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Abstract  Objective: This retrospective study discusses the need for induction therapy in half haplotype low 
immunological risk kidney transplant patients. Material and Methods: Records of 70 adult kidney transplant 
patients were reviewed with 3 years follow up. All patients were half haplotype matched with their living related 
donors and had PRA < 20% and DSA 0% when available. We divided the patients into 2 groups based on the 
induction therapy used during kidney transplantation. Hence, we compared 25 patients who were treated by 
induction therapy (anti-IL2 receptor antibodies or anti-Thymocyte globulin) (Group I) with 45 other patients who 
did not get any induction therapy (Group II). The primary endpoints comprised the rate and the severity of acute 
rejection episodes as well as the 3-year graft function and survival. Secondary endpoints contain: the frequency and 
the type of infections and the surgical complications at 1 year as well as the amount of malignancy and the patient 
survival at 1, 6, 12 and 36 months after kidney transplantation. Baseline demographic characteristics including: 
donor age, recipient and donor gender, cause of kidney disease, dialysis duration, donor to recipient CMV matching 
were similar in the two groups. Whereas, significant differences existed between the 2 groups in relation to: recipient 
age, pre-transplant hemoglobin blood level, anti-CMV prophylaxis regimen and maintenance immunosuppression. 
Results: We did not find any significant difference between the 2 groups regarding the length of hospital stay, the 
rate and severity of acute rejection, the rate of CMV infection, the occurrence of delayed graft function and the rate 
and type of surgical complications at 1 year. Furthermore, the patient and graft survival as well as the serum 
creatinine levels upon discharge and at 1, 3, 6, 12 and 36 months were also comparable. Nevertheless, the rate and 
type of out of Hospital infections and 1-year infection rate as well as the treatment cost were significantly higher in 
Group I. Conclusion: Induction therapy might not be desirable in low-immunological risk half-haplotype kidney 
transplant patients. 
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1. Introduction 

Since its first successful attempt in 1954, kidney 
transplantation (KT) has witnessed tremendous progression 
in graft survival (GS), as well as acute rejection (AR) rate 
and severity. This excellent success would not be achieved 
without the improvement of immunosuppression drugs 
and the continuous emergence of new and more selective 
regimens [1]. This has resulted in AR rate of 80% and  
1-year GS of 45% in the early 60's to less than 15% and 
more than 90% respectively in the late 2000 [2]. 

Part of this improvement is related to the introduction 
of induction therapy as an essential part of the 
immunosuppression protocols by the administration of 
either monoclonal or polyclonal antibodies. Their use in 
kidney transplant recipients (KTRs) was aiming mainly to 
avoid early AR historically known to predict graft loss [3], 
in patients suffering from delayed graft function (DGF) [4] 
and in many immunosuppression protocols used to avoid 
or to minimize calcineurin inhibitors (CNIs) [5] based 
immunosuppression therapy. Therefore, induction therapy 
is widely used in KT to improve both short- and long-term 
graft outcomes. In USA, 82% of all KTRs receive 
induction therapy, with 46% given T-cell-depleting  
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agents and approximately 22% given a non-depleting 
interleukin-2 receptor antagonist (IL−2RA) [6]. 

Presently, the choice of induction therapy is mandatory 
in respect to the risk–benefit evaluation for each patient.  
According to the latest KDIGO guidelines [1], KTRs who 
should receive depleting antibodies based induction 
therapy are those who are at high immunological risk to 
develop AR (recipients with high number of Human 
Leucocyte Antigens (HLA) mismatch with their donors or 
with high panel reactive antibody (PRA)). The remaining 
patients, considered at low immunological risk, are candidate 
for IL2-RA based induction therapy administration. However, 
the degree of HLA mismatch between donors and recipients 
in addition to the threshold of PRA rate are not well 
defined in KDIGO guidelines. Therefore, induction therapy 
should be used in all types of HLA mismatches. In current 
practice, all low immunological risk half-haplotype 
patients (except for the fully matched HLA patients) are 
systematically given induction immunosuppression therapy.  

But the routine use of induction therapy which target 
receptors located on the lymphocytes membranes can be 
related to a substantial risk of acute and late-onset adverse 
events; therefore, clinical risk-versus benefit ratio must be 
carefully balanced in every patient [7]. Some of these side 
effects are immediate, like the acute reaction secondary to 
the cytokines release syndrome [8-11] and others are 
delayed like the development of blocking antibodies and 
serum sickness [12]. Moreover, increased incidence of 
viral infections, mainly Cytomegalovirus (CMV) and 
malignancies (lymphoproliferative disease) have been 
reported in patients mainly treated with lymphocyte-
depleting induction [13-16]. To these major side effects, 
the use of induction therapy will significantly increase the 
overall fees of the transplantation surgery. Consequently, 
these facts have induced changes in the medical behavior 
toward trying to identify a category of patients where 
induction therapy can be spared.  

The aim of our study is to evaluate the necessity of 
induction therapy in this category of low immunological 

risk, half-haplotype KTRs. 
The primary endpoints comprised the rate and the 

severity of AR episodes as well as the 1 and 3-year graft 
function and survival in addition to the cost burden of the 
induction regimen. Secondary endpoints contain: the 
frequency and the type of infections and the surgical 
complications at 1 year as well as the amount of 
malignancy and the patient survival (PS) at 1, 6, 12 and 36 
months after KT. 

2. Material and Methods 

Patients and Donors. This is a retrospective study of 
the medical files of 70 adult kidney transplant patients (55 
males and 15 females; mean age 34.23 ± 11.29 years; 
range 16 to 60 years) operated from September 1998 till 
December 2014 with a follow-up of 3 years. All patients 
were Caucasians. Inclusion criteria comprised all first 
KTRs considered at low immunological risk as defined by 
a PRA less to 20% and/or undetectable donor specific 
antibodies (DSA) when available. All recipients had half-
haplotype living donors (28 males and 42 females; mean 
age of 39.09 ± 12.20 years and range: 19 - 62 years). Fifty 
five patients received a kidney from identical blood group 
donors. The cause of end stage renal disease was unknown 
in 31 patients (Table 1). The duration of dialysis before 
KT ranged from 0 to 108 months (mean of 11.18 ± 18.23 
months). Twelve patients had a preemptive KT. 

Surgical Procedure. All allografts were implanted in 
the iliac fossa. Vascular anastomoses were done on the 
recipient external iliac vessels in an end-to-side fashion. 
Vesico-ureteral anastomosis was performed as described 
by Shanfield [17]. An internal double-J ureteric stent was 
inserted routinely to lessen urological complications and 
then removed after 6 weeks by cystoscopy [18]. The 
operative field was drained routinely by a closed catheter. 
Foley catheters were removed on day 3 after KT and urine 
culture was routinely done. 

Table 1. End stage renal disease etiology 
 ALL patients 

(n=70) 
Induction Group 
(n = 25); Group I 

No Induction Group (n = 45); 
Group II 

Unknown etiology 31 9 22 

Chronic glomerulonephritis 9 4 5 

Chronic pyelonephritis 6 1 5 

Polycystic kidney disease 2 1 1 

Lupus nephritis 2 - 2 

FSGS 7 4 3 

Arterial hypertension 2 - 2 

Berger disease 1 1 - 

Interstitial nephritis 3 3 - 

Diabetic nephropathy 1 1 - 

Alport disease 2 - 2 

Amyloidosis 2 1 1 

Renal hypoplasia 2 - 2 

Abbreviation: FSGS = Focal segmental glomerulosclerosis. 
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Perioperative Antibiotic Prophylaxis. First-generation 
Cephalosporins were routinely given pre-operatively and 
continued for 24 hours thereafter. CMV prophylaxis was 
done by the administration of intravenous Ganciclovir 
whose dose was adjusted according to the estimated 
glomerular filtration rate (eGFR). This CMV prophylaxis 
was extended by the use of oral Valacyclovir or lately 
Valganciclovir for a period of 3 months or for 6 months in 
patients at high risk to develop CMV infection (the use  
of anti-thymocyte globulin-Fresenius (ATG-F) extended 
protocol, multiple AR episodes needing high dose of 
steroids, or CMV-negative recipient receiving a kidney 
from a CMV-positive donor). Furthermore, KTRs 
received Trimethoprim/Sulfamethoxazole for 1 year after 
KT to prevent Pneumocystis carinii infection. 

Immunosuppressive regimen: Twenty five patients 
(Group I) received induction therapy during surgery either 
ATG-F bolus at a dose of 6 mg/kg (13 patients) or  
anti-IL2-RA (12 patients). The remaining 45 patients did 
not receive any induction (Group II). In addition, 500 mg 
Methylprednisolone was administered intravenously 
during surgery than tapered progressively to 0.2 mg/kg/day 
of Prednisone over the next month. Maintenance 
immunosuppression consisted in either Cyclosporine 
microemulsion (CyA-me) started right after the transplant 
a dose of 5 mg/kg twice daily or Tacrolimus (Tacro) at a 
dose of 0.1 mg/kg twice daily. In case of slow graft 
function (SGF) or DGF occurrence, CNIs were postponed 
for few days. Mycophenolate mofetil (MMF) was started 
48 hours before KT at 1 gm twice a day than reduced to 
750 mg twice daily in Tacro patients.  

Diagnosis of infections. Preoperatively, routine cultures 
of urine, throat, nose, peritoneal fluid (in peritoneal 
dialysis patients), and blood (in case of hemodialysis 
catheter) were done. In addition, CMV, Epstein-Barr virus 
(EBV), Herpes simplex virus (HSV), Herpes zoster, and 
Toxoplasmosis serology was also implemented. KT was 
postponed in case of active infection. Post-operative 
infections were diagnosed based on blood, urine and 
sputum cultures. Routine cultures of all indwelling arterial 
and central venous catheters were done after their removal 
including hemodialysis and peritoneal dialysis catheters. 
Intravascular catheters were considered infected, if more 
than 15 organisms were cultured from their tip, using the 
Maki technique [19], regardless if fever was present or 
whether blood cultures were positive. Urinary infection 
was detected if more than 100 000 organisms/ml were 
cultured. Viral infections were diagnosed on the basis of 
polymerase chain reaction (PCR) in blood, urine or tissue 
specimen, or histological proof of tissue invasion.  
In case of CMV disease or syndrome, CMV testing was 
performed. BK virus infection was suspected in case of 
occurrence of symptoms, or a rise in serum creatinine 
level. Therefore, kidney graft biopsy and blood  
BK-PCR tests were performed for diagnosis and specific 
immunohistochemistry coloration was done systematically. 
All infections occurring during the first year after KT 
were recorded. 

Diagnosis of rejection. AR was diagnosed by kidney 
graft biopsy using the Banff classification for histological 
confirmation [20]. A 3-day course of bolus steroids  
was given for treatment and additional ATG-F was 
administered for steroid-resistant cases.  

Statistical analysis. Data analysis was conducted using 
SPSS for windows v.13. They were expressed as 
percentages of total (categorical variables) or as mean  
SD (continuous variables). The differences in means were 
studied using Student’s t-test, and the inter-group 
significance was done by Pearson 2 or Fish   
tests. P < 0.05 was settled as the threshold for statistical 
significance. 

3. Results 

The studied patients were allocated into either those 
who received induction therapy (Group I; n = 25) or those 
who did not (Group II; n = 45). In group I, induction 
therapy consisted of IL2-RA (13 patients), or intraoperative 
bolus of ATG-F (12 patients). The demographics of 
donors and recipients are shown in Table 2. Older 
recipients were observed in Group I (mean age: 39.7 ± 
10.5) in contrast to Group II (mean age: 31.1 ± 10.6). But, 
the donor age was similar in both groups (mean age: 39.8 
± 12.3 and 38.6 ± 12.2 respectively; p value = N.S.). 
Despite the predominance of female recipients in both 
groups and more female donors in Group II, this was not 
statistically significant. Maintenance immunosuppression 
comprised triple therapy in which Neoral (N), Tacrolimus 
(Tacro), or Sirolimus was combined with an antimetabolite 
[MMF or Azathioprine (A)] and Prednisone (P). One patient 
in Group II but none in Group I received quadruple therapy 
(Tacro, Sirolimus, MMF and Prednisone) (Table 3). 

Table 2. Patient's and donor's demographics 

 Group I 
(n = 25) 

Group II 
(n = 45) P value 

Recipient age (years) 39.7 ± 10.3 31.1 ± 10.6 0.002 

Recipient gender (M/F) 20/5 35/10 N.S. 

Donor age (years) 39.8 ± 12.3 38.6 ±12.2 N.S. 

Donor gender (M/F) 13/12 15/30 N.S. 

Donor/Recipient blood group   

N.S Identical 22 33 

Compatible 3 12 

Pre-transplant dialysis (months) 13.5 ± 19.1 9.8 ± 17.7 N.S. 

Preemptive (patients) 4 8 N.S. 

Abbreviations: M = Male; F = Female. 

Table 3. Maintenance Immunosuppression medication 

 Group I (n=25) Group II (n=45) 

NAP 1 3 

NCP 15 14 

FCP 7 17 

N/FCP 1 6 

N/RCP 1 1 

FRCP 0 1 

F/NCP 0 3 

Abbreviations: N: Neoral; F: Tacrolimus; A: Azathioprine; R: Rapamune; 
C: MMF; P: Prednisone; P value = 0.034. 
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Hematologic profiles. The pre-transplant hemoglobin 
blood levels and the difference between pre and post renal 
transplant hemoglobin blood levels were statistically 
different between the 2 groups, without any impact on the 
need of post-transplant PRBC transfusions (3 patients in 
group I and 14 patients in Group II). Moreover, the 
difference between the pre and the post-transplant 
platelets blood levels was significantly higher in Group I 
(P value = 0.006) despite the similarity of pre and  
post-transplant platelets blood levels between the 2 groups 
(Table 4). 

Acute Rejection. Overall, 7 patients (10%) developed 
AR between day 3 and day 121 after KT: 2 patients in 
Group I (8%) and 3 others in Group II (11.1%) (P value = 
N.S.). All were reversible after appropriate treatment. However, 
in 2 patients in Group II, ATG-F was needed to reverse 
steroid-resistant AR but none in Group I (P value = N.S.). 

Infection.  A total of 32 infections were identified in 25 
out of 70 patients (35.7%) during the 1-year follow-up 
period. They were divided into bacterial (n=20; 62.5%), 
viral (n=9; 28.1%) and fungal infections (n=3; 9.4%). 
More infected patients were found in Group I (56%) than 
in Group II (24.4%) up to 1 year after KT (P value = 
0.005). The same was found regarding the number of 
infectious episodes, which was statistically higher in 
Group I (n = 17) than in group II (n = 15) (P value = 
0.033). Most of the infections were bacterial being most 
frequent in Group I (n=12; 70.5%) than in Group II (n=8; 

53.3%) (P value = 0.025). They were followed by viral 
infections: 4 infections and 5 others in Group I and Group 
II respectively. Fungal infections were detected in 1 
patient in Group I and in 2 patients in Group II. (Figure 1). 

The in-hospital infections (which occur during the 
patient’s hospital stay following KT), rate was comparable 
between the 2 groups: 8 (32%) and 9 (20%) infected 
patients in Group I and Group II respectively. Eight 
infectious episodes (all bacterial) were detected in group I 
and 12 others in group II distributed as follows: 8 bacterial, 
3 viral and 1 fungal (Figure 2). 

Comparatively, the "Out of hospital infections" (from 
the patient’s discharge from the hospital till 1 year after 
KT) rate was greater in Group I (7 patients; 28%) than in 
Group II (3 patients; 6.7%)) (P value = 0.011). The total 
number of infectious episodes and the rate of bacterial 
infections were statistically different between the 2 groups 
(P value = 0.006 and 0.004 respectively) as shown in Figure 3. 

Concerning CMV infections, despite the similar CMV 
donor and recipient status, CMV prophylaxis was  
more commonly done in Group I (76%) than in Group II 
(33%) (P value = 0.007) using either Valaciclovir or 
Valganciclovir. But this did not have any effect on the 
occurrence of CMV disease (P value = N.S.). All cases of 
CMV disease were gastro-intestinal. Three (12%) were 
detected in Group I on day 92, 125 and 194 after KT  
and 2 diagnosed in Group II on day 76 and 180 after KT 
(Table 5). 

Table 4. Hematologic profile 

 Group I (n=25) Group II (n=45) P value 

Pre-Tx Hb blood level (gm/dl) 10.1 ± 1.2 9.0 ± 2.0 0.019 

Post-Tx Hb blood level (gm/dl) 7.0 ± 1.5 7.7 ± 1.6 N.S. 

Drop in Hb blood level (gm/dl) 3.1 ±1.3 1.7 ± 1.5 0.000 

Needs for Post-Tx transfusions 8 units (5 patients) 14 units (9 patients) N.S. 

Pre-Tx Plat blood level 238360 ± 89078.5 206133.3 ± 82217.7 N.S. 

Post-Tx Plat blood level 130960 ± 75832.8 156911.1 ± 52379.6 N.S. 

Drop in Plat blood level 107240 ± 61090.2 60068.1 ± 69130.9 0.006 

Abbreviation: Hb = hemoglobin; Tx = Transplant; Plat = Platelets. 

 

Figure 1. Rate and type of all infections at 1 year 
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Figure 2. Rate and type of In-hospital infections 

 

Figure 3. Rate and type of Out of hospital infections 

Table 5. CMV status in donors and KTRs 

 
Group I 
(n=25) 

Group II 
(n=45) P value 

Donor-to-recipient status   

N.S. 

N/N 0 1 

N/P 2 2 

P/N 6 1 

P/P 17 41 

CMV prophylaxis   

0.007 
None 6 (24%) 30 (67%) 

Valaciclovir 12 (48%) 7 (15%) 

Valganciclovir 7 (28%) 8 (18%) 

CMV infection   

N.S. 
CMV disease 3 (12%) 2 (4.4%) 

CMV type GI = 3 GI = 2 

CMV timing (days) 92, 125, 194 76, 180 

Abbreviations: N = IgG(-); P = IgG(+). 

Patient's outcome and graft function. There were no 
differences between the 2 groups regarding the length of 
patient's hospital stay and the rate of DGF occurrence. 
Graft function, represented by serum creatinine level, 
didn't show any significant difference between the 2 
groups (P value = N.S.) (Table 6).  

Table 6. Patient's outcome and graft function 

 
Group I 
(n=25) 

Group II 
(n=45) P value 

Hospital stay (days) 11.3 ± 1.9 
(9 – 16) 

10.4 ± 5.8 
(6 – 41) N.S. 

DGF 0 (0%) 2 (4.4%) N.S. 
Serum creatinine (mg/dl)   

N.S. 

Upon discharge 1.3 ± 0.4 1.3 ± 0.6 
1 month 1.3 ± 0.3 1.4 ± 0.5 
3 months 1.2 ± 0.2 1.4 ± 0.6 
6 months 1.2 ± 0.2 1.4 ± 0.6 
1 year 1.2 ± 0.2 1.3 ± 0.6 
3 years 1.21 ± 0.24 1.26 ± 0.69 

Abbreviation: DGF = delayed graft function. 
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Figure 4. Serum creatinine level (mg/dl) upon discharge and till 3 years after KT 

Table 7. GS and PS at 1 and 3 years 

 Group I  
(n = 25) 

Group II  
(n = 45) P value 

1-year GS 96% 93.3% N.S. 

1-year death censored GS 100% 95.6% N.S. 

1-year PS 96% 95.6% N.S. 

3-year GS 92% 93.3% N.S. 

3-year death censored GS 100% 95.6% N.S. 

3-year PS 92% 95.6% N.S. 

Abbreviations: GS = Graft survival, PS = patient survival. 
 
Complications. Three surgical complications (all in 

Group II) were diagnosed (P value = N.S.). They 
consisted in: ureteral stenosis (1 patient), lymphocele  
(1 patient) and 1 hematoma. 

Patient and graft outcome. Two patients in Group I 
died (1 patient from unknown cause at 9 months and 1 
from Gastro-intestinal stroma tumor at 30 months after 
KT) and 2 others died in Group II (both from pneumonia 
at 5 and 6 months after KT) (P value = N.S). Post 
transplant malignancy occurred in 1 patient in Group I. 
The patient died at 30 months after KT. The 1 and 3 year 
GS and PS were similar in the 2 groups and are 
summarized in Table 7. 

Financial Issues. Financial burdens are of concern in 
our transplant program. For low immunological risk 
patients, either ATG-F (as a single dose of 6 mg/kg) or 
Basiliximab was used as induction therapy. This means 
that for an 80 kg recipient, 480 mg of ATG-F (equivalent 
to 5 vials of 100 mg each) should be given. Knowing that 
each vial costs 362 US$, the treatment course is evaluated 
to 1 810 US$. As for the Basiliximab, 2 standard doses of 
20 mg were administered (regardless of the patient's 
weight), for a total cost of 3 240 US$. This constitutes 11 
to 20% of the total hospital bill which represents a major 
concern for the third-party payer. 

4. Discussion 
Induction therapy using lymphocyte-depleting polyclonal 

antibodies or lymphocyte non-depleting monoclonal 
antibodies that inhibit the T-cell response is widely used 
in KT. It aims to avoid AR in KTRs, to provide an 
immunologic cover for patients suffering from DGF [21] 
and to improve both short and long-term outcomes [12]. 
However, Antibody induction is not without risk. 
Increased rates of infection have been reported with 
lymphocyte-depleting induction [22] arising from 
complex immunomodulatory effects on the host [23] 
which also increase the risk of malignancy on long term 
[24]. Lately, the introduction of IL2-RA instead of 
polyclonal antibodies becomes a common practice, mainly 
in patients with low immunological risk, because of their 
equivalent efficacy in the reduction of AR in addition to 
their safety profile as shown in several studies [25]. In 
USA, 90% of all kidney transplant recipients receive 
induction therapy, with 65% given lymphocyte-depleting 
agents and approximately 25% given a non-depleting  
IL2-RA [26]. Currently, the choice of induction therapy is 
based on the risk-benefit considerations for each patient. 

The latest guidelines published in 2009 by KDIGO [1] 
(Kidney Disease: Improving Global Outcomes) recommend 
the use of a biologic agent as induction therapy in all 
KTRs. IL2-RA should be the first therapy (Grade IB) in 
patients with low immunological risk, and lymphocyte 
depleting agent for those at high immunologic risk  
(Grade 2B). This strategy is adopted by many transplant 
centers [27-31]. In 2010, Cochrane Collaboration made a 
meta-analysis of randomized control trials in low risk 
patients comparing patients receiving IL2-RA, Placebo or 
Thymoglobulin. When compared to Placebo, there was 
less biopsy proven acute rejection (BPAR) of 30% and 
less graft loss with IL2-RA. In addition, IL2-RA had 
similar effects to thymoglobulin with fewer adverse 
reactions which made the authors favor its use [32]. 
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However, looking at the KDIGO criteria, the number of 
HLA mismatch is not specified as well as the level of 
PRA threshold which both categorize the immunological 
risk of the patients. Moreover, the Cochrane study 
included patients in the 1990's and early 2000 using 
maintenance immunosuppression that have been 
superseded. CyA-me (87%), MMF (50%), Azathioprine 
(28%) and double therapy (22%) were used. Presently, 
Tacro is more used [33], MMF is replacing Azathioprine 
[34] and triple immunosuppression is standardized 
keeping steroids [33]. This might explain the drop of the 
1-year AR rate from 50% in the early 1990 to 10-15% 
nowadays [35] questioning the need of induction therapy 
in KT. Only retrospective studies were published in the 
literature comparing the type of induction therapy. Gralla 
and Woseman [36] analyzed the data acquired from the 
US registry about primary KTRs operated between 2000 
and 2008. They compared patients who were treated with 
Tacro, Mycofenolate acid (MPA) and prednisone with or 
without IL2-RA induction. Although the 1-year AR rate 
was reduced with IL2-RA induction (11.6% versus 13% 
without induction), there was no improvement regarding 
GS and PS. Moreover, Willoughby et al [37] analyzed the 
outcomes of KTRs who were treated with either rabbit 
anti-thymocyte globulin (rATG), Basiliximab or no 
induction using multivariable statistical adjustments and 
case matching methods. No improvement was noticed 
between the 3 groups of patients regarding AR rate at  
6 months (all were < 15%), graft and patient survivals. 
Nevertheless, the composite triple end point of AR, GS 
and PS was statistically superior when rATG was 
administered in comparison to Basiliximab and both 
agents were superior to no induction. However, this real 
clinical benefit is questionable depending on the different 
statistically approaches used. In addition, KTRs from 
living donors operated between 2000 and 2012 and treated 
with Tacro, MPA and steroids were retrospectively 
reviewed by Tanriover et al [38]. The authors did not find 
any advantage in giving Il2-RA induction regarding AR 
rate at 1 year (11.7% versus 12.4% in no induction ) and 
5-year GS (P value = NS). In a report from the Australia 
and New Zealand Dialysis and Transplant Registry 
(ANZDATA), the same findings were noticed in  
Tacro-treated KTRs with either low or intermediate 
immunological risk concerning the benefit of IL2-RA 
induction in reducing AR (RR 0.9, 95% CI 0.68-1.2;  
p = 0.48) [39]. 

Opelz et al [40] analyzed the data of 38 311 first 
deceased-donor kidney transplants done between 2004 and 
2013. Transplants were classified as 'normal risk' or 
'increased risk' according to current guidelines.  Patients 
were divided in 3 groups according to the type of 
induction therapy: IL2-RA (n=19 334; 50%), rATG  
(n=3 458; 9%) and no induction (n=15 519; 41%) 
knowing that rATG or IL-2RA induction was given to 64% 
of increased-risk and 53% of normal-risk patients, 
respectively. The use of rATG and IL2-RA induction in 
increased-risk patients significantly reduced the risk of 
AR and graft loss. However, no difference was found 
between the 3 groups, in low immunological risk patients 
regarding the graft loss rate as well as the censored graft 
loss, PS and AR incidence at 3 years. They concluded that 
induction therapy following KT should be targeted to 

increased-risk transplants. In this analysis, a beneficial 
effect of antibody induction in normal-risk transplants 
could not be demonstrated. Finally, OSAKA trial 
enrolling 1251 patients has shown the similar efficacy of 
the once-daily formulation of Tacro at 2 different doses 
(0.2 mg/kg/day; Group I and 0.3 mg/kg/day; Group II) in 
comparison to standard Tacro (0.2 mg/kg twice daily; 
Group III). MPA and steroids were given to all the 
patients but without any induction. BPAR rates were not 
statistically different in the 3 groups (12.7%, 16.1% and 
10.3% respectively) at 24 weeks [41].  

Bunnapradist et al state in a multivariate analysis that 
using antibody induction therapy to KTRs, having a graft 
from deceased donors, markedly reduced the rejection rate 
for all degrees of HLA mismatches except for 1 and 0 
haplotype–mismatched group who did not show any 
significant difference [42]. 

On the opposite side, other studies comparing no 
induction to anti-thymocyte globulin (ATG), IL-2RA, and 
Alemtuzumab to KTRs from living donors, have produced 
different results. rATG appears to be safe and effective in 
KT from living donors [43,44,45]. This was also shown in 
a single-center study in which, compared with a national 
control group with no induction, rATG use provided 
superior 5-year PS (96% versus 90%, P value = 0.0326), 
GS (82 versus. 79%, P value = 0.0901), and 1-year AR 
rate (2% versus 21%, P value < 0.001) [46]. Another trial 
at a single institution showed that using rATG in KT from 
living unrelated donors, was associated with a significant 
reduction of AR rates (2% versus 48%, P value < 0.001) 
in the first post-transplant year in comparison to no 
induction [47]. A report from the Australian/New Zealand 
registry has shown similar results when IL-2RA was used 
in comparison to no induction. The occurrence of AR was 
reduced to 51% (P < 0.001) as well as the overall graft 
loss (HR = 0.58, 95% CI: 0.35–0.96; P value = 0.03) [48].  

In our study, the benefit of using induction therapy in 
low risk, half-haplotype match KTRs from living donors 
was raised. We have shown that induction therapy did not 
induce any improvement in AR rate and severity, 
identified by the need for ATG-F, as well as the 1 year GS 
and PS. This might be explained by the use of Tacrolimus 
more frequently in the group without induction. 

In hospital infections rate and type were not different 
between the 2 groups. This might be related to adequate 
pre transplant preparation and post-transplant prophylaxis 
regimens adopted. However, patients who did not receive 
induction therapy, had less overall infections which 
include both in hospital and out of hospital infections till 1 
year after KT. As for the CMV infections, the use of 
induction therapy did not have any effect on the 
occurrence of CMV disease, type and timing, knowing 
that more patients in the non-induction group did receive 
any anti-CMV prophylaxis.. This is in contradiction to 
what many studies have stated that patients who received 
ATG therapy are at higher risk to develop infectious 
complications such as CMV. 

Many studies have shown that there is an additive 
impact of AR and DGF on long-term graft outcomes. 
Therefore, by giving ATG to KTRs who are suffering 
from DGF, the negative impact of AR will be minimized 
threw its prevention. In our study, we found that the 
hospital stay duration and the incidence of DGF were not 
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different between the 2 groups with no impact of DGF on 
AR rate and GS as well. Our results are in concordance 
with those of Chapal et al [21] who have questioned  
the benefit of using ATG in low immunological risk 
patients. They evaluated its risk/benefit ratio and the 
consequences of a possible reduction in DGF incidence, 
against side effects related to such depleting induction 
therapy. The idea was to reduce excessive unjustified 
ATG prescription, which is associated with serious 
adverse events such as, fever, serum sickness, infectious 
disease or PTLD. 

The administration of induction therapy did not have 
any protective effect on the kidney graft. This was 
demonstrated by the similarity of the kidney function at 3 
years after KT.  

Concerning the hematological problems, there was a 
greater drop in hemoglobin and platelets blood levels in 
the patients who received induction immunosuppressive 
therapy as well as a higher need of packed red blood cells 
transfusions, mostly related to the administration of ATG 
in this particular group of patients. This appears in correlation 
with what it is mentioned in the literature that anemia 
limits the delivery of oxygen to tissues, particularly to the 
tubulo-interstitium, therefore accelerating the decline in 
renal function. This effect is increased by a further insult 
to the kidney threw the creation of reactive oxygen 
radicals secondary to the hypoxic state which can be 
potentiated by the use of immunosuppressive agents. 
These findings are consistent with a prospective cohort 
study by Molnar et al [49] who found that baseline anemia 
significantly predicted patient's mortality and graft failure 
over 4 year of follow-up. Two other studies that also 
demonstrated that post transplantation anemia at 1 year 
was associated with decreased GS and higher patient's 
mortality. In our study we have demonstrated that giving 
induction therapy to low immunological risk half 
haplotype KTRs, did not have any positive effect on GS, 
graft function and patient survival. Moreover, induction 
therapy, most probably ATG, resulted in more anemia and 
thrombocytopenia as well as increased incidence of  
3-years bacterial infections rate. 

5. Conclusion 

In summary, the use of IL2-RA or ATG in  
low-immunological risk KTRs under Tacrolimus, MPA 
and steroids regimen is not beneficial in terms of 
decreasing AR occurrence and/or improving both graft 
and patient survival [36-39,41,50,51]. Moreover, the 
financial burden as well as the increased risks of induction 
therapy, including a possible increase in infectious and 
malignant complications [52-57] should be taken into 
consideration. However, these concerns are declining 
based on recent studies in which rATG dosing was lower 
than in the past [58,59,60,61,62]. In addition, the high cost 
of immunosuppression regimens imposes a financial 
burden on the health system and the patients as well. It is 
then crucial to identify a subgroup of KTRs in whom we 
could generate cost savings without compromising patient 
and graft safety [63]. Therefore, the European Renal Best 
Practice (ERBP) initiative has proposed a somewhat more 
cautious approach, concluding that the cost of IL-2RA 

induction may not be justified in patients receiving Tacro 
and MPA [64]. Consequently, antibody induction therapy 
should be targeted to increased-risk patients. 

List of Abbreviations 

AR: acute rejection 
ATG: anti-thymocyte globulin 
ATG-F: anti-thymocyte globulin-Fresenius 
BPAR: biopsy proven acute rejection 
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IL2-RA: interleukin 2 receptor antagonists 
KDIGO: Kidney Disease: Improving Global Outcomes 
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