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Rejection 

u primarily a T-lymphocyte (T-cell)–mediated event
u humoral (B-cell) responses also contribute
u antigen-presenting cells (APCs).

u dendritic cells
u Macrophages
u B cells
u endothelial cells

u Donor alloantigens
u Donor APCs 
u Alloantigens can be shed by cells in the graft

u Recognized by the T-cell receptor (TCR)–CD3 complex on the surface 
of the T cell



Rejection

u optimal T-cell activation 
u second or costimulatory signal

u activation of calcineurin
u interleukin-2 (IL-2) and other cytokines

u clonal expansion of T cells

u enzyme target of rapamycin (TOR). 





Immunosuppression Regimens

u Induction
u Maintenance
u Rejection



Induction 

u induce tolerance to the graft
u benefits of induction therapy 

u marked reduction in rejection 

u later introduction of calcineurin inhibitors

u Disadvantages of induction therapy 
u increased risk of infection

u Malignancy

u Both

u and increased cost.

u ATGAM, Thymoglobulin and IL-2R antagonists 



Maintenance therapy

u Antimetabolite
u Calcineurin inhibitor
u Steroids
u targets several steps in T-cell activation
u allowing lower doses of each individual drug
u Early maintenance therapy 

u steroid, 

u a calcineurin inhibitor with either cyclosporine (target levels, 300 to 350 
ng/mL) or tacrolimus (target levels, 10 to 15 ng/mL),

u and mycophenolate mofetil at 1 g BID.



Maintenance therapy

u gradually decreased over time
u cyclosporine target levels about 200 ng/mL or tacrolimus target levels at 

5 to 10 

u efforts have been made to discontinue maintenance steroid therapy

u Acute cellular rejection has become less frequent 



Rejection (or rescue) therapy

u reverse an episode of rejection
u increase in oral therapy
u oral or intravenous pulse steroids
u a change in oral therapy
u or monoclonal or polyclonal anti-lymphocyte agents. 



General Comments

u Outcomes:
u desired immunosuppressive effects
u the adverse effects of immunodeficiency such as infection and malignancy
u nonimmune toxicities such as diabetes, hypertension, and renal insufficiency

u Infectious complications,
u frequent after cardiac transplantation
u All immunosuppressive drugs 

u Malignancy
u impaired immunoregulation
u a synergistic effect with other carcinogens 
u Lymphoproliferative diseases, skin and lip cancers, and Kaposi’s sarcoma 



Specific Drugs
INTRAVENOUS



Anti-Lymphocyte 
Preparations



Polyclonal Anti-Lymphocyte 
Antibodies

u ATGAM
u in horses 

u Thymoglobulin
u in rabbits 

u Mechanism of Action
u substantial lymphocyte depletion
u antibodies to many surface T- and B-cell molecules
u Antibodies to CD45
u early perioperative management of patients with worsening renal insufficiency 

u Adverse Effects
u binding to granulocytes and platelets and a reduction of these cells 
u acute hypersensitivity response or serum sickness on subsequent exposure.
u Urticaria
u fever, chills, and rash
u cytokine release syndrome
u primary or reactivation cytomegalovirus infections 
u Leukopenia and thrombocytopenia
u Hypertension,cdiarrhea, and headache are common



Monoclonal Anti-Lymphocyte 
Antibodies

u Muromonab CD3. Muromonab-CD3 (OKT3)
u Mechanism of Action.

u binding of OKT3 to CD3 renders the T cell unable to respond to an antigen
u Adverse Effects

u cytokine releas
u fever, chills, rigors, dyspnea, wheezing, chest pain or tightness, headache, nausea, 

vomiting, and diarrhea 
u Cardiogenic and noncardiogenic pulmonary edema 
u aseptic meningitis and encephalopathy 
u antipyretics, intravenous steroids, antihistamines, and occasionally H2 blockers  are 

routinely prescribed 1 hour before administration of OKT3.
u routine prophylactic treatment with ganciclovir is recommended

u development of antibodies to the mouse immunoglobulin



Anti-Cytokine Receptor Antibodies

u daclizumab and basiliximab
u Mechanism of Action

u bind the subunit of IL-2R expressed on antigen-activated T cells 

u prevents binding of IL-2 to the IL-2R, inhibiting proliferation of T cells 

u Adverse Effects
u Few serious common adverse events 

u Hypersensitivity



Corticosteroids (Steroids)

u Mechanism of Action
u affect the number, distribution, and function of all types of leukocytes (T and B lymphocytes, granulocytes, 

macrophages, and monocytes), as well as endothelial cells

u standard component of induction, maintenance, and antirejection therapy 
u High-dose steroids 

u Pulse steroids, either oral or intravenous

u Adverse Effects
u Hypertension

u emotional lability

u Cataracts

u gastric ulcer

u poor wound healing

u and proximal myopathy 

u Cosmetic effects 

u hirsutism, acne, easy bruising, skin fragility, moon face, buffalo hump, weight gain, and truncal obesity. 

u chronic adrenal suppression



Antiproliferative Agents



Mycophenolate Mofetil

u Mechanism of Action
u MMF is a selective inhibitor of lymphocyte proliferation

u Use
u approved for rejection prophylaxis in renal, hepatic, and cardiac 

transplant recipients

u Adverse Effects
u nausea, vomiting, and diarrhea, 

u risk of opportunistic infections 



Calcineurin Inhibitors



Cyclosporine

u Prophylaxis of organ rejection in kidney, liver, and heart transplant recipients
u Adverse Effects

u Nephrotoxicity
u acute, dose related

u chronic with arteriolar sclerosis and tubulo-interstitial fibrosis

u hemolytic-uremic syndrome

u Hypertension and hyperlipidemia 
u De novo diabetes mellitus 
u Neurological toxicity 

u tremor, paresthesias, headache, seizures, mental status changes, visual symptoms, and insomnia

u nausea, vomiting, cholestasis, and cholelithiasis
u Osteoporosis
u Hypertrichosis
u gingival hyperplasia



Tacrolimus

u is used in place of CSA
u Adverse Effects

u Hyperglycemia and neurological toxicity are more common with TAC 
than with CSA

u Alopecia 



TOR Inhibitors



Sirolimus or Rapamycin

u has been used effectively in heart transplant recipients in place of 
Cis to treat rejection or to ameliorate renal dysfunction

u Adverse Effects
u hyperlipidemia with hypertriglyceridemia and increased LDL cholesterol, 

u Thrombocytopenia

u Neutropenia

u Anemia

u adversely affect wound healing 

u noninfectious pneumonitis 



Future perspective
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Study Overview

• This study evaluated 7-year efficacy and safety outcomes in transplant 
recipients assigned to a more-intensive or less-intensive belatacept 
regimen or cyclosporine for immunosuppression.

• Both belatacept regimens were associated with significantly superior 
patient and graft survival.



Number of Patients Who Were Enrolled, Underwent Randomization, and Completed the Study.
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Kaplan–Meier Curves for Patient and Graft Survival.
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Glomerular Filtration Rate over the Period from Month 1 to Month 84.
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Cumulative Incidence Rates of Selected Adverse Events.
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Conclusions

• Seven years after transplantation, patient and graft survival and the 
mean eGFR were significantly higher with belatacept (both the more-
intensive regimen and the less-intensive regimen) than with 
cyclosporine.





FIGURE 1

Trial flowchart. All patients who were included in 
the study were randomized, underwent 
transplantation and received at least 1 dose of 
belatacept or tacrolimus. CDC, cytotoxicity-
dependent crossmatch; CNI, calcineurin inhibitor; 
EBV, Epstein-Barr virus; HIV, human 
immunodeficiency virus; MGUS, monoclonal 
gammopathy of unknown significance.
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TABLE 3

Incidence of rejection per the treatment group
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FIGURE 2

BPAR-free survival. The time to first BPAR is 
depicted for the belatacept (dotted line) and 
the tacrolimus (solid line) group. In the tacrolimus 
group 1 patient died 294 days after 
transplantation due to traumatic head injury.
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