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Agenda

ÅConcept artificial intelligence/machinelearning/computervision

ÅPersonalisedmedicine/bigdata

ÅApplications
IgAglomerulonephritis(GN), antibody-mediatedRejection(AMR), GN 
diagnostics, steroidresistantnephroticsyndrom(SRNS)

ÅSummary/outlook
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Intelligencein nephropathology

Clincal/ laboratory
Light microscopy
IF/IHC
Electronmicroscopy
Genetics
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Prognosis
Treatment
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Machinelearning

ÅSupervised
Expert labels(groundtruth) for all instancesin a dataset

ÅWeaklysupervised
e.g. onlybiopsylabel(groundtruth diagnosis, prognosis, treatment
response) for entire dataset

ÅUnsupervised
Nolabelsat all (foundationmodelsetc.)



Howto extractinformationfrom biopsy
tissue?

Reproducibility Cost Tissue use Hypothesis-free

Transcriptomics ++ +++ yes yes

Proteomics ++ +++ yes yes

Immunostaining +++ + yes no

ML/computervision ++++ +? no yes

ML/computervisionis the onlyavailablereproducible, 
low costmethodfor hypothesis-free researchwithout

tissueuse



Becker et al. KI 2019

Nephropathologybigdataund precision
medicine



IgA-Glomerulonephritis

ÅMost commonGN worldwide

Å1/3 progressto ESRD

ÅImmune complexeswith gd-IgA1 and anti-
gd-IgA1-!ƴǘƛƪǀǊǇŜǊ

ÅPredominantlymesangialdeposits

gd-IgA1



IgA-Glomerulonephritis

Mesangioproliferation
Oxford M

Endokapillaryhypercellularity
Oxford E

Acivecrescent
Oxford C

IFTA
Oxford T

Segmental sclerosis
Oxford S



IgAglomerulonephritis

ÅOxford classifikation:
3 binaryparameters

Mesangioproliferation(M0/M1)
Endokapillaryhypercellularity(E0/E1)
Segmental sclerosis(S0/S1)

2 ordinal scaleparameters
Tubularatrophyund interstitial fibrosis(T0/T1/T2)
Activecrescents(C0/C1/C2) Roberts et al. KI 2009

ÅReproducibilityICC>0.7, eliminationof highlycorrelatedparameters

ÅInternational IgA-NephropathyRisk PredictionTool Barbour et al. JAMA Int Med
2019



Oxford classifikation/IgA-N prognostictool

ÅProductioncycle>15 yearsfor integrationof tradionalhistologyand 
clinicaldata

Å30 pathologists

ÅBlue print for other diseases

ÅRiskyashypothesis-drivenresearch: considerableriskof failuredue to
e.g. unsatisfactoryreproducibilityin the handof non-experts

ÅResults(onlyhistology) weakerfor IgAvasculitisόtǳǊǇǳǊŀ {ŎƘǀƴƭŜƛƴ-
Henoch) Barbour et al. Manuskript in Review



ML reproductionof Oxford classficationfor
M, E, S, C: MESCnn
ÅOnlyglomerularcomponents(M, E, S, C)
ÅSupervidedapproach
ÅDataset of n=6206 exper-labeledglomerularimages(split n=4298 training, 

n=1908 validation), 3 institutionsό.ŀǊƛΣ YǀƭƴΣ {ȊŜƎŜŘύ
ÅSample sizeaugmentationwith auto augmentCubuket al. arXiv2019

ÅSeveralrecentConvNetsand a Vision Transformer

Altini et al. in review



Dataset for MESCnn
ÅMesangioproliferation(M_score)

Å No = 2494

Å Yes = 1855

Å Null = 1860

ÅEndocapillary hypercellularity (E_score)

Å No = 6022

Å Yes = 187

ÅGlomerulosclerosis (S_score)

Å No = 3941

Å Segmental = 737

Å Global = 1531

ÅActive crescent (C_score)

Å No = 5795

Å Yes = 414
Altini et al. in review



Resultsfor MESCnn

Altini et al. in review



End-to-End MESCnnwith WSIs asinput

Å>10k annotatedglomerulifrom
PanGNdataset
ÅMaskR-CNN variansas

architectureHuang et al. In Proceedings of
the IEEE Conference on Computer Vision and 
Pattern Recognition 2019)

ÅOn Detectron2-Platform
ÅAP=63.8-65.1% (64.5ҕ0.4 %), 

AP50=78.2-80.1% (79.4ҕ0.9 %), 
AP75=72.3-73.8% (73.2ҕ0.6 %) 
on the test set
ÅIntegriert in QuPathals QUIGS 

(QuPathIntefacefor
Glomerulus Segmentation)

Altini et al. in review



Expert WSI labelsvs. WSI labelsreconstructed
from individual expert glomeruluslabels

Expert WSI vs.
Kappa

M E S C
Reconstructedfrom 
glomeruluslabels

0.716 0.447 0.926 0.817

efficientnetv2-l 0.178 0.476 0.571 0.694
efficientnetv2-m 0.716 0.423 0.429 0.757
efficientnetv2-s 0.716 0.578 0.468 0.818
densenet161 0.178 0.485 0.483 0.939
densenet121 0.639 0.185 0.446 0.756
resnet50 0.178 0.413 0.353 0.818
resnet34 0.000 0.230 0.446 0.573
mobilenetv2 0.602 0.522 0.343 0.757
squeezenet 0.404 0.000 0.542 0.000
PretrainedViTB32 0.288 0.256 0.188 0.000
PretrainedViTL32 0.049 0.000 0.507 0.000

Altini et al. in review



Inter-rater intraclass-correlationcoefficient

Glomerular
expert label vs.

ICC(3,1)
M E S C

efficientnetv2-l 0.781 0.790 0.617 0.648
efficientnetv2-m 0.891 0.742 0.779 0.712
efficientnetv2-s 0.836 0.774 0.713 0.569
densenet161 0.769 0.746 0.648 0.614
densenet121 0.869 0.801 0.853 0.624
resnet50 0.768 0.819 0.697 0.484
resnet34 0.632 0.689 0.738 0.585
mobilenetv2 0.779 0.814 0.706 0.644
squeezenet 0.845 0.000 0.720 0.000
PretrainedViTB32 0.589 0.716 0.322 0.158
PretrainedViTL32 0.399 0.336 0.576 0.000

Altini et al. in review



MESCnntool permitsqualitycontrolby
nephropathologists

Altini et al. in review



Glomerularclusteringwith uMAP
Image-label 
trained

MESC-trained

Altini et al. in review



Lessonfrom theseexperiments

ÅRare histologydescriptorsaredifficult to reproducefor expertsand 
difficult to train

ÅProblematicfor predictors, for whicha singlepositive instancewould
flip the class(=changein prognosis, =treatment approach)

ÅLevel-section-basedassessmentdifficult to reproducefor ML

ÅHigh labelingeffort for nephropathologists

ÅML will deliverbetter reproducibility

ÅFulltransparency/supervisionpossible

ÅNosurpassingof what human nephropathologistscanachieve



Nomorefully supervised
approachesfor me



Antibody-mediatedrejection(AMR)

ÅOftencauseby under-immunosuppresion(lack of adherence)

ÅOneof the mostcommonreasonfor chronictransplant loss

Å{ŎƘǿƛŜǊƛƎŜ 5ƛŀƎƴƻǎŜΣ ƘŅǳŦƛƎ ƎǊƻǖŜ 5ƛǎƪǊŜǇŀƴȊΣ ǎŜƭōǎǘ ȊǿƛǎŎƘŜƴ 
Experten

ÅDiagnosticcriteria: immungeneticfindings(donorspezificantibodies), 
immunostainingfor C4d, in isolationrelativelyunspecifichistology
findings(e.g. Banff LesionScores and AdditonalDiagnostic
Parameters)

ÅDifficult to treat



AMR accordingto Banff Classification

Txvasculopathy
Endarteriitis Tx-glomerulitis

Txglomerulopathie Peritubularcapillaritis
C4d positivity



aAMRdiagnosiswith NanoString
transcriptomeanalysis
Ån=96 biopsies, 2 institutionsόYǀƭƴΣ wƻǘǘŜǊŘŀƳύ

Ån=32 aAMR, n=32 Borderlineand TCMR (without AMR), n=32 without
rejection

ÅBanff Human Organ Tx(B-HOT) Panel and (amended) Element Panel 
from Banff 2017 update Loupy, Am J Transpl2018

Åо Ȅ нл ҡƳ paraffinsections, RNAEasyFFPE Kit

Å13/96 (14%) B-HOT, 28/96 (29%) not analysable

Varol et al. Transplantation 2022



aAMRdiagnosswith Nanostring

Varol et al. Transplantation 2022

AMR vs. noAMR BL or TCMR vs. noRejection



AMR diagnosiswith ML

ÅSemi-supervisedapproach(biopsylabel, binaryα!awά ǾǎΦ αnoAMRά

ÅN=89 biopsies, n=51 AMR, n=38 noAMR, onlyYǀƭƴ

ÅOnlyPAS-WSIs

ÅN=1655 glomerulartransections, expert-annotated

Cicaleseet al. MICCAI 2020



MorphSetarchitecture

Cicaleseet al. MICCAI 2020



AMR diagnosiswith ML

ÅEfficientNet-B3-Encoder 
trainedwith fully-supervided
expert consensuslabel

ÅSemi-supervidedConvNet
modeland MorphSetasleast 
asgoodasfully-supervided
model

Cicaleseet al. MICCAI 2020



12 classGN diagnosis

ÅSemi-supervisedapproach

ÅN=350 biopsies, onlyPAS, 12 classesof DbΣ п LƴǎǘƛǘǳǘŜ ό.ŀǊƛΣ YǀƭƴΣ 
Lille, Szeged)

ÅUnevenlydistributed, from n=16 dor DenseDeposit-Disease (DDD) to
nҐпт ŦǸǊ IgA-GN

ÅExpert-annotatedand automaticallysegmentedglomeruli

ÅComparisonto SOTA multiple instancelearningarchitekturesCLAM 
Mahmood et al. Nat Biomed Eng, 2021and DTFD-MIL Zhang et al. arXiv, 2022

Cicaleseet al. in preparation



Development of MILxFormerfrom MorphSet

ÅSoft Markov Chain Monte Carlo Sampling insteadof MC Sampling

ÅMILxUp: implementationof MixUpZhang et al arXiv2020sample size
augmentation

Cicaleseet al. in preparation
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Development of MILxFormerfrom MorphSet

ÅSoft Markov Chain Monte Carlo Sampling insteadof MC Sampling

ÅMILxUp: implementationof MixUpZhang et al arXiv2020sample size
augmentation

ÅMILxScale: 4 different resolutionsfrom 400 x 400 to 1100 x 1100 as
sample sizeaugmentation

ÅMILxDrop: dropout (removalof corruptedfilter nodes) in order to
improvegeneralisation

Cicaleseet al. in preparation



MILxFormerarchitecture

Cicaleseet al. in preparation

Unlimited input
channels, combining
different modalities



Mean AUC MILxFormeron PanGN:
Expert-annotatedglomeruli

Cicaleseet al. in preparation



Automaticsegmentation

Cicaleseet al. in preparation



Mean AUC MILxFormeron PanGN:
Automaticsegmentedglomeruli

Cicaleseet al. in preparation



Mean AUC CLAM and DTFD-MIL on PanGN:
Expert-annotatedglomeruli

Cicaleseet al. in preparation



Integration of clinicaltabulationwith histology:
Treatment responsewith SRNS

ÅSteroid resistantnephrotic
syndrome: podocytopathy
predominantlyin children

ÅCause: defect in podocyte-
relevant genes or unknown
circulatingfactor (T cell-
secreted?)

ÅHistology: minimal change-
nephropathy, FSGS, diffuse 
mesangialsclerosis(DMS)


