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• RTX   in :    

1)HLA incompatible recipients

2)ABO incompatible recipients

3) Acute  and chronic rejection

4) Recurrent GN after transplant

5) PTLD



Rituximab

1997- FDA approved 

Smith, Oncogene 22, 7359–7368 (2003).



Targets  of Rituximab

factors influencing susceptibility
lipid raft composition
Compelement reg pro
FCγRIIIA polymorphisms 
FCγRIIB expression

Loony et al, American College of Rheumatology, 2008,58(1)



Mechanism of  action

George J.Seminars in Hematology, 47(2),2010



B cells function in Transplantation

• Effective antigen presenting cells(APC)

• Ab secretion, CK production, lymphoid architecture 
organization

• presence of B-cell aggregates contribute to local 
immune response in acute or chronically rejecting 
grafts.

• CK TNF-α and IL-10 is also described in renal allograft 
injury

• Costimulatory molecules that promote activated T-cell 
transition to cytotoxic T cells



RTX in kidney transplantation

A: Desensitization protocols for highly sensitized 

recipients before or concurrent with kidney

Tx, and in ABO incompatible kidney Tx

B: Treatment of acute and chronic Ab-Mediated rejection 

C:Treatment of recurrent and de novo glomerular diseases

D: Treatment of PTLD



RTX in kidney transplantation

A: Desensitization protocols for highly sensitized 

recipients before or concurrent with kidney

Tx, and in ABO incompatible kidney Tx

B: Treatment of acute and chronic Ab-Mediated rejection 

C:Treatment of recurrent and de novo glomerular diseases

D: Treatment of PTLD



• Approximately 30% of the patients on the United Network for 
Organ Sharing (UNOS) wait list are considered highly 
sensitized.

• Eurotransplant, the percentage of patients with a Panel 
Reactive Antibody (PRA) level of ≥85% increased from 2.0% to 
5.6% from 2011 to 2019.

• temporarily remove circulating antibodies and/or antibody 
production by desensitization

• Recent studies showed improved  patient and graft survival in 
HS patients use of desensitization protocols (B cell reducing 
agents (rituximab), (IVIG) and plasmapheresis)

Heidt et al.Front Immunol, 25 June 2021 



Algorithm for the management of the highly sensitized patient seeking kidney transplant. 

Douglas S. Keith, and Gayle M. Vranic CJASN 2016;11:684-693
©2016 by American Society of Nephrology



Algorithmic approach to sensitized patients. 

Kwaku Marfo et al. CJASN 2011;6:922-936

©2011 by American Society of Nephrology



Treatment options for sensitized patients

1. Removal of antibodies 
Plasmaphresis
Immunoadsorption

2. Inhibition of antibody production
a. Anti-B cell agents: rituximab (anti-CD20) 
b. Plasma cell inhibitors: bortezemib (proteosome inhibitor)

3. Inhibition of complement cascade: eculizumab (anti-C5a)

4. IVIG
a. Neutralization of circulating anti-HLA antibodies through anti-idiotypic antibodies 
b. Inhibition of complement activation by binding C3b and C4b and neutralization of C3a and C5a
c. Blockage of immune activation and enhancing the clearance of anti-HLA antibodies by competing for activating FcRs 
d. Inhibits the expression CD19 on activated B cells and induces apoptosis of B cells
e. Induces the expression of FcIIB, which is a negative regulatory receptor on immune cells
f. Inhibitory effects on cellular immune responses and nonspecific inhibitory effects on the immune system by binding to Fc receptors on 

macrophages, neutrophils, platelets, mast cells, and natural killer cells and inhibiting cytokine, chemokine, adhesion molecules, and endothelial 
cell activity

5. Splenectomy
(removes a major source of lymphocytes, including antibody-secreting B cells, B cell 
precursor cells, and plasma cells) 

Clin J Am Soc Nephrol 6: 922–936, April, 2011



Desensitization therapies in kidney 

transplantation

Front. Immunol., 2021 | https://doi.org/10.3389/fimmu.2021.686271

https://doi.org/10.3389/fimmu.2021.686271


• 20 recipients /  16 transplanted (80%)

• IVIG 2 g/kg on day 0 and day 30

• Rituximab twice (1 g on day 7 and day 22)

• Immunologic markers : on day 0, at weeks 1, 2, 4, and 6, and 
at months 3, 6, and 12

• Result: reduction in mean time to transplant from 144 ±
89months to 5 ± 6 months

• 1-year graft and patient survival of 94% and 100%

N Engl J Med. 2008;359(3):242– 51



 No important infectious complications
 1)Rituximab has no effect on plasma cells,primary source of acute antibody 

production.

 2)Rituximab has no immediate effect on circulating antibody levels.



• 2006 - 2011

• N= 207 HS (56 living donors/151 deceased donors) patients 
(DSA positive, PRA>80%)

• IVIG 2 g/kg on day 1 and day 30

• Rituximab twice (1 g on day 15)

• 146 (71%) transplanted.

• At 48 months: patient and graft survival were 95% and 87.5%

• reduction in mean time to transplant from 114 ± 56months to 
4.4 ± 4.9 months

• 29 % of treated patients experienced acute rejections (22%
ABMR and 7% cell-mediated rejection)



Efficacy, Outcomes, and Cost-Effectiveness of Desensitization Using IVIG and Rituximab

Probability of death after 
desensitization and transplantation 
in 146 patients (3.4% at 3 years) 
compared with a large cohort of 
patients (n=3754) who were wait 
listed for transplants, of similar age 
(45–65 years) and antibody 
characteristics (PRA>80%), and 
remained on dialysis during the 
observation period. The mortality 
shown is calculated based on UNOS 
reported data at 1 and 3 years of 
listing for transplantation. PRA, 
panel reactive antibody; UNOS, 
United Network for Organ Sharing.

Transplantation95(6):852-858, March 
27, 2013.

doi: 10.1097/TP.0b013e3182802f88

https://journals.lww.com/transplantjournal/Fulltext/2013/03270/Efficacy,_Outcomes,_and_Cost_Effectiveness_of.12.aspx


Efficacy, Outcomes, and Cost-Effectiveness of Desensitization Using IVIG and Rituximab

Base case costs, apportioned by 
time and outcomes over the 3-year 
observation period, and based on 
7% mortality rate for dialysis 
patients

total 3-year cost for patients treated in the desensitization 
arm was $219,914 per patient compared with $238,667 
per patient treated in the dialysis arm.( $18,753)

Transplantation95(6):852-858, March 
27, 2013.

doi: 10.1097/TP.0b013e3182802f88

https://journals.lww.com/transplantjournal/Fulltext/2013/03270/Efficacy,_Outcomes,_and_Cost_Effectiveness_of.12.aspx


• Marfo et al prospectively desensitized 11 patients with cPRA
> 50% (waiting list for more than 5 years),

• IVIg 2 g/kg (days 0 and 30 and single-dose Rituximab 375 
mg/m2 on day 15). 

• Only 2 of 11 patients transplanted

• Desensitization therapy did not lead to significant reduction in 
cPRA, the number of unacceptable antigens or their mean 
florescent intensity (MFI) values

• Kozlowski and Andreoni desensitized 5 patients with c-PRA 
>85% , noted only transient depletion in antibody was not 
enough to facilitate transplantation.



Desensitization at the Time of Transplantation for 
Highly Sensitized Recipients

• rituximab could significantly decrease AMR

• and increase graft survival rates in sensitized 
patientsrituximab could significantly decrease 

• 589 patients 

• 312  pts without RTX/ 277 pts with RTX.

• dosing of RTX ranged from 100 to 1,000 mg.

• IVIg, PP, MMF, Tac, TG.



Desensitization at the Time of Transplantation for 
Highly Sensitized Recipients

Forest plot of meta-analysis on AMR episodes                                                         Forest plot of meta-analysis on graft survival rates 

Meta analysis:

Rituximab could significantly decrease AMR and increase graft survival rates 

in sensitized patients



Rituximab as Induction therapy?

• Rituximab has been used for positive cytotoxic/flow 
cytometric crossmatch, positive DSA , and in high PRA/high 
immunological risk patients



Rituximab as Induction therapy?

• ABO compatible, non-sensitised recipients.

• 11 records( 4 RCT= 480 patients)
Tydén PRA ≤50% RTX/Placebo 

van den     PRA ≤85%      RTX/Placebo 

Tsai             PRA <20% RTX + MMF/RTX/MMF TAC + CS 

Clatworthy - RTX + CS/DAC MMF + TAC 

 No significant improvements in patient and graft survival or 
acute rejection rates were identified with rituximab induction

 risk of leukopenia is 8.22-fold increased in rituximab therapy

 Tyden :  significant increase in mortality at 3-year follow-up



Rituximab for ABO Incompatible Transplantation

• ABOi kidney transplants were introduced in Japan in 1989.

• Until year 2002, preoperative desensitization with 
combination PP, IVIg and splenectomy formed the backbone 
of ABOi transplant success

Kahwaji et al,Transplant Research and Risk Management 2009



Rituximab was found to be equivalent to splenectomy, indicating 
that this invasive surgical procedure is not necessary



Points of RTX use
• the AUC for Rituximab is reduced by up to 26% when PP is 

performed less than 3 days after infusion

• can be detected in the serum for many months after the dose

of drug.

• Rituximab is cytotoxic in the presence of complement, sera 
that contain Rituximab would produce a positive B cell 
cytotoxic-positive crossmatch

• Human portion of the IgG1would provide a target for the 
antihuman Ig fluorochromes used in flow cytometric
crossmatches again resulting in a false positive B cell 
crossmatch

• elimination of the cell surface CD20 by pronase treatment of 
the cells or removal of the circulating rituximab by 
immunomagnetic bead absorption.



RTX in kidney transplantation

A: Desensitization protocols for highly sensitized 

recipients before or concurrent with kidney

Tx, and in ABO incompatible kidney Tx

B: Treatment of acute and chronic Ab-Mediated rejection 

C:Treatment of recurrent and de novo glomerular diseases

D: Treatment of PTLD



Treatment of Acute AMR

• The incidence of AMR ranges from 5.6% to 23% in unselected 
populations to 30% to 60% in patients undergoing 
preconditioning for ABO or HLA-incompatible transplants

• modalities used to prevent and treat AMR vary across centers

• Hychko conducted a meta-analysis of studies of Rituximab use 
in AMR, included 249 patients and reported a pooled ratio of 
response to Rituximab defined by at least partial 
improvement in graft function (OR 3.16, 95% CI: 1.75-5.70)

• Power was limited by paucity of randomized control trial 
(RCTs) and prospective studies



Hychko et al, Int J Org Transplant Med 2011; Vol. 2 (2)



RITUX –ERAH
(multicenter randomized clinical trial)

day 5

day 12

add infusions of RTX

RTX (375/m²)=19 Placebo =19

RTX(375/m²)=8
RTX(375/m²)=6

38 pts biopsy proven AMR
PP: at least 3 PE (D  1 - 5)
IVIG:(100 mg/kg/day, then 1 g/kg/d (D 5 - 6)

GCS: 500 mg/day MTP 3 days, then oral 
1 mg/kg /d
TAC / MMF    

Sautenet B, Transplantation2016 Feb;100(2):391-9



ITT analysis of serum creatinine level 
(μmol/L) over 1 year in the rituximab and 
placebo groups. Box height indicates the 
IQR with the lower and upper edges of the 
box representing the 25th and 75th 
percentiles, respectively. The horizontal 
line is the median. The lower whisker 
represents the 25th percentile minus 1.5 
times the IQR and the upper whisker the 
75th percentile plus 1.5 times the IQR. 
Values outside the whiskers are outliers. 
IQR indicates interquartile range.

( 95% CI, −95.53 to 45.05; P = 0.480)

no additional effect of rituximab

underpowered

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

Sautenet, Transplantation100(2):391-
399, February 2016.

doi: 10.1097/TP.0000000000000958

https://journals.lww.com/transplantjournal/Fulltext/2016/02000/One_year_Results_of_the_Effects_of_Rituximab_on.24.aspx


• Evaluation of the 7-year outcomes of the RITUX-ERAH study patients

• there was no benefit 7 years after ABMR of rituximab in 
addition to plasma exchanges, intravenous immunoglobulins, 
and steroids.



Kenna R. Degner et al. Kidney360 2020;1:389-398

©2020 by American Society of Nephrology



Treatment of chronic AMR

• six renal transplant units in Spain

• Patients with transplant glomerulopathy and anti-HLA donor-
specific antibodies (DSA) were eligible.

• Patients with GFR< 20 cc/m and/or sever IFTA excluded.

• Patients were randomized:

IVIG (4 doses of 0.5 g/kg) and RTX (375 mg/m2)

or isovolumetric saline infusion



Treatment of chronic AMR

• There were no differences between the treatment and 
placebo groups in eGFR decline (−4.2 ± 14.4 vs. −6.6 ± 12.0 
mL/min per 1.73 m2, P-value = .475), increase of proteinuria 
(+0.9 ± 2.1 vs. +0.9 ± 2.1 g/day, P-value = .378), Banff scores at 
one year and MFI of the immunodominant DSA.



Treatment of chronic AMR
• Chung et al  conducted Retrospective cohort study:

• ΔeGFR was significantly decreased in the RTX group compared with HC

group after 6 months (P < 0.05).

• overall allograft survival rate in the RTX  group was significantly higher

• limitation

RTX
• 25 patients CAMR 
• Rituximab 375mg/m2

• high-dose steroids
• IVIG  400 mg/kg 4 

control
• 29 historic controls
• received low-dose 

pulse steroids





KDIGO guideline

• Antibody-Mediated Acute Rejection:
• We suggest one or more of the following alternatives, with or without 

corticosteroids (2C): 

• plasma exchange

• intravenous immunoglobulin

• anti-CD20 antibody

• lymphocyte-depleting antibody

• Chronic Allograft Injury:
• For patients with CAI and histological evidence of CNI toxicity, we suggest 

reducing, withdrawing, or replacing the CNI. (2C)

• For patients with CAI, eGFR 40 ml/min/1.73 m2 , and urine total protein 
excretion >500 mg per gram creatinine we suggest replacing the CNI with 
a mTORi. (2D)



Treatment of AMR

• There is no consensus on role of Rituximab in 
the treatment of acute and chronic AMR and 
larger multicenter RCTs are required.



RTX in kidney transplantation

A: Desensitization protocols for highly sensitized 

recipients before or concurrent with kidney

Tx, and in ABO incompatible kidney Tx

B: Treatment of acute and chronic Ab-Mediated rejection 

C:Treatment of recurrent and de novo glomerular diseases

D: Treatment of PTLD



Recurrent Membranous Nephropathy

• is observed with an incidence of 7% to 51% and progression 
related to degree and duration of proteinuria.

• Presentation:   early

late

de novo (most common)

• Regime:            4 weekly doses of 375 mg/m2

or   2 doses of 1000 mg iv given 2 weeks apart

• PLA2R :   posttransplant recurrence rate in PLA2R

positive and negative patients (83% and 58% respectively)

• routine laboratory monitoring PLA2R Ab levels.



Recurrent FSGS

• Recurrence of primary FSGS occurs in 30% to 50% of 
transplanted patients (80% in second Tx)

• case reports/series of partial or complete remission of FSGS 
with Rituximab (alone or in combination with PP)

• Audard et al reported 4 cases: Rituximab alone or with PP was 
successfully used in prophylaxis of FSGS recurrence in second 
transplants after loss of first graft to FSGS recurrence.

• Currently, there is more data supporting Rituximab use in 
documented recurrence than its use in prevention of FSGS 
recurrence in high-risk patients



Other Recurrent GN 

• Recurrent ANCA vasculitis:        case reports +

• Recurrent IgA nephropathy:      case reports  +/-

• Recurrent MPGN:                         case reports  +/-

• Recurrent Lupus Nephritis:   no data

• utility of Rituximab in recurrent MN appears promising

• for recurrent FSGS may be beneficial through nonspecific 
activity in stabilizing glomerular cytoskeleton. 

• in allograft vasculitis appears to be beneficial

• there is no evidence to support Rituximab in patients with 
recurrent MPGN, IgAN or lupus recurrence posttransplant
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Treatment of PTLD
• PTLD is a spectrum of lymphoproliferative disorders ranging

from benign to neoplastic B cell ( occasionally T cell)  processes

• 1.58 cases/1000 patient years in adults

• RF:  EBV status, type of organ transplanted and intensity of 
immunosuppression 

• first-line therapy for PTLD is reduction in IS

• cessation of MMF or Azathioprine with reduction in CNI (50%)

• Therapies against B cells, chemotherapy , adoptive T-cell 
therapy and surgical resection have all been used in cases 
where reduction in IS alone is not sufficient



Role of Rituximab in the treatment of PTLD

PTLD lesion type Initial management Further treatment/no 
complete response (CR)

Early lesion—plasmacytic
hyperplasia or infectious
mononucleosis like picture

Reduction in IS Localized surgery/XRT
Advanced Rituximab
No chemotherapy

Polymorphic/monomorphic 
CD20+ PTLD

Reduction in IS and 
Rituximab

No response or partial 
response with IPI >3, 
sequential R-CHOP

Polymorphic/monomorphic 
CD20- PTLD

Reduction in IS ± chemo/XRT Rituximab is not indicated

Primary CNS lymphoma Reduction in IS and 
treatment similar to 
immunocompetent host

Rituximab is not indicated



conclusion

• Rituximab is used in various clinical scenarios in kidney 
transplant recipients

• its evidence-based use there remains limited due to lack of 
controlled studies, limited sample size, short follow-up.

• Rituximab is indicated for CD20+ PTLD

• may be beneficial for treating recurrent MN and recurrent 
ANCA vasculitis and possibly for recurrent FSGS.



Conclusion…

• Rituximab, in combination with IVIg/plasmapheresis, appears 
to decrease antibody level and increase the odds of 
transplantation in sensitized recipients.

• Role of Rituximab in ABOi transplant remains unclear 
although  replaced  splenectomy.

• There is no consensus on role of Rituximab in AMR .



Thank you


