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• Antibodies to human leukocyte antigens (HLA)

• Antibody strength can be defined by mean fluorescence intensity (MFI) 
and antibody titer

• Enter unacceptable antigens (center specific MFI cut offs) into UNOS = 
calculated panel reactive antibody (cPRA)

– A cPRA of 50% → 50% of donors would be unacceptable

– Higher the cPRA, the harder it is to find an acceptable donor

Sensitization
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Pediatric patients

• Distinct from adult transplant candidates, pediatric candidates are 

– i) more likely to have congenital heart disease, where exposure to bypass and 
homograft during prior palliative procedures markedly increases the risk of 
sensitization, and 

– ii) less likely to benefit from long-term durable support 

• Desensitization strategies, however are used rarely and have unclear 
efficacy

• No standardized management protocols for desensitization in Pediatric 
Heart Transplant exist to date
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Sensitization in PHT

Rossano, J Thorac Cardiovac Surg 2010; 140:694

• Prevalence of sensitization (PRA > 10%): 11% - 21%

• SRTR: PRA > 20% increased from 15.5% to 28.2% in pediatric patients from 2005-2015

• Patients at risk for high PRA:

• Multiple transfusions

• Multiple surgeries

• Retransplant patients

• Homografts

• Mechanical support

• Outcomes: 

• Increased waiting times

• Reduced patient survival

• Increased CMR

• Increased AMR

• Increased CAV
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High PRA and PHT outcomes

• CTOT (2017): PHT across a +XM, in sensitized patients (MFI > 1000) was 
associated with acceptable first year graft and patient survival, although 
AMR rates were high and correlated with higher DSA strength 

• PHTS (2023): 9.5% of transplants were performed across a +XM. No 
significant difference was noted in 10-year survival between the +XM vs. -
XM groups, however, a cPRA > 50% in the +XM group emerged as a 
significant risk factor for graft loss 

• UNOS (2023):  1 year mortality (nearly 30%, a 4-fold increase) and graft loss 
were higher in highly sensitized (cPRA > 80%) pediatric patients compared to 
nonsensitized patients, and +XM was also associated with increased risk of 
mortality and graft loss 
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Questions to consider: 

• Who should undergo desensitization?

• What are the best methods for detecting antibody and how frequently 
should they be monitored?

• What is the best therapy or management strategy for desensitization?

• What are the goals of desensitization? 
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What is an unacceptable antigen?  

• Neat MFI > 4-5000

• 1:16 dilution 

– MFI > 1000

– MFI > 3-4000

• High strength Ab generally C1Q 
+ so C1Q testing often skipped

DeFilippis et al, JHLT 2023; 42:409
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When to desensitize?

What are the goals of 
desensitization?
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Desensitizing the 
pediatric transplant 

candidate 
• Desensitization: 4% of the cohort. 

• 24.1% of +XM, 2% of –XM

• Most common therapies: 

– Rituximab: 41.1%

– IVIG: 33.3%

– Plasmapheresis: 28.9%

– Bortezomib: 8.9%

– Prophylactic plasma exchange intra 
operatively: 52.3%
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Desensitization strategies

DeFilippis et al, JHLT 2023; 42:409

Inactivation IVIG

Removal Plasmapheresis

Decreased 
production

Rituximab, 
Bortezomib
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Desensitization 
strategies

DeFilippis et al, JHLT 2023; 
42:409

• Which drug/strategy?

• Inpatient vs. Outpatient?

• Duration of therapy?
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B cell targeting 
strategies: Rituximab

HOWEVER: 
Limited ability to adequately suppress HLA Ab 
responses
1. Does not prevent denovo DSA

2. CD20 Ag is absent on B cell precursors and 
antibody secreting plasmablasts/ plasma cells

3. Incompletely eliminates CD27+ memory B cells

• Patel et al: successful desensitization of 4 sensitized 
heart transplant candidates with Rituximab and IVIG. 

• Schumacher et al: 14 heart transplant candidates, 8 
were responders and 5 were transplanted. Treatment 
with IVIG and Rituximab increased donor pool from 
10% to 85% among responders
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Plasma cell targeting strategies

Proteosome inhibitors

e.g. Carfilzomib

Anti-CD38

e.g. Daratumumab
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Proteosome Inhibitors
Carfilzomib

Vs. Bortezomib: 
• Better in vitro cytotoxicity

• Clinical superiority to bortezomib in 
relapsing/refractory multiple myeloma

• Effect is dose dependent

– Dosing range in myeloma: 20 mg/m2 to 

72 mg/m2 IV

Moderate dose carfilzomib reduces CD138+ bone 
marrow plasma cells in sensitized patients by ~69%

Select potential Risks/Benefits:

• Cardiotoxicity
• Hypertension (including PHTN)
• AKI
• Hepatotoxicity
• Less neuropathy

Tremblay S, et al. A prospective, iterative, adaptive trial of carfilzomib-based desensitization. Am J 
Transplant. 2020 Feb;20(2):411-421. doi: 10.1111/ajt.15613. 

Thanks to Dr. Habal for this slide.
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CD38 targeted therapies to reduce 
plasma cells

• Depletes bone marrow plasma 
cells through pleiotropic 
mechanisms

• Daratumumab with plerixafor 
significantly reduced DSA in a non-
human primate model

• CD38 is expressed on NK cells

Potential adjunctive 

benefits to prevent 

early AMR?

Thanks to Dr. Habal for this slide.
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Daratumumab in sensitized heart 
transplant candidates: case reports
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CD38 is widely expressed

CD38 is widely expressed on 
various cell lineages.

Including regulatory cells.

Thanks to Dr. Habal for this slide.
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Implications for transplant?

Thanks to Dr. Habal for this slide.
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Challenges and looking to the future

• Variability in etiology and degree of sensitization

• Lack of standardization across HLA labs

• Lack of standardization of sensitization “cut offs” meriting 
desensitization 

• Deficits in our understanding of the factors driving memory B cell and 
plasma cell differentiation, persistence and resistance to desensitization

• Does desensitization alter long term outcomes? 
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AHA/Enduring Hearts 
Translational Research 
Award in PHT: 2024-2028

PI: Gokanapudy Hahn, WashU/SLCH

Core Labs: HLA: Zeevi, UPMC; 
Mechanistic: Habal, NYU; DCC: PHTS 

Clinical sites: SLCH (Canter), CHOP (Rossano), BCH (Daly), 
CHOA (Mao), CHOC (Simpson), NYPMSCH (Zuckerman)

Contemporary Approach to 
Desensitization: CFZ/BELA



22

Study

• A prospective, multicenter, observational study of a dual immunotherapy approach for 
desensitization that will combine an intensive proteosome inhibitor (PI) Carfilzomib 
(CFZ) based regimen with costimulatory blockade with Belatacept (BELA). 

• This strategy is novel in PHT patients and we hypothesize that it will substantially 
enhance our ability to transplant highly sensitized (cPRAMFI>4000 ≥ 50%) pediatric/ 
young adult patients. 
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Lakshmi R. Gokanapudy Hahn, MD, MSCI

Gokanapudy.L@wustl.edu
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