of IGF, SGF, DGF, and immediate
graft loss (IGL) based on the type of induction therapy
prescribed to renal transplant patients.

Long-term graft function

Kidney transplant recipients were analyzed for final out-
comes of long-term graft function after 3 years; these were
categorized into five groups: stable graft function, graft
dysfunction, graft loss/graft nephrectomy, patient’s death,
and lost follow-up. Patients with stable graft function, after
transplantation had been maintaining normal serum creati-
nine and estimated glomerular filtration rate (¢GFR) with no
complaint. Patients with rise in serum creatinine of 15% from
baseline were referred as graft dysfunction, which is often
the primary indicator for biopsy, often associated with fever,
graft tenderness, abnormal renal scan, and/or other clinical
features commonly associated with an acute cell and/or anti-
body-mediated rejection reaction (AR). Obstruction, hyper-
tension, or vascular stenosis, which failed to respond to high
dose of triple immunosuppressive therapy, was associated
with the sign of chronic rejection (CR). Decrease in renal
function could be due to recurrence of infections (bacteria,
fungal, or viral), NODAT, HTN, or calcineurin inhibitor
(CNI) toxicity, which eventually causes acute tubular necro-
sis (ATN), focal and segmental glomerular sclerosis (FSGS),
acute interstitial nephritis (AIN), pylonephritis (PN), and
thrombotic microangiopathy (TMA) that ultimately lead

to graft failure/loss or patient’s death (if not treated on
time). Failure of renal allograft was defined as return to
another form of renal replacement therapy (dialysis or re-
transplantation). All suspected episodes of acute rejection
were subjected to a graft biopsy, which was evaluated using
the Banff 1997 criteria of allograft pathology. In case of clin-
ical or laboratory evidence of graft dysfunction, duplex dop-
pler ultrasound was performed. During episodes of DGF,
biopsy was performed on weekly basis or 5-10-day intervals.

Statistical Analysis

Data analysis was performed by using the SPSS software,
version 21. Data were presented as frequency tables, bar dia-
grams, and line graphs. Categorical variables were summa-
rized as numbers 7 (%), Continuous data were presented as
mean values and standard deviations (mean + SD). For test-
ing hypothesis, ANOVA t-test or Wilcoxon—-Mann—Whitney
test, Pearson’s Chi square test, and Kaplan—-Meier method
were used. 7-test was used for comparison of two groups, and
chi square (X?) test was used to check association between
two or more attributed variables. Patient and graft survival
analyses were determined using the Kaplan—-Meier estimates
and the log-rank test. P < 0.05 was considered statistically
significant.

Results
Induction therapy

The present retrospective single-center cohort study evalu-
ated long-term efficacy of induction therapy with ATG and
BAS in renal transplant recipients. Of the 163 patients with
high immunological risks according to KDIGO guidelines,
77 were randomly assigned to receive BAS, 40 received ATG,
and the remaining patients who did not receive induction
therapy were considered as the control group (n = 46). Com-
parisons between induction therapies given to recipients with
respect to demographic details of donor and recipients, ini-
tial graft function, final graft function, rejections, infections,
drug toxicity, and co-morbidities are listed in Table 1.

Demographic details and clinical data

Demographic characteristics were similar in both groups. No
significant differences in demographic features between both
groups were observed with respect to age and etiology. Mean
age of donors was 37.33 £ 10.8 years. Mean age of recipients
was 32.7 £ 9.9 years. Mean time for cold ischemia was 3.94 +
3.6 h. The mean follow-up period in the ATG group was 24.8
+ 10.8 months and that in the BAS group was 34.4 £ 10.5
months. The mean serum creatinine levels at the time of dis-
charge were 1.5 £ 1.01 mg/dL and 1.3 + 0.36 mg/dL in BAS
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Table 1: Cumulative outcome measures of kidney transplant recipients on the basis of induction type; data are presented as mean
+ SD or number (%).

Variables of induction therapy . “ontro Total P-value
(n =163)

BAS, basiliximab; ATG, anti-thymocyte globulin; LRRT, living-related renal transplants; DDRT, deceased donor renal transplants;
CIT, cold ischemia time ; SrCr, serum creatinine; Tac, tacrolimus; IGF, immediate graft function; SGF, slow graft function; DGF,
delayed graft function; IGL, immediate graft loss; TCMR, T-cell mediated rejection; ABMR, antibody-mediated rejection; CNI,
calcineurin inhibitors; MMF, mycophenolate mofeti; NODAT, new onset diabetes after transplant; HTN, hypertension; NS: non-
significant values; P- value (*P < 0.05, **P < 0.005, ***P < 0.001).
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and ATG groups, respectively, and 95% confidence interval
for mean in the BAS group was (1.2105-1.7978) and that in
the ATG group was (0.4043-2.1957). ANOVA was used for
the comparison of BAS and the ATG groups. The significant
calculated value was 0.485, which was insignificant at 5%
level. Hence, we can say that there was no significant differ-
ence between both drugs concerning serum creatinine.

Short-term graft function

Our cohort of 163 transplants, initial graft function within
one month from the date of transplantation was assessed
based on cumulative incidences of IGF, SGF, DGF, and
IGL. In all, 120 recipients (73.6%) experienced IGF; eigh-
teen recipients (11%) SGF; 21 recipients (12.8%) DGF
and four recipients (2.4%) IGL (Table 1). Immediate graft
function IGF was found to be more with ATG (90%) than
BAS (53.2%) group, while the incidence of SGF and DGF
was observed more frequent among patients receiving BAS
(18.1%, 24.6%) than ATG (7.5%, 2.5%), and IGL was found
only in the BAS group (3.8%), but with no significant differ-
ence with the type of induction therapy given to the recipi-
ents (P = 0.07). However, comparison of these four groups
showed statistically significant difference with the non-
induction group (P = 0.002; Table 1 and Figure 1A).

Long-term graft function

Long-term graft function after 3 years from the date of
transplantation was assessed based on the type of induction
given to recipients. Out of 163 transplantations, 113 were
stable graft function (69.3%), 23 were graft dysfunctions
(14.1%), 7 were graft losses (4.2%), 15 deaths (9.2%), and
5 (3%) were lost in follow-up. Recipients with stable graft
function were mostly observed with induction of ATG
(80%), followed by BAS (67.5%), while graft dysfunction,
graft loss, and patients” death were found to be more with
BAS (12.9%, 5.1%, and 11.6%, respectively) than ATG (10%,
0%, and 5%, respectively). Mortality was slightly higher in
the BAS group, but the renal graft function improved rapidly
in the ATG group, with statistically significant differences
between both groups (P = 0.0008) and with the non-induc-
tion group (P = 0.0006; Table 1 and Figure 1B).

Rejections

In all, 27 (16.5%) biopsy-proven rejections were discovered.
Rejections were more common in control group (21.7%),
followed by 16.8% in BAS and 10% in ATG groups with
statistically significant differences (P = 0.003). Comparative
study between BAS and ATG demonstrated 11.6% antibody-
mediated rejections (ABMR) in the BAS group and 7.5% in
the ATG group; cellular-mediated rejections (TCMR) were

only found in the BAS group (1.2%), while combined rejec-
tion was more with BAS (3.8%) than ATG (2.5%). The over-
all difference in the incidence and severity of rejections was
significantly lower in the ATG group than in the BAS group
(P =0.05; Table 1 and Figure 1C).

Infections

Incidence of infection requiring hospitalization is shown in
Table 1. In all, 61 (37.4%) patients experienced post-operative
infections. Bacterial infection, such as urinary tract infection
(UTI), tuberculosis (TB), diarrhea, drain-associated faecalis,
pyelonephritis, epididymo-orchitis, occurred most commonly
in 36 patients (22%). Sixteen patients (9.8%) encountered
viral (CMYV, polyomavirus [PMV], dengue, herpes zoster,
and chicken pox) and 9 patients (5.5%) had fungal infection
(fungal or cavitary pneumonia, and abscess). Higher prev-
alence of infection was found in the induction group than
the non-induction group because of immunosuppressants
with statistically significant differences (P = 0.004). Fungal
infection in post-operative period was found to be more com-
mon in the BAS group (10.3%), followed by the ATG group
(2.5%); however, viral was more in the BAS group (0.3%).
Bacterial infection occurred at a significantly higher rate in
the BAS group (26%) than in the ATG group (17.5%). This
difference appeared to be attributable to a greater frequency
of UTI. Although the incidents of overall infections were
reported more in the BAS group (46.7%) than in the ATG
group (30%), no significant difference was found between
both groups (P = 0.333; Tablel and Figure 1D).

Other complications

Drug toxicity with CNI (TAC and cyclosporin) and MMF
was found slightly higher in the ATG group (7.5%) than
in the BAS group (6.4%) but with no significant difference
(P = 0.504). NODAT or post-transplant diabetes melli-
tus was defined as the requirement of oral agents or insu-
lin to control glucose concentration for more than 30 days.
NODAT, unlike drug toxicity, was observed most commonly
in the BAS group (19.4%) than in the ATG group (2.5%).
Similarly, uncontrolled HTN was also higher in post-
transplant patients of the BAS group (6.4%) than in the
ATG group (2.5%) with no significant difference (P = 0.580).
However, higher adverse effects were discovered in the BAS
group (Tablel and Figure 1E).

Patient and graft survival

Patient survival rates after 3 years were 91.3% in the ATG
group and 88.3% in the BAS group, and graft survival rate
was 91.3% in the ATG group and 81.8% in the BAS group,
with a statistically significant differences observed between
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Figure 1: Induction therapy with respect to (A) Initial graft function; (B) long-term graft function; (C) rejections; (D) infections;

and (E) other complications.

the two groups using the Kaplan-Meier method (P = 0.001).
In case of patients in whom transplant failure had not
occurred, their time to event (transplant failure) was consid-
ered as censored at 60 months (Figure 2).

Discussion

Induction therapy is administered before or immediately
after transplantation to reduce the risk of early rejections so
as to improve survival of the allograft. However, because of
excessive immunosuppressive therapy, patients are at a higher
of infectious difficulties. Yet, previous trials have confirmed
that both ATG and BAS have a low risk of adverse effects
and are safe, well-tolerated, and accepted. Currently, 60-80%
of kidney transplant patients get ATG or BAS induction
therapy, which has been demonstrated to minimize the sever-
ity of early post-transplant adverse effects.

Our study compared induction therapy with polyclonal
antibody ATG and monoclonal antibody BAS in both short-
and long-term survival. Initial graft function after transplanta-
tion has been shown to be a predictor of long-term transplant
survival in many studies (11). According to our analysis,
immediate graft function occurred most commonly in LRRTs.
IGF occurred most commonly in LRRT, while SGF and DGF

took place in cadaver transplants and have been found to be
the cause for decreased rejection-free graft survival rates in
high immunologically speculative patients. Induction therapy
lowers the risk of DGF, although the administration of BAS
intraoperatively did not reduce the incidence of DGF in this
high-risk group but it lowered the severity and incidence of
acute rejections. Hence, we found that the incidence SGF and
DGF after transplantation early during post-transplantation
period did not show much negative impact in achieving sta-
ble long-term outcome when ATG was used. Further, this has
been linked to the decreased probability of acute rejection, and
improved patient and graft survival in the long term. Although
BAS and ATG were successful in delaying and lowering rejec-
tions, and thereby enhancing short-term life of graft, their
impact on long-term survival of graft in renal transplant
recipients has not been established thoroughly. As a result,
the focus has been to long-term outcomes, with an emphasis
on minimum rejections and other complexities. Among BAS
and ATG, stable graft function was observed more with ATG.
There was a trend toward a higher risk of graft dysfunction,
graft nephrectomy, and patient deaths with BAS. Rejection rate
and infections were also found to be more common with BAS.
Although BAS is associated with a lower risk of drug toxicity
than ATG, long-term outcomes do not appear to differ, and
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Figure 2: Patient and graft survival curve using the Kaplan—Meier method (P < 0.001).

hence its influence on long-term graft survival remains incon-
clusive. Our results established that proportion of both patient
and graft survival after induction with ATG and BAS were
significantly different. ATG induction was associated with an
improved trend in patient and graft survival. Nevertheless,
CNI toxicity was reported to be marginally higher with ATG
induction therapy but it had decreased incidence of rejections
and infections, while BAS demonstrated slightly increased risk
of post-transplant rejections. Infection rate and episodes of
post-transplant complexities, such as NODAT and HTN, were
more prevalent in the BAS induction group. However, statis-
tically significant differences were not found between both
groups, and the cause of higher rate of mortality in the BAS
group could not be undetermined.

Different induction strategies were used at different cen-
ters to improve the outcome. Sandrini concluded that BAS
helped in reducing DGF, hence it may be more preferable and
safer for the induction therapy in patients of kidney trans-
plantation (12). Our findings, however, argue against better
graft survival with BAS than ATG, because in our study, the
incidence of DGF occurred more in the BAS group and had
higher incidence of rejections than in the ATG group. Simi-
lar to these results in many recent studies, ATG has exhibited
superior results in avoiding acute cellular rejection in high-
risk transplant patients (13). Studies conducted by Sailaja
et al. and Seong et al. were a well-designed, randomized,
controlled trial that compared ATG with BAS in high-risk
patients (14, 15). The main findings in these studies were
strikingly similar, as the rate of rejection was significantly
lower with ATG than BAS, with no differences in patient and
graft survival between the two therapies. Furthermore, study

conducted by Patlolla discovered that lower rejection rate
with ATG did not translate into better graft survival in the
long term (16). Our study showed that ATG induction was
associated with less rejection and improved patient and graft
survival in the long term with statistically significant differ-
ence. Surprisingly, no trial has been conducted to compare
ATG with placebo (17-20). We found that BAS showed a
reduced rejection rate by 7%; however, ATG demonstrated a
reduced rejection rate by 17% when compared with placebo,
with improved graft survival.

It’s probable that cadaver donor type, donor’s age, and
prolonged cold ischemia were associated with higher risk
of rejection. However, we found that the effect of BAS and
ATG on rate of rejection and graft survival was essentially
the same in live versus cadaver donor transplants without
any statistically significant difference. Although induction
therapies in renal transplant recipients have been studied
in the past, results of the present study demonstrated both
short- and long-term outcomes.

In patients with low immunological risk, both ATG and
BAS groups had similar 1-year rate of rejection, graft sur-
vival, and patient survival (21-23). However, recent studies
conducted by Hannah et al. and Marta et al. confirmed that
ATG is a more potent immunosuppressive agent than BAS
but it does not seem to improve transplant survival and is
likely to have an increased risk of infection (24, 25). These
trials reported trends toward a statistically significantly
higher incidence of CMYV infection in the ATG group, com-
pared with the BAS group. In contrast to these findings, our
study indicated higher rate of infection with BAS but sig-
nificantly decreased infections with ATG. The trend toward
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higher infections with ATG induction therapy was less strik-
ing. Hence, the superiority of ATG over BAS in preventing
acute rejection without infection is undeniable. Furthermore,
3-year patient and graft survival was favorable in the ATG
group. Hence, ATG can be considered as an efficient and safe
induction agent.

There were several limitations to the present investigation.
The sample size was small because this was a single-center
trial, and the findings were inconsistent. Second, compared
to 10-20 years, the graft function follow-up duration was
short. The future research must thrust upon various param-
eters that influence graft survival, as the ultimate goal is to
extend patient and graft longevity.

Conclusion

We confirmed in our analysis that patients with high immu-
nological risks were benefited from rATG and BAS induc-
tion therapies, with less number of risk and complications
than no induction group. Therefore, both induction regimens
assured a safe and effective treatment and were associated
with similar graft survival. Although short-term outcome
in this trial did not show any significant difference between
ATG and BAS groups, the long-term outcomes, includ-
ing stable graft function, graft dysfunction, graft loss, and
death rate, demonstrated a significant difference between the
two groups. We observed that ATG reduced the severity of
post-transplant adverse events, with the assumption of good
graft functioning in the long-term post-transplant period.
Hence, ATG could be more effective, efficient, safer, and
preferable than BAS for relatively high immunological risk
recipients with poor renal function in kidney transplantation.
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