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BSHI Guideline: HLA matching and donor selection for haematopoietic
progenitor cell transplantation

A-M. Little* T, A. Green®, J. Harvey ¥, S. Hemmatpours, K. Latham¥, S. G. E. Marsh¥ * *,
K. Poultont t-t % & D. Sagesd

e HLA all(}ailrib(}dy testing of the recipient should be
performed at the time of donor search and should

be repeated at the time of donor work-up reguest if
an HLA-mismatched donor is selecred|(Grade 'lA]Il
e The clinical team must be made aware of any HLA
alloantibody incompatibility for a selected donor
(Grade 1A)
e When a choice of equally well-matched donors is
available, avoid selection of donors_ggainst which
the patient has HLA alloantibodies |(Grade 1A)
e HIA alloantbody testing should Be—Tperformmd in

cases of failled enerafgment if the donor is HLA
mismatched|(Grade 1B)

Little, Int J Immunogenetics 2016



BSHI GUIDELINE #1

ALTERNATIVE PROGENITOR CELL DONORS
(CORD BLOOD OR HAPLOIDENTICAL)
SHOULD BE CONSIDERED EARLY IN THE
DONOR SEARCH WHEN APATIENT IS
UNLIKELY TO HAVE AN HLA-MATCHED
UNRELATED DONOR (GRADE 1A)

Haplo vs. MUD: Help!
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ISTOCOMPATIBILITA NEL TRAPIANTO DI MIDOLLO OSSEO
DA DONATORE APLOIDENTICO:
NUOVE TECNICHE E TOOLS BIOINFORMATICI

Bl MO HLAIDENTICO
e MIGLIOR MATCH

= MO APLOIDENTICO

e MISMATCH HLA
« ANTICORPI ANTI-HLA DONOR (DSA)

« RIDOTTA IMMUNOCOMPETENZA
GRAFT




PRIMARY GRAFT FAILURE: 4% (MUD), 20% (HAPLO + UCB)
Davies, Blood 2000

* HLA MISMATCH recipient (residual) T CELLS
(MMUD, UCB, HAPLO) preformed DSA C’
ADCC

OTHER AFFECTING FACTORS:
« RECIPIENT MAC/RIC
STROMAL DEFECTS

* GRAFT CD34

ABO INCOMPATIBILITY
T DEPLETE/REPLETE
« MYELOSUPPRESSIVE DRUG

* VIRAL INFECTIONS/SEPSIS




percent donor cell chimerism

Pre-existing Maternal Antibodies Cause Rapid Prenatal
Rejection of Allotransplants in the Mouse Model of In Utero
Hematopoietic Cell Transplantation
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Integration of humoral and cellular HL A-specific immune
responses in cord blood allograft rejection

| | a case of cord
blood allograft rejection in which D5SA and cytotoxic T lymphocyte (CTL) spec or donor HLA-B*54:01 were detected at the time

of graft rejection. Both the DSA and CTL inhibited colony formation by unrelated bone marrow mononuclear cells sharing HLA-
B*54:01, suggesting that the humoral and cellular immune responses were involved in the graft rejectinn.l |

a
Mismatched donor HLA

Matched donor HLA
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BSHI GUIDELINE #2

HLA ANTIBODY SEARCH SHOULD BE
PERFORMED AT THE TIME OF DONOR SEARCH
(GRADE 1A)

Donor selection: the devil Is iIn DSA?



F’revalence and risk factors of antibodies to human leukocyte antigens in
haploidentical stem cell transplantation candidates: A multi-center study

Table 2
Logistic regression analysis of PRA in 1663 allogeneic stem cell transplantation candidates.
Class I (+) (n = 306) Class IT (+) (n = 169) Class I or II (+) (n = 349) Class I and II (+) (n = 126)
OR a95% CI P OR a95% CI P OR a95% CI P OR 95% CI P
Gender (male vs. female) 0.551 0.380-0.798 0.002 0.724 0.423-1.241 0.240 0.648 0.453-0.928 0.018 0.466 0.254-0.856 .01 4

Number of transfusions( =6 vs. = 6) [ 0.540 0.408-0.714 = 0.001 0.526 0.368-0.752 = 0.001 0.516 0.393-0.676 = 0,001 0.539 0.361-0.805 0.003

Number of pregnancies

0 0.419 0.244-0.717 0.002 0.143 0.072-0.284 = 0.001 0.249 0.148-0.422 = 0.001 0.284 0.133-0.605 0.001
1 0.954 0.601-1.513 0.840 0.591 0.358-0.974 0.039 0.702 0.448-1.102 0.124 0.845 0.487-1.466 0.550
=2 1 1 1 1

DMagnosis

AML 0.800 0479-1.335 0.393 1.122  0.523-2.407 0.767 0.882 0.532-1.464 0.628 0.915 0.407-2.053 0.829
ALL 0.481 0.281-0.882 0.007 0.717 0.324-1.589 0.413 0.525 0.310-0.890 0.017 0.578 0.246-1.357 0.208
MDS 1.634 0.933-2.862 0.086 3.082 1.389-6.841 0.006 1.950 1.120-3.394 0.018 2.470 1.065-5.733 0.035
Al 0.895 0.469-1.708 0.737 2,100 0.854-5.165 0.106 1. 189 0.638-2.215 0.585 1.266 0.462-3465 0.646
Others 1 1 1 1

HLA-A HLA-B HLA-C HLA-DP HLA-DQ HLA-DR

Absolute numbers 260 287 175 93 141 161
Prevalence (%) 15.6%0 17.3% 10.5% 5.6% 5.5%0 9.7%

Huo, Hum Imm 2018



Table 2a. The Owverall Incidence of Any HLA-Specific Abs and DSA by Gender and
Fregnancy Histary

Patient Group (N) Any HLA-Specific Abs Donor HLA-Specific Abs

Al candidates [(295) B3 (23.0%) 43 (14.5%)

Males [185) 20 (10.8%) S 4.9%)

Females (111) 45 (43.29%) 34 (30.6%%) — .

Farous fermales (B3) 33 (52.4%) 27 (42.9%) F E MAL E . DSA U P TO
Mulliparous fermales (48) 15 (31.3%) B [12.5%)

40%

Table 2b. Characterization of the DSEA for the 42 Candidates with DSA

DSA to Donors Evaluated (N) Weak DSA* Moderate-to-Strong DSAT
Haploidentical (117) 37 31.69%) a0 (B5.4%)
Mismatched unrelated (15) g (53.3%0) VOB T

Gladstone, BBMT 2013



tot| 91 |40 4492, L UMINEX

M [55]19|35%

C10
F 36|21 |58%

DSA: 24,3%, M 21,7%, F 28,5%
C1Q: 25%, M 21%, F 33%

@
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Haploidentical Bone Marrow Transplantation with Post-
Transplant Cyclophosphamide Using Non-First-Degree Related

Donors
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* In unmanipulated
haplo-HSCT, antigenic
HLA-DRB1 match,
stem cell source, con-
ditioning, and donor sex
are associated with
GVHD.

» The role of HLA-
matching status and
other factors influenc-
ing alloreactivity is more
prominent with PTCy
compared to ATG
GVHD prophylaxis.

The impact of HLA matching on outcomes of unmanipulated
haploidentical HSCT is modulated by GVHD prophylaxis

n Based on these data, the role of HLA
mismatching on unshared haplotype appears not to be sufficiently prominent to justify its
consideration in haploidentical donor selection. However, the role of HLA matching in
haploidentical HSCT might be modulated by GVHD prophylaxis, calling for further
investigations in this increasingly relevant field.

Lorentino, Blood Adv 2018

Proposed Scoring System for Donor Selection

DonorVariable 0s DFS Relapse
B Score B Score B Score

Relation  Child -112 3 -1.23 3 -1.31 3.25

Sibling —81 2 —.84 2 —.98 2.5
CMV serostatus D CMV+ or R CWVWV— —.93 2.5 —.01 2.5 -71 1.75
HLA =/10 mismatch (GVH) =4 mismatch —.05 0 —.51 1.5 -1.23 3
HLA-DR (GVH) Mismatch GVH —1.00 2.5 —.58 1.5 .06 0
HLA-DP Nonpermissive mismatch —.63 1.5 —.B82 2 -1.33 3.25
KIR R-L Mismatch —A47 1 —.56 1.5 —.89 225
KIR Haplotype B /=< with 2DS2 —.92 2.5 —.87 2 —.B4 2

AlA —08 0 —.08 0 —.45 1

Selecting the Best Donor for Haploidentical Transplant: Impact
of HLA, Killer Cell Immunoglobulin-Like Receptor Genotyping,

and Other Clinical Variables Solomon. BBMT 2018



BSHI GUIDELINE #3

THE CLINICAL TEAM MUST BE MADE
AWARE OF ANY HLA ALLOANTIBODY
INCOMPATIBILITY FOR A SELECTED DONOR
(GRADE 1A)

Graft failure: DSA matters!



Table 2. Type and specificity of donorspagific anti-HLA Abs in matched unrelated donor transplant recipients

MFI value befory \ Ags within MFI second
n Anti-DP DSA first SCT Subunit Epitope* epitope, n MFI for epitopet Engrafted Second SCT SCT Engrafted
1 0401 1558 DPB1 A 56 4 B80D-1558 Y M N/A NYA
2 0301 4341 DPB1 EA\ 85-87 9 2723-8531 N M MN/A NYA
3 0301 2759 DPB1 EAY 85-87 11 971-3072 N Y 0 Y
- 0101 3733 DPB1 EAM 85-87 11 1787-778A1 k4 M MN/A MNYA
5 0101 4924 DPB1 EAM 85-87 11 552-4924 Y M N/A MNYA
1101 1019

6 1401 5587 DPBA1 56 a8 4835-8419 k4 M MN/A NYA
7 2001 3990 DPB1 K/l 69-M 76 ] 1583-6411 N N N/A MNYA
8 1001 9485 DPB1 85-87 10 2320-9485 k4 N MN/A MNYA

total
DPB1 MM

HLA ab
DPB1 ab

DPB1 DSA

430

116

20

8

72.6%

19.6%

3.4%

p<0.0001, OR=21.3

RIC+MAC
MUD
DPB1

HvG NON PERMISSIVE!

Ciurea. Blood 2011



The cumulative incidence of engraftment at 60 days by DSA. The solid line represents no DSA
and the dashed line represents the DSA.

1.0- 0 n=
i o DS, Ts2R0 RIC UCB BMT

p=.006
e e Sy T MFI1>1000

Gumulative incidence of neutrophil engraftment

0 10 20 30 40 50 60
Days
Ruggeri, Haematologica 2013 +haematologica =

©2013 by Ferrata Storti Foundation



1.0 - DSA-negative
94.4%

Q 0.8
E DSA-positive > OOO
O B am  MFI>5
% 0.4 J Multivariate analysis showed that pretransplant presence of DSA MFI
§ i >5000) was the only significant risk factor for graft failure (P<0.006).

0.2 —

FP=0.026
0 . . . . . Neutrophil engraftment
0 10 20 30 40 50

Days after transplantation

DSAAT TX
NO DSAAT TX

79 MAC/RIC
o HAPLO-IDENTICAL

7 3 UNMANIPULATED BMT
23 Yoshihara, BMT 2012
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HAPLO-BMT (MAC, ATG): 349 pts: GR + PGF
Chang, JCO 2015



PRIMARY GRAFT FAILURE:

REJECTION + POOR GRAFT FUNCTIOI

THRESHOLD MFI > 2000

Table 2 Multivariate analysis of factors associated with transplant

outcomes
HR 95 26 ClI P value
Primary graft failure
DSA
MFI= 10,000 1
2000 = MFI < 10,000 0.940 0.284-3177 0.919
MFI < 2000 0187 0.048-0.730 0.016

Days since transplantation
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BSHI GUIDELINE #4

WHEN A CHOICE OF EQUALLY WELL-MATCHED
DONORS IS AVAILABLE, AVOID SELECTION OF
DONORS AGAINST WHICH THE PATIENT HAS
HLAALLOANTIBODIES (GRADE 1A)

DSA: I’ d rather not



Bone Marrow Transplantation
https://doi.org,/10.1038/541409-019-0499-2

[T S

REVIEW ARTICLE

The European Society for Blood and Marrow Transplantation (EBMT)
consensus recommendations for donor selection in haploidentical

hematopoietic cell transplantation

Stefan O. Ciurea' et al.

T cell depleted haploidentical transplants

T cell replete haploidentical ransplants

-No DSAs (MFI < 1001))

-No DSAs (MFIL< 1004))

-NEK cell alloreactive donor
-Younger donor over older donor
-Male donor for a male recipient

-First degree relative over second degree HL A
half-matched donor

-Between parent donors, mother is preferred
over father

-ABO maitched donor

-CMV seropositive donor for CMW
seropositive recipients

-Younger donor over older donor
-Male donor for a male recipient
-Sibling or offspring donor over parent donor

-Between parent donors, father is preferred over mother
donor

-ABO maitched is preferred to minor ABO mismaitch to
major ABO mismatched donor

-Donor with KIR ligand match for a recipient of HHCT*
-First degree relative over second degree HLA half-
matched donor®

-Donor with WIMA mismatch over NIPA mismatch for a
recipient of HHCT®

Ciurea, BMT 2019



Xu et al Joumal of Hematology & Oncology (2018) 11:33
hittps://doiorg/10.1186/513045-018-0564-x

Journal of

Hematology & Oncology

REVIEW Open Access

The consensus on indications, conditioning L
regimen, and donor selection of allogeneic
hematopoietic cell transplantation for
hematological diseases in
China—recommendations from the
Chinese Society of Hematology

TABLE 1 sSummary of factors in selecting best haploidentical donor

Factors TCD TCR Beijing protocol TCRPTCy General comments
HLA disparity extent — Mo impact Mo impact Mot considered
Specific HLA loci — Each HLA allele HLA-DR Specific HLA loci might hawve
mismatch had different HLA-DP impact
effect.
DsA GFT GFT GFT DSA should be avoided
Donor age <40, NRM4- <30, NRM &, OST <40, NRM4, OST, with Younger donor preferred, with
controversy some controversy

Cronor gender

Family relationship

ABO blood type

MK alloreactivity

CMV serclogical status

Others

Mo impact

Mother preferred

KIR mismatch, relapsed

CMV-/-patient/donor,
LF5T

Male, NRM-L, GVHD

Offspring>sibling>father
>mother

KIR mismatch. relapseT

Mo impact

Mo impact

Mo data

ABO major mismatch,
GFT, GWHDT

KIR R-L mismatch and KIR
B/x 2DS2 haplotype,
relapsed, OST

Mo impact

Mot clearly defined
Mot clearly defined

ABO-matched donor is
preferred

Controversial

A CMV-seronegative donor is
preferred for ChW-
seronegative patient

Higher BMI better

Xu, JHO 2018




Selection of unrelated donors and cord blood units for
hematopoietic cell transplantation: guidelines from

the NMDP/CIBM'TR

Table 1. Guidelines for unrelated donor selection

Mulktiple HLA-A, HLA-B, HLA-C,

8/8 match unavailable; multiple 7/8

and HLA-DRE1 (8/8) HLA matched
unrelated donors available

unrelated donors available

Awaid mismatches of allotypes targeted by DSAS,

Avoid mismatches of allotypes targeted by DSAS,
including DOAT and DPAT

including X341 and DPAT

5. DSA In patient

Table 2. Unrelated CB unit selection guidelines

Cnr'lflict'rlg results in hematological malignancies; avoid if nonmalignant

Awvoidance of units against which recipient has DSAg§
diagnosis

Dehn, Blood 2019




BSHI GUIDELINE #5

HLAANTIBODY SEARCH SHOULD BE
REPEATED AT THE TIME OF DONOR WORK-UP
REQUEST IF AN HLA-MISMATCHED DONOR
IS SELECTED (GRADE 1A)

Desensitize? do not rely on MFI!



HLA-ID related or
unrelated donor?

Y‘Bj/ \Nn
BM or PBSC
T

Urgent need
o TX?

‘r‘els// \N o

HLA matched

Haplo-1D

HLA mismatched [ i

Unrelated donor
or UCB

N\

e

L

DSA testing ]

T %

DSA () or very
low level

[

/Mod;ate level cl | DSA

low level cl Il DSA
consider desensitization

)

/

Y/

High level DSA
CDC titer

W

T~

TX possible

Consider other

[ options

!

Post—TX AB monitoring
recommended for DSA +patients

[ J
EVALUATION BMT CANDIDATES FOR BMT
Leffell, BMT 2015




Alloantibody Reduction after Desensitization

Patient No. Number of PP/IVIG % Antibody Reduction™

Treatments DSA Third-Party Antibodies!
EOT! Ffu® EOT Fju

1 7 939

2 5 595 938 469 —16.4

3 3 331 96

4 -DsA1 3 86 99.1 834 83.8

4 -DSsSA 2 82 98.6

4 -DSA3 816 987

5 5 521 969 114 29.5

G 4 443 73 43 6.4

7 7 64.7

8 3 74 999 391 76.8

9 11 774 984

Mean 53 68.1 949 37.0 36.0

sSD 26 19.0 84 315 43.6

PP indicates

up.

plasmapheresis; IVIG, intravenous
donor-specific antibody; EOT, end of desensitization treatment; Ffu, follow-

immunoglobulin; DSA,

Post-transplantation Clihical Status
Patien Donor GWVHD Disease Follow-Up Time
MNo. Chimerism”| Relapse (Months)?
1 100% no no 35
2 94% no 3 months died: 17 months
3 =95% no 5 months died: 7 months
4 100% chronic skin no 21
5 100% grade 1 skin 12 months died: 18 months
6 100% no 16 months 18
8 100% grade 1 skin no 7
9 100% no no 3
= Degrfpe of donor chil:erism determined at transplant day +60.
T Contjnued donor hejnatopoiesis was documented for all patients at last
follow-up:

HAPLO + MMUD BMT: 296 pts, 43 DSA,

9 pts (w/o alternative donors):

DESENSITIZATION

Gladstone, BBMT 2013



Comprehensive Assessment and Standardization of Solid Phase
Multiplex-Bead Arrays for the Detection of Antibodies to HLA

denatured antigen A80, B76, Cwl7
FALSE POSITIVE Bead density vs. allele expression HLA-C, DP
TOO HIGH MFI
“hot beads” DR16, DRB1*04:04
prozone EDTA, DTT
shared epitopes Bw4, Bw6
FALSE NEGATIVE
TOO LOW MEI allele not represented C*07:.01
peak single vs. multiple DSA | + 11 class
bead saturation Serum dilution
FALSE INTERPRETATION Allele subtype positive Only DRB1*04:02

DO NOT RELY ON MFI!

Reed, Am J Transpl 2013; 13:1859-1870




Successful engraftment in recipients of haploidentical stem cells
with donor-specific antibodies: role of flow cytometric cross-match

I Ara DSAs present? I 5000 i P
§ 30000 < 30000 - E 30000 -
- I@ = 25000 2 25000 | < 25000 -|
I: — T 20000 20000 - 7 20000 -
T 15000 ' S 15000 G 15000 - I
| 2 o o " - E bl 4 - S 10000 & . —
[we=ioo0 | [ |— | Ao o e o B I SR s (-5 SRR S
0 ki 0 - . - od g 1]
- KM low + XM high + XM - XM low + XM high + XM - KM low + XM high + XM

EE FC-XM vs. MFI

[Foiwe ] [Messwe —{ ver | Schinstock, Transpl 2018

Are Abs reducibla to MFI m

e Firenze, desensitize If:
L FCXMT + B POS
[ e ] e DSA MFI>5000

Fig. 1 Algorithm for approach to DSA

Gallanagh, BMT 2019 Clg, CDC POS




Seminars in Hemarology 56 (2019) 194200

Contents lists awvailable at ScienceDirect
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=t Hematology

Review

Who is the best donor for haploidentical stem cell transplantation?

Pivanuch Kongtim?, Stefan O. Ciurea®™*

= Division of Hemorology, Deparmment of Inrernol Medicine, Faoculty of Medicine Thammasar Universicy, Khiong lumg Parhunmchani, Thoiland
b Deparoment of Srem Cell Transplanr and Celular Therapy, The University of Tecas MDY Anderson Cancer Cenrer, Housron, Tecos

Potential haploidentical denors

Donor specific anti-HLA antibodies (DSAs) and Clg assay
= DSAs+/-Clg positive
-Choose donor without corresponding DSAs (preferred)
-Desensitization treatment (if no alternative donor available)
*  DSA+/-Clg negative

Preferred donor for TCD
haploSCT (in order of priority)
*Younger age

*NEK cell alloreactivity
sDonor-recipient CAMWY
serostatus match

#Pale donor for a male recipient
eMother/NIMA mismatched
sibling

«ABD compatible

Preferred donor for TCR
haploSCT with PTCY (in order of
priority)

*Younger age

#MMale donor for a male red pient
#=Sibling over offs pring owver
parent

«ABD compatible
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Desensitization with plasma exchange in a patient with human
leukocyte antigen donor-specific antibodies before T-cell-replete
haploidentical transplantation
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Anti-HLA donor-specific antibodies in allogeneic stem cell
transplantation: management and desensitization protocol
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BSHI GUIDELINE #6

HLAALLOANTIBODY TESTING SHOULD BE
PERFORMED IN CASES OF FAILED
ENGRAFTMENT IF THE DONOR IS HLA
MISMATCHED (GRADE 1B)

dnDSA: non dire gatto.....
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Persistence of recipient human leucocyte antigen (HLA)
antibodies and production of donor HLA antibodies following
reduced intensity allogeneic haematopoietic stem cell
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Donor-Specific Anti-Human Leukocvte Antigen Antibodies
Predic‘ Prolonged Isolated Thrombocvtopenia Iand Inferior

Outcomes of Haploidentical Hematopoietic Stem

Cell Transplantation

TasLE 2: The HLA-antibodies and DSA in different statuses of engraftment.

Good engraftment PT PGF GR
With positive anti-HLA antibody (1, %) 27/295 (9.2%) 6/32 (18.8%) 12/39 (30.8%) 4/4 (100%)
Median DSA MFI 3096 9374 4843 17214
Range of DSA MFI 504-12969 1403-18950 600-11736 3793-19948
1o -
TasLeE 4: Multivariate analysis of factors associated with transplant ~_|lli
outcomes. 8 L. - .
B 0.8 L T __ Without PT R
HR 95% CI P value E o  T—
Prolonged isolated = PT
thrombocytopenia E 04
Infused CD34+ cells > median 0.481 0.232-1.001 0.050 = P = 0.047
DSA 0.2 7
MFI = 1000 3262 1.339-7.946 0.009 o0
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Zhao, J Imm Res 2017



Post-transplantation-emerging anti-HLA DQA1/DQBI1
antibody possibly responsible for graft rejection after
myeloablative-unrelated marrow grafting

Yabe, BMT 2016

The association of de novo anti-HLA-DPB1
donor-specific antibody formation and
primary graft failure after allogeneic
hematopoietic cell transplantation
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Successful rescue transplantation with desensitization procedure
after primary graft failure due to donor-specific antibody
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