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“Seeking Standardized Definitions for HLA-incompatible
Kidney Transplants™
Banff Antibody-Mediated Injury Working Group
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6656recent publications screened

Seeking Standardized Definitions for HLA-incompatible Kidney
Transplants: A Systematic Review

Jatana et al.

Systematic Review Findings: Incomplete reporting on immunological risk assessment and Transplantation (2023)
significant heterogeneityin both study design and analysis

(Medline, Embase, Cochrane)

| Partlupants & Immunosuppression Anialysis
g l Published |_|_||_|“[| population characteristics (longitudinal) :
20152019
163]"i|”ded Potential Immunological Risk Evident Memory Response Outcomes
A Allele & molecular Pre-formed DSA Immune Injury
SN2 Dat: L-:);::Is-.cted. ” rismatck (Solid phase & Cell- based) Adverse effects of therapy
’ ncompatibility 3rd Int'l NephroCAGE
+ Treatment < oieleleul gaohyping \,\'\| J-F Symposiumf)Aug 2,
+ Qutcomes E ﬁ ) ofdonors & recipients . 2023
D — (11 HLA loci) :
l, Ruth Sapir-Pichhadze,
Prediction model Risk Of Bias Conclusion: Standardized reporting on HLA incompatibility assessment, patient characteristics, MD, MSc, PhD, FRCPC
: ; izabili Gill Universit
ASsessment Tool (PROBAST) therapies, outcomes and analysis would better gauge the generalizability of study Mc Y,
( findings, enable knowledge synthesis, and facilitate intemational collaboration Montreal, Quebec,
Canada
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Reporting on HLA typing

A B
1009 m HLA 1007 —— Jatana et al.
= HLAI = HLAN Transplantation (2023)
30' wd
60 604
404

Serologic Molecular Other Allele group Abels Diier o
C
100 3rd Int'l NephroCAGE
Symposium, Aug 2,
80 2023

Ruth Sapir-Pichhadze,
MD, MSc, PhD, FRCPC
McGill University,
Montreal, Quebec,
Canada

Class | A B [ NR Class Il DRB1 DRB3/4/5 DQB1 DQA1 DPBEA1 DPA1 NR
. PoLrTECHNIaUE Supported by
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Preformed DSA by solid-phase assays

A B
100 1001 Jatana et al.
80 . 80 Transplantation (2023)
60 60~
ad il | [
304 304
204 204
0- 0 T T
1gG IgG IgM C' Activity Other CREG Titre or dilution ~ MFI Other NR
Subtype
C D
100 100 3rd Int'l NephroCAGE
80 804 - Symposium, Aug 2,
60 60
4L —_ 40+ 2023 .

T T Ruth Sapir-Pichhadze,
30 30+ MD, MSc, PhD, FRCPC
204 204 McGill University,

Montreal, Quebec,
10+ 10 Canada
0- 5
300 500 750 1000 1500 2000 Other NR DTT EDTA Other  No Treatment MR
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1897 7005
A P 2%

Banff rejection data

A, Banff classification.

200 2008
0% 9%
T
/ Jatana et al.
Transplantation (2023)

3rd Int'l NephroCAGE
Symposium, Aug 2,
2023

Ruth Sapir-Pichhadze,
MD, MSc, PhD, FRCPC
McGill University,
Montreal, Quebec,
Canada
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Describe®:

- source of data

- study design

- criteria for participant selection

- sensitizing events

- demographics (e.g., age, sex, self-
reported ethnicity)

- separately consider first-transplant
and retransplant recipients

Describe:

- desensitization protocols & timing

- induction immunosuppression

- maintenance immunosuppression

- longitudinal therapeutic drug
monitoring and drug adjustments

- therapies for rejection events

Describe®:

- numbers of participants, candidate predictors, outcome events
and events per candidate predictor;
- model development (modelling, predictor selection, and risk

group definition);

- internal and external model validation;

- model performance;

- participants excluded from the analysis;
- missing data and outcomes as well as methods used to handle

missing data
Participants & pepulation cf Therapies Analysis
F ical Risk Outcomes of HLA Incompatible Trensplants
Potential Immunological Risk Evident Memory Response
Directly related to HLA Related to desensitization,
HLA Allele Pre-formed DSA by Pre-formed DSA by incompatibility immunosuppression and

Z Mismatch® positive solid phase assays positive cell-based assays rejection therapies
3,

;& 5 Molecular HLA Virtual XM Flow XM Graft survival (time to event)  Patient survival

E £ mismatch Death-censored

g % (Algorithms) Complement- CDC XM - All-cause graft loss

g i biding assay - Death as competing risk Infection

T

Isotype / Immune injury (Tissue-level)
subclass assay - Standardized rejection Cancer
diagnosis

o Unambiguous Serum treatment, Timing and Timing *** - Banff Lesion Scores,

= allele- level HLA- vendor, MFI threshold*** idi | Di i Metabolic synd
23 A,B,C DRB1/3/4/5, threshold and and Category 6

g .E DQOAL/B1, DPAL/B1 normalization, diagnoses™
% E of donor & timing and context Cardiovascular disease
= ¥ recipient** interpretation De novo DSA
i ;’ 2 considering cross
g g reactivity or Graft (dys)function Other

E malecular

§ algorithm® Proteinuria

£y

Jatana et al.
Transplantation (2023)

3rd Int'l NephroCAGE
Symposium, Aug 2,
2023

Ruth Sapir-Pichhadze,
MD, MSc, PhD, FRCPC
McGill University,
Montreal, Quebec,
Canada
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BANFF-IT, Computer-Assisted Reporting of Banff
Classification of Kidney Allograft Biopsies
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Content of the Banff Classification of Renal Allograft Pathology

Definitions
e.g. ,Artery“, ,Peritubular Capillary* Roufosse et al.
Transplantation (2018)
v v
Banff Lesion Scores Additional Diagnostic Parameters
Banff Lesion Score i, t, v, g, ptc, C4d, ci, ct, e.g. Acute TMA In The Absence Of Any
cv, ¢g, mm, ah, aah, ti, i-IFTA Other Cause, Prior History of DSA, Severe

Peritubular Capillary Basement Membrane
Multilayering

I 3rd Int'l NephroCAGE
+ Symposium, Aug 2,
2023

. . . Ruth Sapir-Pichhadze,
Banff Diagnostic Categories MD, MSc, PhD, FRCPC

e.g. Acute TCMR Grade IA, Active ABMR, BK-Virus Nephropathy McGill University,

Montreal, Quebec,
Canada
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Banff-IT

= Data dictionary —

o Template of minimal set of variables, including Banff Lesion Scores, Additional Diagnostic
Parameters and Category 6 diagnoses

= Algorithm -
o Assigns Category 1 to 6 diagnoses utilizing minimal dataset by sequentially applying rules
o Developed in R software and adaptable to other software

— Assesses dataset quality

— Rapid execution time 3rd Int'l NephroCAGE
Symposium, Aug 2,
— Handles longitudinal datasets 2023
Ruth Sapir-Pichhadze,
= Applications — MD, MSc, PhD, FRCPC
McGill University,
o Diagnostic aid for expert nephropathologists '\Cﬂont:jeal, Quebec,
anada

o Standardized rejection diagnoses for transplant outcome prediction (survival models & Al) 1o
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Application of Al in Nephropathology

Slides courtesy of Dr. Jan Becker, Hien V. Nguyen, and Chandra Mohan
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GN Classification —
Machine learning in image analysis & histopathology

—

as? O_K
\ %\:
__‘ D
Input:
PAS Whole Slide
Images
Module 1:

Glomerular
Segmentation Model

Cicalese et al.

in preparation (2023)
? FOLFTECHNIGUE Supported by:
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GN Classification —
Machine learning in image analysis & histopathology

—
Input: O_O O_K
P_AS Whole ) Rank | Predicted Confidence
Slide Images Module 1: D Class
Glomerular
Segmentation Top-1 | Membranous 44%
Model Bag"™ of Top-2 | IgAGN 26%

* Glomerular Module 2-
Crops MILxFormer Top-3 | ANCA 15%
* Classification
Model
Output:
* Bayesian Classification

Cicalese et al.
example
in preparation (2023) ( ple)
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Integration of Clinical Data
Response to intensified immunosuppression in steroid resistant nephrotic syndrome

Complete
remission
= = =
[+ [+Y] [+1}
o 2 - 2 N
-D‘ S 2 s ,8; ek 9‘ » Partial
g‘ 3 5 ..3_0' remission
=3 T ) 5
3 3 3
Ne
remission
o 3rd Int'l NephroCAGE
s = | represented as % Symposium, Aug 2,
" — § »  produces Ruth Sapir-Pichhadze,
Clinical tabul g MD, MSc, PhD, FRCPC
inical tabular gl s McGill University,
Montreal, Quebec,
+  concatenate Canada
PodoNet,
J Becker & F. Schaefer in preparation (2023) 15
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MILxXFormer for theranostics
(steroid resistant nephrotic syndrome)

Classwise ROC Curves, Task: Podonet

1.0
—— No remission (AUC = 0.75)
Partial remission (AUC = 0.76)
—— Complete remission (AUC = 0.74)
0.8
3
e 0.6
2
=
wi
o
a.
2 0.4
=
0.2 1
0.

0 T T T
0.00 025 050 075 1.00
False Positive Rate

Gaussian naive Bayes classifier
Clinical data only (e.g, mutation yes/no)

PodoNet,
J Becker & F. Schaefer
in preparation (2023)

10 = No remission (AUC = 0.86)
Partial remission (AUC = 0.81)
= Complete remission (AUC = 0.84)
0.8
]
£ 06
g
E
2 0.4
=
3rd Int'l NephroCAGE
0.2 Symposium, Aug 2,
2023
Ruth Sapir-Pichhadze,
0.0 MD, MSc, PhD, FRCPC
0.0 0.2 0.4 0.6 0.8 1.0 . . .
False Positive Rate McGill UanGrSlty,
Montreal, Quebec,
MILxFormer Canada

Histology only (arteries, arterioles, glomeruli)
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MILxXFormer for theranostics
(steroid resistant nephrotic syndrome)

PodoNet,
J Becker & F. Schaefer
Classwise ROC Curves, Task: Podonet in preparation (2023)
1.0 .
—— No remission (AUC = 0.75) H —— No remission (AUC = 0.89)
Partial remission (AUC = 0.76) Partial remission (AUC = 0.84)
—— Complete remission (AUC = 0.74) == Complete remission (AUC = 0.86)
0.8 A 0.8
s )
£ 0.6 £ 06
3 0.4+ £ 04
= =
3rd Int'l NephroCAGE
0-2 1 02 .
Symposium, Aug 2,
2023
00 Ruth Sapir-Pichhadze,
7000 025 050 075 1.00 O e 0z o o o 1o MD, MSc, PhD, FRCPC
False Positive Rate False Positive Rate McGill University,
. . . Montreal, Quebec,
Gaussian naive Bayes classifier MILxFormer Canada
Clinical data only (e.g., mutation yes/no) Histology + clinical data (e.g., mutation yes/no) 17
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Active AMR Diagnosis by Nanostring

A ROC of LASSO (min-max scaled B-HOT model) B ROC of LASSO (min-max scaled Elements model)
EN N Varol et al. Transplantation
F (2022)
g I g 3
g £
S g7 ~ AMR-specific panel: AUC=0.894
= B-HOT panel: AUC=0.994 = B-HOT panel: AUC=0.804
o Lambda = 0.0335 Lambda = 0.120
° 0.0 02 04 06 08 10 0.0 0.2 04 06 08 10
False positive rate False positive rate
A 0q B 0-
g o oo
£3 0 E 21 ] 3rd Int’l NephroCAGE
Eg H o ° Symposium, Aug 2,
H H o 2023
30 4] 85 4] S Ruth Sapir-Pichhadze,
3 £ N MD, MSc, PhD, FRCPC
? McGill University,
i . i , 6 : i . Montreal, Quebec,
-6 -4 2 0 -6 -4 -2 0 Canada
Log2FoldChange B-HOT panel Log2FoldChange B-HOT planel
AMR vs. noAMR BL or TCMR vs. noRejection 18
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AMR Diagnosis with Machine Learning

» Semi-supervised training (binary Cicalese et
biopsy label: AMR vs. noAMR) al. MICCAI (2020)
* n=89 biopsies, n=51 AMR, n=38 1.0 -
noAMR
. - .8
* Only glomeruli on PAS whole slide Y
images g
» 0.6
* n=1655 glomerular crops, expert &
2]
annotated o4
= 0.
E
F
. 0.2 '
« Three experimental models: —— EfficientNet-B3 (AUC = 0.962) g”fn' rgs'ib'l\'rﬁpzzochE
L . —— Conv. Baseline (AUC = 0.997) 2362:;3 ’ g<
- EfficientNet-B3-Encoder with fully 0.0 —— MorphSet (AUC = 0.999) e SanirPichiad
. .. uth Sapir-Pichhadze,
supervised training vs. expert 00 02 oa o6 08 1o MD. MSc, PhD, FRCPC
consensus label False Positive Rate McGill University,
. . Montreal, Quebec,
* Semi supervised ConvNet model Canada
* Morphset model 19
¥ POLFTECHMIGUE Supported by:
NEPHRO( /- SR Universie th 8O FET O Genomeouibee ey

German-Canadian consortium on Al for
improved kidney transplantation outcome H A R I T E Centre universitaire de santé McGill m g Genome
3nd International NephroCAGE Symposium, Aug 2, 2023 PI RC H E McGill University Health Centre CHUM i BritishColumbiz [l thofadection



Digital Pathology & Al
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Sources de données et plan de liaison pour les centres du
Québec (NephroCAGE)

Identifiant Unique

\dentifiant Hopital g;(;rzn:fosium, Aug 2,
te [IcE inatar e J Ruth Sapir-Pichhadze,
MD, MSc, PhD, FRCPC
McGill University,
Montreal, Quebec,

Pharmacie |
3rd Int'l NephroCAGE
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Computation pathology Infrastructure

Local server housed in research
institute (50Tbs/250Tbs

Slide scanner with full time research assistant

: i J7_J f',f =22l S
‘ ' / '/ :’“ Welcome Dr. Pierre-Olivier Fiset
— T iy -

4

3rd Int'l NephroCAGE
Symposium, Aug 2,
2023

Ruth Sapir-Pichhadze,
MD, MSc, PhD, FRCPC
McGill University,
Montreal, Quebec,

Renal Transplant Pathology _ Canada
(scanning retrospective cases Local Al computer with -
125 patients; 690 digital files) dual RTX A1000 GPUs
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Nephropathology, Big Data, Al, and Precision Medicine
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Nephropathology, Big Data, Al, and Precision Medicine

E
Bascdemegapneae Becker et al. KI (2020)

Genetics

(urine, serum, others)

Diagnosis
Continuous
data collection,
Y  analsis, /| Prognosis
improvement

Imaging

Treatment

-

Outcome Treatment

[ )
[ )
[ Immunogenetics J
‘ Clinical chemistry ]
[ )
( )
| |

3rd Int'l NephroCAGE

Symposium, Aug 2,
Other data 2023
(psychosocial, economical, etc.) Ruth Sapir-Pichhadze,
) MD, MSc, PhD, FRCPC
Nephropatholol , ) )
e w - o McGill University,
s| 2 w| =] € Montreal, Quebec,
S oW = 3 £
= =| O Canada
( Tissue ), q y
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~)

Basic demographic data

Genetics

Immunogenetics

a Yoyl Yo |

Clinical chemistry
(urine, serum, others)

—

A

[ Imaging ] Continuous
v data collection,
[ Treatment J ; i i
improvement
{ Outcome J
s D
Other data
(psychosocial, economical, etc.)
Nephropathology
= L @«
= '8 = =
B ET ‘T zT 5
T
( issue ) L y

Diagnosis

Prognosis

Treatment

Nephropathology, Big Data, Al, and Precision Medicine

Becker et al. Kl (2020)

3rd Int'l NephroCAGE

Symposium, Aug 2,
2023

Ruth Sapir-Pichhadze,
MD, MSc, PhD, FRCPC
McGill University,
Montreal, Quebec,
Canada
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