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s that a realistic expectation?

> Testing for DSA pre-transplant and predicting 5-year outcome?

> Monitoring DSA throughout the clinical trial and projecting short-term
changes?



There are many “moving parts” along the way
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What is REALISTIC to EXPECT
from the Single Antigen Bead Assay

HLA
Specific
Antibody -
-
» "
-
. Biotinyalated ) .
L Detection Logical to assume the assay will be

Antibody quantitative

One molecule of fluorochrome binds
to one molecule of antibody

Luminex Bead

Coated with M antibody strength
HLA Antigens



Why is it not working ?

Amount of Aq9 on the beads

Reagents

3D of the antigen

[ssues Peptides lodged within the antigen

700 analytes per each class (thinking of increasing — XXX)

Need to generate/procure the right cell lines

Manufacturing Small market ~200 labs in the US

issues <7000 around the world

Huge expense




Why is it not working ?

ﬁssay mmmmm Vultiplex in Small Volume - - - 20% variability (CTOT trial)
SpeCI'ﬁC — Automation? - - - did not seem to solve the issues
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et al. Comprehensive assessment and Standardization of Solid-Phase
2x- Bead Arrays for the Detection of Antibodies to HLA. AJT 2013

Serum specific



Why is it not working ?

HLA is complicated (expensive), so we tend to
over-simplify things

3. Find x.

3cm




Allele Level Typing
NC

,DQA1*01:03,-|
,DQA1*01:02,-|
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B1*18:01,-
,DPB1*1901,-
- DPB1*20:01,-
- DPB1*23:01,-
- DPB1*28:01,-
- DPB1*28:01,-
- DPB1*28:01,-

Serologic Typing
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DR52
DR52
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DR53
DR51
DR51
DQ2
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D2
[afeZ}
DQ4
DQ4
DQ4
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DQ6
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Da6
Da6
Da6
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pa7
pa7
pa7
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plet)
bpas
DP1
DP1
bP2
bP3
DP3
DP3
DP4
DP4
DPS
DPS
DP6
DP6
DP9
DP10
DP11
DP11
DP13
DP13
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DP14
DP15
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DP18
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DP23
DP28
DP28
DP28

Campositialnﬁ ’lé/@ s@ éW/” ‘ﬁﬂ tiréegg;yea; HL

¥ 05:01G/02:03

DOa poR Serolagic equivalent 0% /g}o‘%

DQA1*02:01 DQB1*02:01 DQ2 ‘1 n 05:016/0201
DQA1*03:01 DQB1*02:01 DQ2 H03:01G/02:01
DQA1*04:01 DQB1*02:01 DQ2 B 02:01/02:02
DQA1*05:01 DQB1*02:01 DQ2 ¥ 03:01G/02:02
DQA1*02:01 DQB1*02:02 DQ2 \ ¥ 04:01/02:03
DQA1*03:02 DQB1*02:02 DQ2
DQA1*05:01 DQB1*02:02 DQ2 0%
DQA1*02:01 DQB1*04:01 DQ4
DQA1*03:03 DQB1*04:01 DQ4
DQA1*04:01 DQB1*04:01 DQ4
DQA1*02:01 DQA1*04:02 DQ4
DQA1*04:01 DQB1*04:02 DQ4 o 0% 0%
DQA1*06:01 DQB1*04:02 DQ4 o = 01:01/05:01
DQA1*01:01 DQB1*05:01 DQ5 ‘/ H 01:02/05:01
DQA1*01:02 DQB1*05:01 DQ5 ¥ 01:03/05:01
DQA1*01:02 DQB1*05:02 DQ5 H 01:02/05:02
DQA1*01:04 DQB1*05:03 DQ5 . / B 01:01/05:03
DQA].*OZ:O]. DQ_B1*05:03 Dg§ 1/;y = 01:02/05:03
DQA1*01:03 DQB1*06:01 DQ6 ’ . 01:03/05:03
DQA1*01:04 DQB1*06:01 DQ6 m01:02/05:04
DQA1*02:01 DQB1*06:01 DQ6
DQA1*05:01 DQB1*06:01 DQ6
DQA1*01:01 DQB1*06:02 DQ6 43 H”e_/es
DQA1*01:02 DQB1*06:02 DQ6 7 Antigens
DQA1*01:03 DQB1*06:03 DQ6
DQA1*01:02 DQB1*06:04 DQ6
DQA1*01:02 DQB1*06:09 DQ6 o o
DQA1*02:01 DQB1*03:01 DQ7 1% ’\
DQA1*03:01 DQB1*03:01 DQ7 \
DQA1*03:02 DQB1*03:01 DQ7 % W 05:01G/03:01
DQA1*05:01 DQB1*03:01 DQ7
DQA1*05:03 DQB1*03:01 DQ7
DQA1*05:05 DQB1*03:01 DQ7
DQA1*06:01 DQB1*03:01 DQ7
DQA1*01:01 DQB1*03:02 DQ8
DQA1*02:01 DQB1*03:02 DQ8
DQA1*03:01 DQB1*03:02 DQ8
DQA1*03:02 DQB1*03:02 DQ8
DQA1*02:01 DQB1*03:03 DQ9
DQA1*03:01 DQB1*03:03 DQY  Taumbur et al

95 Alleles DQA1%03:02  DQB1*03:03 DQS  Trapsplantation
DQA1*06:01 DQB1*03:03 DQ9
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¥ 05:01G/03:19
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H 04:01/04:01
H 03:01G/04:01
1 04:01/04:02
H 03:01G/04:02
H 06:01/04:02

6% 4% 1%

H 01:03/06:01
H 01:01/06:02
¥ 01:02/06:02
H01:01/06:03
H01:02/06:03
1 01:03/06:03
1 01:02/06:04
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Tambur et al Transplantation 2013;96:1065

A-DQ Alleles in among NU donors
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typing but [ can impute...

Donor typed as DRI3 D@6
Which allele of DR6 js DSA?

What is the donor is part
EUR part AFA?

I’'ll even throw in the HR
typing for the DRBI?

Is it the
DRBT*13:02 w DQBT*06:04

or
DRB71*13:02 w DRBT*06:09



Use of Titration Studies to Quantify Other Assays

Agglutination assays to measure Antibodies to Blood Group Antigens
Antibodies to Autoantigens

Antibody Titer
* Antibody titre is the o Lt 1100 120, 10 o
concentration of v @ @ @ o]
antibodies against a ol

particular antigen

* Serology test is
usually done using
micro well plate.

* So that the test sample
can be done in a very

small sample. otwolls \= : A /

(b) Agglutinated (c) Nonagglutinated

https://i.ytimg.com/vi/otyp7xoVmSk/maxresdefault.jpg

Antibodies in

response to vaccination
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http://www.microbiologybook.org/mayer/ab-ag-rx.htm




Titration Dilutes Inhibitory Factors
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Tambur AR et al. AJT 2015: 15:2422

Labor intensive and expensive approach to remove inhibition



Titration reveals (over)saturation

Titer : 65516 32768 16384 8192 4096 2048 1024 512 256 128 64 E 32 16 8 4 2 1 N
Median IgG MFI n

A 19232 20281 14052 17873 20532 16789 19132 19115 17307 16540 12786 a 11078 8459 5746 3288 3496 1307 595

B 15381 16508 17241 20314 19607 16429 16266 17548 14404 E 11723 7668 6132 3302 2424 1425 1146

C 20826 19193 17899 15601 15808 15420 14584 11215 E 11567 5633 5020 2837 2273 1294 268

DRB1 24272 22366 22068 23131 21672 19041 16641 17709 15110 E 11994 8871 5632 3068 2150 1311 585

DQ =20155 21339 5685 16218 14460 15835 18060 16443 16735 16208 14443 E 12296 8975 5445 3443 2414 1391 717

DP : 10765 10747 15802 14639 E 10563 6880 5012 2956 2192 1433 369

DRB345 3 23754 7100 23027 20288 20762 21684 19648 18409 17705 17936 E 12082 7556 5814 3699 2553 1345 133
-llllllllllllllllllllllllllllllllllllllllllllllllllllll:

Tambur AR & Wiebe C Transplantation 2077, In Press

Critical information that is not appreciated otherwise




Titration reveals (over)saturation

Also_for Cla

Titer E 65516 32768 16384 8192 4096 2048 1024 512 256 E 128 64 32 16 8 4 2 1
Median C1q MFI .
A : 20565 19043 12772 14338 14692 13897 12290 16870 17079 " o7 311 2 71 33 87 264 10
B 13827 10514 11047 11707 20985 17375 16352 E 7946 850 153 94 80 64 71 21
C 9232 8535 7112 928 8214 8939 E 4469 1204 596 561 40 52 23 39
DRB1 11385 10602 10924 15623 17357 15794 12572 E 2691 514 251 159 e 76 7 29
DQ 8415 20373 16254 20105 21191 19529 17751 16079 13632 E 12442 3990 320 301 127 79 24 58
n
DP 25894 23705 E 10830 679 951 550 162 91 2 36
=
DRB345 11529 10488 13235 7403 15466 17802 15382 11836 E 7381 2083 213 73 118 37 245 54
-

Tambur AR & Wiebe C Transplantation 2017, In Press
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Titration DOSE NOT resolve phenomenon of low MFI
value/bead due to “Shared Epitope” recognition

*

* *  MF MFI
‘A\ w 5000 ‘&* 1000

0 f I 1000

0 7 1000

‘ 0 ‘>* 1000
‘ 0 ‘4\* 7000

Requires other approaches to resolve



Is there an added value to titration studies over MFI?

N=4& Ig@ vers Titer ( Median /VIFI)
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Tambur AR & Wiebe C Transplantation 2017, In Press



[s there an added value to titration studies over MFI?

IgG MFI
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Clq vers Titer (Mean mF1)
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Titration studies provide better tool to monitor
antibody response to treatment

Titer

Tambur A et al-

Human Immunology 2076
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Titration Studies Provide a Better Tool to Monitor
Antibody Response to Treatment
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Tambur A et al- Human Immunology 2076



Decision Making/Monitoring of Responses to Ab Removal Rx

IgG Clq Titer

Pre-RX Pre-TX Post-TX F/U Post Clq Clq Clq Clq

76487-1 76487-2 76487-3 76847-4 76487-1 76487-2 76487-3 76487-4 76487-1T 76487-2T 76487-3T 76847-4T
A*01:01 g 21117 21724 22158 16975 14106 17649 b8+ \\ 4096 4096 4096
A*23:01 20702 21007 21905 17839 14857 16548 1024 512 1024
A*24:02) 21455 21421 22093 17759 14557 16372 1024 1024 1024
A*24:03 21811 20565 21884 18521 14141 16253 512 245 512
A*36:01 22293 21760 21812 19613 15186 18130 1024 512 512
A11:02] T 20523 21464 15973 15871 17153 1692 1122 256 32 32
A*29:01] 22310 21038 19491 21713 15719 12107 14089 256 64 128
A*03:01 22866 20822 11834 12784 13816 512 289 128 32 32
A*11:01 21867 21280 14475 14625 15590 785 599 256 32 32
A*30:02 22435 16080 9650 10606 21495 1156 24 26 64 16 16
B*82:01] 14275 9723 10075 10552 8758 120 399 279 64 64 128
A*25:01] 21119 15438 7465 7188 9658 67 6 15 32 8 8
A*74:01 21858 14871 2135 2099 72 9 6 64 2 2
A*33:03 21808 12197 1323 1266 43 28 29 32 1 1
B*44:03 22888 5211 8607 8890 16 9 11 8 16 16
B*49:01, 22408 6272 5225 5768 17 12 17 8 8 1
B*57:01, 21795 10012 10160 12410 32 17 20 16 16 16
B*44:02 : 2967 5606 6086 iGou 32 20 23 4 8 8
B*45:01] 3276 6282 7647 13809 24 12 16 4 8 16
B*53:01] 5461 5086 6636 14613 23 16 23 8 8 4
B*59:01, 4876 3991 4303 14656 29 19 25 8 4 4
B*13:01] 3275 1417 1175 11456 36 31 33 4 1 1
B*47:01] 6966 1681 1296 2780 24 12 19 16 1 1
B*51:01] 3154 2816 2818 14576 27 17 17 4 4 1
C*07:02 1471 1462 1052 76 48 50 43 4 4 1
B*07:02 2388 2031 2629 40 16 5 13 4 2 4
C*05:01 1960 580 599 432 36 30 33 4 1 1
A*68:02 916 341 395 2765 25 7 14 1 1 1
B*27:08 919 899 1283 31 16 9 11 4 1 1
B*42:01] 858 548 714 37 18 9 18 8 1 1 1
B*55:01 516 546 591 32 22 13 20 8 1 1 1
A*02:06 620 317 434 25 12 5 10 4 1 1 1




Antibody Removal by Rituxan + (PP + low dose IVlg) is rather
linear for the first few cycles and then plateaus

Class |

Log2 titer reduction

n=478
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Pinelli D- et al, Abstract accepted for ATC 2017
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New End-Points for New Generation Clinical Trials - D5A?
Make Sure DSAs are Measured Appropriately

HR typing of donors (at least “for cause’) for all
HLA loci

Assigned Abs based on HR (provided with the Kits)
Determine whether SAB-Kit indeed includes reagents
to test DSA

Remove potential inhibitory factors from serum
Account for potential “Shared-Epitope” reactions
MFI should not be used as a strict cut-off value
Monitoring efficacy of treatment is best done by
dilution studies
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Incomplete Data = Flawed Conclusion

Incomplote before
process beging

L Incomplate aner

Have Realistic Expectations

IDEALISM






Neat MFI > 20,000 [A]
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Neat MFI 5-10,000 [A]
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In Analogy:

Forecasting the weather in 5 years

In the Sahara Desert
Versus
In Chicago...

WMO Global Observing System
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