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State of the Art

Most common hereditary disorder causing ESRD
Lifetime risk of developping ADPKD ~1 in 1000 individuals

Prevalence of ADPKD ~1 in 2500 individuals
6-10% of ESRD patients
Renal cysts

ADPKD

« Begin in utero
« Develop in tubules

« Separate from tubules

*  Grow slowly

« Full of secreted fluid

« Compress adjacent capillaries and tubules
High variability in term of disease severity
A systemic disorder: liver cysts, vascular complications

Bergman C et al., Nat Rev Dis Primers, 2018, 4(1): 50.
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PKD genes and proteins
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Comec-Le Gall E, Alam A, Perrone RD, Lancet, 2019, 393: 920
Harris PC at al., Nature Reviews Nephrology, 2010, 6:197-206
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Introduction: ADPKD, a strong genetic
heterogeneity

Genetic heterogeneity in ADPKD:

Two « main » genes
PKD1 (16p13.3) 75% of the pedigrees
PKDZ2 (4921) 15-18% of the pedigrees

oy - P <0.001

084

067

>2000 mutations described | _ _ _ _ _ _ _ _ _

Strong influence on disease severity 04 I
1
pxmm
Non PKD1/non PKD2 7% = :
GANAB (11g12.3) N=741 1
1

204

DNAJB11 (3g27.3) : '
Other genetic diseases (HNF1B...)
Genetically unresolved cases

Hughes et al.,, Nat Genet 1995; 10: 151—-60. — Mochizuki et al., Science 1996 Science
1996; 272: 1339—42 — Cornec-Le Gall et al., J Am Soc Nephrol 2013; 24: 1006—13
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Diagnosis of ADPKD
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Diagnosis of ADPKD

Bilateral NO
kidney cysts Consider differential
diagnostics
DNJAB11, GANAB,
ADPKD in HNF1B, ARPKD,
one of the ADPLD ...
parent?
Genetic
YES analysis
YES

Typical
imaging?

Abdominal ultrasound: Age-

YES dependant criteria (Pei/Ravine) DIAGNOSIS
(15-39y and >3 cysts, elc ...) OF ADPKD

exclusion
needed <30y Or genetic analysis

Pei et al., JASN 2009, 205-212 and JASN 2015; 26: 746-53
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Bilateral cysts are not always ADPKD

F 35y F 46y
eGFR 74ml/min/1.73m? eGFR 104ml/min/1.73m?
Negative family history Positive family history
COL4A1 OFD1
(HANAC syndrome) (oro-facio-digital sd)

M, 64y, F 37,
eGFR 44ml/min/1.73m? eGFR 39ml/min,
Positive family history Positive family history (mother)
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A new phenocopy: DNAJB11-associated nephropathy

¥v" Normal-sized polycystic kidneys,
=\ evolutionto atrophy
/ .\

Marked interstitial fibrosisin non-

cystic parenchyma
iP v" Polycystic liver disease can be
_ present
s cycl? v" ADPKD imaging diagnosis and
chaperoning /-1? prognosis criteria cannot be used M - 68y — ESRD
&4 UPR
\ UPR E 120+ "
i il N g " " P=0.604
| = - L -
st £ Y - b K
*. Endoplasmic Reticulu E 801 s ®
E N A Female
60+ Nata e
. . x X * Male
Q 40 Nio
— e
Mutations to DNAJB11 cause & . T
defective PC1 maturation e * ushlhee

Age (years)
Cornec-Le Gall et al ..Harris PC, 2018, AJHG (102):832—844
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Assessment of prognosis in ADPKD
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Prognostic value of Total Kidney Volume

Kidney Volume (ml)

Kidney function

T T T T T T T T T
10 15 20 25 30 35 40 45 50

Age 0 20 30 40 50
Age (years)

Variability of TKV growth rate: ~5-7% /year [<0.5 - >20%)]
Strong correlation between TKV growth rate and subsequentloss of eGFR

Grantham JJ et al, NEJM 2006, 354, 2122-2130
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How to measure TKV?

In research setting : In clinical setting:
Stereologic and planimetry methods Ellipsoid method

KV=
m/6 x length x widthx depth
ll\ =
[/ .

Average time: 45 minutes Average time: 7 minutes

Bae KT, Nat Rev Nephrol. 2010 Feb;6(2):96-106 — VVan Gastel M et al, J Am Soc Nephrol.
2019 Aug;30(8):1514-1522 - Irazabal et al., J Am Soc Nephrol 2015; 26: 160—172

"

TKV=73 (area x slice
i thickness)

™

TKV=
N organ voxels
x voxel volume
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Using age-related HtTKV: The Mayo Imaging Classification

Class1C Class1E

Male, 33 years Male, 32 years Male, 30 years
eGFR=97 ml/min/1.73m* eGFR=112 ml/min/1.73m? eGFR=114 ml/min/1.73m?

HtTKV 222 ml/m HtTKV 452 ml/m HtTKV 1396 ml/m
Class 1A Class 1C Class 1E
o,
Class 1E >5 /D/y o

—_— ol
£ B000|
“_E‘ Classﬂ4.5-6%l/y »
= 4000 E T0
=~
b4 £ &0
= o Patient class 13-4, 5%/y E
‘g 1000 g "
3 40
3 “53%1 § »
T 400 . ®
% — e Class 1A 2
2™ 2 <1.5%/y 10

15 20 25 30 35 40 45 50 55 60 65 7O TS 80 o

0 2 4 & 8 W0 12 M % B 20

Age (years) Years from THV

Irazabal et al., J Am Soc Nephrol 2015; 26: 160-172
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Atypical imaging in ADPKD (Class 2):
Do not use TKV!

Female, 44 years
eGFR=114ml/min/1.73m?

Atypical bilateral
presentation

N Jee N/l

Female, 65 years Female, 68 years
eGFR=55 ml/min/1.73m? eGFR=18 ml/min/1.73m’
Lopsided kidneys Bilateral kidney atrophy

GANAB PKD2 DNAJBT1

Comec-Le Gall E, Alam A, Perrone RD, Lancet, 2019, 393: 920
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Using genetic and clinical data: the PROPKD score
(Predicting Renal Outcome in ADPKD)

Genkyst
Variable Category Pts
F |
Gender emale 0
Male 1
No 0
Hypertension < 35 yrs
Yp y Yes 2
At least one urological No 0
complication < 35yrs Yes 2
PKD2 0
Mutation PKD1/Non-Truncating 2
Inclusion of all consenting ADPKD PKD1/Truncating 4
atients in 24 public and private -
P P P TOTAL 0 to 9 points

nephrology or hemodialysis center of
the western part of France
2969 patients

Cornec-Le Gall et al., J Am Soc Nephrol 2016; 27: 942-951
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Using genetic and clinical data: the PROPKD score
(Predicting Renal Outcome in ADPKD)
9 101 LowRisk
& MedianAge at Yearly eGFR decli§E
8 o ESRD 70.6 yrs —
E [63.6-84.5] _ o T P<0001 .; P<0005
.;a_u Intermediate Risk g
I MedianAge at E sl
H ESRD 56.9yrs 8
s [50.7-65.4] £
E 0.2 g
g High Risk E »
O 0 i @
0 30 40 5‘0 B0 L] a0 a0 MEdlanAge at E
Age ESRD 49yrs 2
¢ [43.8-55.6] S 2
[+ 4
Variable N HR 0.95 Cl P Value &
Low-Risk 326
Intermediate 455 3.72 2.89-4.78 <0.001 Low-risk Intermediate High-risk
N=180 N=202 N=78
High Risk 192 108  8.06-14.7 <0.001
Cornec-Le Gall et al., J Am Soc Nephrol 2016; 27: 942-951
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Therapies in ADPKD
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General measures

Maintenance of optimal weight (Normal BMI)
Limit dietary salt intake to 5g per day
Limit protein intake to 0.8 g/kg/j
Water intake +++
Protect large kidneys from trauma

Early monitoring and treatment of hypertension

Chebib F, Torres VE, CJASN 2018; 13: 1765-76.
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Management of hypertension

KDIGO guidelines
RAAS inhibitors in first intention (ARB or ACE inhibitors) +++
BP target: 140/90 mmHg, 130/80 mmHg if albuminuria >30mg/g

HALT Study A: Targeting lower BP

74 === Standard blood pressure
== = Low blood pressure U

7.34

In individuals <560y with GFR>60 ml/min,

and no cardiovascular disease:
Ambulatory BP target: 110/75 mmHg

724

714

L, Total Kidney Volume (ml)

7.04 T Low blood pressure, 5.69%/yr
) =, | Standard blood pressure,
o 6.6%/yr
o V Difference, -1.0 percentage
=1-F points/yr (95 % Cl-16t0-0.2)
- P=0.006
0 X ) &0
Follow-up (mo
P

KDIGO guidelines, Kidney int, Suppl. 3, 1-150 (2015)
Schrier et al., NEJM, 2014: 371: 2255-66
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Mutations in PKD1 or PKD2 lead to a reduction in
intracellular calcium and an increase in cAMP

Tubular cyst lumen Primary cilia

PC1

P2 Impaired

tubulogenesis

—

Fluid secretion

K

MAPK
mTOR

Wnt

sz’ N

Cell proliferation ATP ¥
AC6 L
B Increased in ADPKD
[ Decreased in ADPKD

Cornec-Le Gall E, Alam A, Perrone RD, Lancet, 2019, 393: 920
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Tolvaptan in early-stage PKD: TEMPO 3:4

1445 subjects

18-50 years
TKV > 750 ml ‘ randomization 2:1

Creatinine clearance (CG) >60ml/min 36 months

Total kidney volume Kidney function

Tolvaptan  seseeees Placebo

— Tolvaptan sesssees Placebo

40

204 3

B -2.7mi/minly

-20-

Change in Total Kidney Volume
(%)

B -3.7mliminly

-40-

Change in Kidney Function
(reciprocal serum creatinine [mg/mli]-})
=
L

r T . —T T T T T T
Baseline 12 24 36 Baseline 4 § 12 16 20 24 28 32 136

Months Months

49% reduction in TKV growth 26% reduction in GFR decrease

Torres VE et al.,N Eng J Med 2012,367:2407-18
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TEMPO 3:4 - Effect on kidney pain

Clinically significant pain (pharmacologic treatment or intervention)
Part of the composite secondary outcome

Hazard ratio, 0.64 (95% Cl, 0.47-0.89)
® 03 P=0.007 by Cox model
8
£
Placebo
E 0.24 e 16.8%
> L. e
@ s
= I_.___l
5 01 " Tolvaptan 10.1%
E I = wees
3 a-"'-l
0.0 2 T T T T T T T T 1
Baseline 4 8 12 16 20 24 28 32 36
Study Month
No. at Risk
Tolvaptan 961 870 835 811 792 776 763 752 744 642
Placebo 483 472 463 454 446 438 428 422 418 359

Risk reduction for clinically significant pain: 36% (HR 0.64; 95% CI, 0.48-0.86)

Casteleijn NK et al., Am J Kidney Dis. 2017, 69(2): 210-219.
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Screening
period
1-2 weeks*

18-55 y and eGFR 25 to 65 ml/min/1.73m?
56-65 y and eGFR 25 to 44 ml/min/1.73m?2

Placebo
run-in
1 week

—

Overall trial duration 15 months

TOLVAPTAN in late-stage ADPKD : REPRISE

1370 subjects
randomization 1:1

with eGFR decline >2ml/min/y 12 months
Randomized-withdrawal design
Off-drug baseline  Randomization Off-drug follow-up

Tolvaptan
titration
2 weeks

Tolvaptan
nun-in

Chronic double-blind treatment
3 weeks

12 months

F/u
3 weeks

< >
2 endpoint: Slope of eGFR from placebo run-in to F/U

Torres VE et al., Am J Nephrol. 2017 ; 45(3): 257-266
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TOLVAPTAN in late-stage ADPKD : REPRISE
n T/P
Main primary: 1 year-change in eGFR All e 668/663
TOLVAPTAN -2.34 mi/min || PLACEBO -3.61 ml/min <55y | res  572/560
0-0 | >BDy e 96704 |
e P<0.0001 Female | ~ee  327/341
. & & Male Lo 341/322
o i 5
5 _ 2 3 White e 614/610
8F g e ol Non-white = 54753
Em 4= h I ;
€ 44| B ? e ) i :
bE . y i ¥ <45ml/min L 432/423
= . >45ml/min . e 236/240
g" -4 ! I B I I .
- o CKD2 +——+— 31/38
o = 9% CKD3a L e 206/196
CKD3b e 294/304
i i i v CKD4 =_= 137/125
_5:2 1 0 1 2 3 4 5 & 7 & 9 10 11 12 Follow-up us [— 286/281
hinad o Other countries R 382/381
0 2 4
Main secondary: eGFR slope difference of 1ml/min/y
(-3.16 vs -4.17 ml/min/y)
Torres VE et al., N Engl J Med. 2017, 377(20):1930-1942
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Extrapolation of Tolvaptan benefit
on delaying ESRD

Based on TEMPO3:4 Based on REPRISE

60

= Treatment with Tolvaptan

eGFR (mlimin/1.73m?)
F
w

eGFR (mlimin/1.73m?)

w
=]

"0 5 10 15 20 25 30 o 4 8 12 16 20
Years till ESRD Years till ESRD

Chebib F et al, JASN October 2018, 29: 2458-70
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Tolvaptan — Main adverse events

TEMPO 3:4 REPRISE
Tolvaptan run-in - 1 y double-blind

Thirst 55.3% (versus 20.5%) 28.7% - 13% (versus 1.9%)
Polyuria 38.3% (versus 20.5) 31.7% -5.3% (versus 1.6%)
Nocturia 29.1% (versus 13%) 20.5% -4.7% (versus 1.8%)
ELSUC;:;:?:?;:ZL?Uei’;c:lts G2/ 0o~ 2 1% (vorsus 0.1%)
Fatigue 13.6% (versus 9.7%) 4.3% - 6.8% (versus 3.5%)
Liver: ALT>3N 4.4% (versus 1%) 5.6% (versus 1.2%)

Risk factors of discontinuation: - Youngerage
- Preserved renal function
- High fasting urine osmolality

Torres VE et al., N Engl J Med. 2017, 377(20):1930-1942
Torres VE et al.,N Eng J Med 2012;367:2407-18— Devuystet al, Kidney Int Rep. 2017 Jul 21;2(6):1132-40
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Liver enzyme elevation and Tolvaptan

RepRise

2;: 7 | Adjudicated as “Probable” or “Highly Likely" (TLV: 16/35) 0.06- Hazard ratio, 4.91 (95% Cl, 2.29-10.53)
2 o’us T HysLaw: ts6042s1 i s Tolvakan
&
25 oord o
8% tal ALT>3N: 4.4% 0.04+ ALT>3N: 5.6%
- >
0% 005 - Tolvaptan | o
ci
88 ! 002 ALT>3N: 1.2%
g3 499 ALT>3N: 1% ' i
) 0.02 - Placebo
x Placebo 0.01
o 00 T

0.00 I I I L 1 1 1 1 L 1 0.00 T T T T T T T T T T T T ]

0 4 8 2 % 220 24 28 2 % 0 30 60 90 120 150 180 210 240 270 300 330 360 390
Months in Study
Hy’s law (ALT=3N and Bili>2N): 2 cases No case meeting Hy’s law

(+1 in the open label extension study)

Watkinset al, Drug Saf., 2015, 38(11):1103-13- Torres VE et al., N Engl J Med. 2017, 377(20):1930-1942
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Tolvaptan: Liver enzyme monitoring

REMS (Risk Elevation Mitigation Strategy)
ALAT ASAT Bilirubin week 2 and 4, then monthly until M18, then every 3 months

Mulitiple signs and symptoms highly

AST, ALT, bilirubin
Increased to >2 times ULN (fatigue, ,,m:‘ dve of mfm&'::, quadrant pa

Or > 2 times baseline (even if < 2x ULN) or tends fever, rash, dice, pruritus, abd

[ Hold tolvaptan ]

¥

Repeat LFTs within 48-72 hours J [

AST, ALT, bilirubin
Increased to 2 3 times ULN

n

Assess for other etiologies
(other diseases, drugs, exposures)

Increased to Stable or Additional work-up and expert
z3 times UI.N imprwed consultation if needed

explanation for liver injury frequent

Permanerltfv discontinue Reinitiate
tolvaptan unless other tolvaptan with
and injury resolved monitoring

All patients with evidence of possible drug-induced liver injury should be followed
until all abnormalities return to normal or to the baseline state.

ChebibF etal., J Am Soc Nephrol. 2018 Oct;29(10):2458-2470
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European Medical Agency
Therapeutic indication of Tolvaptan

Tolvaptan is indicated to slow the progression of cyst development and renal
insufficiency of autosomal dominant polycystic kidney disease (ADPKD) in adults
with CKD stage 1 to 4 at initiation of treatment with evidence of rapidly
progressing disease

Evidence of rapidly progressing disease?

Mayo Imaging classification 1C, 1D, 1E
Or PROPKD High Risk (+ intermediate?)
Or history of decline of eGFR >5ml/min in 1 year, or >2.5ml/min/y during 5y

https://www.ema.europa.eu
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No apparent benefice of Tolvaptan in
PROPKD Low-risk patients

eGFR decline miminy)

LR IR+HR ALL
Tolvaptan = Placebo O e T oo st
Low-Risk (n=132) 79 53 05
Intermediate Risk (n=344) 226 118 bl
High Risk (n=273) 167 106 2 |
25 4| Tt Y
81.8% classified as Intermediate or High risk : _ l I \_r
P=0.72
35
4 - :
Placebo group Age at TKV growth eGFR decline g P<0.0001 P <0.0001
baseline %ly ml/min/y [l Tolvaptan
Low-Risk 43.6 5.11 2.58 [] Placebo
Intermediate 39.5 4.72 3.53 No benefit of Tolvaptan
High Risk 36.3 6.75 4.1 on eGFR decline in the

PROPKD Low-Risk Group

Cornec-Le Gall E et al.,, NDT 2018, 33: 645-652
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Somatostatin analogs (SSA) in ADPKD

Study SSA eGFR Nb of TKV eGFR
patients
ALADIN (ltaly)  Octreotide >40 40/39 TKV growth at eGFR decline at

3y: negative 3y: negative
DIPAK1 (NL) Lanreotide 30-60 154/155 TKV growth at eGFR decline

2.5y: positive 2.5y: negative
ALADINZ2 (Italy) Octreotide 15-40 51/49 TKV change at eGFR decline at

1y: positive 3y: negative
LIPS (France) Lanreotide 30-89 90/90 Ongoing

Caroli et al., Lancet. 2013, 382:1485-95 - Perico et al., PLoS Med. 2019, 5;16(4)
Meijer et al., JAMA. 2018, 320:2010-2019 - https.//clinicaltrials.qov/
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DIPAK: Lanreotide in late stage ADPKD

Open label study

18-60 years _ , - 309 subjects, randomization 1:1
eGFR 30-60 ml/min/1.73m 30 months

Secondary outcome: Change in

Primary outcome on treatment: Change in eGFR HITKYV before vs after treatment

1 P=0.81 4
ol O _ : | P=0.02(-24%)
= 3, |
3 454 =
s I = =
| U = =
E 404 =] L5 T |
— = -+
£ ‘& —
c} 9.4 =l
-1} 3 E )
37 5 T
=
o
30— . r - . . 2
0 12 24 36 43 60 72 B84 96 108 120 132 E 2-
Weeks
No. of patients 14
Lanreotide 153 145 143 142 145 144 138 132 140 136 135 114
Control group 152 148 148 143 144 147 141 140 144 137 142 141 o
Lanreotide Control
n=125 n=132

Meijer et al, JAMA. 2018, 320:2010-2019
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DIPAK: Tolerability
Lanreotide (n=153) Control (n=152)

Abnormal feces 91% 6.6%
Abdominal disconfort 79% 20%

Fatigue 42% 21%
Injection site disconfort 32% 0.7%
Nausea 29% 4.6%
Dizziness 20% 7.9%
Flatulence 18% 0%
Bradycardia 15% 10.7%

Chest pain 7.8% 1.3%

HbA1c increased 5.2% 0.7%
Serious adverse event 28% (2.6% withdrawal) 12.5% (1.3% withdrawal)
Hepatic cyst infection 5.2% 0%

Meijer et al, JAMA. 2018, 320:2010-2019
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ALADIN2: Octreotide in late stage ADPKD

Placebo-control
>18 years _ , — 100 subjects, randomization 1:1
eGFR 15-40 ml/min/1.73m 36 months

Primary outcome : change of TKV

P=0.0024

1500 ] Bl Fiaceto S
i Octreotide-LAR

£
H
‘g? 1000
é P=0.0273
3 I
Y s
H
&

0

1 year 3 years

Perico et al., PLoS Med. 2019, 5,16(4)

Nephro Update Europe 2019

NEPHRO UPDATE EUROPE 2019




Page 18 Hot Topic: ADPKD, E. Cornec-Le Gall

ALADIN2: Octreotide in late stage ADPKD

Secondary composite endpoint of

Co-primary outcome: doubling SCr or ESRD

eGFR decline during follow-up

Placebo

E. Crude HR (85% Cl}:  0.412 (0.188-0.859), P=0.028 (Evants: n=21)
= Adusted®  HR (5% CIE  0.317 (0.134-0.752), P=0.009
PlaCEDO octre otide_LAR Adjusted” MR (95% Cl);  0.307 (0.127-0.742), P=0.009
Baseline 258 27,8
eGFR ml/min/1.73m? ml/min/1.73m? P
eGFR

- 3.97 ml/minfy - 3.76 ml/min/y

Octreotide LAR

decline (Events: n=9)

0.00

0 12 24 36 months
Patients at risk
Flacebo 49 46 38 20
Octreotide-LAR 51 45 37 23

Perico et al., PLoS Med. 2019, 5,16(4)
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Ongoing Phase 3 trials

(ongoing or starting in 2020)

Study name PA-ADPKD-301 STAGED-PKD FALCON KD019-2011 METROPOLIS
s s Nrf2 activator : Stimulation of
Class V2RA GSC inhibitor (NF_KB inhibitor) EGFR inhibitor AMPK
Molecule Lixivaptan Venglustat Bardoxolone Tesavatinib Metformin
(palladio) (Sanofi) (Reata) (Kadmon) (Bari, Italy)
Number of . . ; : 3
participants 1200 (2:1) 560(1:1:1) 300(1:1) 100(1:1) 150(1:1)
Control group Placebo Placebo Placebo Placebo Tolvaptan
:381:'2%0 18-50y 18-70y 18-60y 18-50y
Inclusion SMI 18-35 eGFR 45-90 eGFR 30-90 eGFR>25 eGFR>45
Min Osm >300 Mayo 1C/D/IE ~ (30-44if =56y) Mayo 1C/D/E PKD1 trunc
" TKVat 1y
Primary TKVat 18m eGFRat 1y
eGFRat 1y TKV at 18m eGFRat 2y
outcome(s) eGFRat 2y Safety TKV at 2y
Duration 1 year 2years 2 years 2 years 2 years

https://clinicaltrials.gov
Comec-Le GallE, Alam A, Perrone RD, Lancet, 2019, 393: 920
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Emerging treatments: Venglustat

Cell proliferation
(Akt-mTOR pathway)

<

Glycosylcéramide GSC inhibitor  PCY

GSCs m‘hasé(
Céramide — Sphingomyelin
synthesis = SRR

Vehicle GCS inhibitor

De novo

Sphingosine Pkdfcond+ 1

Sphingosine-1-P

- Increased in PKD
Natoli et al., Nature Med 2010, 16:788-792
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Take-Home Message

* Importance of blood pressure monitoring, preferably using RAAS
blockers

* Tolvaptan is effective in reducing kidney growth and preventing
decline of renal function and presumably delaying the need for renal
replacement therapy. Selection of rapidely progressive patients can
be made based on age, eGFR, HtTKV, and genetic information.

+ Trals testing somatostatin analogs did not demonstrate a significant
effect on reducing eGFR decline (to date), and showed that SSA
are associated with higher incidence of adverse events.

« Other molecules are under clinical or preclinical trials. Stay tunned!

Nephro Update Europe 2019
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