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 Anemia — a few thoughts
* How we got here — our Anemia Management Protocol

e Recent evidence to consider — what the PIVOTAL trial adds to Normal
Hematocrit, DRIVE, DRIVE 2, CREATE, CHOIR and TREAT

e Comparing our protocol with PIVOTAL
e HIF inhibitors and SGLT2 inhibitors

e Steps moving forward for managing anemia in BC
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e Incorporating PROMIS analytics
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Co-morbidities of CKD
Impacting outcomes

* Anemia

* Bone disease

e Cardiovascular disease(s)
* Depression

* Infections

* Impaired cognition
 Malnutrition

\

Multiple medications
Multiple events
Multiple interactions

From Dr. A Levin



Anemia : The Facts

e Hgb values vary within normal populations
* Male vs female
e “Bell curve” distribution
e Altitude

* In all populations studied, lower Hgb is associated
with poor outcomes
* General populations

e Disease specific
e Cancer, CHF, GI, Autoimmune diseases
e CKD, Dialysis and Transplant

From Dr. A Levin



Chronic Kidney Disease Populations: Anemia

* Important comorbidity

e Multi-factorial: iron, ESA resistance, ESA deficiency (relative),
inflammation

e Associated with symptoms : Patient reported
outcomes...

e Fatigue, cognitive dysfunction
e Exerciseintolerance

e Associate with adverse outcomes:
e LVH, CHF and worsening angina symptoms
e Transfusions: interfering with transplantability
e CVE, hospitalizations
e Death

From Dr. A Levin



Consistent Association :

All-Cause Mortality in CKD
By GFR and anemia — 10-year ARIC

Adjusted 10-year predicted probability of mortality (%)
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Anemia defined as Hb <13.5 g/dL in men, <12 g/dL in women Astor et al 2004 .
From Dr. A Levin
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Association of Anemia in CKD :
consistent and persistent

Dialysis CKD

* Ischemic Heart Disease X X
e LlVH X X
* Impaired Quality of Life X X
* Reduced Exercise Capacity X X
* Impaired Cognition X

e Hospital Stay X X
 Mortality X X

From Dr. A Levin



What has the “AMP” accomplished?

e Reduction in costs

* Greater % of patients in target (Hemoglobin, TSAT, Ferritin)
* Achieving target sooner

* Avoiding harm (MI, hypertension, stroke, hospitalizations)?
e Standardization based on evidence?

* Fewer blood transfusions?

 Lower death rate?

* More vascular access thrombosis & infections??



BC Anemia Protocol

CKD non-dialysis, dialysis, peritoneal dialysis




BCPRA CKD Non-Dialysis Anemia Management Protocol

BCRena_lS.O

sagency

The following protocol, on order of physician, transfers anemia management of CKD non-dialysis patients to non-physician staff (i.e. RNs and renal pharmacists). The following
protocol is intended to serve as a guide and cannot replace clinical judgement. The recommendations included may be inappropriate for specific clinical situations (e.g.
patients with hemochromatosis, thalassemia, PRCA, allergy to IV iron or an erythropoiesis stimulating agent (ESA), hx of stroke, active malignancy, hx of malignancy, etc.). The
lowest ESA dosage to achieve acceptable Hgb range should be used. This algorithm is based on the assumption that the patient is compliant to medication and blood work.
Note: ESA refers to both epoetin alfa (Eprex®) and darbepoetin alfa (Aranesp®).

Any change in Hgb greater than or equal to 15 g/L, OR if Hgb is less than 85 g/L OR if Hgb is greater than 139 g/L AND on ESA
(or ESA on hold) & Notify MD l

Hgb 85 to 94 g/L )

N

Check that the
iron studies have
been appropriately
monitored and
addressed prior to
increasing the dose.

e

Suggested initial
dose: epoetin 50
units/kg/'wk or
darbepoetin 0.22
meg/kgiwk. Obtain
an order from MD
to start anemia

protocaol.

Receiving
ESA?

ey

Hgb 95 to 115 g/L and stable

J

Hgb greater than 115 g/L J

Check that the iron studies
have been appropriately
monitored and addressed prior
to increasing the dose.

If TSAT less than 22%,
consider iron load instead of
increasing ESA dosage.

!

If no dose increase in the past
5 weeks, increase ESA dose
as per ESA Dosage adjustment
Tables.

If dose was increased in past 5
weeks, maintain that dose until
next blood work.

Continue to monitor Hgb at the
regular blood work cycle.

Notify MD if Hgb is not in target
range after 3 consecutive
dose increases. Refer to ESA
Hyporesponsiveness Flowchart.

¥

Receiving

r =

NO

No ESA

required.
Continue to
monitor Hgb at
the regular blood
work cycle

YES I
Maintain ESA
dose and
continue to
monitor Hgb
at the regular
blood work

cycle

ESA on hold or
discontinued because
Hgb above target

¥

* Restart ESA at
a reduced dose
based on the dose
before hold. Refer
to protocol ESA
Dosage Adjustment
Tables.

= Continue Hgb

meonitoring at regular
blood work cycle.

AFTER Hgb STATUS ASSESSMENT ABOVE, ASSESS IRON STATUS.
Refer to page 2 for ferrous fumarate or intravenous iron protocol.

BG Provincial Renal Agency * Anemia Management Protocol

\/

Receiving
r ESA?
ESA on hold aor
NO discontinued because Hgb
YEE above target
No ESA required. -
H;“:t“;‘fézm:;‘mm Hgb 116 | Hgb126to|  Hgb 116
to 126 139 to 125
work cycle. ° ot o ° oL
If change is
= If there has been no * Hold ESA I;_Is_sﬁt:r:nh;l:l
dosage reduction in the * Measure Hgb hemoglobin
past b weeks, reduce in 2 weeks A i e
ESA dosage as per and reassess hn|:|DEDEA
protocol ESA Dosage Hgb status i
Adjustment Tables. and ESA
« If there have been dosage.
dosage reductions in the * It Hgbis sl prasten
past 5 weeks, maintain greater than than 10 g/L from last
current dose. 126 g/l after hemoglobin, then
resume ESA at
« Measure Hgb at the 12 weeks raducad dosa. Ratar to
regular blood work cycle. 'Df hald.l protocol ESA Dosage
discontinue Adjustment Tablas.
ESA.
Continue to monitar

Hgb at the regular blood

work cycla.

Updated Septembar 2014




’.)
BCPRA CKD Non-Dialysis Anemia Management Protocol BCEEHEIQ

_ PAGE 2: ASSESS IRON STATUS (Standard Iron Parameters — TSAT & Ferritin)
If at anytime the serum ferritin is above 1000 mcg/L, or the patient is on IV antibiotics or has signs and symptoms of

38°, chills, rigors, unexplained hypotension), notify the MD to assess ongoing iron.

L LA/

sepsis (e.g. temperature greater than

TSAT greater than or equal

TSAT less than 22% TSAT 22% to 49% to 50%
REPLETE IRON STORES MAINTAIN IRON STORES POSSIBLE IRON
OVERLOAD

\ 4 4 \ 4 i

If patient is currently not receiving iron therapy: If receiving PO If PO iron is currently on hold due to iron

* Contact MD to start ferrous fumarate (e.g. iron: overload:
300 mg po HS) Continue current Consider restarting ferrous fumarate 300 mg po HOLD IRON
If TSAT less than 10%, order ferrous fumarate mainteénance dose HS (this becomes new maintenance dose)
300 mg po HS x 1 week, then 600 mg po HS ‘

If patient is currently receiving oral iron therapy:
+  Assess iron compliance and proper

administration (empt
* Increase fermougpkdss

Measure TSAT and ferritin at next
y stomach) routine blood work cycle and
SUOPRTala - = &=5 iron dosage regimen.

ity If patient is unable to tolerate or adhere to oral iron regimen: EEEET-—__:_
lamehdicdd  Schedule |V iron regularly as per nephrologist’s prescription. e work oyetee. €

ferrous fumarate ¢

Measure TSAT and ferritin every 3 months (and at least 1 week

MNotify MD if iron p| .
after last IV iron dose).

consecutive blood

If oral iron ineffe bn blood work appears

pimatbatiell Usual maximum single doses tolerated of common agents:  piydliuttisia
ores, TSAT goes from

Iron sucrose (Venofer®) 300 mg IV over 3 hours an 25% to greater than

epeat the blood work

mmewess  [ron dextran (Dexlron®) 500 mg IV over 3 to 4 hours initiating next action.
Rindehaise Sodium ferric gluconate (Ferrlecit®) 125mg IV over 1 hour

BC Provincial Renal Agency » Anemia Management Protocol Updated May 2017



CKD NON-DIALYSIS ANEMIA MANAGEMENT
PROTOCOL: ESA DOSING ADJUSTMENT TABLE

g acrenal @

The following tables provide guidance for most desage adjustments. It a patient's Hgh cannot ba
maintaingd within tha dasired range with 3 consecutive dosa modifications using the dozage schadule
below, contact a nephrologist or renal pharmacist for advice. If a patient's erythropolesis stimulating
agent (ESA) dosage is not available in the tables balow, please contact a nephrologist for ESA dosage
modification. The lowest ESA dosage to maintain Hgb within acceptable range should be used.

Darbepoetin Alfa (Aranesp®) Dosage Adjustment Table

Pre-filled syringes available in CKD patients include: 10 meg. 20 meg, 30 meg, 40 meg, 50 meg,
60 mcg, B0 mecg, 100 mcg, 130 mecg and 150 mcg.

Current Dose

10 meg subcut every 2 weeks
20 mcg subcut every 2 weeks
30 mcg subcut every 2 weeks
40 mcg subcut every 2 weeks
50 mcg subcut every 2 weeks
60 mcg subcut every 2 weeks
BO mcg subcut every 2 weeks
100 meg subcut every 2 weeks
130 meg subcut every 2 weeks
150 meg subcut every 2 weeks
100 mcg subcut every 1 week

Increase Dose*

20 mog subcut avary 2 waaks
30 mog subcut avery 2 waaks
40 mog subcut avery 2 waaks
50 mog subcut avery 2 waaks
60 mog subcut avary 2 waaks
80 mog subcut avery 2 waaks
100 meg subcut avary 2 waaks
130 meg subcut avery 2 waaks
150 meg subcut avary 2 waaks
100 meg subcut gyary 1 waek
130 meg subcut avery 1 waek

Decrease Dose*

DV/C. chack Hgb in 2 weaks

10 meg subcut avary 2 weaks
20 meg subcut avary 2 wasaks
30 meg subcut avary 2 waaks
40 meg subcut avary 2 wasaks
50 meg subcut avary 2 wasaks
60 meg subcut avary 2 wasaks
80 meg subcut avary 2 wasaks
100 meg subcut every 2 waeks
130 mog subcut every 2 waeks
150 meg subcut every 2 weeks

NON-DIALYSIS CKD ANEMIA MANAGEMENT »
PROTOCOL: ESA DOSING ADJUSTMENT TABLES ®¢Renat®

(to use up current supplies at home)

INCREASED DOSE

DARBEPOETIN ALFA(ARANESP®) DOSING INTERVAL ADJUSTMENT TABLE

DECREASED DOSE

CURRENT DOSE CHANGE INTERVAL | CHANGE INTERVAL
TO TO
10 meg every 2 weeks HOLD

20 meg every 2 weeks

30 meg every 2 weeks

40 meg every 2 weeks

50 meg every 2 weeks

60 mcg every 2 weeks

80 meg every 2 weeks

100 meg every 2 weeks

130 meg every 2 weeks

150 meg every 2 weeks

Every 10 days

Every 21 days

100 meg every 1 week

130 meg every 1 week

Every & days

150 meg every 1 week

Check with MD

Every 10 days

130 meg subcut every 1 week 150 meg subcut avery 1 wask 100 meg subcut avery 1 waak
150 mcg subcut every 1 week Mo further increasa, check with nephrologist 130 meg subcut every 1 week

*For dosaoe increass or dec o o current syrinaes bafora starting new

R AD g ln 1A ment Table.

Epoetin Alfa (Eprex®) Dosage Adjustment Table

Prefilled syringes available in CKD patients include: 1000 units, 2000 units, 3000 units, 4000 units,
5000 units, 6000 units, 8000 units and 10,000 units.

Current Dose Increase Dose* Decrease Dose*

1000 units subcut every 1 week 2000 units subcut every 1 wasak
2000 units subcut every 1 week 3000 units subcut evaery 1 wasek
3000 units subcut every 1 week 4000 units subcut every 1 waak
4000 units subcut every 1 week 5000 units subcut evaery 1 wasak
5000 units subcut every 1 week B000 units subcut every 1 wasak
6000 units subcut every 1 week BOOO units subcut evaery 1 wasek
B000 units subcut every 1 week 10,000 units subcut every 1 waek
10,000 units subcut every 1 week 6000 units subcut twice per week 8000 units subcut every 1 weak
6000 units subcut Iwice per weak BODD units subcut twice per waek 10,000 units subcut every 1 week
BO00 units subcut twice per weak 10,000 units subcut twice per weaek 6000 units subcut twice per waak
10,000 units subcut twice per week BS000 units subcut 3 limes per week 8000 units subcut twice per week
8000 units subcut 3 times perweelkyk 10,000 units subcut 3 times per week 10,000 units subcut twice par waak
10,000 units subcut 3 fimes per week Mo flunher increasze, check with neghrolagist 8000 wnits subcut 3 limes par waek

dosage increasa or decreass, ch

DfC. check Hab in 2 weeks
1000 unit subcut every 1 week
2000 units subcut avary 1 waak
3000 units subcut avary 1 waak
4000 units subcut avery 1 waak
5000 units subcut avary 1 waak
B000 units subcut avary 1 waak

B

Updaied Sepiember 2004

EPOETIN ALFA (EPREX®) DOSING INTERVAL ADJUSTMENT TABLE
(to use up current supplies at home)

CURRENT DOSE

INCREASED DOSE

DECREASED DOSE

CHANGE INTERVAL
TO

CHANGE INTERVAL
TO

1,000 units every 1 week

2,000 units every 1 week

3,000 units every 1 week

4,000 units every 1 week

5,000 units every 1 week

6,000 units every 1 week

8,000 units every 1 week

10,000 units every 1 week

Every 5 days

HOLD

Every 10 days

8,000 units twice per week

8,000 units twice per week

10,000 units twice per week

Every 3 days

Every 5 days

8,000 units three times per week

Every 2 days

10,000 units three times per week

Check with MD

Every 3 days

Updated September 2014



More iron reduces ESA dose safely

DRIVE DRIVE |l
(6 weeks)?! (6 weeks)?
1gIViron
HD >90 days
on ESA /'RD 25% 1 in ESA dose ESA and iron
N (held constant) per investigator
Ferritin 500-1200 pg/L
Hgb <110 g/L
N=134

« Among anemic

patients with ‘high’ ferritin, IV

iron 1 Hgb and allowed for | ESA use
* No safety signals emerged over 12 weeks

DRIVE=Dialysis Patients’ Response to IV Iron with Bevated Ferritin.
aV iron administered initially as 4-6 doses of 100 mg to increase TSAT to >30% and thereafter as w eekly maintenance doses of 25—-150 mg/w k to maintain TSAT of 30%-50%.
1. Coyne DW etal. J Am Soc Nephrol. 2007;18(3):975-984; 2. Kapoian T et al. J Am Soc Nephrol. 2008;19(2):372-379; 3. Besarab A et al. J Am Soc Nephrol. 2000;11(3):530-538.

Besarab et al
(6 months)?3

IV iron weekly to maintain
Chronic HD TSAT of 30%—-50%?

On ESA /‘R>
Ferritin 150-600 pg/L~—

TSAT 19%-30% IV iron weekly to maintain
Hg';'ﬁig glL TSAT of 20%-30%

* Increasing TSAT to 30%-50% among ‘iron-
replete’ patients allowed for | ESA use
* No differences in hospitalization or infection rates




Overall results demonstrate IV iron spares ESA dose

Study orSubgroup
DeVita, 2003
Fishbane, 1995
Fishbane, 2001
Kaneko, 2003
Kotaki, 1997

Li, 2008
Macdougall, 1996

Total (95% ClI)

Optimal Iron
Mean SD
11,074 8,141
8,100 5,670.7
11,772 11,780
2,629 2,640
9,400 4,405.5
4,500 8,776.6
5,259 1,002

Total
19
20
74
97
15
70
12

307

Suboptimal Iron

Mean
15,267
15,126
10,949

3,606

10,062.5

6,140

6,041.4

SD
8,890
4,276.6
12,154
3,347
5,420
8,237.8
1,367.5

Total
17
32
64

100
16
66
25

320

Weight
4,8%
12.3%
8.1%
26.0%
9.9%
12.5%
26.4%

100.0%

Mean Difference
IV, Random, 95% ClI
-4193.00 [-9783.93, 1397.93]
—-7026.00 [-9919.43, -4132.57
823.00[-3185.77,4831.77]
-977.00 [-1817.45, -136.55]
—-662.50 [-4129.99, 2804.99]
—-1640.00 [-4499.53, 1219.53]
-782.40[-1562.63, -2.17]

—-1732.50 [-3072.78, -392.23]

Mean Difference
IV, Random, 95% CI [U x 1000]

=
&
+
1
L]

——
| | |
I I 1
=5 o 5 10
Favours (optimal iron) Favours (suboptimal iron)

‘Optimal iron’ allowed for a 23% | in ESA dose
(compared to “suboptimal iron”)



The AMP is based on EVIDENCE

e DRIVE & DRIVE 2 — ESA resistant anemia — give more & regular iron
 Normal Hematocrit, CHOIR & CREATE — Hgb <130 g/L, ESA dose is key

e TREAT — CKD not on dialysis use ESA sparingly, Hgb not above 120 (in
fact, no advantage going above 115g/L

1998 2006 2006 2009

CHOIR CREATE TREAT

Normal Hematocrit Study
34% 1 in death + Ml + HF No benefitwith normalizing N0 CV or mortality benefit of

. o , L ano
_hematqcrlt (42%) associated W'th. 30%1 + stroke with hemoglobin target of Hgb in ND-CKD* darbepoetin alfa in patients with DM
in the risk of death or nonfatal Ml in HD 135 g/L in ND-CKD vs 113 g/L2 and ND-CKD: 92% 1 in stroke5

(stopped prematurely)?! ’

(2013): Independent of Hgb, higher (2011): Risk of stroke not related to Hghb®
ESA doses 1 risk for CV events®

1. Besarab A et al. N Engl J Med. 1998;339(9):584-590; 2. Singh AK et al. N Engl J Med. 2006;355(20):2085-2098; 3. McCullough PA et al. Am J Nephrol. 2013;37(6):549-558; 4. Driieke TB et al. N Engl J Med. 2006;355(20):2071-
2084; 5. Pfeffer MA et al. N Engl J Med. 2009;361(21):2019-2032; 6. Skali H et al. Circulation. 2011;124(25):2903-2908.



By implementing our protocol, “these studies
suggest” since 2009...*

*\\Ve avoided:
e 560 strokes
162 cancer related deaths

e 1813 events of death, MI, CHF hospitalization,
stroke (a combined endpoint)

e 1029 deaths
e 1670 CHF hospitalizations *(but we don’t really know)
1573 dialysis starts. (event # reduced by 50% to be conservative)

. . 1998;339(9):584-590; 2. Singh AK et al. N Engl J Med. 2006;355(20):2085-2098; 3. McCullough PA et al. Am J Nephrol. 2013;37(6):549-558; 4. Driieke TB et al. N Engl J Med. 2006;355(20):2071-
Pfeffer MA et al. N Engl J Med. 2009;361(21):2019-2032; 6. Skali H et al. Circulation. 2011;124(25):2903-2908.
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INCREASED RELIANCE ON IV IRON INCREASED

SERUM FERRITIN OVER TIME
Trends in Serum Ferritin Concentrations in the US1.2

1000
KDIGO limit IV iron to TSAT
<30% and ferritin <500 pg/L
;? Ferriti |
2 Ferritin goal erritin goa
S 800
= 200-800 200-500
= Ferritin goal
= 100-800
L
c 000 l ESA and IV
% iron bundled
in US
400
200

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
Year

KDIGO=Kidney Disease: Improving Global Outcomes; TSAT=transferrin saturation.
Adapted from 1. Charytan DM et al. J Am Soc Nephrol. 2015;26(6):1238-1247; 2. US-DOPPS (Dialysis Outcomes and Practice Patterns Study) Practice Monitor.
https://w ww.dopps.org/DPM/Files/meanferritinngmll_overall TAB.htm. Accessed September 10, 2018.

© Vifor Pharma


Presenter
Presentation Notes
On this slide, the temporal changes in mean serum ferritin concentrations in the United States are examined in more detail
The introduction of epoetin in 1989 led to dramatic declines in transfusion and to higher haemoglobin values in US dialysis patients1
The 1997 guidelines by the Dialysis Outcomes Quality Initiative recommended IV iron to support a haemoglobin level between 110 and 120 g/L, and maintain ferritin between 100 and 800 µg/L, and TSAT between 20% and 50%1
These guidelines and the 2001 revision were associated with increased use of IV iron1
The mean ferritin level was only 302 µg/L in 1993; by 2001, mean ferritin had risen to 526 µg/L and to 586 µg/L in 20071
In 2011, the US Centers for Medicare and Medicaid Services instituted a partially capitated payment system for dialysis services that included both ESAs and IV iron. This provided financial incentives for dialysis providers to reduce utilization of high-cost items like ESAs by increasing use of lower-cost IV iron1
Mean ferritin levels increased from 640 µg/L to 826 µg/L from August 2010 to January 2012 and generally remained stable through January 20181,2

Note to presenter: Click on button to link to optional slide.


Charytan DM, Pai AB, Chan CT, et al. Considerations and challenges in defining optimal iron utilization in hemodialysis. J Am Soc Nephrol. 2015;26(6):1238-1247.
US-DOPPS (Dialysis Outcomes and Practice Patterns Study) Practice Monitor. Serum ferritin (3 month average), continuous (ng/mL). April 2018. https://www.dopps.org/DPM/Files/meanferritinngml1_overallTAB.htm. Accessed September 10, 2018. 



Changes in Practice
British Columbia
CKD patients Changes over time in EPO Initiation practices: 2007- 2017

NN W
A~ NO
T |

RN
Hire

oOwo ON U1
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eGFR (mL/min/1.73m

110
107
104
101
98
95
92
89
86
83
80

Hgb (g/L)

Median eGFR at EPO initiation

23
21 21 19 19
18 18
14 14
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Year
Median Hemoglobin at EPO initiation
199
1 97 98
1 93.5
1 92 92 92 91
1 88 89 88
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Year
n= 614 644 606 422 425 517 463 453 452 468 373

From Dr. A Levin



..but questions remained about IV iron

High vs low ferritin threshold?

lron vs ESA?
Ferritin vs TSAT?

Conservative vs liberal dosing strategies?



Patients come in all shapes and sizes

38F
ADPKD
GFR 20

From Dr. A Levin



British Columbia
CKD patients Changes over time in EPO Initiation practices: 2007- 2017

% Hgb Level at EPO initiation overtime

60%

50% S
40%

30% /'/.,

I R —

0% EE——" s S e —— ¥ —

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
—=-<90 —-90-94 -—»-95-99 100-104 —-105-109 —--110-114 >=115

n= 614 644 606 422 425 517 463 453 452 468 373

From Dr. A Levin



HIF inhibitors

An oral agent coming soon for anemia...



Anemia, CKD and HIF therapies

e Hypoxia-inducible factor
(HIF) Prolyl Hydroxylase
Inhibitors or HIF stabilizers

Oral medication

Stimulate iron absorption,
endogenous EPO production

Inhibit proinflammatory
cytokines

Act on multiple genes
? Additional beneficial effects

Growth and apoptosis
In=ulin-fke groweth fector binding protein-1

n

Wims" tumor suppressor
a-Fetopmtein [negative regulation)
Calcitonin recepior ke recaptor

Transcriptional
DECH argtElnE':E'
ETS1

paksi

Virus related
Reirotranspoeon WL30

¥I"E.I'IE‘|E’|'I‘!I‘I

ransiemn receptor

Candoplasmin

Multidrug-resiztance P-glycoprotein

Procollagen probd hydroylass-oy
Imtestinal trefoi facior
Ecio-5"-rnuclectidase

Cell migration
Chemaokine receptor CXCRA
c-hat

-

e

Vasomotor

Endothelin 1

Adrenomedulin

Tymoeine hydmodase
@qg-adrenergic receptor

I ible nitric cvide synthase
Endothelal ritric conide synthase
Heme oxygenase

Adnial natruretic paptide

5

Energy metabalizm
Glucose trarsporter 1
EPI’ns!Eﬂ'ohcl 3 -k

- o-1-ldnazs L
% detyde-3-phosphata dehydrogenass

laze A
Enolzze 1 " I
carate kinzsa

e oo A
-Phosphofnuacto-2-lanasze
Carbonic anhydraszs 9

Angi = sianali
h‘mnjaa'd:tgﬂ';mhfa:w.ﬁ
Endothalal gland-denved vascular
endothelal growth facior
Wazcular endothelial growth oo
recaptor-1 [Ft-1)
Fla=minogen-actiaior mhibitor-1

From Dr. A Cunningham
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Foundation of 2019 nobel prize in physiology/ medicine
Approved in China and Japan



Mechanism of Action

HIF-PH' Enzymes
| , 1) EPO Within or Near
i” HIF-a Degrades Rapidly Physiological Range
NORMAL
OXYGEN ‘ ’

- Iron Transport to the
Bone Marrow and

Hemoglobin (Hb)
Synthesis

Degradation
Y
7

Iron Absorption

LOW
OXYGEN

(e.g. High Altitude) Hepcidin Levels

ROXADUSTAT

or
‘ w Gene Transcription v

HIF-PH Enzymes " EeddEIir;ud Cell
Roxadustat Stabilizes HIF-a roguction



Presenter
Presentation Notes
Oxygen levels decrease – PH enzyme activity decreases  increased HIF transcription  induces epo expression and iron absorption/ recycling
Decrease hepcidin – increase ferroportin – access to macrophage and enteral iron stores
Roxadustat – HIF PH inhibitor that mimics the natural response to hypoxia

Intermittent dosing strategy – 3x/week so that transcriptional activity returns to baseline between doses.
So intermittent induction of gene transcription


Conclusions

Non-inferior to ESA in maintaining Hb level for stable patients who
are relatively EPO responsive and iron replete

. . Potential Concerns:
Potential Benefits:
- Higher rates of discontinuation

- Oral medication - Adverse events, including

- Avoid ESAS hyperkalemia
- Iron mobil_ization in the ab_sence ofiViron o our progression
- Suppression of inflammation - Pulmonary hypertension
| | - Metabolism
- Ischemic protection - Angiogenesis, DM retinopathy
- Progression of CKD

From Dr. A Cunningham - Thromboembolic events



Current Therapies in Anemia in CKD

e Various treatments work to raise Hb
e |ron, ESA and HIF stabilizers

e |ssues from clinical trial data:

e Sick populations do not benefit from attempts to raise Hb with very
high doses of ESA

e Guidelines suggest narrow range of target Hb for non dialysis and
dialysis pts

e Adverse effects of ESAs in specific populations not well defined

e |Individualization of therapy

* Ongoing questions:
 What level of Hb is appropriate for CKD, Dialysis pts?

 What are appropriate outcome measures?
e QOL, survival, exercise ability
e Other

From Dr. A Cunningham



A diabetes drug
for anemia??

C) Proposed Renal Mechanisms for Increased

EPO with SGLT2 Inhibitors
4 Na*/Glucose /p

reabsorption (el )

J Metabolic demand /
' ] " BONE MARROW
1‘ Na* distal tubule / | 1. Erythrogenesis
™ Afferent arteriolar ~/  “ Iron utilization
vasoconstriction / /1 Oxygen delivery

VL Renal blood flow A \
¥ Renal pO, 4 Circulating
4 Oxidative stress progenitor cells

/ 4 Beta-hydroxybutyrate d .

mediated EPO / X
SGLT2 Increased > OB
Inhibitor
\ / HEART

1 Afferent arteriolar
vasoconstriction
S MO delivery

4 Left ventricular
mass

—

/<) BRAIN
Neuroprotection



Presenter
Presentation Notes
Post-hoc analysis of dapagliflozin data
Potential protective role? Further info needed… iron parameters & red cell mass / volume-mediated effect?

SGLT2 inhibitors = Sodium GLucose Transport 2 inhibitors


Practical changes to AMP

CKD non-dialysis, dialysis, peritoneal dialysis




Iron management in chronic kidney disease: ®mum__-ﬁ
conclusions from a “Kidney Disease: Improving
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Proactive IV irOn Therapy in hemodiALysis

Largest study to date : 2141
patients

Trial was well conducted — we can
believe the results

Compared “proactive” to
“reactive” iron sucrose dosing

Population similar to our HD
population

HYPOTHESIS:

Proactive, high-dose |V iron sucrose
would be non-inferior to reactive,
low-dose |V iron sucrose for the
outcome of all-cause mortality and
CV events in HD patients.

Macdougall IC et al. Am J Nephrol. 2018;48(4):260-268.



PIVOTAL Design

Proactive, high-dose IV iron sucrose* arm (n=1093)

IV iron sucrose 400 mg/month
(withhold if ferritin >700 ug/L or TSAT 2 40%)

New to HD
(0-12 months)/R n=2141 Iron held in both groups if active
On ESA infection present

Ferritin <400 pg/L
TSAT <30%
(N=2589)
Reactive, low-dose IV iron sucrose* arm (n=1048)

IV iron sucrose only administered if
ferritin <200 pg/L or TSAT <20%

Adapted from Macdougall IC et al. Am J Nephrol. 2018;48(4):260-268.
1. Macdougall IC et al. Am J Nephrol. 2018;48(4):260-268; 2. Macdougall IC et al. [published online October 26, 2018; published correction appears in N Engl J Med.
January 14, 2019. doi:10.1056/NEIJMx180044]. N Engl J Med. doi:10.1056/NEJM0al1810742

2631 primary
endpoint events
(death, M,
stroke, or HF
hospitalization)




PIVOTAL OUTCOMES

Composite of nonfatal MI, nonfatal stroke, hospitalization for HF, or all-cause death, analyzed as
time-to-first event

Components of the Primary Endpoint (Secondary Endpoints)

» All-cause death

* Composite of CV events (MI, stroke, and hospitalization for HF [first event])
* MI (fatal or nonfatal)

« Stroke (fatal or nonfatal)
* Hospitalization for HF

Recurrent Events (Secondary Endpoint)

MI, stroke, hospitalization for HF, and deaths analyzed as first + recurrent events

Macdougall IC et al. Am J Nephrol. 2018;48(4):260-268.



Additional Efficacy Endpoints

« ESA dose requirements e Quality-of-life measures
* Transfusion requirements

Safety Endpoints

e Vascular access thrombosis * Hospitalization for infection
» All-cause hospitalization  Infection episodes

Laboratory Endpoints

e Cumulative dose of iron * Platelet count
* Hemoglobin concentration e Serum albumin concentration
« Serum ferritin concentration o TSAT



“Proactive” group had 119 mg more iron/month
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Mean (95% CI) Cumulative

2000

1000

Proactive, high-dose iron sucrose

Patients in the proactive,
high-dose arm received a
median of 2 g more IV
iron sucrose by month 12

P<0.001 at all timepoints

Reactive, low-dose iron sucrose

BC Mean

BC Median

Median monthly doses:
264 mg vs 145 mg

Macdougall IC et al. [published online October 26, 2018; published correction appears in N Engl J Med. January 14, 2019. doi:10.1056/NEJMx180044].
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Ferritin rose rapidly in higher dose iron group
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TSAT rose rapidlyin higher dose iron group
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ESA dose was lowerin the higher dose iron group
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Macdougall IC et al. [published online October 286, 2018; published correction appears in N Engl J Med. January 14, 2019. doi:10.1056/NEJMx180044]. N Engl J Med. doi:10.1056/NEJMoa1810742



Hgb rose rapidly in higher dose iron group
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1’ Endpoint: better outcome in higher dose iron group

. 3% | in Death, MI, Stroke, or HF Hospitalization
HR, 0.85 (95% ClI, 0.73-1.00) 15% RRR
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From the New England Journal of Medicine, Macdougall IC et al., Intravenous iron in patients undergoing maintenance hemodialysis, [published online October 26, 2018].

Macdougall IC et al. [published online October 26, 2018; published correction appears in N Engl J Med. January 14, 2019. doi:10.1056/NEJMx180044].
N Engl J Med. doi:10.1056/NEJM0al1810742




Less recurrent CV eventsin higher dose iron group

601 5.200 ARR In Recurrent Events?
(23% RRR RR, 0.77 (95% CI, 0.66—0.92)

Reactive, low-dose iron sucrose
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No difference in death from any cause
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aDeath from any cause, M|, stroke, and hospitalization for HF.
Recurrent events plotted in the form of mean frequency functions using the method of Ghosh and Lin (Biometrics. 2000;56:554-562).
From the New England Journal of Medicine, Macdougall IC et al., Intravenous iron in patients undergoing maintenance hemodialysis, [published online October 26, 2018].

Macdougall IC et al. [published online October 26, 2018; published correction appears in N Engl J Med. January 14, 2019. doi:10.1056/NEJMx180044]. N Engl J Med. doi:10.1056/NEJM0al1810742



2’ endpoints significant except for stroke and death
(higher dose iron was better)

HR, 0.80(95% Cl, 0.64-1.00) (16.0%vs 13.6%)

n :
(. aee), EEE 20% RRR 2.4% ARR unadjusted
or @{t_._ﬁ or
Ml

Stroke Hospitalization for HF

31% RRR 2.6% ARR unadjusted
HR, 0.69 (95% Cl, 0.52—-0.93) (9.7%vs 7.1%)

N/A
(3.1%vs 3.3%)

HR, 0.90(95%Cl, 0.56-1.44) ‘

‘ 34% RRR ‘ 2.0% ARR unadjusted
HR, 0.66 (95% Cl, 0.46—0.94) (6.7% vs 4.7%)

HR (95% CI) adjusted for stratification variables: vascular access, diabetic status, and time on dialysis.
Macdougall IC et al. [published online October 26, 2018; published correction appears in N Engl J Med. January 14, 2019. doi:10.1056/NEJMx180044]. N Engl J Med. doi:10.1056/NEJM0al18107 42




Higher dose iron group required less blood

N 3.5% ARR in transfusion
HR, 0.79 (95% ClI, 0.65-0.95) 21% RRR

Reactive, low-dose iron sucrose 21.6%

VS
18.1%

Proactive, high-dose iron sucrose

Patients With Event (%)
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Macdougall IC et al. [published online October 26, 2018; published correction appears in N Engl J Med. January 14, 2019. doi:10.1056/NEJMx180044].
N Engl J Med. doi:10.1056/NEJMoal810742



Higher dose iron group: equally safe

Proactive, Reactive,
High-Dose Low-Dose
IV Iron Sucrose IV Iron Sucrose
(N=1093) (N=1048)
Endpoint n (%) n (%) Hazard or Rate Ratio (95% Cl) P Value
Vascularaccess thrombosis 262 (24.0) 218 (20.8) : @ 1.15 (0.96-1.38) 0.12
|
All-cause hospitalization 651 (59.6) 616 (58.8) b 1.01 (0.90-1.12) 0.90
|
|
Hospitalization forinfection 323 (29.6) 307 (29.3) .: 0.99 (0.82-1.16) 0.92
|
63.3 69.4 '
Infection episodes — 0.91 (0.79-1.05) N/A
per 100 PY per 100 PY :
1

08 09 10 11 12 13 14

<

Proactive, High-Dose Better ~ Reactive, Low-Dose Better

Macdougall IC et al. [published online October 26, 2018; published correction appears in N Engl J Med. January 14, 2019. doi:10.1056/NEJMx180044]. N Engl J Med. doi:10.1056/NEJMo0al1810742



BC compared to PIVOTAL,

BC (2018)
(iron gluc. N=1943, Iron suc N=243)
Average TSAT (%) 27
Average Hemoglobin 105.0
(g/L) (% under 110 = 63

% over 130 = 2.5)
Average Ferritin (/L) 686.5

Median monthly Iron | Iron Gluconate = 156 IQR 94-229 (191)
dose (mg) (Mean)

Iron Sucrose = 100 IQR 50-192 (95)

Median weekly ESA Median: Epoetin 6000 (IQR 4000-12,000)

dose (units) Darbe 20 (IQR 10-40 mg)
Mean: 8416 * 400 (InCent HD)
7786 + 400 (Comm HD)

rest of Canada

PIVOTAL
(1 iron)
26

112

~625

264

7,440

Canada (2017 per
DOPPS)

24.5 +1.5%

105.8 £+ 1.4 g/L

372 + 54

135

9913 + 587
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Frovwincial Health Services sutharity

Number of Chronic Kidney Patients in BC by Type (july1, 2009 - July 1, 2019)

Rvarage® o vear

Treatment Type MCIRas% Increase
Per Year
Non-Dialysis CKD - Clinics 734 4 3644 8963 9505 10068 10473 10309 10841 1342 11632 5% 58%
g Non-Dialysis CKD - MD Offices 2843 m 2974 2962 3059 2930 3017 374 3948 4239 4226 4% 49%
Total CKD | 10184 | 10825 | 11618 11925 | 12564 | 12998 | 13490 | 14023 | 14889 | 15581 | 15858 5% 56%
Hospital-based Hemodialysis 167 1238 1209 1238 1283 1203 1247 1245 1347 1377 1458 2% 25%
Community Unit Hemodialysis 75 787 304 805 2813 834 785 g 839 857 918 2% 22%
Facility dependent Nocturnal Hemodialysis’ nfa nfa 17 19 25 41 62 93 84 78 83 26% nfa
Subtotal (Hemodialysis) | 1918 2025 2030 2062 211 2078 2094 2169 2270 2312 2464 3% 28%
[, B Peritoneal Dialysis &673 691 677 Pt 813 9 173 an 856 852 873 3% 30%
g Combination of Hemo- and Peritoneal Dialysis nfa nfa 19 22 25 A 27 12 12 13 18 4% nfa
E Subtotal (Peritoneal Dialysis) | 673 691 696 740 838 822 800 823 868 865 891 3% 32%
Home Hemodialysis 96 N 127 134 124 137 140 133 135 15 13 4% 36%
Facility Independent Hemodialysis, including
Nocturnal®
Subtotal (Home Hemodialysis)

Data source: PROMIS Database, BC Renal

"The facility dependent nocturnal HD program was first initiated in 2011 at St. Paul's Hospital only. Between 2013 and 2015, this program was expanded to Surrey Memorial Hospital, Royal Celumbian Hospital, Royal
Jubilee Hospital and Abbotsfort Reginal Hospital and Cancer Centre. The noted average % increase per year was mainly driven by the rapid gain of popularity between 2011 and 2016.

*The facility independent nocturnal HD program was initiated in 2010 at Vancouver General Hospital. The program continues to gain popularity to date; however, the noted average % increase per year was mainly driven
by rapid growth during the first 5 years of program incepticn.



Pivotal outcomes applied to BC 2009-2019

e BC =2464 hemodialysis patientsin 2019 (3% growth per year)

. Comﬁosite of nonfatal MI, nonfatal stroke, hospitalization for HF, or all-cause
death = 3.0% {, = 763 fewer events

e All-cause death = NSS

e Composite of CV events (MI, stroke, and hospitalization for HF [first event]) =
2.4% |, = 611 fewer events

MI (fatal or nonfatal) = 2.6% |, = 662 fewer events
Stroke (fatal or nonfatal) = NSS
e Hospitalizationfor HF = 2.0% {, = 509 fewer events

MI, stroke, hospitalization for HF, and deaths analyzed as first + recurrent events =
5.2% = 1323 fewer events

Blood transfusions = 3.5% {, = 891 fewer events



So where does the BC AMP go from here??

* Our protocol is a “PROACTIVE” protocol (with a reactive “boost”)

 Can we compress iron administration to the first week or two of the
month?

* Should we be less aggressive with iron? Change to 600 mg load?
e Should we copy PIVOTAL in iron dosing?

* Analyze regional differences

e Personalize the protocol (ADPKD, EPO resistant vs. not)?

e Change the protocol and monitor changes

* Trial endpoints are more difficult to analyze



Stay tuned and thank you!

Questions?
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