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CKD stage by age®:

at age 18 - 30 yr: CKD 1-3a (eGFR > 45 ml/min/1.73m?)
at age 30 - 40 yr: CKD 2-3a (eGFR 45 - 90 ml/min/1.73m?)
atage 40 -50 yr: CKD 3a  (eGFR 45 - 60 ml/min/1.73m?)

Yes J, No

Historical eGFR decline®, with no other confounding cause than ADPKD®:
1) confirmed eGFR decline 2 5 ml/min/1,73 m? in one year® and/or
2) confirmed eGFR decline 2 2,5 ml/min/1,73 m? per year over a period of five years or more®? No

l, Data not available or not reliable (e.g. in CKD 1)f

Historical kidney growth in typical ADPKD:
(ht)TKV increase more than 5% per year by repeated measurements (= 3)9?
Preferable by MRI (ellipsoid equation)", if not available then by another reliable method (CT) No

l, Data not available or not reliable

Predicted progression by baseline htTKV indexed for age and/or genotype:
1) htTKV compatible with Mayo class 1C, 1D, 1E" or US length >16.5 cm and/or
2) truncating PKD1 mutation + early symptoms (i.e., a PRO-PKD score >6)? No

l, Data not available or not reliable

Predicted progression by family history:
Family history with ADPKD patients reaching ESRD < 58 yr*

Yes Yes Yesv Yes No l
Likely rapid progression Possibly rapid progression
Indication for treatment Re-evaluate

ERA-EDTA recommendations, Gansevoort et al., NDT 2016



Criteria for the prescription of Tolvaptan
(List of Pharmaceutical Specialties)

Typical ADPKD at CKD stage 1-3 with signs of rapid
progression:

e eGFR > 30 ml/min/1.73m?
e TKV > 750 ml

* Any of the following:
— Confirmed eGFR-loss of 2 5 ml/min/1.73m? within 1 year

— Annual TKV increase by > 5% assessed by at least 2 MRI
or CT measurements = 6 months apart

— Mayo class 1 C, 1D or 1E based on age and (ht)TKV
— Truncating PKD1 mutation and PRO-PKD-score >6



Outline of the talk

e Summary of the clinical data on Tolvaptan
— with a focus on recent data

e Guidance on the application of the LS criteria
— taking into consideration the new clinical data
—with an emphasis on imaging methods



Tempo 3:4
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TEMPO 4:4 study design

Screening Baseline Treatment phase (24 months)

All subjects All eligible subjects|
completing
TEMPO 3:4 Day 0 Day 1 Month 1 Month 3 Month 6 | |Month 12| |Month 18| | Month 24
(non-Japan sites) No clinic
-6 weeks visit
to
-1 week

(>30ml/min/1.73m?2
within 45 days prior |f1> Tolvaptan 90/30 mg per day

to baseline) A | O I N I |

Tolvaptan 60/30 mg per day

Placebo Delayed-treated
]

Tolvaptan Early-treated

Subjects asked to titrate to highest dose tolerated in TEMPO 3:4 and could titrate up or down at investigator’s
discretion throughout study.

92% of eligible patients were enrolled.
Time from completing TEMPO 3:4 to enrollment in TEMPO 4:4 varied considerably
(13—829 days, mean 81, median 37)

Torres VE et al. Nephrol Dial Transplant 2017 (epub ahead of print Mar 31)



TEMPO 4:4 results, primary endpoint
Change in TKV from TEMPO 3:4 baseline to TEMPO 4:4
month 24 in early- vs delayed-treated subjects

Percentage change in TKV from TEMPO 3:4 baseline to month 24 visit of TEMPO 4:4
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Tempo 3:4 revisted
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LS Mean

Change in TOL= 9.6% TOL= 8.9%
Kidney Volume PBO=18.8% PBO=18.9%
after 3 years
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Between Group Difference in
Rate of Kidney Volume Growth

N Year 1
12 { &= Year2
N Year 3

ITT, within treatment period ITT, on-drug

Of the difference in TKV growth

between Tolvaptan and placebo

over 3 years in Tempo 3:4 (9-10%)

* 6% ocured in the first year

e 1.5-2% per year thereafter

* these 1.5 - 2% per year are likely
due to an anti-proliferative effect

e 4-4.5% are likely due to an
acute anti-secretory effect



TEMPO 4:4 results

Impact of adjusting for important covariates*
on primary TKV endpoint

Percentage change from baseline in TKV when adjusted for covariates
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*The following variables were included in an unstructured variance covariance matrix with fixed factors as in the
primary analysis, with the addition of copeptin and baseline (TEMPO 4:4) covariates of age, gender, gender visit
interaction, eGFR, eGFR visit interaction, and urine ACR.

Torres VE et al. Nephrol Dial Transplant 2017 (epub ahead of print Mar 31)



TEMPO 4:4: results, secondary endpoint
Change in eGFR from TEMPO 3:4 baseline to Tempo 4:4
month 24 in early- vs delayed-treated subjects

Treatment duration (months)
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Total Kidney Volume Growth (% of Baseline)
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A PKD1-NT/PKD2 PKD1-T
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TEMPO 4:4: conclusions

* Tolvaptan exerts both an acute (anti-secretory) as
well as a chronic (anti-proliferative) effect on TKV
and a relevant part of the effect in Tempo 3:4 was
due to the former

e The effect of Tolvaptan on eGFR seems to be
sustained

e Significant benefits of Tolvaptan were seen only in
patients with more severe disease

 Justifies the limitation for the prescription of Tolvaptan
only to patients at high risk for progression



REPRISE: study design

Patient population:

18-55 years old with eGFR 25-65 ml/min/1.73m?

or

56-65 years old with eGFR 25-44 ml/min/1.73m?

and historical eGFR-decine > 2 ml/min/1.73m? per year

. Placebo Tolvaptan Tolvaptan :
Titration RUN-IN Double-blind Treatment

Follow-Up

1-2 Weeks 1 week 2 weeks 3 weeks 12 months 7 - 40 days
post-treatment
90/30 mg 90/30 mg 90/30 mg
60/30 mg
_Z—
45/15 mg
vV v R M A 2 2
1° Endpoint : i\ Randomization E E E E E E E E 1° Post-treatment
Pre-treatment Off-Drug Baseline E : Day (-1) T Off-Drug F/U
(Mean of 3 sCr) ! E T (Mean of 3 sCr)
v \ A 4 VYVVVVVVVVVY v

Key 2° Endpoint
eGFR slope from placebo run-in to follow-up (model adjusting for acute hemodynamic effect)

Torres VE et al. NEJM 2017;377(20):1930
Use of Tovaptan for ADPKD in CKD 4 is outside of Swissmedic approved indication



REPRISE results: primary endpoint

change in eGFR pre- vs. post-treatment

O Baseline, before receipt
of tolvaptan or placebo
(mean of 3 samples)

[J Tolvaptan (run-in phase)
O Placebo (run-in phase)

® Tolvaptan
A Placebo

O Tolvaptan group,
after completion
of trial regimen
(mean of 3 samples)

Mean Change from Baseline
(ml/min/1.73 m?)

A Placebo group,
after completion
of trial regimen
(mean of 3 samples)

i iii iv

-6 s
-2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 Follow-up
Visit (mo)
'2.34 VS. '3.61 ml/min/1.73m?
change in eGFR

Torres VE et al. NEJM 2017;377(20):1930
Use of Tovaptan for ADPKD in CKD 4 is outside of Swissmedic approved indication



REPRISE results: secondary endpoint
eGFR slope (adjusted for acute effect)

Mean Change from Baseline
(ml/min/1.73 m?)

040

2 3

4 5 6 7
Visit (mo)

8
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12 Follow-up

'3.16 vs.-4.17 ml/min/1.73m? per year

slope of eGFR

Torres VE et al. NEJM 2017;377(20):1930

Use of Tovaptan for ADPKD in CKD 4 is outside of Swissmedic approved indication

O Baseline, before receipt
of tolvaptan or placebo
(mean of 3 samples)

[J Tolvaptan (run-in phase)
O Placebo (run-in phase)

® Tolvaptan
A Placebo

O Tolvaptan group,
after completion
of trial regimen
(mean of 3 samples)

A Placebo group,
after completion
of trial regimen
(mean of 3 samples)



REPRISE results: safety

liver enzyme elevations

ALT AST Lo 0069\ 1azard ratio, 4.91 (95% CI, 2.29-10.53)
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0.9
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0.6
0 ] d I No. at Risk

TOL PLC Tolvaptan 680 677 671 666 657 649 639 632 629 625 620 616 595 36
TOL PLC Placebo 684 680 678 675 673 672 671 668 665 661 660 656 645 40

 More cumulative AST / ALT elevations than in TEMPO
(due to more frequent monitoring)

o All AST / ALT elevations returned to baseline after
interruption of treatment

e No increases in billirubin; no Hy’s law cases



Outline of the talk

e Summary of the clinical data on Tolvaptan
— with a focus on recent data

e Guidance on the application of the LS criteria
— taking into consideration the new clinical data
— with an emphasis on imaging methods
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Re comme ndatlons The Swiss Society of Radiology (SGR- E"

SSR) and the Swiss Society of Neph-
rology Working Group of Inherited

for Diagnostic and Kidney Disorders endorse the scientific content of this

manuscript. The SGR-SSR agrees in particular with the
suggested technique for image acquisition and measu-

Prognostic Evalua" ring kidney volume. The society also agrees on the sug-

tion of Autosomal g
Dominant Polycy- S y'
stic Kidney Disease (ADPKD)

with a Focus on Imaging

Empfehlungen zur diagnostischen und prognostischen
Evaluation der autosomal-dominanten polyzystischen

Nierenerkrankung (ADPKD) mit Fokus auf die Bildgebung ..
Praxis, in press

Andreas Kistler2und Gustav Andreisek??



Criteria for the prescription of Tolvaptan
(List of Pharmaceutical Specialties)

Typical ADPKD at CKD stage 1-3 with signs of rapid

progression:

e eGFR > 30 ml/min/1.73m?

e TKV > 750 ml
* Any of the following:

CKD stage by age?:
at age 18 - 30 yr: CKD 1-3a (eGFH > 453 ml/min/1.73m?)
at age 30 - 40 yr: CKD 2-3a (eGFH 45 - P0 mil/min/1.73m?)

atage 40 -50 yr: CKD 3a  (eGFR\45 -§60 ml/min/1.73m?)
L] v LJ

— Confirmed eGFR-loss of 2 5 ml/min/1.73m? within 1 year

— Annual TKV increase by > 5% assessed by at least 2 MRI
or CT measurements = 6 months apart

— Mayo class 1 C, 1D or 1E based on age and (ht)TKV
— Truncating PKD1 mutation and PRO-PKD-score >6




GFR range for treatment initiation

Given that experiernnge with Tgdvaptan is very
limited in CKD-stage 30-45 ml/min/1.73m?),
we recommend a very rg&trictive initiation of
Tolvaptan in this GF pending further trial
data.

Clinical data now support the initiation of Tolvaptan
In CKD stage 3b

(clinical data support the initiation of Tolvaptan at an
eGFR down to >25 ml/min/1.73m?, but initiation of
Tolvaptan at an eGFR <30 ml/min/1.73m? is currently
off-label)

Kistler and Andreisek, in press



Criteria for the prescription of Tolvaptan
(List of Pharmaceutical Specialties)

Typical ADPKD at CKD stage 1-3 with signs of rapid
progression:

/' eGFR = 30 ml/min/1.73m?

e TKV > 750 ml
* Any of the following:

— Confirmed eGFR-loss of 2 5 ml/min/1.73m? within 1 year

— Annual TKV increase by > 5% assessed by at least 2 MRI
or CT measurements = 6 months apart

— Mayo class 1 C, 1D or 1E based on age and (ht)TKV
— Truncating PKD1 mutation and PRO-PKD-score >6



Criterion: confirmed eGFR-loss of
25 ml/min/1.73m? within 1 year

we suggest that this criterion should not be

commonly used as the sole criterion for rapid
progression

e measurement errors of serum creatinine
e limited accuracy of the CKD-EPI-Formula

e physiological short-term variability of true GFR based
on hydration status, blood pressure and in particular
dose adjustments of ACEI/ARB

 An ADPKD patient with a true GFR loss of 2 5

ml/min/1.73m? per year will usually fulfill other criteria

for rapid progression unless the GFR loss is due to non-
ADPKD-related factors

Kistler and Andreisek, in press



Criterion: confirmed eGFR-loss of
25 ml/min/1.73m? within 1 year

If treatment initiation is based on this criterion

 non-ADPKD-related causes for rapid GFR loss need
to be excluded

e GFR loss must be based on several eGFR-
determinations over time that show a continuous
decline

— We strongly suggest to extend the observation period
beyond one year if feasible and to use at least 4 eGFR
determinations based on the same method and the
same laboratory

Kistler and Andreisek, in press



Criteria for the prescription of Tolvaptan
(List of Pharmaceutical Specialties)

Typical ADPKD at CKD stage 1-3 with signs of rapid
progression:

e eGFR > 30 ml/min/1.73m?

e TKV > 750 ml

* Any of the following:
— Confirmed eGFR-loss of 2 5 ml/min/1.73m? within 1 year

—Annual TKV increase by > 5% assessed by at least 2 MRI
or CT measurements = 6 months apart

—{Mayo class 1 C, 1D or 1E based on age and (ht)TKV

— Truncating PKD1 mutation and PRO-PKD-score >6



Ultrasound CT / MRI

Ellipsoid formula

95%-Cl: £ 25-70%
O’Neill et al., AJKD 2005
Turco et al., AIN 2017

We recommend reporting the maximum diameter of the kidneys in
all three dimensions (perpendicular to each other) and kidney
volume estimation based on the ellipsoid formula whenever an
ultrasound imaging is performed in patients with ADPKD. If the
maximum longitudinal diameter does not fit a single ultrasound
image, panoramic view mode is recommended where available.



Ultrasound CT/ MRI

Ellipsoid formula Stereology
- Kidney length Contour-tracing (manual / semi-automated)
r
 More precise than TKV Mid-slice method
compared to MRI-based ;
measurements Ellipsoid formula

Bhutani et al., Kidney Int 2015

95%-Cl: £ 12-20%

Irazabal et al., JASN 2015; Spithoven et al., AJKD 2015;
Turco et al., AJN 2017



Criterion: Annual TKV increase by 2 5% assessed by
at least 2 MRI or CT measurements 26 months apart

http://www.kidney-international.org original article

© 2009 International Society of Nephrology

see commentary on page 139

Increases in kidney volume in autosomal dominant

polycystic kidney disease can be detected within 6
months

Andreas D. Kistler', Diane Poster', Fabienne Krauer', Dominik Weishaupt?, Shagun Raina’, Oliver Senn’,
Isabelle Binet?, Katharina Spanaus®, Rudolf P. Wiithrich! and Andreas L. Serra’

"Clinic for Nephrology, University Hospital, Zirich, Switzerland; “Institute of Diagnostic Radiology, University Hospital, Ztirich,

Switzerland; *Clinic for Nephrology, Kantonsspital, St Gallen, Switzerland and “Institute for Clinical Chemistry, University Hospital,
Zlrich, Switzerland

Kidney International (2009) 75, 235-241; doi:10.1038/ki.2008.558;
published online 29 October 2008



Criterion: Annual TKV increase by 2 5% assessed by
at least 2 MRI or CT measurements 2 6 months apart

* if possible, use more than two MRI measurements (i.e. at
least 3) and determine TKV change by regressing log-
transformed TKV against time.

e use the same volume measurement method based on the
same MRI-sequences on the same MRI scanner performed
at the same institute for all time points.

e be aware of the measurement error of the volumetry
methods. Therefore, TKV change from baseline to the last
observation should be considerably more than the 95%-Cl
for the measurement method.

e Most patient with >5% TKV change per year will belong to
Mavyo class 1C, 1D or 1E. If a patient with Mayo class 1A or
1B exhibits a TKV progression of >5% per year, the precision
of the volumetry and the comparability of the serial
measurements should be critically questioned.

Kistler and Andreisek, in press



Criterion: Mayo class 1 C, 1D or 1E
based on age and htTKV

20000 - ‘
Class 1E

10000 -
8000 ]

6000 1

4000 1

2000 - . (11 HHelet {8t ot e T :j ...........

1000 1
800
600 -

HtTKV (mL/m)

ellipsoid formula

« We prefer MRI over CT due to lower dose of ionizing radiation

« We consider ultrasound-based kidney volume estimates sufficient
for patients classified as 1A based on these estimates

 In borderline cases (e.g. upper range of class 1B or lower range of
class 1C), precise TKV determination based on contour-tracing
should be considered where available.

Kistler and Andreisek, in press



Criteria for the prescription of Tolvaptan
(List of Pharmaceutical Specialties)

Typical ADPKD at CKD stage 1-3 with signs of rapid
progression:

e eGFR > 30 ml/min/1.73m?
e TKV > 750 ml

* Any of the following:
— Confirmed eGFR-loss of 2 5 ml/min/1.73m? within 1 year

— Annual TKV increase by > 5% assessed by at least 2 MRI
or CT measurements = 6 months apart

— Mayo class 1 C, 1D or 1E based on age and (ht)TKV
— Truncating PKD1 mutation and PRO-PKD-score >6

CKD stage by age®:
¢ What abOUt age ? at age 18 - 30 yr: CKD 1-3a (eGFR > 45 ml/min/1.73m?)

at age 30 - 48=y CKD 2-3a (eGFR 45 - 90 ml/min/1.73m?)
at age 4050 yr: JKD 3a  (€GFR 45 - 60 ml/min/1.73m2)



REPRISE results: primary endpoint

Subgroup analyses

LS mean eGFR

T P change :
Categor Difference P-value
Jory (N) (N) TP

Age (y) <55 572 569 i —o— -3.07  -4.60 1.54 <0.0001
>55 96 94 —e— -2.54 -2.34 -0.20 0.65
Gender Female 327 341 i —eo— -2.89 -4.13 1.23 0.0001
Male 341 322 ! —eo— -3.09 -4.43 1.34 <0.0001

|

|
Race Caucasian 614 610 | —eo— -2.97 -4.34 1.37 <0.0001
Non-Caucasian 54 53 f e | -3.29 -3.54 0.25 0.79

) |
Base('g‘EDe_cé';*; <45 432 423 e 345  -4.35 0.90 <0.0001
> 45 236 240 i —e—— -2.20 -4.11 1.91 <0.0001
CKD Stage CKD 2 31 38 f : ® ! -2.81 -4.65 1.84 0.14
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Treatment Difference + 95% CI (Tolvaptan vs Placebo)

Torres VE et al. NEJM 2017;377(20):1930
Use of Tovaptan for ADPKD in CKD 4 is outside of Swissmedic approved indication



Criteria for the prescription of Tolvaptan
(List of Pharmaceutical Specialties)

Typical ADPKD at CKD stage 1-3 with signs of rapid

progression:

e eGFR > 30 ml/min/1.73m?

e TKV > 750 ml

* Any of the following:
— Confirmed eGFR-loss o

— Annual TKV increase by
or CT measurements 2

—Mayo class1C, 1D or 1
— Truncating PKD1 mutat

Recommendations
for Diagnostic and
Prognostic Evalua-
tion of Autosomal
Dominant Polycy-

ﬁ’
- —

The Swiss Society of Radiology (SGR- [~XJ™

SSR) and the Swiss Society of Neph- E ’
rology Working Group of Inherited

Kidney Disorders endorse the scientific content of this
manuscript. The SGR-SSR agrees in particular with the
suggested technique for image acquisition and measu-
ring kidney volume. The society also agrees on the sug-
gestion that treatment and imaging should be performed
by the same institution and imaging follow-up should,
whenever possible, be performed by the same radiologi-
cal institution who has performed the baseline study.

stic Kidney Disease (ADPKD)
with a Focus on Imaging

Empfehlungen zur diagnostischen und prognostischen
Evaluation der autosomal-dominanten polyzystischen
Nierenerkrankung (ADPKD) mit Fokus auf die Bildgebung

Andreas Kistler3und Gustav Andreisek??
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