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Abstract 

 
Background: The most common immunosuppressant, Anti-thymocyte Globulin (ATGs) has been widely 
used by clinicians for the treatment and prevention of rejection at the time of organ transplant. 
Transplantation is the best option for the people with renal failure at end stage, requiring replacement of 
renal therapy. This is a promising treatment option with significant benefits in terms of mortality and 
morbidity. ATG prevents organ rejection by inhibition of activated T-cells and other immune and non-
immune cells.  The aim of the study was to compare different induction regimens with ATG for the survival 
of smooth kidney transplantation. 
Methodology: Studies of the last 20 years, focusing on kidney transplantation and the efficacy of anti-
thymocyte use for kidney transplantation were reviewed for the study literature.  The keywords used were 
Kidney Transplantation, Induction agents, ATG, Allograft, Immunosuppressant Agents.  
Results: Literature suggested that the most important problem with transplantation is the protection of the 
allograft from activated immunological forces, which begin to react early in the period after transplantation 
and cause significant damage with serious short-term and long-term consequences. This process is called 
rejection, which is usually classified as cell-mediated and antibody-mediated rejection. The phenomenon 
mediated by cells causes concern, as it is the cause of future failures and damage to the allograft. To combat 
these phenomena with different results, various strategies were adopted. Among these therapies, ATG has 
recognized the exceptional importance of preventing cellular mediated rejection, allowing allotransplants to 
function smoothly with the greatest possible long-term benefits.  
Conclusion: It can be concluded on the basis of previous studies that ATG as an induction agent, is more 
efficient in reducing the rejection rate in the renal transplantation as compared with other agents.   
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Introduction 

 

The field of kidney transplantation has 
attracted scientists and physicians since the 
beginning of the late 19th century. Major 
advances in medical field has enabled the 
physicians to understand better the science 
of immunity, body`s defence mechanism 
and helped surgeons to perform a 
collaborative act of transplanting human 
organ from one to another individual with 
success despite having initial period of 
failure, major credit goes to the availability 
of the immune suppressant medications in 
the early era of the 1980s1&2. Knowledge of 
immune system activation and advent of 
immune-modulatory drugs has resulted in a 
winning outcome in terms of allograft and 
recipient survival which is promising factor 
in organ transplantation and this is the main 
area of research which has revolutionized 
kidney transplant as a definitive and 
successful treatment with the quality of life 
as other members of the society at the cost 
of some complications which are bearable 
and manageable3&4.  
 
This is reflected today by the increasing 
number of transplants with significant 
survival. One of the main factors of this 
success is the use of strong and powerful 
induction agents in the pre- and 
postoperative period, helping recipients to 
obtain an alien organ by suppressing their 
immunity and thereby influencing the fate 
of the renal graft5.  The principle of 
induction therapy is using specialized 
drugs, usual antibodies along with 
conventional immunosuppressant to block 
the immune pathway6&7. At present, widely 
used induction agents are anti-thymocyte 
globulin (ATG), anti-receptor interleukin 
antibodies (alemtuzumab and basiliximab) 
and anti-CD-20 antibodies (rituximab), as 
well as other agents such as 
immunoglobulins8&9.  Induction agents are 

antibodies which are capable of blocking 
the immune pathway at different points and 
result in suppression of host immune 
activation which is a major threat to the 
foreign allograft. Immunosuppression is a 
complex process and vital step to safeguard 
allograft and this achievement has resulted 
in widespread use of organ transplant 
around the world10&11. The most of the 
transplant units use various combinations 
of agents, as mentioned above, as induction 
immunosuppression all over the world with 
outstanding results12. 
 
Common induction agents used in renal 
transplant 
ATG is a polyclonal antibody which has 

potential to counteract a variety of antigens 

located on T-cell surface including major 

histocompatibility complex derived from 

the immunized rabbits called 

thymoglobulin13&14. Atgam is another 

preparation derived from immunized 

horses but not in clinical use15. This agent 

is used as an induction drug and has a vital 

role in combating acute cellular region by 

regulating different pathways of rejection 

by depleting T cells thus reducing 

CD4/CD8 ratio, affecting complement 

pathway and inhibiting complement-

mediated cell lysis and therefore halting 

deleterious consequences and also helps in 

increasing T regulatory cells which has 

favorable effect on long-term graft 

outcome16.  

Red cells are immune to its effect because 

anti-red cell antibodies have been removed 

while its formulation. Administration of 

thymoglobulin has recommendation 

through a central line with the use of pre-

meds to avoid any allergic reaction with 

regular monitoring of white blood cells and 

platelets17&18. Alemtuzumab (Campath) is a 

monoclonal antibody which does not affect 



45 
 

  

ISSN 2307-3748 (Print) ISSN 2310-3841 (Online) Volume 6 Issue 2 [2018]

International Journal of Endorsing Health Science Research                                                   ©Int. j. endorsing health sci. res. 

 

the complement system. It targets CD-52 

receptors on lymphocytes macrophages, 

monocytes, natural killer and some 

granulocyte. Primarily this agent had been 

used to treat leukemia, lymphoma, and 

multiple sclerosis19-21. Alemtuzumab has 

comparable efficacy with thymoglobulin in 

terms of allograft survival with the 

additional advantage of succeeding steroid-

free regimen22. Pneumocystis jiroveci and 

cytomegalovirus prophylaxis are highly 

recommended for a minimum duration of 

six months. The drawback of using 

Alemtuzumab is delayed the appearance of 

antibody-mediated rejection as a 

consequence of late regeneration of B-

cells23&24.  

Muromonab (OKT3) is the first 

monoclonal antibody used in humans. It is 

purely murine, but it is not using any more 

since the availability of thymoglobulin25, 26. 

Interleukin 2 receptor antagonists, 

Basiliximab, also used as an induction agent 

acts against CD-25 receptors on act T-cells 

resulting in their depletion. This drug is 

especially recommended in two conditions. 

First, in recipients with low risk of rejection 

and secondly where ATG use is not 

recommended or safe. It is well tolerated 

with the added advantage of no monitoring 

required27-29. Rituximab is an anti-CD-20 

antibody, chimeric antibody. It active 

against B-cells which possess CD-20 

receptors. It is an integral part of ABO 

blood grouping and Human Leucocyte 

Antigen (HLA) incompatible transplants 

and also has an important role in the 

management of post-transplant 

lymphoproliferative disorder30. It has a 

good safety profile and its use is equivalent 

to surgical splenectomy. Rituximab leads to 

cross match difficulties due to the 

generation of autoantibodies31&32. 

Immunoglobulin exerts its role as an 

immunomodulatory agent and halting 

complement activation which results in 

protection against complement-mediated 

injury 33&34. It is used as a part of 

desensitization protocols pre-

transplantation and for treating antibody-

mediated35&36. Its use can manifest some 

side effects which could be nonspecific like 

body aches pains but it can lead to 

meningitis like the picture, anemia acute 

kidney injury. Unwanted effects can be 

avoided by hydrating the individuals and 

use of iso-osmolar solutions37. Different 

agents as mentioned above has the capacity 

to modulate the immune system. Many 

studies have shown the effectiveness of all 

these agents in the transplant recipients but 

no standardized practice has been 

established to date advocating superiority 

of one agent over the other thus every center 

has its own protocols based on their 

experience38. These agents are an integral 

part of transplant medications and often 

combination regimens are used to achieve 

success both short term and long term and 

these agents are mandatory to use when 

performing transplantation across the 

borders like HLA and ABO incompatible 

individuals39. 

 
ATG is the best choice for Renal 
Transplantation 
It is a proven fact that antibody-based 
induction agents with conventional 
immunosuppressant have resulted in 
improved graft survival with fewer 
incidences of rejection episodes40. Choice of 
induction agents is usually based on the pre-
transplant risk evaluation and anticipating 
events postoperatively based on the 
identified risks with the consideration that 
the selected induction agent will be potent 
enough to combat the anticipated 
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complications. Risk factors are HLA/ABO 
incompatibility, HLA mismatches, 
ischemia-reperfusion injury, live versus 
cadaveric transplant, hemodynamic shifts, 
infections and graft function41. Despite all 
these considerations Centre base 
preferences are there for the choice of agent. 
So the selection of an appropriate induction 
agent with the capability of addressing all 
the mentioned concerns will be very cost 
effective by reducing morbidity and 
mortality27. 
 
Many studies compared ATG with other 
induction agents, as mentioned above has 
concluded with the superiority of 
thymoglobulin42. Kidney Disease 
Improving Global Outcome (KDIGO) in 
2009 has stated clearly to use ATG for the 
prevention and treatment of acute cell-
mediated rejection43. This has been 
observed both retrospectively and 
prospectively that incidences of rejection 
are remarkably low with ATG induction 
associated with reduced post-transplant 
untoward events as well44. This is the result 
of lymphocyte depletion which suppresses 
inflammatory markers as well. Some studies 
proposed induction with basiliximab in 
low-risk individuals but later on it has been 
proved that the ATG induction regimen 
holds superiority over all other induction 
agents irrespective of the individual risk45. 
The most important and only factor which 
distinct ATG as an induction agent of 
choice amongst others is its capability to 
the remarkably reduced incidence of de 
novo donor-specific antibodies (DSA) 
which is a potent risk factor for antibody-
mediated rejection46. Thymoglobulin use 
results in higher infection episodes but 
lesser Cytomegalovirus (CMV) incidences 
which is another benefit which persuades its 
use to be considered47&48. Administration of 
this drug preoperatively shortens 
hospitalization period with reduced the 
incidence of delayed graft function by 

blocking inflammatory mediators, 
chemokines, and cytokines so preventing 
ischemia-reperfusion injury which is the 
main mechanism for allograft injury leading 
to chronic allograft nephropathy49-51. 
Thymoglobulin superiority over horse anti-
thymocyte globulin (hATG) has also been 
proved in terms of lesser rejection episodes 
with the ultimately lesser risk of delayed 
graft function as low as only 1% in a 10-
year graft survival period52. Sustained 
lymphopenia and deactivation of 
inflammatory path pathway is the major 
impact of thymoglobulin use which is 
translated into smooth journey post-
transplant due to far lesser events of delayed 
graft function and rejection episodes as 
compared to other agents used as a part of 
induction regimes53&54. Majority studies 
have reviewed the immunosuppressive 
effect of ATG and basiliximab and 
confirmed that the first agent has better and 
sustained impact on recipient immunity 
than later with better graft survival55. We 
suggest the use of basiliximab is to be 
limited to the conditions where ATG use is 
not suitable or recommended. Some centers 
in America are known to use Alemtuzumab. 
Few studies tried to compare it with rabbit 
anti-thymocyte globulin (rATG) especially 
in the population who received a 
simultaneous kidney and pancreas 
transplant, failed to draw major conclusions 
due to improper study designs and 
randomization and population but higher 
morbidity, mortality and graft loss was 
observed. Alemtuzumab and emergence of 
some autoimmune diseases. This effect has 
been attributed to memory T-cell56. ATG is 
the agent studied extensively due to its 
significant beneficial impact on the 
recipient and graft, to standardized its dose 
and establish a minimum dose benefit ratio 
in order to avoid untoward effects which 
could result due to higher dosages. 
Minimum effective total dose agreed upon 
based on different studies is 6mg/kg, the 
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range is 6-9mg/kg which can be divided 
into 4-6 doses. This drug has a potential to 
cause cytopenias resulting into serious 
infections and malignancies warrant its 
judicious use with close monitoring16,57&58.  
 
Randomized controlled trials and 
systematic reviews have concluded that 
Rituximab use is beneficial in ABO-
incompatible transplants only not in HLA 
incompatible. Its use is associated with 
adverse cardiovascular outcomes59. 
Rituximab is not devoid of its cytopenic 
effect and morbidity and mortality issues 
related to the onset of serious infections 
long term. Enough data has supported the 
use of ATG and this practiced has been 
adopted globally with much confidence and 
improved outcomes and this review article 
also recommends the same practice to be 
continued until its use is precluded due to 
certain contraindications27&60. 
Thymoglobulin is a T-lymphocyte 
depleting agent. T-lymphocytes are the first 
line defense of the recipient towards a 
foreign allograft which is dampened by this 
drug, helping the host to accommodate 
graft. It is not only used as an induction 
agent but also for the treatment of acute 
cell-mediated rejection61&62. KIDIGO 
guidelines 2009 recommends ATG 
induction with triple immunosuppression 
either tacrolimus or cyclosporine-based, 
mycophenolate mofetil and prednisolone63. 
These drugs are recommended to be used in 
specialized centers, by the staff who are 
properly trained for administering these 
drugs and monitoring. ATG is cutting edge 
intervention used in solid organ transplant 
which creates the host environment to 
harbor allograft by conditioning the 
immunity with remarkable outcomes64. 
 
Anti-thymocyte Globulin Administration 
Check hypersensitivity to the drug by 
subcutaneous or intradermal test dose. The 
recipient should be monitored very closely 

throughout its administration for any 
allergic or cardiac instability and one should 
be prepared to handle possible 
complication immediately65. Large or 
central veins to be used for the infusion to 
avoid flow issues and thrombophlebitis, 
though few European centers reported their 
uneventful experience through peripheral 
access66. Infuse it with an inline filter after 
the scheduled methylprednisolone. No 
other drug to be given through the shared 
connector except isotonic sodium chloride, 
if required67. If ATG and rituximab both 
are to be used then ATG should be 
preceded followed by Rituximab and these 
infusions should not be started without 
pre-medications. In case of hypersensitivity 
administer epinephrine 1:1000 
subcutaneously, resuscitation as per needs, 
inform the authorities and documentation 
in the records so that this drug shouldn`t be 
administrated in future. Induction infusion 
should be started before establishing 
perfusion of the allograft. 
 
Usually, six doses are recommended68. It is 
stated that the first three doses can be 
administered safely without affecting 
lymphocyte but remaining dosages to be 
planned according to white cell and platelet 
count69. The recipient should also receive 
Cytomegalovirus and Pneumocystis jiroveci 
pneumonia prophylaxis along with oral 
fluconazole. Drugs should adjust according 
to the estimated Glomerular Filtration Rate 
(GFR) and be revised periodically based on 
the deterioration or improvement of 
GFR70&71. The purpose of this article is to 
discuss the role of various 
immunosuppressant, with particular 
emphasis on the use of ATG as an 
induction agent chosen to protect allograft 
rejection during the post-transplant period, 
which is the most vulnerable to rejection in 
T-lymphocyte transplantation. 
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Conclusion 

 
Based on the detailed literature review, it 

can be concluded that ATG as an induction 

agent, which is the main choice, has obvious 

superiority over other agents in terms of 

reducing the rejection rate, in the renal 

transplantation. This antibody inhibits the 

blockage of chemokine's and cytokines by 

their receptors, preventing damage to 

ischemia-reperfusion, which in earlier 

period causes adverse effects on the graft 

and prevents long-term graft function, 

which is a real success in terms of 

transplantation and survival. 

Conflicts of Interest 

 
None. 

Acknowledgement 
 

We acknowledge the contribution of Ms. 
Maham Ahmed Khan in the literature 
search. 

Funding 

 
None. 

References 

 
1. Robinson BM, Akizawa T, Jager KJ, Kerr 

PG, Saran R, Pisoni RL. Factors affecting 

outcomes in patients reaching end-stage 

kidney disease worldwide: differences in 

access to renal replacement therapy, 

modality use, and haemodialysis practices. 

The Lancet. 2016; 388(10041):294-306. 

2. Butler JA, Roderick P, Mullee M, Mason 

JC, Peveler RC. Frequency and impact of 

nonadherence to immunosuppressants after 

renal transplantation: a systematic review. 

Transplantation. 2004; 77(5):769-776. 

3. Saran R, Robinson B, Abbott KC, Agodoa 

LY, Albertus P, Ayanian J, Balkrishnan R, 

Bragg-Gresham J, Cao J, Chen JL, Cope E. 

US Renal Data System 2016 annual data 

report: epidemiology of kidney disease in 

the United States. Am J Kidney Dis. 2017; 

69(3):7-8. 

4. Collins AJ, Foley RN, Gilbertson DT, 

Chen SC. United States Renal Data System 

public health surveillance of chronic kidney 

disease and end-stage renal disease Kidney 

Int Suppl. 2015; 5(1):2-7. 

5. Hardinger KL, Brennan DC. Novel 

immunosuppressive agents in kidney 

transplantation. World J Transplant. 2013; 

3(4):68. 

6. Todo S, Yamashita K, Goto R, Zaitsu M, 

Nagatsu A, Oura T, Watanabe M, Aoyagi 

T, Suzuki T, Shimamura T, Kamiyama T. 

A pilot study of operational tolerance with 

a regulatory T‐cell‐based cell therapy in 

living donor liver transplantation. 

Hepatology. 2016; 64(2):632-643. 

7. Bouvy AP, Kho MM, Klepper M, Litjens 

NH, Betjes MG, Weimar W, Baan 

CC.Kinetics of homeostatic proliferation 

and thymopoiesis after rATG induction 

therapy in kidney transplant patients. 

Transplantation. 2013; 96(10):904-913. 

8. Scheffert JL, Raza K. Immunosuppression 

in lung transplantation. J Thorac Dis. 

2014; 6(8):1039-1053. 

9. Hardinger KL, Brennan DC, Klein CL. 

Selection of induction therapy in kidney 

transplantation. Transpl Int. 2013; 

26(7):662-672. 

10. Munn DH, Mellor AL. Indoleamine 2, 3 

dioxygenase and metabolic control of 



49 
 

  

ISSN 2307-3748 (Print) ISSN 2310-3841 (Online) Volume 6 Issue 2 [2018]

International Journal of Endorsing Health Science Research                                                   ©Int. j. endorsing health sci. res. 

 

immune responses. Trends Immunol. 

2013; 34(3):137-143. 

11. Gondos A, Döhler B, Brenner H, Opelz G. 

Kidney graft survival in Europe and the 

United States: strikingly different long-

term outcomes. Transplantation. 2013; 

95(2):267-274. 

12. Shores JT, Brandacher G, Lee WA. Hand 

and upper extremity transplantation: an 

update of outcomes in the worldwide 

experience.  

Plast Reconstr Surg. 2015; 135(2):351-

360. 

13. Wiseman AC. Immunosuppressive 

medications. Clin J Am Soc Nephrol. 2015: 

CJN-08570814. 

14. Popow I, Leitner J, Grabmeier‐

Pfistershammer K, Majdic O, Zlabinger GJ, 

Kundi M, Steinberger P. A comprehensive 

and quantitative analysis of the major 

specificities in rabbit antithymocyte 

globulin preparations. Am J Transplant. 

2013; 13(12):3103-3113.  

15. Thiyagarajan UM, Ponnuswamy A, Bagul 

A. Thymoglobulin and its use in renal 

transplantation: a review. Am J Kidney Dis. 

2013; 37(6):586-601. 

16. Donckier V, Craciun L, Miqueu P, Troisi 

RI, Lucidi V, Rogiers X, Boon N, Degré D, 

Buggenhout A, Moreno C, Gustot T. 

Expansion of memory-type CD8+ T cells 

correlates with the failure of early 

immunosuppression withdrawal after 

cadaver liver transplantation using high-

dose ATG induction and rapamycin. 

Transplantation. 2013; 96(3):306-315. 

17. Theurich S, Fischmann H, Chakupurakal 

G, Shimabukuro-Vornhagen A, Chemnitz 

JM, Holtick U, Rothe A, Scheid C, Hallek 

M, Skoetz N, von Bergwelt-Baildon M. 

Anti-thymocyte globulins for post-

transplant graft-versus-host disease 

prophylaxis—A systematic review and 

meta-analysis. Crit Rev Oncol Hematol. 

2013; 88(1):178-186. 

18. Hilken A, Langebrake C, Wolschke C, 

Kersten JF, Rohde H, Nielsen P, Kröger N. 

Impact of non-transferrin-bound iron 

(NTBI) in comparison to serum ferritin on 

outcome after allogeneic stem cell 

transplantation (ASCT). Ann Hematol. 

2017; 96(8):1379-1388. 

19. Jones JL, Coles AJ. Mode of action and 

clinical studies with alemtuzumab. 

Exp Neurol. 2014; 262(part A):37-43. 

20. Coles AJ. Alemtuzumab therapy for 

multiple sclerosis. Neurotherapeutics. 

2013; 10(1):29-33. 

21. Marsh RA, Rao MB, Gefen A, Bellman D, 

Mehta PA, Khandelwal P, Chandra S, 

Jodele S, Myers KC, Grimley MS, Dandoy 

CE. Alemtuzumab, Fludarabine, and 

Melphalan Reduced Intensity 

Conditioning Hematopoietic Cell 

Transplantation: Experience in over 200 

Pediatric and Young Adult Patients with 

Primary Immune Deficiency, Metabolic, 

and Marrow Failure Disorders. Biol Blood 

Marrow Transplant. 2015; 21(2): 232-

239. 

22. Schneeberger S, Gorantla VS, Brandacher 

G, Zeevi A, Demetris AJ, Lunz JG, Metes 

DM, Donnenberg AD, Shores JT, 

Dimartini AF, Kiss JE. Upper-extremity 

transplantation using a cell-based protocol 

to minimize immunosuppression. Ann 

Surg. 2013; 257(2):345-351. 

23. Kaabak MM, Babenko NN, Samsonov 

DV, Sandrikov VA, Maschan AA, Zokoev 

AK. Alemtuzumab induction in pediatric 

kidney transplantation.  

Pediatr Transplant. 2013; 17(2):168-178. 



50 
 

  

ISSN 2307-3748 (Print) ISSN 2310-3841 (Online) Volume 6 Issue 2 [2018]

International Journal of Endorsing Health Science Research                                                   ©Int. j. endorsing health sci. res. 

 

24. Nagarajan T, Marissen WE, Rupprecht 

CE. Monoclonal antibodies for the 

prevention of rabies: theory and clinical 

practice. Antibody Technol J. 2014; 4:1-2. 

25. Wiseman AC. Induction therapy in renal 

transplantation: why? What agent? What 

dose? We may never know. Clin J Am Soc 

Nephrol. 2015; 10(6):923-925. CJN-

03800415. 

26. Gentile G, Somma C, Gennarini A, 

Mastroluca D, Rota G, Lacanna F, 

Locatelli B, Remuzzi G, Ruggenenti P. 

Low-dose RATG with or without 

basiliximab in renal transplantation: a 

matched-cohort observational study. Am J 

Nephrol. 2015; 41(1):16-27. 

27. Thomusch O, Wiesener M, Opgenoorth 

M, Pascher A, Woitas RP, Witzke O, 

Jaenigen B, Rentsch M, Wolters H, Rath 

T, Cingöz T. Rabbit-ATG or basiliximab 

induction for rapid steroid withdrawal after 

renal transplantation (Harmony): an open-

label, multicentre, randomised controlled 

trial. The Lancet. 2016; 

388(10063):3006-3016. 

28. Vincenti F, Rostaing L, Grinyo J, Rice K, 

Steinberg S, Gaite L, Moal MC, 

Mondragon-Ramirez GA, Kothari J, 

Polinsky MS, Meier-Kriesche HU. 

Belatacept and long-term outcomes in 

kidney transplantation. N Engl J Med. 

2016; 374(4):333-343. 

29. Sautenet B, Blancho G, Büchler M, 

Morelon E, Toupance O, Barrou B, 

Ducloux D, Chatelet V, Moulin B, Freguin 

C, Hazzan M. One-year results of the 

effects of rituximab on acute antibody-

mediated rejection in renal transplantation: 

RITUX ERAH, a multicenter double-

blind randomized placebo-controlled trial. 

Transplantation. 2016; 100(2):391-399. 

30. Van den Hoogen MW, Kamburova EG, 

Baas MC, Steenbergen EJ, Florquin S, M 

Koenen HJ, Joosten I, Hilbrands LB. 

Rituximab as Induction Therapy After 

Renal Transplantation: A Randomized, 

Double‐Blind, Placebo‐Controlled Study 

of Efficacy and Safety. Am J Transplant. 

2015; 15(2):407-416. 

31. Lazar-Molnar E, Hurst D, Pole A, Delgado 

JC. Residual serum rituximab induces false 

positive flow cytometric B cell crossmatch 

more than 6 months post-infusion. Hum 

Immunol. 2015; 76:128. 

32. Armenta JM, Gu B, Humble PH, Thulin 

CD, Lee ML. Design and evaluation of a 

coupled monolithic preconcentrator-

capillary zone electrophoresis system for 

the extraction of immunoglobulin G from 

human serum. J Chromatogr A. 2005; 

1097(1-2):171-178. 

33. Matignon M, Pilon C, Commereuc M, 

Grondin C, Leibler C, Kofman T, Audard 

V, Cohen J, Canoui-Poitrine F, Grimbert P. 

Intravenous immunoglobulin therapy in 

kidney transplant recipients with de novo 

DSA: Results of an observational study. 

PloS one. 2017; 12(6):e0178572. 

34. Perez EE, Orange JS, Bonilla F, Chinen J, 

Chinn IK, Dorsey M, El-Gamal Y, Harville 

TO, Hossny E, Mazer B, Nelson R. 

Update on the use of immunoglobulin in 

human disease: a review of evidence.  

J Allergy Clin Immunol. 2017; 139(3):1-

46. 

35. Bamoulid J, Staeck O, Crépin T, Halleck F, 

Saas P, Brakemeier S, Ducloux D, Budde K. 

Anti-thymocyte globulins in kidney 

transplantation: focus on current 

indications and long-term immunological 

side effects. Nephrol Dial Transplant. 

2016: 32(10): 1601–1608. 



51 
 

  

ISSN 2307-3748 (Print) ISSN 2310-3841 (Online) Volume 6 Issue 2 [2018]

International Journal of Endorsing Health Science Research                                                   ©Int. j. endorsing health sci. res. 

 

36. Cherin P, Marie I, Michallet M, Pelus E, 

Dantal J, Crave JC, Delain JC, Viallard JF. 

Management of adverse events in the 

treatment of patients with immunoglobulin 

therapy: A review of evidence Autoimmun 

Rev. 2016; 15(1):71-81. 

37. Jackson AM, Kraus ES, Orandi BJ, Segev 

DL, Montgomery RA, Zachary AA. A 

closer look at rituximab induction on HLA 

antibody rebound following HLA-

incompatible kidney transplantation. 

Kidney Int. 2015; 87(2):409-416. 

38. Lo P, Sharma A, Craig JC, Wyburn K, Lim 

W, Chapman JR, Palmer SC, Strippoli GF, 

Wong G. Preconditioning therapy in ABO-

incompatible living kidney transplantation: 

a systematic review and meta-analysis. 

Transplantation. 2016; 100(4):933-942. 

39. Weiner GJ. Building better monoclonal 

antibody-based therapeutics. Nat Rev 

Cancer. 2015; 15(6): 361-370. 

40. Lempers VJ, Martial LC, Schreuder MF, 

Blijlevens NM, Burger DM, Aarnoutse RE, 

Brüggemann RJ. Drug-interactions of azole 

antifungals with selected 

immunosuppressants in transplant patients: 

strategies for optimal management in 

clinical practice. Curr Opin Pharmacol. 

2015; 24:38-44. 

41. Jones-Hughes T, Snowsill T, Haasova M, 

Coelho H, Crathorne L, Cooper C, Mujica-

Mota R, Peters J, Varley-Campbell J, 

Huxley N, Moore J. Immunosuppressive 

therapy for kidney transplantation in 

adults: a systematic review and economic 

model. Health Technol Assess. 2016; 

20(62): 1-594. 

42. Djamali A, Kaufman DB, Ellis TM, Zhong 

W, Matas A, Samaniego M. Diagnosis and 

management of antibody‐mediated 

rejection: Current status and novel 

approaches. Am J Transplant. 2014; 

14(2):255-271. 

43. Opelz G, Unterrainer C, Süsal C, Döhler B. 

Efficacy and safety of antibody induction 

therapy in the current era of kidney 

transplantation. Nephrol Dial Transplant. 

2016; 31(10):1730-1738. 

44. Bamoulid J, Crépin T, Courivaud C, 

Rebibou JM, Saas P, Ducloux D. 

Antithymocyte globulins in renal 

transplantation—from lymphocyte 

depletion to lymphocyte activation: The 

doubled-edged sword. Transplant Rev. 

2017; 31(3):180-187. 

45. Brokhof MM, Sollinger HW, Hager DR, 

Muth BL, Pirsch JD, Fernandez LA, 

Bellingham JM, Mezrich JD, Foley DP, 

D’Alessandro AM, Odorico JS. 

Antithymocyte globulin is associated with a 

lower incidence of de novo donor-specific 

antibodies in moderately sensitized renal 

transplant recipients. Transplantation. 

2014; 97(6):612. 

46. Hricik DE. Transplant immunology and 

immunosuppression: core curriculum 

2015. Am J Kidney Dis. 2015; 65(6):956-

966. 

47. Moini M, Schilsky ML, Tichy EM. Review 

on immunosuppression in liver 

transplantation World J Hepatol. 2015; 

7(10):1355. 

48. Naik AS, Josephson MA, Chon WJ. 

Postoperative Care of Renal Transplant 

Recipients. Anesthesia and Perioperative 

Care for Organ Transplantation. New 

York, NY: Springer; 2017. 297-307.  

49. Menke J, Sollinger D, Schamberger B, 

Heemann U, Lutz J. The effect of 

ischemia/reperfusion on the kidney graft. 

Curr Opin Organ Transplant. 2014; 

19(4):395-400. 



52 
 

  

ISSN 2307-3748 (Print) ISSN 2310-3841 (Online) Volume 6 Issue 2 [2018]

International Journal of Endorsing Health Science Research                                                   ©Int. j. endorsing health sci. res. 

 

50. Saat TC, den Akker EK, IJzermans JN, Dor 

FJ, Bruin RW. Improving the outcome of 

kidney transplantation by ameliorating 

renal ischemia reperfusion injury: lost in 

translation? J Transl Med. 2016; 14(1):20. 

51. Hardinger KL, Rhee S, Buchanan P, Koch 

M, Miller B, Enkvetchakul D, Schuessler R, 

Schnitzler MA, Brennan DC. A 

prospective, randomized, double-blinded 

comparison of thymoglobulin versus 

ATGAM for induction 

immunosuppressive therapy: 10 Year 

results. Transplantation. 2008; 86(7):947-

952. 

52. Admiraal R, van Kesteren C, Jol-van der 

Zijde CM, Lankester AC, Bierings MB, 

Egberts TC, van Tol MJ, Knibbe CA, 

Bredius RG, Boelens JJ. Association 

between anti-thymocyte globulin exposure 

and CD4+ immune reconstitution in 

paediatric haemopoietic cell 

transplantation: a multicentre, retrospective 

pharmacodynamic cohort analysis. 

Lancet Haematol. 2015; 2(5):194-203. 

53. Grafals M, Smith B, Murakami N, 

Trabucco A, Hamill K, Marangos E, 

Gilligan H, Pomfret EA, Pomposelli JJ, 

Simpson MA, Azzi J. Immunophenotyping 

and efficacy of low dose ATG in non-

sensitized kidney recipients undergoing 

early steroid withdrawal: a randomized 

pilot study. PloS one. 2014; 9(8):e104408. 

54. Todeschini M, Cortinovis M, Perico N, 

Poli F, Innocente A, Cavinato RA, Gotti E, 

Ruggenenti P, Gaspari F, Noris M, 

Remuzzi G. In kidney transplant patients, 

alemtuzumab but not basiliximab/low-

dose rabbit anti-thymocyte globulin 

induces B cell depletion and regeneration, 

which associates with a high incidence of de 

novo donor-specific anti-HLA antibody 

development.  J Immunol. 2013; 

191(5):2818-2828. 

55. Peddi VR, Bryant M, Roy-Chaudhury P, 

Woodle ES, First MR. Safety, efficacy, and 

cost analysis of thymoglobulin induction 

therapy with intermittent dosing based on 

CD3+ lymphocyte counts in kidney and 

kidney-pancreas transplant recipients. 

Transplantation. 2002; 73(9):1514-1518. 

56. Willoughby LM, Schnitzler MA, Brennan 

DC, Pinsky BW, Dzebisashvili N, 

Buchanan PM, Neri L, Rocca-Rey LA, 

Abbott KC, Lentine KL. Early outcomes of 

thymoglobulin and basiliximab induction 

in kidney transplantation: application of 

statistical approaches to reduce bias in 

observational comparisons. 

Transplantation. 2009; 87(10):1520-

1529. 

57. Yin H, Xu Y, Zhang Q, Xue WR, Zhang 

ZJ, Zeng S, Hu XP. Safety and efficacy of 

preoperative induction therapy using a 

single high dose ATG-F in renal 

transplantation: a meta-analysis of 

randomized controlled trials. Zhonghua Yi 

Xue Za Zhi (Taipei). 2016; 96(22):1773-

1777. 

58. Geyer M, Fischer KG, Drognitz O, Walz 

G, Pisarski P, Wilpert J. ABO-incompatible 

kidney transplantation with antigen-

specific immunoadsorption and rituximab–

insights and uncertainties. Humoral 

Immunity in Kidney Transplantation. 

Basel: Karger Publishers. 2009; 162: 47-60.  

59. Pape L. State-of-the-art 

immunosuppression protocols for pediatric 

renal transplant recipients. Pediatr 

Nephrol. 2017; 24:1-8. 

60. Lopez M, Clarkson MR, Albin M, Sayegh 

MH, Najafian N. A novel mechanism of 

action for anti-thymocyte globulin: 



53 
 

  

ISSN 2307-3748 (Print) ISSN 2310-3841 (Online) Volume 6 Issue 2 [2018]

International Journal of Endorsing Health Science Research                                                   ©Int. j. endorsing health sci. res. 

 

induction of CD4+ CD25+ Foxp3+ 

regulatory T cells. J Am Soc Nephrol. 

2006; 17(10):2844-2853. 

61. Mohty M. Mechanisms of action of 

antithymocyte globulin: T-cell depletion 

and beyond. Leukemia. 2007; 21(7):1387-

1394. 

62. Ketteler M, Elder GJ, Evenepoel P, Ix JH, 

Jamal SA, Lafage-Proust MH, Shroff R, 

Thadhani RI, Tonelli MA, Kasiske BL, 

Wheeler DC. Revisiting KDIGO clinical 

practice guideline on chronic kidney disease 

mineral and bone disorder: a commentary 

from a Kidney Disease: Improving Global 

Outcomes controversies conference. Kidney 

Int. 201; 87(3):502-508. 

63. Cicora F, Mos F, Petroni J, Casanova M, 

Reniero L, Roberti J. Belatacept-based, 

ATG-Fresenius-induction regimen for 

kidney transplant recipients: A proof-of-

concept study. Transpl Immunol. 2015; 

32(1):35-39. 

64. Mourad G, Rostaing L, Legendre C, 

Garrigue V, Thervet E, Durand D. 

Sequential protocols using basiliximab 

versus anti-thymocyte globulins in renal-

transplant patients receiving 

mycophenolate mofetil and steroids. 

Transplantation. 2004; 78(4):584-590. 

65. Rahman GF, Hardy MA, Cohen DJ. 

Administration of equine anti-thymocyte 

globulin via peripheral vein in renal 

transplant recipients. Transplantation. 

2000; 69(9):1958-1960. 

66. Valdez‐Ortiz R, Bestard O, Llaudó I, 

Franquesa M, Cerezo G, Torras J, Herrero‐

Fresneda I, Correa‐Rotter R, Grinyó JM. 

Induction of suppressive allogeneic 

regulatory T cells via rabbit antithymocyte 

polyclonal globulin during homeostatic 

proliferation in rat kidney transplantation. 

Transpl Int. 2015; 28(1):108-119. 

67. Macklin PS, Morris PJ, Knight SR. A 

systematic review of the use of rituximab 

for desensitization in renal transplantation. 

Transplantation. 2014; 98(8):794-805. 

68. Knoll GA, Humar A, Fergusson D, 

Johnston O, House AA, Kim SJ, Ramsay T, 

Chassé M, Pang X, Zaltzman J, Cockfield 

S. Levofloxacin for BK virus prophylaxis 

following kidney transplantation: a 

randomized clinical trial. JAMA. 2014; 

312(20):2106-2114. 

69. Trappe R, Oertel S, Leblond V, Mollee P, 

Sender M, Reinke P, Neuhaus R, 

Lehmkuhl H, Horst HA, Salles G, 

Morschhauser F. Sequential treatment with 

rituximab followed by CHOP 

chemotherapy in adult B-cell post-

transplant lymphoproliferative disorder 

(PTLD): the prospective international 

multicentre phase 2 PTLD-1 trial. 

Lancet Oncol. 2012; 13(2):196-206. 

70. Evans R, Bhagani S, Haque T, Harber M. 

Infectious Complications of 

Transplantation. Practical Nephrology. 

London: Springer; 2014. 829-856.  

71. Black LA, Krockenberger MB, Kimble B, 

Govendir M. Pharmacokinetics of 

fluconazole following intravenous and oral 

administration to koalas (Phascolarctos 

cinereus). J Vet Pharmacol Ther. 2014; 

37(1):90-98. 

 


