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Analyses of the short- and long-term graft survival after kidney
transplantation in Europe between 1986 and 2015

-
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»5 &
Improvement of 1 Deceleration since

— 135 Transplant centers 3 108,787 transplantations
//"'. P
kidney allograft : 2000 (P<0.05)

survival /

controlled for short term
demographic evolution

Short-term improvement

short term
< 5 yr post-transplant

long term

long term Long-term improvement

P

. v Tinnuitant
1986 1996 2000 2006 7T Sldoshion imidat. bl

management over lime

Donor  Recipient i
'
g 44£13 yr 49+13 yr 54213 yr
]
e |
39+14 yr . S YT Donor age
i
o 26.0% ) = 44.5% Expanded criteria donors

Conclusion

- Short-term improvement of kidney graft survival decelerated significantly since 2000
- Long-term improvement of kidney graft survival remained stable over the past 30 years
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IFTA Foci Density As A Predictor of
Death Censored Allograft Failure

KIDNEY360

Accessing Our World From Every Angle

Kidney Transplant
Recipients Reference
n=835

0 7 Banff ci score
2000-2013 . (p<0.0001)

0,

5-year Surveillance 7 0 ( f{;';;:ﬂ
Kidney Biopsy and . p=v.
Subsequent F/U

0 4 IFTA foci

i density mm?

Banff ci Score = (0<0.0001)

(Interstitial Fibrosis),
% IFTA* and IFTA
Foci Density

0.89

* IFTA, Interstitial Fibrosis Tubular Atrophy c-statistic

Death-censored
allograft failures

Correlation with allograft failure after
adjusting for other Banff scores or

n=58 clinical variables

1<
22.2
1.3

Banff ci score did not correlate
with allograft failure

HR 1.56
HR 2.34

Higher % IFTA
(p<0.0001)

Higher IFTA
foci density
(p<0.0001)

Model using just % IFTA and IFTA foci density without
clinical characteristics correlated with allograft failure

All but 4 allograft failures by 10 years had biopsies in the top quartile of either % IFTA or IFTA foci density at 5 years

Conclusions: Morphometric characterization of IFTA foci density is a
failure not captured in current

strong predictor of death censored allograft fa
Banff classification for grading of kidney fibrosis.

Aleksandar Denic, Andrew D. Rule, Walter D. Park, et al. IFTA Foci Density: An
Unrecognized Highly Prognostic Measurement of Fibrosis in Kidney Transplant
Biopsies. Kidney 360. DOI:10.34067/KID.0000000000000514

Visual Abstract by Edgar Lerma, MD, FASN
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Tubular atrophy & interstitial fibrosis

Arteriolar hyalinosis & glomerulosclerosis

Declining GFR

11

4
IF/TA >
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DGF diagnosas

= [LIrine wolumea

= Renasl functaan

= Renal biopsy

= Functional imaging
= Biormarkears

Pretranspiantation
l}t:nru:-r

-A.gﬂ

Recipient fa
= BME = 30

s Dhalysais re
» Diabates

Denor factors

* Livirg vs deceased
» SCOD/ECDYDCD

Ciors

= Male gender

= AL background

guiremant

= HL& Emmumization

Posttransplantation

P-Eﬂu-peq‘all'.ra lasions

&S & &

Heanal

tdeal donor

fumnction —I

Organizational factors

» Warm Ischarmsia time

= Cold Ischamia time

» Cold storage solution

= Machine perfusion vs
codd storage

Marginal domnor l_‘\‘_‘
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Antibody-mediated rejection Cellular reir_son

* Complement dependent cytotoxicity

» Antibody dependent cellular cytotoxicity
= Endothelial cell activation

+FSGS BK nephfﬂpath}

* Immune complex deposition
* Pauci immune GN

= Interstitial nephritis

-

Chronic glomerular injury \-.. Chronic tubulointerstitial injury
» Basement membrane ' « |nterstitial fibrosis
* Duplication * Hyalinosis « Tubular atrophy

. *Arterial wall thickening

-

* Mesangial sdams-ls/

e

CNI nephrotoxicity Hﬁﬁz{{ﬁﬂﬁ ‘l.ﬁ“

Pretransplant injury \

* Arteriosclerosis AT Thrombotic * Vasoconstriction

. Glomerylosderosi_s » Tubular toxicity

. !alchemla reperfusion s Endothelial injury
injury wibrotic cytokines

= ATN/AKI
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Proximal tubule injury

Cadherin

Basement
membrane

Metabolism B ER stress, UPR, autophagy
{ Fatty acid oxidation Autophagosome 4 Secretion of
} Oxidant stress DI damage formation cytokines and

Ferroptosis Cell cycle arrest @ chemokines
Lipotoxicity Regulated necrosis }
CKls
ToreBing
4G~ G, G,

Dedifferentiation

= - =]

Loss i:_uf brush border
¥ Cadherin
dvimentin, TXNDCS

Expression of collagen and immediate
early genes regulating repair
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»Vasoconstrictors

. CNI
Vasodilators (Angiotensin II/Endothelin/
+(PG/NO) > ' Tbx)

l

Renal vasoconstricyion

VGFR

Acute nephrotoxicity

HMGB1-250mbm030Lv)3¢0gds

Time — anati

B < L

*Hypoxia
ROS

Tubulo-interstitial fibrosis

/’l “——Intersticial inflammation

Chronic nephrotoxicity
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BK polyomavirus byazmm3smono

Clinical manifestations of BKPyV infection
in kidney transplant recipients

L@
@
®

®

BKPyV nephropathy

Interstitial inflammation

@ (ﬂ Tubulitis

] ¢
{
@)

@g? [

o)

24
= o-%— Tubular cell

apoptosis and
desquamation

Ureteral stenosis

Urothelial
cancer

Hemorrhagic
cystitis
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Antibody-mediated rejection Cellular rejection

« Antibody depadent cellular cytotoxicity - Tubuliis
» Endothelial celNctivation - Endothelialitis

«FSGS - Arteritis BK nephropathy

* Immune complex deposition '
* Pauci immune GN P 0 = Interstitial nephritis

F— v i

Chronic glomerular injury ndothelial/ vascular injury Chronic tubulointerstitial injury
» Basement membrane Basiiment membrane duplication » Interstitial fibrosis
* Duplication : « Tubular atrophy

* Mesangial sdams-ls/

e

CNI nephrotoxicity Hgg:{:ﬁgtti:nﬂ

Thrombotic = asoconstriction

Pretransplant injury \

« Ryteriosclerosis
« GlOWgerulosclerosis

: : = Tubular toxicity
’ !af:he g reperfusion » Endothelial injury
injury * Profibrotic cytokines

= ATN/AKI
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3b@nbbynMdn; gob3nmmogdnmao dmiEneyos Antibody-mediated rejection
(ABMR)
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GN Recurrence Risk Factors Graft loss Treatment
FSGS 30% - Aggressive primary disease 30% Plasmapheresis
- Recurrence in former graft Rituximal
- Non-genetic (except NPH2 mutation)
MM 30-75% - Anti-PLAZR 4 at diagnostic 50% of recurrence Rituximalb or
- Elevated Anti-PIAZR titter at transplant or after when graft loss occurs Cyclophosphamide
- HLA-D and PLA2R specific mutations
lgA Nephropathy 30% - Not well-defined 10% Avoid steroid withdrawal
Late recurrence - Steroid withdrawal
MPGN Polyclonal Ig 30% - Low C3/C4 blood levels 10% Rituximal
Monoclonal Ig 70% 509%
C3GN T0% - alterations in the regulation of the alternative pathway Eculizumab (?)
of the complement cascade
DDD 80-90% 25%

FSGS, Focal segmental glomerulosclerosis; MN, Membranous nephropathy; MPGN, Membranoproliferative glomerulonephritis; C3GN, C3 glomerulonephritis; DDD, Dense
deposit disease. The symbol (?) pretend to express that evidence is scarce.



Recurrence of Focal Segmental Glomerulosclerosis after |
Kidney Transplantation in Adults CJASN

Recurrence of FSGS

32% ==

[ Risk Factors for recurrence]

Eoatranspiant Hazard Ratio
Glomerular Disease

Project (TANGO) * 1 .37

39%

7
<4b>, Observational Old age per decade (ni=57) (22 of 57)
Amuh (:0951:50) Recurrent FSGS Graft loss
“"' International O 2. 1 4 Median IQR: 5 years
White race (1.08-4.22) Response to treatment of recurrent FSGS

HH  wostons M 0.89 @ 81% 21% 36% 43%

25 S
per Kg/m (h=61) (=13 | (=22 |(n=26)
se0ee (0.83-0.95) : ‘ :
ITTYTY  Kidney transplant ’a / Plasmapheresis + | Complete E Partial i No ,
?iii recipients 2 76 Rituximab were the ’»..“Ftemiseion: Remission ! F{esponse‘“.?

nephrectomy (1.16-6.57)  treatments

| Audrey Uffing, Maria José Pérez-Saez, Marilda Mazzali, et al. Recurrence of
gl sl e LU S lom Ll - Focal Segmental Glomerulosclerosis after Kidney Transplantation



HLA-D and PLAZ2R1 risk alleles associate with recurrent primary

membranous nephropathy in kidney transplant recipients.

Methods Aims and Cohorts

248 Patients with MN 60 pairs with non|

recurrent MN J

45 pairs with
recurrent MN )

NGS 'séajeﬁé:ing
105 pairs recipient /donor

HLA-D locus

NGS sequenced and

|

P LAZRi e PLA2R status
MN associated Are they associated
SNPs with MN recurrence
allotypes w— after
haplotypes transplantation?

Results

- We identified MN associated SNPs and HLA allotypes

- Seven SNPs located between HLA-DRB1 and HLA-DQA1
and 3 SNPs in the PLA2R1 region when present in the donoi
were associated with disease recurrence after transplantation

f Genetic risk score (GRS)

The combination of the two SNPs most predictive o
recurrence at each locus identified a group of patients witt
\_high risk of recurrence

-

ROC curve analysis
The addition of the GRS to the clinical variables and

| PLAZR status increased the prediction performance

CONCLUSION:
Recurrent MN is driven by donor variants

Berchtold et al, 2020

i kidney

INTERNATIONAL

in HLA-D and PLA2R1 loci, irrespective of
PLAZR status




What do we know about IgA recurrence in adult |
Kidney transplant recipients? CJASN

Retrospective Cohort Study Associations with IgA Recurrence Time To IgA Recurrence
DSA prior to transplant and recurrence Cumulative Incidence of Recurrence
Post-Transplant Glomerular
TANGD picease (TANGO) Project . HR 2.74 19% 23%
(95% C1 1.22-6.14) "'} (95% C112 - 26) (95% CI 14 - 34)
De novo DSA and recurrence Median Time to Recurrence
« Multicenter, international
w 16 Centers in Europe, — HR 6.65 * 3.4 years
\ North America, South America (95% C1 3.33-13.27) (IQR 1.4-5.7 yr )
Graft Survival after IgA Recurrence Treatment of IgA Recurrence
\ IgA nephropathy diagnosis
by biopsy in native kidney _Gran 1year 94% @ AL or AN TS5
n= 504 Survival . Pu'.. l I l 2‘%
5years 83% Increase MMF or add steroids 10%
ﬁ January 2005 to : @ Cyclophosphamide 4%
December 2015 8years B68% o faatonck 1%

Audrey Uffing, Maria José Pérez-Saéz, Thomas Jouve, et al. Recurrence of IgA
after Kidney Transplantation in Adults. CJASN doi: 10.2215/CJN.00910121
Visual Abstract by Sinead Stoneman, MB BCh BAO, MRCPI




IMMUNE-MEDIATED MPGN C3 GLOMERULOPATHY

DENSE
DEPOSIT
DISEASE

RECURRENCE +++ (early) +++ (early) +++ (early)
PATHOGENESIS Classical or lectin complement system Alternative complement system '. >
HISTOLOGY Glomerular immunoglobulin deposition (+C4d) Glomerular C3 + electron dense deposits >
SCREENING C3/4 level + plasma cell dyscrasia C3/4 nephritic factor and genetic mutations
(monoclonal proteins) of complement regulatory proteins
INVESTIGATIONS: Kidney biopsy (LM,IF [Ig subtypes),EM, proteomic), serum/urine QEP, SFLC, complements, antibodies/genetic mutations,
bone marrow aspirate/ trephine, hepatitis serology
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Pre-transplant | Post-transplant
(J R Tacrolimus / CsA I j
(o mTOR inhibitors
Post-transplantHG
Age O (049
Obesty  \§f - -
CKD @
PKR Preserved beta cell
Genetics function PTD patient
Beta cell dysfunction
I; "’ Insulin resistance
T | Weight gain
High risk patient — ¥ e
insulin resistance | 1/ mTOR inhibitors




HARMS

ABMR

CNI toxicity

GN Recurrence FSGS
MN
lgA Nephropathy
MPGN

Diabetic nephropathy recurrence
Reduce proteinuria
Infection CMV

BK virus

IR

Current therapeutic strategy

Plasma exchange + Ivig

CNI minimization strategies
Plasma exchange + Rituximab
Cyclophosphamide / Rituximab
Reduce proteinuria

BP control
Eculizumaby/Rituximab

Insulin

Therapeutic personalized strategy
Viremia monitoring

Donor/Reipient serology screening
Stepwise drug adjust

imTOR 4 tacrolimus

Minimize cold ischemia time
Perfusion machine

Future strategies

Bortezomib (NCT01399593, NCTO1567085)
C1 esterase inhibitor

Tocilizumab

Mollecular matching organ allocation
Personalized CNI dosing

Rituximab

Rituximab

Eculizumab/Rituximab
iSGLT2

BK virus IVIG

Cidofovir, Leflunomide, others
C1 esterase inhibitor

CNI delayed introduction
Others

Some therapeutic efforts are made lo minimize its impact and new strategies are currently under development to address each one of these issues.



Antibod- ..ediated rejection Cenw. > rejection

e Cellular cytote
- Tubulitis

- Endothelialitis

- Arteritis BK nephropathy

plement dependent cytotoxicity
ibody dependent cellular cytotoxicity
Endothelial cell activation

* FSGS
* Immune complex deposition
* Pauci immune GN

= Interstitial nephritis

Wbulointerstitial injury

Chronic glomerula Chronic endothelial/ vascular injury
» Basement memb » Basement membrane duplication lerstitial fibrosis
* Duplication * Hyalinosis

« Mesangial sclerosi!

Recurrent UTI

Pretransplant injury

obstruction
« Arteriosclerosis el
eGlomerulosclerosis | 9y 3 BTN g .- -.--.
- :xﬁm'& Teparen  Endothelial injury
« ATN/AKI » Profibrotic cytokines



REPORTS
Volume 9, Issue 4, Supplement, April 2024, Pages S475-5476 et

Kidney International Reports I

WCN24-1775 Clinicopathological Results of
Percutaneous Transplant Kidney Biopsy as a
Marker of Graft Survival in Georgia

Nora Sarishvili 1, Miranda Tsilosani 2, Imra Tchokhonelidze 3




Variable N=126

Age (years)

Mean (SD) 37.2[14.0]
Median (IQR) 35[28-47]
Male, n (%) 45 (35.7%)
Living donor, n(%) 116 (91%)
Group of diagnosis, n (% of all biopsies)

Normal biopsy findings 8(6.3%)
Infections and tubulointerstitial nephritis (TIN) 5(3.9%)
Acute tubularinjuries (ATN and acute CNI - toxicity) 17 (13%)
Chronic changes including IFTA 67 (53%)
Vascular disease 1(0.8%)
Glomerular disease 32 (25%)
Minor abnormalities 1(0.8%)
Borderline changes 22 (17.4%)
Rejections

Acute TCMR 29 (22.7%)
Chronic TCMR 1(0.79%)
Chronic_active TCMR 7 (5.56%)
Active ABMR 10 (7.94%)
Chronic ABMR 4(3.17%)
Chronic_active ABMR 4(3.17%)
Combined active ABMR and acute TCMR 0
Combined chronic ABMR and chronic TCMR 1(0.79%)
Time between kidney transplantation (KT) and KB, median (IQR) months 30([7-66]

KT-KB time, categorical (%), months

<1 month 14 (11.0%)
1-6 months 11 (8.7%)
6-12 months 17 (13.4%)
12-60 months 51 (40.2%)
60— 120 months 23(18.1%)
>120 months 11 (8.7%)

Follow-up time after biopsy in months, median (IQR) 25(5-55)
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Evaluation of non-invasive biomarkers of kidney allograft

® N
rejection in a prospective multicenter unselected cohort study kldney G Y | S N
{EU'TRAIN) INTERNATIONAL 1(

INTERNATIOMAL SOCIETY
OF REPHROLOGY

STUDY AIM STUDY DESIGN RESULTS

Prospective multicenter unselected
cohort of 412 adult kidney transplant
patients from 9 European centers J

To assess the added
value of blood gene

——

expression proﬁling (funded by the European Commission, grant No added value of the 23 . I_ll
and non-HLA agreement no. 754995) EU-TRAIN biomarkers 3 —
antibodies to detect L7, Inclusion at transplantation (AKR1C3, CD3E, CD4, ' f
kidney allograft C) Follow-up for 1 year CD40, CD8A, CD9, CTLA4, |
rejection beyond 812 allograft biopsies performed JE{.)’;TJ:;_%}I?' };U?S);igi Gﬁff;ﬂBE_; :
standard of care between 2019 and 2021 AL, ’ ,» 3
parameters POUZ2AF1, POU2F1, .
' | Standard of care parameters TCLIA, TLR4, TRIB1 & s -
ClinicalTrials.gov, =| &circulating anti-HLA DSA AT1R, ETAR, C3aR, C5aR
NCT03652402 i i
19 blood mRNA biomarkers & antibodies) o _ _ :
@) el siibocies BEYONE Shar i o) oo e um
L ! X . parameters an = SOC + biomarkers: ROC-AUC 0.78 (85% C1, 0.67-0.88)
Primary outcome = allograft rejection circulating anti-HLA DSA.
= Antibody-mediated rejection g
HORIZON 2020 * T cell-mediated rejection T : T v T
*  Mixed rejection B
Goutaudier et al, 2024 CONCLUSION In this large, prospective, multicenter and unselected cohort of deeply

phenotyped kidney transplant patients, the 23 EU-TRAIN blood mRNAs and non-HLA

antibodies targeting endothelial antigens did not show clinical utility in detecting
allograft rejection.




Elevated serum creatinine

Y

Clinical evaluation
Dehydration/diarrhea
Sepsis/fever
Hypotension
Nephrotoxins

| MSU: MC&S .

Y

Transplant
ultrasound o
for obstruction

v I

Obstruction:
urological management

Fluid push
IV fluids or oral hydration
& repeat creatinine

“@ececes » Pattern: Acute, subacute, or chronic

e

Serum creatinine
remains elevated

CNI level high Reduce CNI dose 7
Acute nephrotoxicity & repeat creatinine
I With:
CNI level low Possible late Transplant Cad
Variable / absent —— acute rejection — biopsy SV40T
Noncompliance check DSA IF
EM
inalysi Establish
l:‘g:‘n;x]sr:: Possible glomerulonephritis etiological
proteinuria or transplant glomerulopathy diagnosis
y
BK virus NAT » Possible BKVAN Treat pathophysiological
>10,000 copies/mL cause of dysfunction
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Reparation
Mechanism

Machophages

Renal progenitor Cells

Tubular regeneration

Stem cells

Potential therapeutic
target

Cell therapy

FPodocite loss biomarker

To control crescent
formation

Senolytic stretagies
“AKI to CKD" minimization
MSC-based therapy

Current limitations

M1-M2 phenotype
plasticity

Cell obtention
Pre-clinical phase

Pre-clinical phase

Legal/Administration
restrictions

Low-grade evidence



Ridney Transplant

Post Tep BEY gPCR monthly % 12 months

BY Viremida = 3000 < 10000 cople o'mil _ BE Viremia > 10.000 I.J'.II.'III-.'"J,I"T'I‘IL

Reduce MMF by 505

Tacrafimus trough 5-8 ng/mL

Cylex |
< 3,000
< 225 Resume
Baseline IS
225-500 Resume
Baseline 15
=500 Resume
Baseline IS

L

3000 - 10,000
Reduce MMF by 50%:; Tacrolimus
trough 5-8 ng/mL
Reduce MMF by 50%; Tacrolimus
trough 8-10 ng/mL
Leflunomide; Reduce MMF by

205%; Tacrolimus trough 8-10
ng/mL; Cidofovir if refractory

BRY gPCR g 2 weeks and Cylex g
monthly until BKV <3000 copies/mL

BEV gPCR (copies/mL)

Biopsy;
Add Leflunomide; Stop MMF
Tacrolimus trough 5-8 ng/mL

> 10,000

Add Leflunomide; Stop MMF
Tacrolimus trough 5-8 ng/mL

Leflunomide; Reduce MME by 50%; Tacrolimus
trough 5-8 ng/mL; Cidofovir if refractory

Leflunomide; Reduce MME by 50%:; Tacrolimus
trough 8-10 ng/mL; Cidofovir if refractory



Traditional CV risk factors for KT recipients  Non-Traditional CV risk factors for KT recipients

Hypertension
Dyslipidemia
Pre and post transplant diabetes
Obesity
Smoking
Familial history of CVD

Immunosuppressive drugs
Rejection episodes
Arterial stiffness

Endothelial dysfunction
Arteriovenous dialysis access

Persistent inflammation

Kidney dysfunction and graft loss

Immunological factors
Antibody-mediated rejection
acute/chronic
T-cell mediated rejection acute/chronic
Microvascular inflammation without
antibodies

High rate of medical events [CV
events and infections leading to
decreased GFR)

Donor quality
Ischemia reperfusion injury
CNI toxicity
Viral nephropathies (PVAN, CMV)
Urologic/vascular complications
(thrombosis, leaks, hemorrhage) and
perioperative events
Recurrent disease

Non-traditional risk factors
CKD-MED after transplantation
Immunosuppressive drug variability
Hypomagnesamia
Metabolic acidosis
Glomerular ischemia







* Chronic Allograft Injury Langewisch, Erict; Mannon, Roslyn B.%?
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