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Introduction
The number of high-risk patients coming for renal transplantation 

is a growing. Modern immunosuppression minimises the rate of 
acute rejection dramatically; however, it is not mandatory to improve 
patient and long-term allograft outcomes concurrently.1 Defining 
patients as ‘high risk for renal transplantation’ is essential to improve 
transplant pharmacotherapy and depends on understanding variables 
of the recipient, donor and allograft.2 There are several important 
reasons why induction therapy is utilised. First, the induction agents 
are highly immunosuppressive, allowing for a significant reduction in 
acute rejection rates and improved 1-year graft survival.3 Second, due 
to their unique pharmacologic effect, these agents are often considered 
essential for use in patients at high risk of poor short-term outcomes.4

The improvements in short-term outcomes gained from the use 
of induction therapies cannot be denied. Despite these advances, 
studies detailing the impact of induction therapy on long-term 
allograft function or survival are lacking. On the other hand, when 
using these potent immunosuppressive agents, the host defences are 
often profoundly impaired, which increases the risk of opportunistic 
infections and malignancy as we indicated in our earlier publication 
(Table 1).2,5 The definition of high-risk renal transplantation is now 
extended to include factors such as donor and recipient age, donor 
cause of death, time to transplant, as well as several other pre- and 
post-procurement variables that influence graft survival. Induction 
with biologic agents is used in renal allograft recipients for two 
reasons (Table 2): 
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Abstract

High immunologic risk recipients pose a major challenge in transplantation. It is associated 
with early acute rejection post-transplantation and leads to decrease patient and graft 
survival. The need for effective immunosuppression early post-transplantation has resulted 
in emerging of induction protocols. Biologic agents used for induction are classified to 
monoclonal and polyclonal which are either depletive or non-depletive antibody therapies. 
Choosing the best agent and optimal dose remains a controversial issue and depends 
on many factors including the proper assessment of the immunologic risk, efficacy and 
safety of the used agent. There is no consensus for the optimal agent used as induction 
immunosuppression in kidney transplantation. rATG use is associated with decreased 
incidence of delayed graft function and acute rejection episodes.
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Table 1 Induction immunosuppressive strategies in renal transplantation85

  Conventional Drugs Induction Antibody Induction

Drugs used in the Protocol Initial high doses of CNI + antimetabolite + steroids.
Depleting or non-depleting biological antibodies + lower 
doses of conventional drugs.

Indications Low immunological risk transplantation High immunological risk transplantation.

Advantages
- Cheap. 
- Less risk of infection. 
- Easier to monitor.

- Potent and effective immune-suppression. 
- Allow lower doses of maintenance immunosuppression 
(and even avoidance of some of them)

Disadvantages
- Not suitable in high risk cases. 
- Higher doses of drugs mean more adverse effects (e.g. 
DGF with CNI).

- Expensive. 
- Higher risk of infection. 
- Complex prescription and monitoring.
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Table 2 Uses of biologic agents in kidney transplantation

Induction 
Rejection prophylaxis 
Minimization protocol

ABO incompatible transplantation 
Desensitization protocols

Rejection Treatment

Prophylaxis/treatment of recurrent primary disease

(1) To augment the effect of initial immunosuppression in 
patients with high immunological risk poor matching of human 
leukocyte antigen (HLA), sensitised, marginal donor transplant or 
retransplantation or (2) To improve minimization protocol aimed at 
decrease the use of steroids or calcineurin inhibitors (CNI), or both 
(2). 

Definition of sensitization
Sensitization is defined as the presence of preformed alloantibodies 

in the serum of a prospective transplant recipient. In other words, it 
is pretransplant humoral all immunization. These alloantibodies 
are usually anti-HLA class I antibodies but may also include anti-
HLA class II or non-HLA antibodies.6 They formed in response 
to prior exposure to foreign antigens.7 Of note, in addition to this 
humoral sensitization, there also appears to be donor-reactive T cell 
sensitization “cellular sensitization”, which measured with a delayed 
type hypersensitivity assay.8 To what degree this phenomenon may be 
present pretransplant and manifest post-transplant is not clear.

The importance of sensitization
United Network for Organ Sharing (UNOS) data indicated that 

approximately 20% of patients on the transplant waiting list have a 
panel reactive antibody (PRA) of greater than 20% and in France, 
more than 50% of patients have reactive PRAs.9 Hyper acute rejection 
(HAR) with immediate and universal graft loss historically was a 
common occurrence in these patients. This problem has been largely 
eliminated using sensitive cross match techniques. Still, sensitised 
patients wait longer for compatible allograft and are at increased risk 
for early acute humoral rejection and have worse short-term and long-
term outcomes.10-12

The presence of anti-HLA antibodies post-transplantation is 
associated with acute and chronic rejection as well as decreased graft 
survival in various organs transplanted, including kidneys.13 Renal 
transplant patients with post-transplant HLA alloantibodies were 5-6 
times more likely to develop chronic rejection.14,15 Animal and in 
vitro human models suggested that a repair response to donor-specific 
antibodies might result in arterial thickening associated with chronic 
rejection.16 To what extent the patients with pretransplant sensitization 
may be at risk of post-transplant alloantibody-induced graft pathology 
is not quantifiable. It is not clear as to what extent the post-transplant 
humoral mediated rejection involves a de novo versus anamnestic 
response.

Causes of sensitization
The primary sources for sensitization of kidney transplant 

patients are pregnancy, blood transfusions, and prior transplants. 

These situations may expose the recipients’ immune system to 
foreign antigens, especially HLA molecules. If the immune system 
is not suppressed, the patient will appropriately produce antibodies 
against these alloantigens. These sensitising events appear to have 
a cumulative and interacting impact on the PRA.17 The rate of 
sensitization seems greater in retransplantation as compared to first 
transplantation. The sensitising effect of pregnancy appears to be 
more important in first transplants than in retransplants. The more 
transfusion numbers, the higher level of PRAs, and the effect seems 
to be modulated by sex and pregnancies.18 It has hypothesised that 
pregnant women may sensitise at the time of delivery with exposure 
to parental HLA antigens expressed by foetal cells.19

Strategies to optimize outcomes in sensitized 
patients
Limiting alloimmunizing events 

Avoiding transfusions in patients who may eventually need kidney 
transplantations would lessen exposure to alloantigens.20

Pre-transplantation Cross matching 

It is used primarily to prevent hyperacute rejection, an immediate 
and irreversible HLA class I antibody-mediated rejection of the 
allograft. Sophisticated techniques of crossmatching have extended 
their use to identifying the presence of alloantibodies that do not 
produce hyperacute rejection but are associated with less fulminant 
adverse immunologic outcomes.21

Immunosuppression

Aspects of immunosuppression of highly sensitised kidney 
transplant patients include desensitisation therapy prior transplantation, 
induction therapy with transplantation, maintenance therapy after 
transplantation, and rescue therapy in the event of acute humoral 
rejection.22 The corresponding author uses ATG in highly sensitized 
patients and also in transplantation across positive crossmatch (in 
conjunction with plasmapheresis). 

Strategy for rabbit Anti-Thymocyte Globulin (rATG) 
dose

The seven-day course consisted of rATG at 1.5 mg/kg intravenously 
intra-operatively, then daily for six days.

Dose preparation and infusion
i.	100 mg IV hydrocortisone, 10 mg IV chlorpheniramine and 1 g 

oral paracetamol given 60 minutes before each dose.

ii.	The initial main infusion should be 1.5 mg/kg dissolved in 500 
ml of 0.9% normal saline (maximum concentration 1 mg/2 ml) 
infused centrally over 12 hours.

iii.	Measure and record vital signs every 15 minutes for the first 
hour, every 30 minutes for next hour and then hourly until the 
infusion is complete.

Rabbit ATG in combination with maintenance 
therapy

Intravenous methylprednisolone (7 mg/kg) intraoperative then 
daily with rapid tapering till reach oral 20 mg prednisolone daily. 
Antimetabolites (such as azathioprine or mycophenolate mofetil) are 
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discontinued during the rATG course and are recommenced only when 
total white cell count (WCC) > 4.0 x 109/L. CNIs as maintenance 
immunosuppression are commenced during the postoperative 
period when the urine output is good and the serum creatinine drops 
to<3.5 mg/dl. Tacrolimus, initiated at of 0.1 mg/kg orally two times 
per day, adjusted to achieve target trough level depending on the 
patient’s degree of immunologic risk and the time elapsed since the 
transplant. If cyclosporine is used then it is initiated at 4 mg/kg orally 
two times per day. Doses of cyclosporine are subsequently adjusted 
to attain target trough level of 150 to 300 ng/mL (whole blood by 
immunoassay) during the first three months post-transplant and 75 
to 150 ng/mL thereafter. As an alternative to measuring cyclosporine 
trough levels, C2 or peak level two hours post dose can also be used. 
Doses of cyclosporine are adjusted to target C2 levels to be 800 to 
1400 ng/mL during the first three months’ post-transplant and then 
400 to 600 ng/mL after this period.

Non-immunosuppressive components
Both the donor and recipient should be tested for cytomegalovirus 

(CMV) status; valganciclovir used as primary prophylaxis therapy 
in patients at risk for CMV infection. Also, should administer 
prophylactic trimethoprim-sulfamethoxazole to prevent pneumocystis 
jiroveci pneumonia, sepsis, and urinary tract infection.

Other induction agents
Many agents are clinically available to target the components of 

alloimmunity that are amplified shortly after transplantation. Several 
agents have been studied in clinical trials in combination with 
standard maintenance regimens and shown to be efficacious, but few 
prospective studies have compared the prominent agents, and none 
of them has distinguished itself as clearly superior compared to the 
others. Most trials have used the surrogate endpoint of early acute 
rejection rather than a more definitive endpoint of patient or graft 
survival. Almost all trials have layered “specialised” induction agents 
on an installation base of bolus methylprednisolone. As with all forms 
of aggressive immunosuppression, induction therapy using rATGis 
associated with increased incidences of infectious and malignant 
complications.23 The risks of post-transplant lymphoproliferative 
disease (PTLD) and death ae higher from malignancy when combined 
with conventional maintenance immunosuppression.24,25 Induction 
therapy refers to the use of depleting rabbit anti-thymocyte globulin 
(r-ATG); Muromonab-CD3 (OkT3); anti-CD 52 (alemtuzumab); 
anti CD-20 (rituximab), or non-depleting antibodies (anti-CD 25 
monoclonal antibodies/IL-2 receptor antibodies) within the first 2–6 
weeks after transplantation.26

Mechanism of action of ATG
Rabbit ATG is a polyclonal lymphocyte depleting antibody 

that contains a wide variety of antibody specificities: immune 
response antigens, adhesion and cell trafficking molecules, and 
molecules involved in various pathways. The exact mechanism of 
immunosuppressive action not fully elucidated; appears to include 
clearance of peripheral antigen-reactive T lymphocytes (T cells) and 
modulation of T-cell activation, homing, and cytotoxicity. Although 
rATG has been shown to deplete a variety of immune cells, the primary 
mechanism of action is T-cell depletion. rATG also modulates cell 
surface expression of adhesion molecules and chemokine receptors, 
thus interfering with leukocyte-endothelial interactions that play a 

role in ischaemia/reperfusion injury (IRI).27 It is also has a wide range 
of anti-B cell actions as illustrated below in Figure 1.

Figure 1 RATG mechanism of action and its cellular binding sites.

Dosing
The use of rATG as induction therapy for the high-risk renal 

transplant recipient is off-label. So, no universal agreement on the 
dose for induction.27

Strategies proposed for the use of rATG based on the 
following

i.	Total dose of induction course

ii.	Time of initial dose: pre or intraoperative

iii.	Duration of induction course.28,29

Strategies
Strategy 1: Three days’ induction: 3 mg/kg administered 
intraoperative dose before anastomosis of transplant, followed by 1.5 
mg/kg/dose for two consecutive days.29

Strategy2: Seven days’ induction:1.5 mg/kg administered 
intraoperative dose before anastomosis of transplant, followed by 
1.5 mg/kg/dose for six consecutive days.29 There was no significant 
difference in acute rejection rate, patient and graft survival between 
3 days and 7 days induction strategy. The three days’ regimen is 
associated with shorter hospital stay and leads to more sustained 
lymphocyte depletion.29

Strategy 3: Single dose induction: 5 mg/kg administered before 
transplantation.30

Strategy 4: Rabbit ATG total cumulative dose: 1-6 mg/kg/dose 
for a duration ranging from one to ten days. By assessing differences 
between total cumulative doses in high-risk patients, there were no 
differences in immunosuppressive results between more or less than 
7.5 mg/kg. Total dose is less than 7.5 mg/kg was associated with less 
infection and lymphoma.31 Decreasing total cumulative dose to less 
than 3 mg/kg was associated with more rejection episodes.32

Strategy 5: rATG total cumulative dose 6 mg/kg divided over 3-5 
days with daily dose of 1-2 mg/kg/dose. This regimen showed the best 
balance between immunosuppression and infection risk.32-37 
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Strategy 6: Innovative strategies:

i.	Intermittent, based on monitoring of CD3+ cell count.38

ii.	Alternate-day, until calcineurin inhibitor target level, is 
achieved.39

Rabbit anti-thymocyte globulin induction 
versus no induction

Two short-term randomised trials report that recipients who had 
received a kidney from deceased donor had a reduced rejection 
rate with rATG.40,41 A parallel six-month multicentre European trial 
included 555 recipients who had received a kidney transplant from 
a deceased donor. Patients were randomised to receive a CNI (either 
tacrolimus or cyclosporine), steroids, azathioprine, plus rATG 
induction (1.25 mg/kg for ten days), or tacrolimus, azathioprine, plus 
steroids, without an induction therapy.40 Treated patients with rATG-
tacrolimus had the lowest incidence of biopsy-proven acute rejection 
(BPAR) (15.1% vs. 21.2% rATG-cyclosporine and 25.4% tacrolimus-
no inductions; P=ns). However, patients and graft survival rates, as well 
as serum creatinine levels, were similar in both groups at six months’ 
post-transplantation. The patients receiving rATG experienced a 
significantly higher incidence of leucopenia, thrombocytopenia, serum 
sickness, fever, and CMV infection (P < 0.05).40 Even though, these 
trials have demonstrated that an ATG induction therapy can delay the 
initiation of CNIs and lower the incidence of early rejection episodes 
at the expense of reversible thrombocytopenia and leucopenia, and 
increased infections particularly CMV. These raises the question as 
to whether universal anti-CMV prophylaxis in this setting is required 
and, if it is, will it increase the financial costs incurred during the early 
post-transplant period.41 

Rabbit anti-thymocyte globulin induction 
versus non-depleting agents

A recent meta-analysis of six randomised studies that included 
a total 853 patients showed no differences between ATG (all 
preparations) or basiliximab regarding outcomes, which included 
BPAR, delayed graft function, graft loss, and patient death. The results 
were similar across the two treatment groups with regards to biopsy-
proven rejection (RR: 1.15, 95% CI: 0.88-1.52, P=0.31), delayed graft 
function (RR: 1.02, 95% CI: 0.69-1.51, P=0.93), graft loss (RR: 1.15, 
95% CI: 0.73-1.80, P=0.55), and patient death (RR: 1.12, 95% CI: 
0.65-2.30, P=0.54). However, basiliximab therapy resulted in a lower 
incidence of infection (RR: 0.87, 95% CI: 0.78-0.97, P=0.02), and 
neoplasm (RR: 0.29, 95% CI: 0.09-0.97, P=0.04).42

Conversely, a recent study that included de novo high-risk HLA-
sensitized recipients who had received a kidney from a deceased 
donor showed different results. A total of 227 patients were randomly 
assigned to receive either rATG or daclizumab if they met one of the 
following risk factors; current panel reactive antibodies (PRA) at > 
30%, peak PRA of > 50%, loss of a first kidney graft from rejection 
within two years of transplantation, or loss of two or three previous 
grafts. Maintenance immunosuppression based on tacrolimus, 
mycophenolate mofetil, and steroids. Compared with the daclizumab 
group, patients treated with rATG had a lower incidence of both 
BPAR (15% vs. 27.2%; P= 0.016) and steroid resistant acute rejection 
(2.7% vs. 14.9%; P= 0.002) at one year. However, one-year graft and 
patient survival rates were similar between the two groups. When 
those who had suffered a graft rejection compared to those who had 

not, the overall graft survival was significantly higher in the rejection 
free group (87.2% vs. 75%; P= 0.037). The authors concluded that, 
among high immunological risk renal transplant recipient, rATG 
was superior to daclizumab in preventing BPAR, but there was no 
significant benefit to one-year graft or patient survival rates.43

Rabbit anti-thymocyte globulin induction 
versus other depleting agents

Alemtuzumab, a monoclonal humanised depleting antibody 
therapy targeting CD52 receptors on both B-cells and T-cells, has been 
used as off-label for induction therapy and to treat acute rejection post-
transplantation. The typical induction dose in renal transplantation 
has not established yet. When comparing alemtuzumab to rATG as 
induction therapy in a randomised controlled trial, patient and graft 
survival rates were similar.44 Patients were divided into two groups, 
high-risk group which conducted receiving induction by either 
alemtuzumab or rATG induction, while low-risk group to receiving 
induction by either alemtuzumab or basiliximab. At one-year follow-
up, alemtuzumab group were superior to other groups when compared 
to rates of BPAR (5% versus 17%, P 0.001).44 At 3-year follow-
up, alemtuzumab was significantly superior to basiliximab when 
concerning the rate of BPAR (P=0.003). When alemtuzumab was 
compared to rATG, there was no difference in outcomes (P =0.63).44 
In prospective randomised trial comparing alemtuzumab versus 
rATG, the immunological risk and maintenance immunosuppression 
were comparable `and there was no difference with regards to graft 
survival alemtuzumab versus rATG (95% vs. 96%).45 Acute rejection 
episodes were significantly higher in the rATG group when compared 
to the alemtuzumab group (P=0.007), most of the acute rejection 
episodes in rATG group occurred in standard criteria donor. At three 
years, similar outcomes were reported from a larger study of the same 
group (n=222). The incidence of BPAR episodes in kidney transplant 
patients was lower in alemtuzumab when compared to rATG 
(12% versus 27%, P=0.03).44 Significant differences in infectious 
complications observed in both studies.44-46 

Safety and monitoring
General tolerability: Rabbit ATG is relatively safe and well tolerated 
in renal transplantation. Adverse events of rabbit ATG differ in onset 
and severity, but in general, it is reversible and can be treated.47-50 

Comparing rabbit ATG with other induction agents, it was comparable 
to basiliximab concerning incidence of side effects. Also, when 
compared to daclizumab, no significant difference in side effects.51-53

Haematological complications: Haematological abnormalities are 
common with the use of rabbit ATG due to the non-specific effect 
on all blood cells. Cross-reacting antibodies against non-lymphoid 
cells could develop and may lead to thrombosis, thrombocytopenia, 
neutropenia and haemolytic anaemia. Leukopenia is the most common 
haematological abnormality and could affect up to 60% of the patients 
during the period of induction.54

Cytokine release syndrome: It is an acute and immediate complication 
of rabbit ATG. It characterised by the systemic inflammatory response 
as activated T lymphocyte produce a lot of cellular cytokines or 
tumour necrosis factor-α and interleukin-6. Clinically, it could be 
manifested by fever, chills, nausea, diarrhoea, vomiting, headache, 
rashes, tachycardia, dyspnoea and/or pulmonary oedema. Severe 
manifestation, though rare, could occur as cardio respiratory 
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dysfunction or more rarely death.55 The incidence of cytokine 
release syndrome could be decreased by use of premedication as 
corticosteroids, diphenhydramine and acetaminophen or by slowing 
the infusion rate. If any serious manifestation occurred, the infusion 
must stop and immediate use of epinephrine.55

Serum sickness: It is delayed-onset, immunologic-mediated reaction 
directed to rabbit protein present in serum preparation. The onset 
usually occurs 6-21 days following rabbit ATG administration. 
Clinically, the patient may develop fever, arthralgia, rashes and 
lymphadenopathy. Jaw pain is a common manifestation and should 
increase suspicious in the patient treated with rabbit ATG. The onset 
of serum sickness could be preceded by pain, erythema, and pruritus 
at the injection site. Symptoms vary according to the intensity of 
antigen-antibody reaction.56 Serum sickness is a self-limiting disease 
as it could subside when the antigen removed from circulation. Various 
treatment options could be used to hasten recovery. The first line of 
therapy is a high dose of systemic corticosteroid. Antihistamines, 
analgesics and antipyretics used as adjuvant to steroid. Therapeutic 
plasma exchange (TPE) could be used as rescue treatment if other 
measures fail. TPE use could remove serum immune complexes and 
decrease time to symptoms recovery.56-58 

Post-transplant diabetes mellitus (PTDM):Post-transplant diabetes 
mellitus (PTDM) is a well-known complication that may follow 
renal transplantation. Many factors could contribute to increasing the 
incidence of PTDM including rabbit ATG induction in a proportion of 
patients. The rate varies between different groups (1.1-7.3%) and in 
part related to maintenance immunosuppression.59-61

Infections
Bacterial infections: It is unclear whether rabbit ATG has impact or 
not on the incidence of bacterial infection in post-transplant period. 
Many factors may increase the incidence of bacterial infection as 
surgical complications, increased immunosuppression, urinary or 
vascular catheters. Most common reported infections post rabbit 
ATG induction are bacterial infections. Most common infection post 
kidney transplantation is urinary tract infections followed by wound 
infections.62-67	

Viral infections
Cytomegalovirus (CMV): Association between rabbit ATG and 
CMV infection is well established. The incidence and time of 
infection are dependent on the dose of rabbit ATG at induction period, 
serology of CMV of donor and recipient before transplantation and 
CMV prophylaxis status post transplantation. Many prospective 
randomised controlled trials could not detect any significant increase 
in the incidence of CMV infection after rabbit ATG induction 
when compared with other types of induction when adequate CMV 
prophylaxis was given. On the contrary, the rate of CMV infection 
was higher with rabbit ATG when compared to basiliximab when 
CMV prophylaxis not given.68-71 

BK virus (BKV): The rate of BK viremia and BKV associated 
nephropathy linked to rabbit ATG induction in renal transplantation. 
Rabbit ATG induction is an independent risk factor for BKV 
associated nephropathy. BKV associated nephropathy affects 
1-10% of renal transplant recipients and linked to the strength of the 
immunosuppression. Higher incidence of BK viremia is related to a 
higher dose of rabbit ATG.72-75

Fungal infections: In the absence of prophylaxis, invasive fungal 
infections in renal transplantation were reported with rabbit ATG 
induction. While the rate of invasive fungal infections are linked 
to rATG when it is used in the treatment of steroid resistant acute 
rejections, and the induction with rabbit ATG does not seem to 
increase the risk fungal infections.52,61,76-77

Malignancy: In general, the risk of malignancy including PTLD is 
increased post organ transplantation and linked to various mechanisms. 
However, the studies that reported lower incidence of malignancies 
including PTLD in patients who had induction therapy with rabbit 
ATG may be blighted by inadequate sample size, non-standardization 
of doses maintenance immunosuppression and inadequate follow-up 
period.78-85 

Conclusion
There is no consensus for the optimal agent used as induction 

immunosuppression in kidney transplantation. rATG use is associated 
with decreased incidence of delayed graft function and acute 
rejection episodes. Its use facilitates steroid minimising protocols 
without compromising long-term graft survival. The safety profile 
is acceptable and is comparable to other induction regimens using 
antibodies. There is no standardised protocol for the optimal dose 
of rATG, and there is wide variability between centres. In order to 
maximise allograft survival and patient outcomes, it is crucial to tailor 
the regimen for each patient.
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