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Integrative analysis of prognostic biomarkers derived from

multiomics panels helps discrimination of chronic kidney disease
trajectories in people with type 2 diabetes
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=]Joslin Diabetes Center, Boston
®1990s : recruitement of 410 patients with type 2 diabetes

v' initial characteristics

v plasma markers of systemic inflammation, endothelial dysfunction ...
=12 years of follow up : 84 deaths + 59 ESRD

Niewczas et al. JASN 2012



« Of the examined markers, TNF receptors 1 and 2 associated with risk for ESRD »
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TNFR1 predicted risk for ESRD even
better than urinary albumin excretion

Nonproteinuria Proteinuria

P P

a a
HR?® (95% Cl) Value HR® (95% Cl) Value

Clinical
predictorh
HbAlc 1.56(0.86,2.82) 0.14
AER 2.23(1.11,4.48) 0.02

1.24 (0.96, 1.61) 0.10
2.52(1.14,5.56) 0.02

eGFR 1.10(0.72,1.67) 0.67 1.37 (1.11, 1.69) 0.004
Individual
marker®
free TNFe  2.22(1.20,4.12) 0.01  1.21(0.81,1.81) 0.34

(
total TNFa  2.53(1.25,5.13) 0.01 2.61(1.42,4.81) 0.002
TNFR1 7.11(2.13, 23.6%9) 0.0004 7.05(2.23, 22.30) 0.0018
TNFR2 3.82(1.59,9.20) 0.0008 5.88(2.10, 16.43) 0.0013

%

Niewczas et al. JASN 2012



Table 3. Discrimination statistics for models including circulating biomarkers

Model C-statistic (95% CI) NRI (95% Cl) IDI (95% CI) AIC BIC
eGFR and UACR 0.673 (0.618, 0.728) 209.0 217.1
Base model 0.711 (0.659, 0.762) 200.7 261.7
Additional markers info base model
+Anti-EPOR antibodies 0.746 (0.698, 0.795)° +0.596 (0.400, 0.792)° +0.105 (0.074, 0.136)" 180.7 2458
+TNFR1 0.733 (0.684, 0.783)" P = 0.003 +0.504 (0.308, 0.698)° +0.073 (0.025, 0.076)° 191.5 256.5
+TNFR2 0.722 (0.672, 0.773)° +0.411 (0.215, 0.607)° +0.041 (0.022, 0.060)° 194.4 259.4
+BMP-7 0.742 (0.694, 0.790)° +0.628 (0.432, 0.824)° +0.074 (0.049, 0.100)° 179.1 2442

Base model included age, sex, duration of diabetes, history of macrovascular and microvascular disease, smoking habit, systolic blood pressure, HbAlc, eGFR, log-transformed UACR,

body mass index, and rand

ized treatment allocation (blood pressure and glucose lowering). AIC, Akaike information criterion; BIC, Schwarz Bayesian information criterion; BMP, bone
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morphogenetic protein; eGFR, estimated glomerular filtration rate; EPOR, erythropoietin receptor; IDI, integrated discrimination improvement; NRI, net reclassification improvement;
TNFR, tumor necrosis factor receptor; UACR, urinary albumin/creatinine ratio.
*Values indicate significant improvement (P < 0.001) compared with base model.
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Les différentes formes cliniques et
évolutives de la néphropathie diabétique

DT1vs DT2 Dbrares Histoire naturelle Histoire naturelle A DFG Hématurie Histologie Remission Regression
classique moderne rapide



Formes cliniques : diabete de type 1 vs type 2
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[ T1DM with proteinuria } ‘ T2DM SURDIAGENE J [ T2DM DIABHYCAR ]

n=456 n=1,468 n=3,137
Excluded (n=179): Excluded (n=1,236): Excluded (n=2,427):
- follow-up <1 month - follow-up <1 month - follow-up <1 month
-ESRD at baseline - ESRD at baseline -ESRD at baseline
-UACR <30 mg/mmol - UAC <200 mg/l
allzzuT;:rZ:;:p;:rgéﬁn Primary endpolnt: Primary endpoint:
n=277 all-cause death or ESRD ’ all-cause death or ESRD
n=232 n=710
~
Excluded (n=138): Excluded (n=1,260): Excluded (n=2,505):
- patients with a sole eGFR determination - patients with a sole eGFR determination - patients with a sole eGFR determination
y. - UACR <30 mg/mmol - UAC <200 mg/l
Secondary endpoint: C Secondary endpoint: Secondary endpoint:
decline of renal function analysis decline of renal function analysis decline of renal function analysis
n=318 n=208 n=632
(6,572 eGFR determinations) \__ (4,832 eGFR determinations) (3,042 eGFR determinations)

=> once baseline risk factors were taken into account,
the risk for death, ESRD and renal function decline did
not significantly differ between type 1 diabetes and
type 2 diabetes.
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Hadjadj S et al, Diabetologia 2016



Formes cliniques : diabetes de cause rare

Tableau 1. - Principaux diabétes monogéniques et syndromiques
susceptibles de se présenter avec un phénotype de diabéte de type 2.

e DIABETES SYNDROMIQUES
# Hémochromatose (HFE)
Mucoviscidose (CFTR)

 DIABETES DE TYPE MODY
MODY 2 (GCK)
MODY 3 (HNF-1a)
mmp MODY 5 (HNF-1p)
MODY 1 (HNF-4a)
Mutations du géne de I'insuline (INS)
Formes exceptionnelles de MODY : MODY4 (PDX1), MODY é (NeuroD1), MODY 7 (CEL)

* CYTOPATHIES MITOCHONDRIALES
MIDD, MELAS (3243 A > G)
Autres formes, Syndrome de Kearn-Sayre, Syndrome de Pearson

e AUTRES DIABETES MONOGENIQUES
# Pancréatite calcifiante familiale
Hyperinsulinémie de I'enfance (KIR 6.2, ABCC8)

Pierre-Jean GUILLAUSSEAU, 2011



Histoire naturelle classique (DT1)

Hyperfiltration glomérulaire

Altérations rénales anatomiques
Elevation de la PA

Microalbuminurie

Protéinurie

10
temps (annees)

Mogensen CE et al. Diabetes 1983 ; 32 : 64-78.



Histoire naturelle classique (DT2)

Cohorte UKPDS (5097 DT2 incidents)

0,1%
(0,0% 20,1 %)

0,1%
(0,1 % 202 %)

0,3 %
(0,1 % &0,4 %)

Pas de néphropathie

2,0 %
(1,9 % 222 %)

14 %
(13 %215 %)

2,0 %
(2,5 % 43,2 %)

30 %
(2,6 % 23,4 %)

23%
(1,5 % 23,0 %)

46 %
(36 % 25,7 %)

Insuffisance rénale

avancée

102%
140 % 2244 %)

* néphropathie = augmentation du
risque de déces cardiovasculaire

* atous les stades de néphropathie, le
risque de décés surpasse celui de
passer au stade de néphropathie
suivant.

UKPDS 64. Adler Al et al. Kidney Int 2003 ; 63 : 225-32.



Histoire naturelle moderne



Cumulative hazard of ESKD
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Histoire naturelle moderne

2. déclin du DFG

Joslin Clinic patients (DT1)
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Histoire naturelle moderne

3. risques compeétitifs
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Histoire naturelle moderne

A new paradigm of
diabetic nephropathy

Normoalbuminuria

Healthy patients with T1D

Nouveau paragidme

D¢lin précoce du DFG >> albuminurie

10-15%

Krolevski et al. Kidney Int. 2017



Formes avec déclin rapide du DFG
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Formes avec déclin rapide du DFG

UK Clinical Practice Research Data Link GOLD (CPRD) were followed
from CKD diagnosis (n = 30,222)

Proportional hazards regression models in 30,222 patients with associated diabetic nephropathy

estimating time to cardiovascular

disease outcomes by updated mean and updated estimated glomerular filtration (eGFR) slope

*
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Kidney Int Rep (2020) 5, 1651-1660



Table 1 Baseline characteristics of the patients with/without hematuria

Hematuria No-hematuria
N=91 N=306 P value L4 °
Age, years 59.1+10.8 57.3+11.5 0.2 Fo rm es avec h e m atu rl e
Men, n (%) 65 (60) 184 (71) 0.05
BMI, kg/m2 24.7+4.0 23.9+3.7 0.08
Blood pressure, mm Hg
Systole 145+27 132422 <0.0001
Diastole 78+15 75+13 0.04
Smoking, n (%) 0.4 109, e No-hematuria group
Never 30(33) 124 (41) ‘h""“-. Hematuria group
Past 14 (15) 47 (15) -
Current 47 (52) 135 (44)
Diabetic retinopathy, n (%) 58 117 (39) <0.0001 =
Laboratory findings =
Serum creatinine, mg/dL 1.23 0.90 <0.0001 bt
(0.80-1.80) (0.70-1.20) 7
Serum creatinine, pmol/L 108.7 79.6 <0.0001 o
0 (61.9-106.1) S
eGFR, mL/min/1.73m? 61.2 <0.0001 (a's
(43.4-82.0)
Proteinuria, g/day 0.3 (0.1-1.0) <0.0001
HbA1c, % 8.4+2.4 0.1 Log-rank, P <0.0001
HbA1c, mmol/mol 68+26 0.1
Pathological findings 0 ! ! ! ! ! ! !
Glomerular lesion class, n (%) <0.0001 0 > 10 1F50||0W—;l2.l(|)3 year25 30 35
lla 12(13) 115 (38) No. at risk '
b 25(27) 123 (40) No-hematuria group 306 197 128 87 51 21 9 1
I 40 59 (19) Hematuria group 91 41 21 15 11 1
v 14 9(3)
IFTA score, n (%) <0.0001 (Af:jljgstsg |E|?:{5(0§5(c::/|0) - 1 4.11(2.73-6.18), P <0.0001
- :1“‘(24) fif?sz) Model 1: 4.08 (2.70-6.16), P <0.0001
Model 2: 2.07 (1.29-3.34), P=0.03
g she s Model 3: 1.64 (1.03-2.60), P = 0.04
3 34 (37) 45 (15)
Arteriolar hyalinosis score, n (%) <0.02
0 78) 48 (16)
1 22 (24) 98 (32)
2 62 (68) 160 (52)
Arteriosclerosis score, n (%) 0.9
0 17 (20) 61 (22)

1 30 (36) 93 (33) Okada, BMJ Open Diab Res Care 202

2 36 (43) 129 (46)




Formes histologiques : classification



Figure 2. Flow chart for classifying DN.

J Am Soc Nephrol 21: 556-563, 2010



Table 2—Renal structure patterns in patients with type 2 diabetes

Albuminuria category Normoalbuminuria Microalbuminuria Macroalbuminuria

Fioretto et al. (11)
GFR >60 mL/min/1.73 m? (mean GFR

101 + 27 mI/min/1.73 m?) n=34
Number of subjects per category fé fé Cl;:’
Current study
GFR <60 mL/min/1.73 m* n=28 n=6 n=17
Mean MDRD eGFR (mL/min/1.73 m?) 41 £3.0 48 * 4 313
Number of subjects per category Cl €2 3 Cl €2 3 Cl €2 €3
2 3 3 0 5 1 0 17 0

Cl, defined by normal or near-normal histology; C2, defined by histology reflecting typical DN with predominantly glomerular changes; C3, defined by atypical
histology, with disproportionately severe interstitial, tubular, or vascular damage and few or no glomerular changes; MDRD, Modification of Diet in Renal Disease.

| | |

Age
HTA
NAS

Néphropathie diabétique

Ekinci Diabetes Care 36:3620-3626, 2013
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Classe de ND
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Figure 2. Flow chart for classifying DN.
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A The glomerular lesions B IFTA
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Renal histologic changes and the outcome in patients
with diabetic nephropathy

Yu An®, Feng Xu*, Weibo Le, Yongchun Ge, Minlin Zhou, Hao Chen, Caihong Zeng, Haitao Zhang
and Zhihong Liu

National Clinical Research Center of Kidney Diseases, Jinling Hospital, Nanjing University School of Medicine, Nanjing, China

Correspondence and offprint requests to: Zhihong Liu; E-mail: liuzhihong@nju.edu.cn; zhihong-liu@hotmail.com
"Yu An and Feng Xu contributed equally to the work; both are first authors.

Yu, Nephrol Dial Transplant 2015; 30: 155-157.



Formes traitées intensivement



Effect of a Multifactorial Intervention
on Mortality in Type 2 Diabetes
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Figure 5| Kaplan-Meier estimates of the combined renal 10 —
endpoint of progression to glomerular filtration rate <45, end-
stage renal disease, or death. Solid line: intensive therapy group. 0
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Dashed line: conventional therapy group. Adjusted hazard ratio of
0.55 (95% confidence interval: 0.37—0.81; P = 0.003; model 2).
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Gaede et al. New Eng J Med 2008;358:580-91
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Formes régressives



Diabete de type 1

A OUi _s Oui, si on obtient une
* - normoglycémie prolongée
B. Non




« non » Fioretto P, Effects of pancreas transplantation on glomerular
(13 patients) | structure in insulin-dependent diabetic patients with their own
5 ans kidneys. Lancet. 1993 ; 342(8881):1193-6.

« oui » Fioretto P et coll. H. REVERSAL OF LESIONS OF
(10 patients) | DIABETIC NEPHROPATHY AFTER PANCREAS
10 ans TRANSPLANTATION
NEJM 1998 339 p6
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Formes cliniques de néphropathie diabétique

Inconstante

Prévisible

Pieges diagnostiques

Histologie perfectible = indications, informations
Formes normoalbuminuriques

Déclin précoce du DFG

Déclin rapide du DFG = marqueur de risque CV fort
Rémission : traitement intensif et précoce

Régression |



