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Objectives

Discuss red cell therapy and alloimmunization risk in SCD

Discuss the role of molecular testing for transfusion support

Discuss management of patient who are challenging to transfuse




Red cell therapy for sickle cell disease

 Remains a major therapeutic option
e Prevention of stroke most common indication for chronic RBC therapy
* Pre-requisite for curative therapy
e Supportive care for HSCT

* Alloimmunization remains a frequent complication, posing unigue
challenges to:
* |dentify sufficient red cell units to support individuals with multiple antibodies
* Support those with history of multiple DHTRs or hyperhemolysis



Alloimmunization risk factors

Linder & Chou Haematologica 2021



Prophylactic red cell antigen matching

 Recommends prophylactic red cell antigen
matching for Rh (C, E or C/c, E/e) and K
antigens for all patients with SCD (strong
recommendation)

 Single arm studies pooled showed significantly
lower alloimmunization rate with Rh, K or
extended matching:

 ABO/D matched: 1 antibody per 50 units
transfused

 Rh (C/E or C/c, E/e) and K matched: 1 antibody
per 250 units transfused

Chou Blood Advances 2020




Rh alloimmunization despite prophylactic Rh
and K matching from Black donors

Rh antibodies most common (66%)

30% of Rh antibodies attributed to patient’s RH genotype

Remainder “unexplained” —> Rh variants on donor red cells an underappreciated risk factor
RH diversity in patients and donors of African descent contribute to Rh alloimmunization

Chou & Westhoff, Blood 2013



Rh blood group system: immunogenic and complex
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* Most immunogenic after ABO system
* Duplicated gene family — highly homologous
e Highly polymorphic with >500 RHD and >150 RHCE alleles reported



Rh variants are common in African Blacks
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* Variant alleles encode partial antigens, cause loss of high prevalence antigens and/or
generate novel antigens
* RH variants occur in ~1% Europeans vs “90% patients and donors of African descent



Rh alloimmunization despite “Rh-matched” RBCs

Chou & Hendrickson, Blood 2024



Rh alloimmunization in sickle cell disease

* Despite Rh (D, C, E) matching, Rh antibodies are the most common
* RH diversity in patients and donors contributes to alloimmunization

* Rh alloimmunization may lead to need for RBCs with rare or uncommon
phenotypes

* Prevention may be the best strategy

How can molecular testing improve
transfusion management?



HEA profile
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* Genotype predicted extended red cell antigen
(HEA) profile performed at first visit
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* Informs antibody evaluation when a patient has a
new positive antibody test
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Comprehensive RH genotype

The Children's Hospital of Philadelphia
3401 Civic Center Boulevard
Philadelphia, PA 19104

SAMPLE: Date received: 06/06/2024
Sample Date: 05/29/2024

HISTORY: African American female. Sickle cell disease. No history of transfusion. Group A positive. No
additional RBC phenotype information.

TESTING REQUESTED: CHOP study protocol

DNA TESTING PERFORMED: PreciseType Human Erythrocyte Antigen 1.2 BeadChip DNA RHD: Automated
RHD BeadChip. Zygosity determination by hybrid Rhesus box detection (associated with RHD deletion).
Sequencing of RHD exons 7 and 8 (to investigate for RHD*DAU). RHCE: Automated RHCE BeadChip.
Sequencing of RHCE exon 2 (to investigate for RHCE*ce254G).

Human Erythrocyte Antigen Predicted Phenotypes: See page 2.

FY COMMENTS: The sample has the GATA mutation which disrupts the binding site for the erythroid GATA-1
transcription factor resulting in loss of Fy® expression on the RBCs. Fy® expression on tissue endothelium is not
affected and these individuals would not be expected to make anti-Fy®.

RH RESULTS: RHD BeadChip: No variants. Hybrid Rhesus box: Negative; however, this marker is discordant for
RHD zygosity in samples with RHCE *ce254G. RHD Sequencing: No variants. RHCE BeadChip: ¢.48G/C
(p.16Trp/Cys), ¢.733C/G (p.245Leu/Val). RHCE Sequencing: c.

RHD RHCE*ce48C 733G

RH alleles Deleted RHD RHCE*ce(254G)

- RAD hemizygote, with no changes associated with commonly reported partial D or we .

- RHCE*ce(48C, 733G) encodes amino acids p.16Cys and p.245Val associated with partial c, partial e, and a
V+VS+, hr®- phenotype.

- RHCE*ce(254G) encodes amino acid p.85Gly associated with partial ¢, partial e, and a hr®—/+"
CEAGS I‘\]‘I Pnnhrr\p

Predicted Rh Phenotype: D+, C— E— c+(partial), e+(partial), V+VS+, hr®—/+", hrS+

 Comprehensive RH allele
identification for all patients
with SCD

* "High risk” RH variants =2
prophylactic antigen (-) RBCs
e Patients with alleles encoding
partial C

e Patients with RHD alleles
encoding partial D



Genotype RH matched RBCs for Rh-immunized

Chou & Hendrickson, Blood 2024 Created with Biorender.com



Approach to “difficult to transfuse”

Multiple or severe Multiple or
DHTR w/o ab unexplained Rh
specificity? antibodies?

Rh alloimmunized +/-
partial Rh antigens?

Consider transfusion Consider
trial with laboratory comprehensive RH Consider RH
monitoring genotype genotype matched

RBCs
Consider Consider extended
immunosuppression matched RBCs




Case 1: “Difficult to transfuse”

* 34 yo male with SCD-SS with h/o multiple DHTRs, seeking gene therapy
* History of “difficult to transfuse” with multiple DHTRs
* Known anti-C, -Jk®, -Fy?
* Antigen profile: C- c+ E- e+ K- Jk(a+b-) Fy(a-b-) M+ N- S+ s+
* RH genotype: RHD-ce; RHD-ce48C
* Most recent DHTR ~20 months prior
* Had been transfused C-, E-, K-, Jk(b-), Fy(a-) units compatible in gel

* Transfusion reaction reported but the antibody screen on pre- and post-transfusion
sample negative

* No antibodies detected in patient’s serum by reacting with a panel of reagent red
blood cells



Transfusion trial

Hb 9.2
Hb A 0%
1 unit PRBCs b 8 ) Antibody screen neg
C- E- K- ' > days > DAT neg

Hb A11%

Jk(b-) Fy(a-)
XM compatible
Hb 6.9

HU and Voxeletor :
resumed Transfusion rxn reported

Antibody ID neg

Current plasma
Fy(a-/b-), Jk(a+/b-), S+s+ compatible with donor
RBCs

*RBC profile: C- c+ E- e+ K-




Treatment and prevention of DHTRs and further
alloimmunization

Drug Dose Rationale

Recombinant human 150 units/kg/d (max 20,000 units/day) Stimulates erythropoiesis

erythropoietin (EPO)
Intravenous iron Multiple preparations Assists with erythropoiesis; may help improve
response to EPO

Steroids 1-4 g/kg/d, once daily or divided (max 60 Anti-inflammatory
mg/dose) with taper thereafter
IVig 0.4-1 g/kg/d (for up to 3-5 days, max May decrease RBC clearance
cumulative total dose 2 g/kg)
Eculizumab 900-1200 mg (if 240 kg) or 600 mg (if 10-40 kg); | Blocks the C5 convertase and decreases complement
typically, once
Tocilizumab 8 mg/kg/d (max 800 mg/dose), up to 4 days Blocks the IL-6 receptor and decreases macrophage
activation
Rituximab 375 mg/m? (max 1000 mg); 2-4 doses over a Depletes CD20 expressing B-cells to prevent
month antibodies of new specificities from being formed

Chou & Hendrickson, Blood 2024



Transfusion trial following immunosuppression

1 unit PRBCs Low grade Severe VOE

Rituximab

1 day

C- E- K- Ny fever Hb 9.1--> 6.5
Jk(b-) Fy(a-)

375 mg/m2

weekly x 2 Dark urine Hb A 0%

XM compatible

18weeks Hb 98
Hb A 12.5%

Antibody ID and DAT neg

CD20+ cells Current plasma compatible with

donor RBCs
***Reference lab “DAT neg eval”
unrevealing except DAT IgG m*

<0.5%
Abs <10/ulL




Case 2: “No blood donors”

e 12 yo SCD-SS and autoimmune hepatitis with recurrent splenic
sequestration and severe anemia; Hb 4 gm/dL from baseline 7-7.5

e Difficult to match: anti-C, -Hr®8, -hrB, and —Lu? identified in 2016
3 lifetime transfusions: Jan 2011, Mar 2014, Aug 2015 (1 unit each)
e D+ C- c+ E- e+ K- (Jk(a+b-) Fy(a+b-) M+N+ S-s+)
* RH genotype: Dllla-ce>; DAUO-ce®
* Compatible donor match: C-E-K-, hrB-, Lu?-
* 8 RH genotype matched donors identified nationally

 Homozygous Dllla-ce> and Lu(a-), K-

* Alternative: identify genotype “compatible” donor units



Molecular testing to guide transfusion

Dllla ce® .
5,245 (V/VS) * Treated with HU, Voxeletor
° (O * Recurrent admissions for
° o o j splenic sequestration with
© A severe anemia, splenectomy
p.
3 recommended
DAUO ce . .
p.245 (V/VS) * Transfusion with RH genotype
gj “compatible” red cells
o o j
p.336 (V)

Predicted Rh phenotype
D+, C-, partial c+, E-, partial e+, hrB-, V+, VS+




Transfusion approach

. Hb 10.1
Rituximab 750 S 2units PRBCs Rl Hp A 38%
weeks

mg/m? Donor 1:
ced48C,733G/ce733G l+9 days

Hb 9.9
Hb A 31%
C-, hr®-, Lu(a-), E-, K-

Hb 6.8 1 +27 days

Hb A 0% Hb 9.3
_ o
e T AT Hb A 26%

l 1 week Donor 2:

ce733G/ce733G

CD20+ cells:

0%




Summary: preventative measures

* Transfuse judiciously
* Provide prophylactic Rh (C,E or C/c, E/e) and K matched red cells

* Obtain extended RBC antigen genotype, including comprehensive RH
analysis if possible (alternative: serologic phenotype)

* Obtain complete transfusion history from other hospitals

* Refer complex or antibody negative evaluations to reference labs



Summary: approach for “difficult to transfuse”

e Consider extended matched or RH genotype matched red cells for
select, challenging cases

* Work closely with blood supplier and reference immunogenomic
laboratories

e Consider transfusion trial for most challenging cases, such as those
with h/o DHTRs and no antibody specificity

e Consider immunosuppression to prevent further alloimmunization
and/or to treat DHTRs
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