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Pediatric Endstage Renal Disease (ESRD)

= Mortality 230x 1 compared to healthy children

= Rare condition

Gotta V, et al. PAGE 2021
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Hemodialysis (HD)

=Mode of initial renal replacement therapy in ~ 50% of patients
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Hemodialysis (HD)

=Mode of initial renal replacement therapy in ~ 50% of patients

Adult targets:
— Urea dialyzer clearance (Ky): Weight-normalized Kt/V = 1.4

— Fluid removal rate: < 10-12 mi/kg/h (Ultrafiltration, UFR)

Seite 4
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Urea dialyzer clearance Kg
mechanistic prediction (mass balance) — needs in vivo correction

KD = f(QD’ QB’ KoAin vitro)l

Blood flow (Qg)

Dialysate flow (Qp)

dialyzer mass-
transfer coefficient
for urea (KoA,, viro)

IMichaels Am Soc Artif Intern Organs 1966 seie 5
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HD corrects only part of ESRD problems...

Other disease-related problems require additional intervention strategies

— Uremia

— Fluid overload

— Anemia

— Cardiovascular disease

— Hypertension

— Mineral and bone disorder

— Malnutrition

Seite 6
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Aim: To develop scientific evidence for personalized HD
treatment in children
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Aim: To develop scientific evidence for personalized HD
treatment in children

Predict in vivo urea
dialyzer clearance (Kp)

C
pre-HD
k

Urea removal
=f(Kp t, V)

Cpost-H D

urea concentration (BUN)
(mmol/L)

HD duration (t)

v

Time (h)
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Aim: To develop scientific evidence for personalized HD
treatment in children

Predict in vivo urea Best HD dose (Kt/V)
dialyzer clearance (Kp) and scaling (Kt/BSA)?

N
T Cpre-HD
L ]

Urea removal
=f(Kp. t, V)

(mmol/L)

Cpost-H D

_________________________

{ mL/min/1.73 m? BSA

urea concentration (BUN)
physologic GFR

HD duration (t)

v
v

Time (h) age (years)
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Aim: To develop scientific evidence for personalized HD

treatment in children

Predict in vivo urea
dialyzer clearance (Kp)

C
pre-HD
k

Urea removal
=f(Kp. t, V)

Cpost-H D

urea concentration (BUN)
(mmol/L)

HD duration (t)

v

Time (h)

Best HD dose (Kt/V)
and scaling (Kt/BSA)?

_________________________

! mL/min/1.73 m2 BSA

physologic GFR

v

age (years)

Importance of HD dose
(Kt/V) compared to
other factors?

L2

‘; HD dose (Kt/V)
c
_;E blood pressure
o :
anemia
nutrition

~
T

Relative importance ?
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Data used for retrospective analysis

Cohort of 1852 patients . /—\I
v'on chronic HD since childhood (<19 years) Dawvita.

v'HD 3x/week 4

v’ <30 years (2004-2016)

boys/men girls/women

100 4 100 =

weight [kg]
weight [kg]

504 50 -

T T T v T T T T
0 10 20 30 0 10 20 30
age [years] age [years]

Gotta et al. Nephrol Dial Transplant 2018
Gotta et al. Hemodialysis International 2019 __ 11
Gotta V, et al. PAGE 2021
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Methods

Pharmacometic (PMX)

modeling of K Q Gurea
Q l Gurea >
Vo |«——| Vs VC I VS

Clr  Kp=f(Qp, Qs KoA, o)
KoA, yivo = fe X KOA yitro
— Physiologic scaling of - o
distribution parameters CLR KD (Qp, Qg, KoAp ivo)
(perfusion-limited)
KOAin vivo fc X KOAin vitro

— Mechanistic K, prediction
from KoA, viro

— Covariate analysis: factors
associated with in vivo
correction factor f,

Seite 12
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Methods

Pharmacometic (PMX) Parametric time to event
modeling of Ky (TTE) survival modeling
Q l Gurea :%X{dealh) _ h(t) = g ((_tj)cz—1
Vo || Vs = :\
Ll
CLR KD = f(QDv QB! KOAin vivo)

\ / Follow-up on HD

KoA, yivo = fe X KOA yitro

— Physiologic scaling of
distribution parameters
(perfusion-limited)

— Mechanistic K, prediction
from KoA, — Weibull accelarated failure

in vitro
: : time (AFT) model
— Covariate analysis: factors
associated with in vivo — mean Kt/V versus Kt/BSA as
correction factor f, predictors of log hazard

Seite 13
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Pharmacometic (PMX)
modeling of Ky

CLR KD = f(QDv QB! KOAin vivu)

KoA, yivo = fe X KOA yitro

— Physiologic scaling of
distribution parameters
(perfusion-limited)

— Mechanistic K, prediction from
KOAin vitro

— Covariate analysis: factors
associated with in vivo
correction factor f,

Parametric time to event
(TTE) survival modeling

‘‘‘‘‘‘ -1
P a [t\“®

Faentz deatny h(t)=—- (_)
L \? g \o
° Favant 3 X (death) 9;4
° Pavent 4 g
o (Kideny transplantation) E

(73]
Follow-up on HD
\ / Follow-up on HD

— Weibull accelarated failure
time (AFT) model

— mean Kt/V versus Kt/BSA as
predictors of log hazard

Machine learning (ML)
5-year mortality

blood pressure
> XX mmHg

x 1000

Kive:

aaaaaaa blood pressure
Hib-< 30X g/l > XX mmHg

. .
nutrition:
ia

— Random forest

— HD dose (Kt/V) and > 100
other potential predictor
variables (features)

Gotta V, et al. PAGE 2021
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Results
Included data

N=1852 patients (53903 HD treatments)
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. Dawvita.

Pharmacometic (PMX)
modeling of K

N=1691 patients

(923+768 for model
development+evaluation)

Parametric time to event
(TTE) survival modeling

N=1493 patients

Machine learning (ML)
5-year mortality

N=363 patients

Gotta V, et al. PAGE 2021

Gotta V et al. ASAIO 2019
Gotta V et al. Ped Nephrol 2021
Gotta V and Tancev G et al. NDT 2020 <. 15
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PMX modeling of K,
Base model: C,,.; ,p underpredicted in children <6 years

CLR KD = f(QDv QB: KOAin vivo)

KOAin vivo = fc X KOAin vitro

base model

40 41—
Mean prediction error (%) ® fC =1.2 (RSEZ 1.60/0)
— CIPRED - COBS .100 20

COBS

-20 -

children (0-6y) ~
children (7-12y) ~
children (13-18y) ~

Gotta V et al. ASAIO 2019 seie 16
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PMX modeling of K,

Covariate model: accounting for high Qy/Qg corrects bias in children <6 years

/7 \ N

CI—R KD = f(Qp, Qg, KOA;, yivo)

KOAin vivo = f, cX KOAin vitro

base model covariate model

40 11—
f. = f(Qp/Qg ratio)

Mean prediction error (%)
Ciprep — CoBs 20 ~ ) ( 8
=———-100 @
COBS _— jl: 5 -
O e — o o o o | e - o e e e (w)
4 -
_20 - x 34 oe Popu_latlon pre(_jlc_tlons
ror 1 1 3 ® Indiviudal predictions
= == = = = = = = 24 f
© al e o] (o)) [(o] (&Y [ee] (o))
| — -— ad | — ~— (aV]
o | I | o | \ | 1
= ~ ™M o = M~ ™ o
c - — c e ~—
a) < = - Q) c - - T T T T T
s £ § £ s £ 5§ £ 10 1.52.0 50 100
= 2 5 = E 2 5 = Qp/Qg ratio
(&) K = © Q K = ©
(&) E (&) ((___J

Gotta V et al. ASAIO 2019 seite 17
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PMX modeling of K,

Covariate model: other factors for personalized in vivo HD clearance prediction

4 QD/QB ratio Typical adult prescription Pediatric prescription
. Prescription
v' Type of filter gow-/nigh-fiux) e = o
filter mass-transfer-area coefficient for urea (KoA in vitro) | 800|mL/min 300/mL/min
Low-flux filter use [ 0]1=yes, O=high-flux 0/1=yes, O=high-flux

v" Predicted true Qg

(lower than nominal Qg > 200 mL/min) ' . .n

Gotta V et al. ASAIO 2019 seie 18
Gotta V, et al. PAGE 2021
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PMX modeling of K,

Covariate model: other factors for personalized in vivo HD clearance prediction

v QD/QB ratio Typical adult prescription Pediatric prescription
v Type of filter (ow-migh-flux) m— e
sog T:;::"‘hmgh-ﬁux ‘ 303;7':,’:270:“@"."“;

v" Predicted true Qg

(lower than nominal Qg > 200 mL/min) .n

Ve |«—| Vs

[

CLR KD =f(Qp, Qp, KA, vivo)

KOAr'n vivo = fc X KOAin vitro

Cliot = Clg + Kp + Kyeg

Gotta V et al. ASAIO 2019 seie 19
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Parametric TTE modeling
Weibull model predicts baseline hazard well

- - - Weibull model predictions (unadjusted)

— Scale 0 = 35.4 years
(time when predicted survival = 40%)

— Shapea=1.23

(indicating with a > 1 increasing hazard of death over time)

survival

0.6 ___Kaplan Meier curve (95% Cl)

0.57

0 5 10 15
years since start of HD

Gotta V et al. Ped Nephrol 2021 seie 20
Gotta V, et al. PAGE 2021
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BSA-based HD dose (Kt/BSA) better predictor of survival than weight-based Kt/V

log hazard

P<0.001

log hazard

— T T T T 1
1.0 12 14 16 1.8 2.0

- - - Weibull model prediction (log-linear relationship with log hazard)

prediction from flexible non-linear spline model

Gotta V, et al. PAGE 2021

Kt/BSA (L/m2)

Gotta V et al. Ped Nephrol 2021

Seite 21



Parametric TTE modeling
BSA-based HD dose (Kt/BSA) better predictor of survival than weight-based Kt/V

log hazard

Il 11

T T T T T T
1.0 12 1.4 16 1.8 2.0
spKt/V

log hazard

P<0.001

20

SIO 4IO 50
Kt/BSA (L/m2)

\ 4

- - - Weibull model prediction (log-linear relationship with log hazard)

prediction from flexible non-linear spline model

Gotta V, et al. PAGE 2021
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Kt/V >1.4 (>12 years / adults)
Kt/V >1.6 (<12 years)

corresponds to

KUBSA (L/Im2)

o c o o =
o ~ =) © =}
1 1 1 L 1

Predicted survival probabilty

o
(]
1

40 L/m? (p95)

30-34 L/m?

- 26 Lim? (p15)

22 Lim? (p5)

Gotta V et al. Ped Nephrol 2021

10 15

Time on chronic HD (years)

Seite 22
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Parametric TTE modeling
Ultrafiltration (UFR) associated with survival in U-shaped relationship

UFR (mL/ka/h)

1.0
1 -
=
& 0.9
Ke]
o
e
T 0+ Q.
© w© 0.8 }
N i 10-18 mlL/kg/h
e
o E > 20 mUkg/h (p95)
o »w 0.7+ ~ 8 mUkgh (p15)
-1 gl
i)
Lo
T 064
— 3 mLkg/h (p5)
—1 T 111 o ante
-2 =

T T T T T T T T T T T T T 05-
02 4 6 81012141618202224

UFR (mL/kg/h)

T T T

0 5 10 15
Time on chronic HD (years)

- - - Weibull model prediction (quadratic relationship with log hazard)

prediction from flexible non-linear spline model

Gotta V et al. Ped Nephrol 2021  seie 23
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Machine learning (Random forest)
12 predictors related to nutrition, inflammation, anemia and HD dose (Kt/V, UFR)

105 potential predictor
variables («features»)

E

« Demographics

« HD treatment

« Laboratory
measurements
(monthly)

Gotta V, et al. PAGE 2021
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Final ML model: n=12
features retained
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albumin

Idh total
lymphocytes
rbc -

rdw -
hemoglobin
z-scored weight =
postsittingsystolicbp
a/g ratio

ufr -

creatinine -

spkt/v total

10. UFR

AUCproc: 0.81

0.00

12. Kt/V

T T
0.05 0.10 0.15 0.20

Feature importance

0.25

Gotta V and Tancev G et al. NDT 2020  seie 24
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Machine learning (Random forest)
Partial dependence plots: Increased mortality with low Kt/V < 1.5

5 years
0.6
05 4 | B
= k
T
3
k-t
04 ,f | 0.6
03 T T T T T T T T T
32 35 39 4.2 46 1367 1738 2110 2481 2852 153 215 219 34.0 40.2
albumin / gfdl Idh total / ufl lymphocytes { %
. 0.5
]
- 05 1 R =
£ ©
] L )
B s © ™
04 4 4 4 ,
O | 044
03 T T T T T T T T T
31 34 37 4.0 43 137 15.0 16.2 17.4 187 95 102 11.0 1.7 125
rbc/ 1021 rdw /% hemoglobin / g/d!
0.6
05 g E T T T
T
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z
0.4 o -_/f__ 4
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Machine learning (Random forest)
Partial dependence plots: Increased mortality with low UFR < 10 mL/kg/h

5 yea
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Conclusion: Quantitative pharmacology and ML
approaches can help to personalize HD treatment in children
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Conclusion: Quantitative pharmacology and ML
approaches can help to personalize HD treatment in children

PMX: Scaling/predicting TTE/ML: Intense HD prescription in children needed
urea dialyzer clearance for best long-term survival
(Kp) from adult to

pediatric HD patients
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Conclusion: Quantitative pharmacology and ML
approaches can help to personalize HD treatment in children

PMX: Scaling/predicting
urea dialyzer clearance
(Kp) from adult to
pediatric HD patients

TTE/ML: Intense HD prescription in children needed

for best long-term survival

= Kt/BSA > KtV
(alternatively: age-
dependent Kt/V)

» UFR: U-shaped
relationship (increased

mortality
<10 and >18 mL/kg/h)

Importance of other
disease-related
factors besides HD
dose (Kt/V) / UFR

rrrrrrrrr

10. UFR

12. KtV

Feature importance
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