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Agenda: From Algorithm to Artificial Intelligence

e Renal anemia: lesson
learned in few decades




Forty Years of Dialysis in Pictures
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Renal Anemia has Multiple Effects in CKD5D Patients

Renal
Anemia




Anemia is an Additional Pathogenic Factor (Hypoxia) in HD Patients

Functional Chronic Tissue
Symptom Hypoxia Damage

Fatigue / * Cardio-Vascular Dis.
Poor quality of Life Comorbidity | > Eiszli:?\::rgisms.
Reduced Physical Functionality Risk Factor Mgl it .
alnutrition
Immune Depression...




Correction of Anemia is Associated with Biological and

Clinical Benefits in HD Patients

Reinforce Immune System

Neuroprotection Erythropoiesis
. QmwSystem ?

2
W

ol 4 Improve patient outcomes
LJ A Patient perception
e Anemia Cardioprotection (HRQO L). _
Correction 4 Morbidity

ESA + Fe J CV Mortality

Value based care
| * Cost-Effective

Improve Exercise

Improve Nutrition ¢ QALY

L &

Retinal protection

Arcasoy MO. Haematologica 2010; 95(11):1803-1895



Hazard Ratio for All-Cause Mortality Based On Time-

Dependent Hb Levels Over 8 Calendar Quarters in a LDCP
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Retrospective Cohort Study
(July 2001 to June 2003)
58,058 MHD patients

DaVita dialysis clinics US Kalantar-Zadeh K et al, J Am Soc Nephrol. 2005;16(10):3070-80.



Evidence-Based Systematic Literature Review of Hemoglobin and

All-cause Mortality In Dialysis Patients
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Agenda: From Algorithm to Artificial Intelligence

« Anemia correction: ESA, as a
disruptive treatment in CKD
treatment




Factors Involved in Anemia Correction of CKD5 Dialysis

DIALYSIS RENAL NUTRITIONAL
ADEQUACY ~—— / REPLACEMENT .\ —— SUPPORT

Dialysis Dose TH ERAPY Diet Protein & Caloric Intake

Electrolytes Control Inflammation, Oxisative Stress,
AB Control Vitamins, Micronutirients
Fluid Status EJI;FEI(,\:/IA;EY |NFLAN|\>|J|\TAF:$:8E
Residual Kidney Function CONTROL OXIDATIVE®E——
ANEMIA STRESS
CORRECTION
BLOOD
IRON e ESA SAVING
T Anticoagulation
Priming & Rincing

Mechanical Stress



Erythropoietic Stimulating Agents

ERYTHROPOEITIC
STIMULATING
ANEMIA AGENTS

CORRECTION

* Human Recombinant Erythropoietin

— Epoetina (Eprex, Orthobiotech; Epoetin, Amgen)

—  Epoetinf3 (Neorecormon, Roche) IV/SC Short Acting ESA

* Erythropoietin Biosimilar
— Epoeting,B,6... —

* Engineered Erythropoietin

—  Darbepoetin a (Aranesp, Amgen) — IV/SC Long Acting ESA
—  Methoxy Polyethylene Glycol-Epoetin S, (Mircera, Roche)
—  Hematid, Affymax -
* HIF Prolyl-Hydroxylase Inhibitors (Ongoing studies)

—  Roxadustat (FibroGen, Astellas, AstraZeneca)
—  Vadadustat (Akebia Therapeutics) — Oral Administration

—  Daprodustat (GlaxoSmithKline)
—  Molidustat (Bayer)




Iron Supplementation

IRON

SUPPLEMENTATION

Major Oral Iron Supplements

Supplement Elemental iron per dosage unit Frequency

Ferrous sulfate 65 mgAablet” 1 tablet, 1-3 times per day
Ferrous glucanate 38 mygfablet © 1 tablet, 1-3 times per day
Ferrous fumnarals 106 mg/ablet © 1 tablet, 1-3 times per day
Ferric maltol 30 mgfablet 1 tablel, twice per day
Fermic cifrabe 210 mg/lablet 1-2 fablefs, 3 fimes per day
Liposomal iran 30 mghablet | tablet per day

"For 325-mg tablets.

Major Intravenous Iron Formulations

Formulation Dosage Frequency

Iron sucrase 200 mg & doses over 2 weeks
Ferumaxyiol 510 mg 2 doses, 3-8 doys apart
Ferrle gluconate in sucrose complex 280 mg 4 doses weekly
Ferrle carboxymaliose 760 mg 2 doses, | week apart
Iron isomaltoside 1000 mg 1 dose

Iren dextran (low moleculor weight) 500 10 1000 mg Variable

Water-Soluble Dialysate Iron Formulation

Ferric pyrophosphate citrate (FPC)

ANEMIA

CORRECTION

IRON

Gutiérrez OM. Kidney Int Rep. 2021 ;6(9):2261-2269.



Anemia Correction is Still a Challenge in HD Patients

Balance of Benefits and Harms

BENEFITS Hb Value HARMS
> A A

N Quality of life v o . J Hazards/Risks

N Physical and social J Side effects

function J Cost

M Cognitive function

M Nutrition

1 Cardiac function
D Patient outcomes




Landmark Trials in Anemia Treatment in Kidney Disease

Normal Hematocrit CREATE (CKD, non- DRIVE
Trial ESKD) IV Ferric gluconate PIVOTAL
t Hematoerit levels Association between palil:g:a\:mll::rﬁun “Proactive” iron
associatedw/ higher 305 tugyand 2500 ng/dland TSAT R
incidence of death, M1 adverse CV outcomes <ng ::gea:ld:quate better outcomes

CHOIR (CKD, non-ESKD) TREAT Roxadustat
Association shown between Goal Hgb 13, no Heb of 1
3 9vs |of
higher Hgb (13.5 vs 11.3) & reduction in risk of oT.4 l?: placebo gu}oup
primary composite outcome adverse outcomes (p< 0.001)
(death, myocardial infarction, HF (death, kidney, CV); p< 0.
and stroke) Increased risk of

stroke, VTE.

*

MI: myocardial infarction

+ CKD: chronic kidney disease

« ESKD: end-stage kidney disease
Hgh: hemoglobin (g/dL)

HF: heart failure

DM: Diabetes mellitus

VTE: venous thromboembolism
HD: hemodialysis

IV: intravenous
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Hb Target Has Changed Over Time and Results

1989 > 2007 2007 > 2009 ----» 2022
Size (n) Hemoglobin (g/dl)
0%0,%,%,6 7 8 9 10 11 12 13 14 15 16 ik
4  Placebo/control mean Hb 12.30 :\"3; ecgugn of CHOIR and CREATE
® |ower target mean achieved Hb St
o  Higher target mean achieved Hb Jun 2006 Mar 2007
Ritz (2007 1220 1208 DA Labal and NKFF KDOQI
Sinah (2006 Clinical Practice Guldeline Updates
Drueke (2006 215
Rossert (2006 o
Levin (2005 e
Parfrey (2005 2 12,05
Roger (2004 1 Jan 2008
Fu?lléollajll\':g §§§§ —E, 12.00 Revised EMP Implemented
ole 3
McMahon (1999 3 i
KBe'sarab 138? 5 11.90 -
uriyama :
Nisseynson 1995 11.85 Nov 2008
Roth (1994 171 TREAT
Sikole (1993 11.80 -
Morris (1993 A
Clyne (1992 1.75
Bahlman (1991 A
CanEPO (1990 A 1170
Watson (1990 168
Abraham (1990 s ) .4 : A .
Suzuki (1989 A Apr-06 Jul-06 Oct-06 Jan07 Apr07 Ju-07 Oct-07 Jan08 Apr08 Jul08 Oct08 Jan08 Oct2009

CHOIR, Correction of Hemoglobin and Outcomes in Renal Insufficiency

CREATE, Cardiovascular Risk Reduction by Early Anemia Treatment with Epoetin Beta
EMP, Erythropoiesis Stimulating Agent monitoring program - FDA, Food Drug Administration
NKF KDOQI, National Kidney Foundation Kidney Disease Outcomes Quiality Initiative
TREAT, Trial to Reduce Cardiovascular Events with Aranesp Therapy

KDOQI: 2007 update of hemoglobin target. Am J Kidney Dis. 2007; 50: 471-530 Spiegel DM et al, Am J Kidney Dis. 2009; 55:113-120



Drawbacks Reported with Anemia Management...

. . o High ERI is Associated with Higher Risk of Death
Arterial Hypertension Induced by Erythropoietin

T . . 104
and Erythropoiesis-Stimulating Agents (ESA)
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Panichi V et al, Nephrol Dial Transplant, 2011;26(8):2641-8
Large Variability of Monthly Hb Values . . . . . . . . .
are Associated with Higher Risk of Death Normal Hb (14g/dl) is Associated with Higher Incidence IV Iron Administration >200mg/mo. is Associated
= of Stroke in DM HD Patients with a Higher Risk of Mortality
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Pfeffer MA et al, N EnglJ Med. 2009;361{21):2019-32. D@ P PS Bailie GR et al, Kidney Int. 2015;87(1):162-8.

Gilbertson DT et al, Clin J Am Soc Nephrol. 2008;3(1):133-8.



Optimal Targets in CKD HD Patients

TSAT, %
10

Ferritin, pug/l
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KDIGO Clinical Practice Guideline for Anemia in Chronic Kidney Disease. Kidney Int. 2012; 2(Sup 4):331-335



Optimal Targets in CKD HD Patients

Customization is Suitable according to Patient Profile*

Hb, 9/,
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KDIGO Clinical Practice Guideline for Anemia in Chronic Kidney Disease. Kidney Int. 2012; 2(Sup 4):331-335



Anemia Correction in HD Patients Has Multiple Targets

Targets of Anemia Correction

Reduce
Treatment Cost

Minimize
ESA Resistance

Customize
Hb Concentration

Correct Partially
Hb Concentration

Maintain Hb in a very
narrow target

Correct Iron

to Patient Needs/Risks

Store

Reduce Hb
Fluctuation



Agenda: From Algorithm to Artificial Intelligence

Anemia management: from
clinical to artificial
intelligence support




Anemia Management in HD Patients
From Pure Clinical Decision to Al Support-Decision

Clinician
Decision

N\

Anemia Treatment Prescription & Management



Anemia Management at Patient and Facility Level

Collection of Data — Storage and Analysis (XLS)

Patient Mame Code Hb Hb DOHIECY ERI Darbo | Alpha, Theta Bio- |[MPG-E ESA Therapy Ferritin | Transfer. C- MCY MCHC | ron IV | Iron IV
previous |current | pre HD Alpha Beta Epo similars | beta Saturat. | Reac.
month | month EPOs Protein
z 1U8katusek |patkatmanth | IfKatmonth | IU#Katmanth | MK afmanth | pafk afmanth Takal #Hanth Froqusney z mail il il matmanth |pafKatmonth
315 x‘::]sml S.15 5 350 5 350 5 350 S.15 TE00s #00 | wz0E 50 s20 TN 05 | wIea 3
UG 1 1 -10,2 226 _ 32 300 4,3
UG 10,4 14 12,1 12,1 - MPGE: 200 20 B35 43 136 s 33 500 6,3
DU 13,2 10,7 23 o7 MPGE: 50 15 306 45 36 101 36 100 133
HEERT 12 6,3 132 MPGE: 100 21 25; 436 100 132
HERPIZ 2.4 35 [Ny MPGE: 50 21,
HEHR 34 6,5 127 Darbo: 50 Flanday;
Mo 1 - MPGE: 250 Tuesdayw, [every 4 weeks]; jult] 2.4
Folic |Vitamin [Carnitine | | Age |Female | Dry Time |Effective Blood Effective | OCH VA Alb. Mean Cardio- iPTH iPTH aaCCl |Probabilit | Diabetes | Tumors White Platelets
Acid B12 Body On weekly Volume | Infusion | KdV Arterial | circolatory Correct. | score v cells
YWeight | Dialysis | reatment | Processed | Yolume BP Pre | therapy [ mortality
time Taotal ACEifARE) 1year
n n n Tear K4 manthe min Ltueckly Liueckly . 4t mmHq n pafmL pafmL i n " no.fmm no.fmme 000
A0 < 100 235130 & Ta0 wzdi ) x1d 260106 503 550 503 550 = 1005 300
5} E3.6 B1 _ 322 T 204 ANF 33 =] 1 237 237 4 1 300 233
al a2 ) 54 354 5 113 ANF 3T -] 33 33 g 25 x T200 240
x 50 Ma 26 15T 413 a5 205 ANF 4,0 a6 153 153 4 1 4400 164
x ) 6,0 24 T35 323 65 162 ANF 348 a7 133 133 1 25 x k4 Sdon 15l
T3 64,0 Gd 231 I T3 3 25 4000
&7 62,8 43 5 27 4500
3 416 42 5 1 X 223




Anemia Management in HD Patients
From Pure Clinical Decision to Al Support-Decision

Clinician Paper
Decision Algorithm

Anemia Treatment Prescription & Management



Creation of an Anemia Management Algorithm

ESA Administration

ESA algorithm

([ st |

Intermediate

blood test
Regular(t))rlood test J Chart no 6
1 th i
(4 urn;{meeks} Intermediate blood test (Figura 10)
0.5 month 0.5 month
(2 or 3 weeks) (2 or 3 weeks)
- AHD | — = — = — = = 7 Regular blood test
* 12 I //
H e
bt Regular Intermediate i Regular Was the ESA dose changed NO S Chart no 1
1T blood test blood test T blood test in the last 3 months? (Figure 5)
.................. I. T
l | I -l
&Hb aHb Yes |
1 13 v

When was the ESA dose increased or decreased last time?

* increased or decreased 0.5 month ago — Chart no 2 (Figure 6)
* increased 1 month ago — Chart no 3 (Figure 7)
* increased 1.5-3 months ago  — Chart no 4 (Figure 8)

+ decreased 1-3 months ago — Chart no 5 (Figure 9)

Mizutani Y et al, Int J Nephrol Renovasc Dis. 2015;8:65-75.



Creation of an Anemia Management Algorithm

Iron Supplementation

Iron algorithm

No

TSAT <20% and ferritin <100 ng/mL
1 month
{4 or 5 weaks) Yes
€— 0.5 month 9'-6 0.5 month —=> §
(2 or 3 waaks) {2 or 3 weeks) Is Condition A met it :
Fem - PR in ESA algorithm? Do not administer iron this month
,* t2 I No
TR TR Hb 212 g/dL L
1= Regular [ w Intermediate T Regular s =129/
+ blood test blood test Ht blood test B No
""..‘:::j:'.::::‘.:" | - bbb D i W N Vi
| L _m_ ~J 10 g/dL > Hb | | 12> Hb211.5 g/dL || 11.5> Hb 211 g/dL || 11> Hb 210 g/dL
Lot v
3 :

[ 11> Hb 2105 grdL | [ 105> Hb >10 g1 |

No
0.6 g/dL > AHb
No
0.3g/dL>AHb § Yes

Yes

-0.3 g/dL > AHb,

No § Yes

Was iron
administered
last month?

+ Iron parameters:

Ferritin/TSAT =

Administer iron for 1 course: -
40 mg per week for 4 weeks

A 4

Mizutani Y et al, Int J Nephrol Renovasc Dis. 2015;8:65-75.



Anemia Algorithm Increases Patients in Target and

Reduces Hb Fluctuation

- 89 1
< % in the target range -
> 87 0.95 J
S — 5
= 85 09 £
> n=49 2
S 83 0.85 -3
= / *P<0.05 K
c 81 0.8 o
@ . S
5 79 0.75 E
= Hb standard deviation \*/ )
“:_L 77 0.7 %
o
X 75 ' ' ; : ; : . 0.65
0 1 2 3 4 5 6
Baseline Month

Prospective Study
Algorithm implementation
49 patients - 6 months

Mizutani Y et al, Int J Nephrol Renovasc Dis. 2015;8:65-75.



Anemia Management in HD Patients
From Pure Clinical Decision to Al Support-Decision

Clinician Paper Digital
Decision Algorithm Assisted

Anemia Treatment Prescription & Management



Algorithm for Computed-Supported Anemia Management in HD Patients

Better Results For Less Work

50%

Conversion

40% A

300
» *P<0.001

20%

*P<0.0001

10%

Mean haemoglobin concentration (+ sd) g/dL
Patients requiring ESA dose change/month

Q42008 Q12009 Q22009 Q32000 Q42009 Q12010 0%
Year Quarter

Q4 2008 Q12000 Q22009 Q32009 Q42009 Q12010
Year Quarter

*Compared to Q4 2008

Predictive algorithm anemia management
214 Prevalent HD Patients UK

Lindsey E et al, Nephrol Dial Transplant 2012;27: 2425-2429



Anemia Management in HD Patients
From Pure Clinical Decision to Al Support-Decision
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Anemia Treatment Prescription & Algorithm \



Anemia Management

Conventional Way Based on Human Intelligence

INPUT OUTPUT

Uremia State
Dialysis Modality
Biocompatibility
Dialysis Fluid Purity
Dialysis Efficacy
Vascular Access
Nutritional Status

. . ESA dosage
Patient Profile ipti
Nephropathy prescription
Bone Marrow
Response
Erythrocytes Y Life Iron dosage
Bleeding prescription

Iron Status

Anemia Management
Comorbid Profile
Intercurrent Events
Unknown




Math Should not be a Burden for Clinicians....

“The essence of math is not
to make simple things
complicated, but to make
complicated things simple.”

— STAN GUDDER



Pharmacodynamic Model of EPO Therapy in HD Patients

Hematocrit, %

54 HD Pts
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Sensitivity to EPO (S) RBC Lifespan () S= pseudo-linear dose response (ERI)
T64+18d
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-- RBC lifespan --> 3
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Uehlinger DE et al, Clin Pharmacol Ther. 1992;51(1):76-89.



Mathematical Modeling of EPO Therapy

H 140
g - L
B 120
o -
]
. 100 4
1
o
% p 80
8 g- 1
£ a 600 B
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" 400 °
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\ 0
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8_
r T T T B— 0 S
° % 100 e 200 1 3 S 7 9 i1 13 1S 17 19 21 23 25 27
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EPO Week Number

S, slope dose response ESA/Hb (ERI)
IU/Kg/Wk S = 0.015+0.06 IU/Kg/wk

T=14+4.1d
67 HD Pts

Canadian EPO Study Garred LJ et al, ASAIO Trans. 1991;37(3):M457-9.



Artificial Intelligence is Everywhere

Invades our Daily Life

v GPS
v'Search engines

e.g., Google search
v Image recognition
v" Amazon selling process

v Games
e.g., PS4

v Watson, IBM
v'Robotic surgery

e.g., «da Vinci»




Artificial Neural Networks

A Practical Example: Buying a House (Real Estate)

Neighborhood @

Size (&

Has garden (¢

Construction year ©*

The more pairs of input-output data you collect,
the more accurate the outcome will be



Artificial Neural Networks

A Practical Example: Buying a House (Real Estate)

Manhattan

120 m?2

No garden

1999

Once you have a trained model, you can use it for prediction.
That is, on fresh new data!



Artificial Intelligence Applied to Anemia Management in HD Patients

Pharmacokinetic
_Pharmacodynamic
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Learning Netw ork

a1 ii | ESA
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Management



Artificial Intelligence as Support of Clinical Decision

Making in Anemia Management

Mathematical Modeling Machine Learning

* Knowledge of physiologic process * No specific knowledge
* Knowledge of pharmacokinetic/dynamic — Bigdata input

characteristics — Machine learning
—  ESA sensitivity — Advanced analytics
—  Erythrocytes life span — Training large dataset
— Reticulocytosis e Validate model
— Neocytolysis — Internal/external
— lIron availability — Agreement
— Other parameters predicted/observed
* Formulate mathematical model — Retrieve pharmacokinetic
 Validate model (internal/external) * Clinical trial/superiority
— Bigdata — Advanced analytic — Prospective study

— Create avatar or twin-patient
* Clinical trial /superiority
— RCT versus traditional care



A Model of Erythropoiesis in Adults with Sufficient Iron

Availability

@ @ Neocytolysis Endogenous |

EPO
CFU-E W l
Stem Cells - Bleeding
Progenitor
cells Precursor Circulating RBC

cells

Fuertinger DH et al, J Math Biol. 2013;66(6):1209-40



Formulate the Mathematical Model

Cell proliferation, maturation velocity and apoptosis of erythroid cells are influenced by erythropoietin (EPO)

a 3
BFU-E Sepltx?)+ E;?p{t-x""] = [Pp(t.xF).
CFUE 7 ale.x9) + -2 gt x9) = (B9 — a?(E(2))) alt.x7)

at 't dxa sl
Erythoblasts Erl[[‘ xr]li-irl:t xXy=pf"r(t.x")
d gt T g T RS

BM Reticulocytes / (t.x%)+ v [E(t]) J s(t.x%) = —efs(t. x%)

Hocy At s ST alls

e o
Erythrocytes | mm[!.xm}+ r}xmm{t_xm}:—rxm{E{t}-xm}m{t-xm]. \

d o l L C i
endogenous Epo EE""'jl[t} = WE::I () = "-'.j-':?f ndp ),
exogenous Epo -d E*%t) = ! EfrE) = et E¥M1).
dt Tey ™ e

Fuertinger DH et al, J Math Biol. 2013;66(6):1209-40



Model Validation in Blood Donation Subjects

26

25.5

total population
(o]
Y

circulating RBC (# x 10'2)

* Data from Pottgiesser et al, Transfusion 2008

30 40 50 60

time [days]

Fuertinger DH et al, J Math Biol. 2013;66(6):1209-40



A Numerical Method for Structured Population

Equations Modeling Control of Erythropoiesis

Model Adaptation to Individual Patients using Parameter Estimation: Avatar
Generation

Model includes 30 parameters

2 parameters are adjusted using empirical formulas

— Data: gender, helght, weight Input S—
5 parameters are inferred from data e B enication
— Data: hemoglobin levels, ESA administration; repemeresas

anthropometric data l
Minimize a weighted least square cost functional

Model was adapted to 60 ESRD patients Output

RBC life span, EPO half life, bone marrow response to EPO
(2 parameters), endogenous EPO production

Jpl:"";pn Z (f)(ﬂfj))z

J=1

Fuertinger DH et al. IFAC Proceedings Volumes 2013;46(26):93-96



Comparison of Model Simulations (blue) and Empirical Data

(magenta) - Selected Patient #1

16
—— data 20000
- gimulation
14 H 17500
1 » : 15000 —
i LI ‘\N
] ’ \‘( ) ' 12500
- . I 0
Py ; A | F \.\ i 100005
L 10 \ wel f]f'll i 8
| \\\.{ ‘,( ‘ . 7500 &
s I TTRE T fLA 5000
’ {(m ‘ (i |
(i | | Wil | | 2500
6 1B 1 1‘ ’ (| ’ {1 , ! Hilind }
0 30 60 90 120 150 180 210 240 270 ©
time [days]

Prospective study
60 HD pts receiving ESA
Key parameters temporal

Hb data Crit-Line monitor
150d baseline period Fuertinger DH et al. PLoS One. 2018;13(4):e0195918.



Comparison of Model Simulations (blue) and Empirical Data

(magenta) — Selected Patient #2

16

— cata 20000
—  simulation
14 LI 17500
15000 =
=
5 ¢ { 12500
o i
a ! 100003
T 10 -
N 7500
3 5000
2500
6 0
0 30 G0 90 120 150 180 210
time [days]

Prospective study

60 HD pts receiving ESA
Key parameters temporal
Hb data Crit-Line monitor

150d baseline period Fuertinger DH et al. PLoS One. 2018;13(4):e0195918.



Prediction of Hb Values in Virtual Dialysis Clinic Avatars

>
W

mean absolute percentage error _ Prediction of Hemoglobin Levels
R 101 . .
0.4 £ .
S g n
Ll
0.3 )
on
= 'E E =
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Prediction of RBC Life Span In Virtual Dialysis Clinic Avatars

RBC Lifespan
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Artificial Intelligence in HD Patient Management

Anemia Control Model

>800 FMC clinics
>30 countries
>30 000 users

ﬁﬁ\%ﬁ%&

\& \, l Anemia = _
A Control
. FT) e
European Clinical Data System %F@ fron 1 \E-

’\I

Anemia Control Model® (ACM) from FMC



ACM, Euclid Dataset of FMC Clinics

Trained on 950.000 Patients Records

INPUT OUTPUT

ESA administrations

Iron
administrations

Gender

‘\!\,;4(\\ N[

\&\‘”'IE’:\\\ 2t

=T\
NElS

Dry body weight

Height 0o qﬂb-&\\v
’.§§ .i!k‘—\fw i ESA dosage
Ferritin n—szj;:v,.F;:A ATY B e £
SNCENAY o & am |l suggestion
j IR SR 7 DX A
Albumin X 2R ZIIRIK ZHCR NN IR e e =
O VI
. . @K /A"«&@A‘:‘Xé(\\“ ST
C reactive protein BN B Iron dosage

050 N\
LISESPS

MCV
MCH

suggestion

Leukocytes
TSAT



Development of Anemia Control Model

Artificial Intelligence, Neuronal Network, Algorithm & ESA Kinetic
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Anemia Control Model (ACM)

Scientific Roadmap : Validation, Testing, Implementation

Clinical
Experience

: Country Level

Prospective (Sp)

Study
| T— | nternational
Vali at_lon Cohort Bucalo ML, et al, Nef. 2018;38(5):491-502
& Testing (Cz, P, Sp)
Retrospective
Database Barbieri C et al. Kidney Int. 2016;90:422-429
(Int. Euclidb)

Barbieri Cet al. PLoS ONE 2016; 11(3): e0148938



ACM - Model Validation

Retrospective Database Cohort
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ACM

Anemiza Control Module

Barbieri C et al. PLoS ONE 2016; 11(3): e0148938



ACM - Model Validation

Observed versus Predicted Hb in a Typical Patient

Predicted vs. actual Hb variations for a typical patient characterized
by a prediction error close to the mean absolute error on test set

Patient temporal evolution: model (solid) vs real (dashed)
| | |

Hb(t+3)-Hbi{t)

Menths

ACM

Joeme Sentre Hodue Barbieri C et al. PLoS ONE 2016; 11(3): e0148938



ACM - Model Validation

Bland-Altman Analysis of Observed/Predicted Hb Values

Bland Altman plot
[ [
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ACM

Anemiza Control Module

Barbieri C et al. PLoS ONE 2016; 11(3): e0148938



Anemia Control Model (ACM) to Anemex

Scientific Roadmap : Validation, Testing, Implementation

Prospective

Study
| : : | nternational
Validation Cohort
& Testing (Cz, P, Sp)

Retrospective

(Int. Euclid5)

Clinical
Experience
Country Level

(Sp)

Bucalo ML, et al, Nef. 2018;38(5):491-502

Database Barbieri Cet al. Kidney Int. 2016;90:422-429

Barbieri Cet al. PLoS ONE 2016; 11(3): e0148938




Barbieri Study

Design

2012/06 2013/05 2013/06 2014/05

Control Phase Observational Phase
ACM Guided Anemia Care

All Patients (n=383)
ACM Compliant Patients (n=313)

All Patients (n=653)

Facility-Level Analysis
Patient-Level Analysis

*ESA Used: Darbepoetin a

. _ *Motol Prague Cz
P lent HD P = 752 .
-EL%\I/iaDent AEnES (1 S 702 -Cartagena & San Pedro del Pinatar, Sp

«Study Clinics: NephroCare *Lumiar, P

ERBP
Hb target 10-12 g/dI

TSAT >30% - Ferritin 150-600ug/I
Barbieri C et al. Kidney Int. 2016;90:422-429



Barbieri & al study

Patient Characteristics

Patient characteristics in study

All Al
Characteristics patients Characteristics patients
No. of patients 383 Causes of kidney disease, no. (%)
Follow-up period, mo, 2212 + 2.40 Diabetes . 75 (198)
mean + SD Hypertension 69 (18.0)
A r mean + SD 65.18 + 1480 Chronic glomerulonephritis BB (23.0)
MgaTJE,Fr;u (96) é:ﬂ (60.3) Urinary obstruction/chronic interstitial 10 (2.6)
— hritis
Comorbidities at ACM entmnce, no. (%) nephnts.
Coronary artery disease 33 (86) Palycystic kidney disease 25 (6.5)
Congestive heart failure 82 (214) 'Dﬂ'l'Ef : 116 (303)
Peripheral vascular disease 114 (29.8) ‘u’a:l:ualr access, no. (%) 261 (681
Cerebrovascular disease 71 (185) c:'t: a (68.1)
Chronic pulmonary disease 58 (15.1) heter 59 (154)
Diabetes 87 (22.7) Graft 63 (172)
.- Treatment modality, no. (%)
Charlson Comorbidity Index, mean £ 5D 6.98 + 330 HDF online 361 (943)
High-flux HD 14 (3.7)
Other 7 (1.8

HD, hemodialysis; HDF, hemodiafiltration.

ESA Used : Darbepoetin a
Barbieri C et al. Kidney Int. 2016;90:422-429



Hb Behavior over Time pre and post-ACM

Example of a Typical Patient

Hb (g/ dl) ACM
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Tk
ESA: Darbepoetin alfa  Accepted suggestion @® Rejected suggestion
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Barbieri C et al, Kidney Int. 2016;90:422-429



ACM Use Increased Percentage of Patients in Target

Patients with at least two-thirds of their
Hb values on target increased significantly

n
) 89.5
=) 20 84.1
g 50 P <0.00012 P <0.00012
2 o
I g 70 64.5 65.2
> ©
o © 60
S5 s
"o
—
£ B 40
o 30
)
S 20
S
g 10

0

control phase  ACM phase control phase ACM phase
All patients Patients with at least 2/ 3 of ACM
a. paired test (n=383) suggestions confirmed (n=313)

ESA Used : Darbepoetin o
Barbieri C et al. Kidney Int. 2016;90:422-429



ACM Use Reduced Hb Variability

> After ACM deployment, Hb variability decreased ’

Histogram of Hb SDs before and after ACM introduction

40
- ® pre ACM entrance
After ACM entrance
66% confirmation
30 « Histogram shows the distribution of Hb
25 |8 standard deviations in the study phases
< (pre ACM entrance & after ACM
20 42 entrance).
()
15 E
10 The change in skewness, kurtosis and
the distribution shift confirm that Hb
05 / variability decreased after ACM
0 - deployment.

0.2 04 0.5 0.7 09 1,0 1.2 14 1.5 1.7 19 2,0 2.2 24 2.5 2.7
Std Hb

313 patients with 66,6% confirmation of ACM suggested dosages

ESA Used : Darbepoetin o
Barbieri C et al. Kidney Int. 2016;90:422-429



Anemia Management Supported by ACM Reduces ESA

Consumption and Improves Outcomes

Control  Observation
phase phase  P-value

ACM-compliant patients (n = 313)

Anemia outcomes
Hb 5D, g/dl, mean + 5D 097 + 041 080 + 029 <0.001°
Patients with =>66.6% Hb within 204 (65.2) 280 (89.5) <0.001"
target range, no. (%)
Median darbepoetin dose, jug, 40.00 (80.00) 20.00 (70.00) 0.001°
median (IQR)
Median absolute delta darbepoetin 10.00 (25.00) 10.00 (40.00) 0.24°
dose, pg, median (IOR)
Adverse events

Patients with cardiovascular 64 (20.4) 39 (125) 0009°
events, no. (%)

Cardiovascular events (incidence/ 276.36 191.15 0,002
1000 patient-years) \

Hospitalization days (incidence/ 3319.69 3348.67 042"
1000 patient-years)

Patients with transfusion events, 7(2.2) 0 (0) 002"
no. (%)

Transfusion events (incidence/ 54.59 0 <0001

1000 patient-years)

ESA Used : Darbepoetin o
Barbieri C et al, Kidney Int. 2016;90:422-429






Effect of Vascular Access Type on Anemia Correction

Catheters Increase ESA Consumption & Hb Variability

; AVF/AVG
S B -50%
< 45 40 80
¥ 40 /70
% 35 60 0
s 30 50
£ 25 20 40
g 20 30
a 15
8 10 20
ke 5 10
5 O °
'g Control ACM Control ACM Control
< Phase Phase
All patients Patients with at least 2/3 of ACM All patients
(n=383) suggestions confirmed (n=313) (n=383)

ESA Used : Darbepoetin o

CVvC
:
47,5
ACM Control ACM
Phase Phase

Patients with at least 2/3 of ACM
suggestions confirmed (n=313)

Barbieri C et al. Kidney Int. 2016;90:422-429



ACM Used In Daily Clinical Life

Example of Spain — Study Design

2ﬂ14fﬂ5| 2014/09 2015/05 2015/09
»
o
. m — .
| ACM Guided (n =213) | ] o ACM Guided (n = 218)
I ntervention Phase 01 I ol Intervention Phase 02

e c
E o
in

Facility-Level Analysis
Patient-Level Analysis

+ESA Used: Darbepoetin a Spain

*Prevalent HD Patients (n =219) , Murcia, Cartagena
-EucCliD _
-Study Clinics: NephroCare » San Pedro del Pinata

Bucalo ML et al, Nefrol. 2018;38(5):491-50



Primary Outcome

Hb in Target

Hb in Target (% )

Hb in Target (%)

100
95
90
85
80
75
70
65
60

(n=873)

(n=853)

(n=948)*

80.9

Hb in Target (All)

100
95
90
85
80
75
70
65
60

(n=595) (n=853) (n=819)*

85.3 c0.21

Hb in Target (Accepted)

* Number of Hb measurements

Bucalo ML et al, Nefrol. 2018;38(5):491-50




Secondary Outcome

ESA and Iron Consumption

_ | . | _ | |
40 T Darbepoetin a (pg/ mo.) | 300 T jron IV (mg/ mo.) |
35
30 P 0.039 50 30 _TS_ 250 p NS <0.001
200
23 20 20 150 150
20 - 150
15 - 100100 100 100
100 -
10 -
5 - 50 -
O a T 0 “ T T
Phase 1 Control Phase 2 Phase 1 Control Phase 2

Bucalo ML et al, Nefrol. 2018;38(5):491-50



Secondary Outcome

Transfusion — Morbidity - Mortality

120 Tincidence (1000pts.yrs) | 10000 7 |ncidence (1000pts.yrs)
110 P NS~ 102.64 NS 9000 p NS <0.001
100 8000
90 7000
80 - 6000
5000
70 -
61.57
4000
60 -
Transfusion 3000
Days Hospit.
1200 7 | hcidence (1000pts.yrs) | 10 T percentage (%) i
1000 b 0.009 0.02 PPN NG
8475 8 T \V RV Lo NO
800 - 6
600 - 4
400 5
200 “ 0 -
CV E t
vents Death

Bucalo ML et al, Nefrol. 2018;38(5):491-50



Agenda: From Algorithm to Artificial Intelligence

- Take home message: what's
next



Anemia Control Module
Feedback Control Loop to Support Clinical Decision Making

Anemia Control Module
Triggered Monthly

Support Clinical
Decision Making
For Anemia
Management

ESA - IV Iron
(dosage,
timing)




Al is a Tool that Add Value to Care of HD Patients

L
Q B sis/‘l

Value Based Care = Outcome
Cost

Porter ME. N Engl J Med. 2010;363(26):2477-81.



In Brief... Benefits of AI in the Management of Anemia

in HD Patients

« Increase number of patients in targets for Hb and iron
markers

* Minimize Hb fluctuations over time

» Reduce significantly ESA and iron consumption

« Reduce variations in ESA/iron prescription

« Permit to identify potential causes of ESA resistance

* Provide information on ESA activity (sensitivity) and RBC
life span (days)

* Prevent iron use imbalance (hemosiderosis) or ESA

« Reduce significantly cost associated with ESA/iron use

* Tend to reduce morbidity/mortality associated with anemia
correction



Remaining Questions and Next Steps to be Validated

« Software and medical device require CE
certification

« Software should complying with drug prescription

» Generalizability and extension to others
erythropoietic stimulating agents needs to be
validated

« Economical model has to be created since it is
currently out of dialysis fees

e Liability of prescription (user/software) is a new
concern



