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Wat is kunstmatige intelligentie (AI) en waarom is dit nuttig?

Resultaten Nierstichting project DEEPGRAFT

Leuk die AI, maar wat nu?
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De patholoog







Formaline + paraffine (kaarsvet) Vloeibare stikstof (-180 gr C)







Patholoog = patronen van ziekte herkennen

Combinatie patronen + klinische interpretatie = diagnose



Patronen van ziekte herkennen

Ontsteking

Litteken of schade

Infecties

Toxiciteit



Ontsteking

Litteken of schade

Infecties

Toxiciteit

Ernst afwijking?

Hoe uitgebreid?



our being unable to circulate larger numbers of photo-

graphs (Table 4). As one might expect, the biggest ap-

parent difference is in tubulitis, in which finding the

“most severely affected tubule” at a high magnification

is a difficult task with a microscope slide, eliminated in

a photograph.

In contrast, some features produced kappa values for

grading photographs that were almost identical for those

produced when grading slides. This was found where

grading depends on an assessment of the “area affected”

by the process under consideration: interstitial fibrosis,

tubular atrophy, and lymphocytic infiltration. In this situ-

ation evaluation is usually made at lower magnification;

it would appear that there is disagreement between pa-

thologists in what level of change constitutes “affected”

rather than difficulty in finding the relevant lesions (Fig. 3).

DISCUSSION

It must be recognized that when a grading system is

applied to a continuum of biologic change, it is an arti-

ficial human construct designed to facilitate measure-

ment and communication. The “correct answer” is

merely than that which is agreed by international con-

sensus or defined by some reference laboratory. Indi-

vidual pathologists are remarkably good at detecting

quantitative differences and can distinguish differences

as small as 5% between test slides.3 The problem we

have is in translating that skill into a scheme that allows

different pathologists consistently to make the same

comparison, hence reducing interobserver and interinsti-

tutional variation.

When a biochemical assay passes from being a re-

search tool into routine clinical practice, evaluation and

validation procedures are rigorous. An assay accepted in

research publications is not deemed suitable for clinical

use unless there is documented evidence of its reproduc-

ibility, not just in the originating research laboratory but

in all laboratories where it is used. Thereafter, laborato-

ries are expected to participate in external quality assess-

ment schemes to confirm that measurements provided

from a single sample do not vary significantly between

laboratories. In this way, results generated in one labo-

ratory are made meaningful elsewhere. This is vital if the

results of clinical trials of therapy are to be translated

accurately into routine practice. Of course, differences in

technical procedures such as biopsy size, fixation, sec-

tioning, and staining can also influence interlaboratory

variation and should be incorporated in a full assessment

of interinstitutional variation. These variables are not

considered in this study, as all the pathologists graded the

same slides, so the true magnitude of the practical prob-

lem may be even greater than we report here.

TABLE 3. Linear regression analysis of kappa values
against the batch number (1 to 14) for each group of

slides circulated, testing against the null hypothesis that
the slope is zero (ie, there is no change

in reproducibility)

Slope 95% CI p value

Acute glomerulitis −0.007 −0.021 to 0.006 0.256
Arteriolar hyaline −0.001 −0.013 to 0.012 0.916
Interstitial fibrosis grade 0.000 −0.013 to 0.014 0.970
Intimal arteritis 0.011 −0.013 to 0.035 0.361
Intimal thickening grade 0.009 −0.006 to 0.025 0.216
Mononuclear infiltration grade 0.013 −0.001 to 0.027 0.068
Tubular atrophy grade −0.009 −0.023 to 0.004 0.169
Tubulitis 0.012 −0.001 to 0.025 0.073

FIG. 2. Variation from the average grading of tubulitis by
individual pathologists before and after the introduction of
graphic feedback. Each line represents one pathologist.

TABLE 4. Reproducibility of grading photographs
compared to grading the same features on microscope

slides. Kappa values

Slides Photographs

Acute glomerulitis grade 0.195 0.224
Arteriolar hyaline grade 0.235 0.527
Interstitial fibrosis grade 0.295 0.259
Intimal arteritis grade 0.378 0.693
Intimal thickening grade 0.375 0.704
Mononuclear infiltration grade 0.347 0.309
Tubular atrophy grade 0.284 0.297
Tubulitis grade 0.214 0.61

TABLE 2. Comparison of kappa values achieved
before and after the initiation of graphical

performance feedback

Before After Change p value

Acute glomerulitis 0.193 0.193 0.000 0.980
Arteriolar hyaline 0.233 0.221 −0.012 0.922
Interstitial fibrosis grade 0.306 0.249 −0.057 0.348
Intimal arteritis 0.327 0.415 0.088 0.494
Intimal thickening grade 0.360 0.333 −0.027 0.820
Mononuclear infiltration grade 0.320 0.391 0.071 0.224
Tubular atrophy grade 0.314 0.213 −0.101 0.196
Tubulitis 0.160 0.279 0.119 0.056

P. N. FURNESS ET AL.808

Am J Surg Pathol, Vol. 27, No. 6, 2003

0 = geen overeenstemming

1 = volledige overeenstemming



Mate van overeenstemming is relevant voor de patient!

Q1 (veel overeenstemming)

Q2 …

Q3 …

Q4 (weinig overeenstemming)
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Kan kunstmatige intelligentie helpen patronen te herkennen?





Patholoog: Visuele

patroonherkenning
Computer visie: van pixels naar kennis



AI + patholoog = betere diagnostiek



Doelen DEEPGRAFT (DEEP learning on kidney GRAFT biopsies 
2018 - 2024

1. Eerste ontwikkeling van AI speciaal voor nierbiopten
2. Beter begrijpen/visualiseren van de AI patronen



Samenwerking Radboud UMC, Nijmegen



Samenwerking Radboud UMC, Nijmegen



Samenwerking Universiteit Leiden



Annoteren kost veel tijd en expertise!



Trainen met “zwakke” labels

Normaal?

Afstoting?

Iets anders?





Normaal?

Afstoting?

Iets anders?

Van pixel naar barcode

“ChatGPT” voor pathologie

Neuraal netwerk op 

barcodes
Classificatie







Gehele classificatie voorspellen!

Van pixel naar barcode Speciaal neuraal netwerk Kans op afwijking



Banff-NET litteken nier Banff-NET ontsteking nier

Ten opzichte van consensus 67 pathologen



Banff-NET heeft hogere accuratesse dan 80% van de pathologen



Tubulitis op Amsterdamse biopten (gezien tijdens trainen)

Tubulitis op Radboud biopten (nooit gezien door Banff-NET)



Acute 

tubulusschade
Ontsteking kleine 

vaatjes

Banff-NET herkent meerdere afwijkingen per regio



Banff-NET herkent moeilijke en lokale afwijkingen



Impact voor patienten: Implementatie kliniek!                         Samenwerking UMC 

Utrecht



Impact voor patienten: Certificering FDA/EMEA



Publicaties DEEPGRAFT

Hermsen et al. 2019 JASN

De Bel et al. 2019 proc mach learn res

Farris et al. 2020 Am J Transplant

Bulow et al. 2020 Kidney Int

Hermsen et al. 2021 Lab Invest

Zhang et al. 2022 ArXiv

Kers et al. 2022 Lancet Digital Health

Vasey et al. 2022 BMJ

Vasey et al. 2022 Nature Medicine

Hermsen et al. 2022 Am J Pathol

Roufosse et al. 2023 Am J Transplant

Farris et al. 2023 Transplant Int

Xiong et al. 2023 ArXiv

Vo et al. ArXiv

Tasca et al. 2024 Nature Reviews Nephrology

Tam et al. 2024 Front Transplant

Brussee et al. 2024 ArXiv

Presentaties op uitnodiging DEEPGRAFT

Banff Foundation 2019, Banff, Canada

AITRAC CARE-DX 2020, San Francisco, VS

TTS 2020, Seoel, Korea

European Pathology Conference 2021, Gotenborg, Zweden

TTS 2022, Buenos Aires, Argentinie

Banff Foundation 2022, Pittsburg, VS

Hot topics in transplantation 2023, Genua, Italie

Deep learning for renal pathology 2023, Chongqing, China

USCAP-RPS 2023, New Orleans, VS

Swiss Society for Pathology 2023, Lausanne, Zwitserland

ERA 2024, Stockholm, Zweden

Brazilian Society for Pathology 2024, Belem, Brazilie

ATC 2024, Philadelphia, VS

UK Kidney week 2024, Edinburgh, Schotland

Precision medicine course 2024, Bari, Italie

Banff foundation 2024, Parijs, Frankrijk

Saudi Society for Pathology 2024, Riyadh, Saoedi Arabie

Deep learning for pathology course 2024, Salvador, Brazilie



Het talent!

Giorgio Buzzanca (PhD student LUMC) Weakly supervised learning, GNN modeling

Ling He (Postdoc LUMC) Semantic segmentation modelling

Zhan Xiong (PhD student LIACS) Instance/panoptic segmentation modelling

Jia Li (PhD student LIACS) Weakly supervised learning

Siemen Brussée (PhD student LUMC) Weakly supervised learning, GNN modelling 

Pieter Valkema (PhD student LUMC) Software engineering, segmentation modeling

Groep Aiko de Vries, LUMC

Groep Frederike Bemelman, AUMC

Groep Peter Boor in RWTH Aachen

Groep Maarten Naesens, KU Leuven

Groep Jeroen van der Laak, RUNMC

Groep Tri Nguyen, UMC Utrecht

Groep Anne-Roos Schrader, LUMC

Collega’s nephropathologen en nefrologen

Fellows nefropathologie Amsterdam UMC



Nierbiopten beoordelen 
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Jesper Kers, MD, PhD
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Je hebt zojuist een presentatie van de Nierpatiënten Vereniging Nederland 
bekeken of bijgewoond.

Hiermee willen we niet alleen onze leden, maar alle nierpatiënten informeren 
over nierziekten en het leven ermee. Ben je geen lid, maar sta je achter het 
werk van de NVN? Steun ons dan met een gift. Zodat we mooie 
webinars/themadagen kunnen blijven maken. Wij zijn blij met elke bijdrage! 
Scan hiervoor deze QR-code.

DANK!!
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