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Wolfgang Amadeus Mozart
1756 born

1784~ hypertension, nasal bleeding,
headache

1791~ depression, personality change,
anemia, the taste of death on their tongues

1791.5.12 Death of uremia at the age of 35



EDITORIAL REVIEW

Did Mozart Die of Kidney Disease? A Review From the

Bicentennial of His Death'

Edward N. Guillery?

E.N. Guillery, Division of Pediatric Nephrology, Depart-
ment of Pediatrics, University of lowa Hospitals and
Clinics, lowa City, IA.

(J. Am. Soc. Nephrol. 1992; 2:1671-1676)

and wrote that Mozart required a “night jacket which
he could put on frontways, since on account of his
swollen condition he was unable to turn in bed” (1).
Mozart said to her “Why, I have already the taste of
death on my tongue.” Cold poultices were placed on
Mozart’'s “burning head,” which, it seemed to Haibel,
caused him to become unconscious. in which state
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Heart, kidney, and intestine have different
tolerances for anemia

cardiac pPO, (40 £ 6 mm Hg at baseline) decreased
only in the ultimate stage of the experiment at Ht of 8.7
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Heart, kidney, and intestine have different
tolerances for anemia

intestinal pPO,, (59 £ 6 mm Hg at baseline) did not start
to decrease until Ht reached 17.4 + 7.1%
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Heart, kidney, and intestine have different
tolerances for anemia

decrease at a Ht of 38.5 + 8.6%

B Kidney microvascular PO,

renal yPO, (56 £ 10 mm Hg at baseline) started to
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tend to develop renal
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Distribution of Hb range based on eGFR
CKD-JAC

Distribution of Hb range
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Case 63-year-old male

[History]
1993 Diagnosed as diabetes mellitus
1999 Started insulin treatment

The control of HbAlc was around 7-8%, and her
kidney function deteriorated.

2007 Admission on foot for the evaluation of the IHD



149cm, 42.7kg (BMI 19.2), BT 36.8°C,
BP 160/92mmHg, PR 82/min, SpO2 98%(room air)
Chest Xp: CTR 47.6% CPANgle sharp

ECG: ST elevation at V2,V3 (no change)

Hb 8.9 (MCV 96, MCH 33, MCHC 34),
WBC 5600 (Seg 75%, Mono 8%, Lymph 14%),

Plt 200,000

BUN 40 mg/dL Cr 3.1 mg/dL eGFR 17.1 ml/min/1.73m?
Na 131 K 4.2 Cl 94 cCa 9.1 mg/dL P 3.8 mg/dL

Fe 63 ug/dL TIBC 165 ug/dL ferritin 333 ng/ml|



149cm, 42.7kg (BMI 19.2), BT 36.8°C,
BP 160/92mmHg, PR 82/min, SpO2 98%(room air)
Chest Xp: CTR 47.6% CPANgle sharp

ECG: ST elevation at V2,V3 (no change)

Hb 8.9 (MCV 96, MCH 33, MCHC 34),
WBC 5600 (Seg 75%, Mono 8%, Lymph 14%),

PIt 200,000
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Na 131 K 4.2 Cl 94 cCa 9.1 mg/dL P 3.8 mg/dL
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EPO 14.1 mIiU/mL (normal range: 8.0 ~ 36.0)



Serum EPO concentrations and responses to
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Case 72-year-old female

CKD due to medullary sponge kidney
Diagnosis was made at the age of 50




Referred from the urology department to investigate
a cause of anemia

s> dyspnea, no abdominal discomfort or abnormal bowel
movements

0> BP 90/56

Hb 5.4 (MCV 90.2, MCH 29.5, MCHC 32.7),

WBC 6100 (Band 2, Seg 55, Mono 4, Lymph 39),

PIt 141000

BUN 26.9 mg/dL Cr 1.92 mg/dL eGFR 20.6 ml/min./1.73m?
Na 140 K 4.0 Cl 112 cCa 9.0 mg/dL IP 4.8 mg/dL

CRP 1.43

Fe 121 ug/dL TIBC 151 pg/dL ferritin 344 ng/mL



EPO 27.7 mU/ml (8.0-36.0)
vitamin B12 218 pg/ml (233-914)
folate 2.5 pg/ml (3.6-12.9)

Bone marrow aspiration

Normoplastic marrow NCC 93000/ul, MgK
60/l micromegakaryocyte, a decrease In
erythroblasts, abnormal nuclear division

=> Diagnosis: MDS RCMD (refractory
cytopenia with multi-lineage dysplasia)



Mechanisms of EPO
production and Its
disturbance



ldentification of EPO producing cells

transgenic mice expressing GFP under the control of a 180-kb
mouse Epo gene locus




PO-Cre/R26R/Epo-GFP

EPO producing cells contribute to
fibrosis of the kidney

D GFP LacZ Overlay

I ’ « ’ ’ ; . 4 v’
LacZ immunostaining Overlay

Asada et al. J Clin Invest 2011



EPO producing cells contribute to
fibrosis of the kidney

fibroblast

damaged tubule EPO-producing
neurcprotective myoclibroblasts
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Cellular responses against hypoxia

CO2 02 Hypoxia

LA ?{1 HIF-a i
Prolyl hydroxylase I/— )
Fe
v -

(Min et al. Science 2002) —|_HRE Gene expression

Oxygen transport ( , Transferrin)
Vascular regulation (VEGF, adrenomedullin, HO-1)

Glucose uptake and glycolysis (Glut-1, Aldolase A)
Anti-oxidative enzymes (SODs, catalase)

Mimura & Nangaku. Nature Rev Nephrol 2010




HIF-1a

HIF-2a

HIF-3a

HIF-1B(ARNT)




EPO mMRNA colocalizes with HIF-2a in

the interstitial cells, but not with HIF-1a
EPO__ — HIF

HIF-1a <

HIF-2a <




HIF-2a gain-of-function mutation Is a
cause of familial polycythemia
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Suppression of EPO expression
by indoxyl sulfate: in vitro

EPO mRNA
expression levels

CoCL,
(100uM)
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(mM) - - 0.5 1.0 2.5 5.0

Chiang, Nangaku, Inagi et al. Lab Invest 2011



iIndoxyl sulfate inhibits HIF activity
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Long-acting EPO
darbepoetin /
Novel Erythropoiesis Stimulating Protein

Addition of new

B glycosylation
‘ glycosylation

Receptor 2 Receptor 1 Receptor 2

Australia, Hong Kong, Japan, Korea, Malaysia, New Zealand,
Philippines, Singapore, Taiwan, Thailand



Long-acting EPO
Mircera /
Methoxy polyethylene glycol-epoetin beta

)"
)

Australia, Bangladesh, Cambodia, Hong Kong, Japan, Korea,
India, Indonesia, Malaysia, Myanmar, Nepal, New Zealand,

Pakistan, Philippines, Singapore, Sri Lanka, Taiwan, Thailand,
Vietham



Biosimilar recombinant EPO induces the
production of neutralizing antibodies

Table 1| Patients’ characteristics and issues related to the use of biosimilar r-HuEpo and laboratory results

Anti-r-HuEpo positive Anti-r-HuEpo negative P

Numbers of patients {cases) 23 7 —
Gender, male/female {case/case) 13/10 3/4 0.526
Age, years £ sd. 61.11+21.4 5281438 0.784
CKD status, cases (%) 0.647

Predialysis 8 (34.8) 2 (28.6)

Hemodialysis 14 {60.9) 4 {57.1)

Peritoneal dialysis 1 {4.3) 1{14.3)
Etiology of CKD, cases (%) 0.393

Diabetic nephropathy S (26.1) 3 (42.9)

Chronic glomerulonephritis 3 (13.0) 4]

Unknown 14 {60.9) 4 {(57.1)
r-HuEpo exposure duration, months +s.d. (range in months) 12.117.8 {3-36) 223 +£19.8 (6-60) 0.001*
r-HuEpo dose, U/kg/week + s.d. 149+ 82 171£91 0.991
Hb before LOE, g/dl+s.d. 10816 11.4+0.7 0.458
Hemoglobin by the time of LOE, g/dl£s.d. 56109 73%0.7 <0.001%
Reticulocytes, cell/mm’ £s.d. 597811217 13,128 £3,456 <0.001*
Serum ferritin, ng/ml % s.d. 368.6 £ 83.1 370.3+937 0.967
Transferring saturation, % % s.d. 283166 288+5.2 0.821
Serum folate, pg/ml+s.d. 128+ 4.5 125+43 0.526

n = 36 patients with CKD treated with biosimilérlnlépo and
who developed a sudden loss of efficacy

Praditpornsilpa et al. Kidney Int 2011



How the Japanese dialysis patients are treated

Database of JSDT

Ratios of various ESASs
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'Hb levels of the Japanese'dialysis patients
i Database of JSDT @
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lron homeostasis

Inflammation

Fpn
hepcidin >
p\
t. RBC
_— > ( Plasma ©
Bone marrow

Iron signal /
Erythropoietic signal

Ganz. J Am Soc Nephrol 2007

Duodenum/
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Hepcidin was also knocked out
In USF2-KO mice
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hepcidin is increased in CKD patients
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hepcidin does NOT predict iron
responsweness

Iron responsiveness by
80 - .
ROC curve analysis
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FIND-CKD: a randomized trial of intravenous
ferric carboxymaltose versus oral iron In
patients with CKD and iron deficiency anemia

LS mean Hb (g/dL)

12.0 1
1.5+
11.0
10.5 -
—— High-ferritin FCM
10.0 - —#— Low-ferritin FCM
55 -4 Qral iron
0 | | | | | | | | | | | | | |
BL 4 8 12 16 20 24 28 32 36 40 44 48 52

Time (weeks)

Macdougall et al. Nephrol Dial Transplant 2014



NICE Anaemia Management in CKD 2011

People receiving ESA maintenance therapy
should be given iron supplements to keep their:

serum ferritin levels between 200 and 500 pg/I
in both HD and non-HD patients, and either

— TSAT above 20% (unless ferritin Is greater
than 800 ug/l) or

— percentage hypochromic red cells (%HRC)
less than 6% (unless ferritin is greater than 800

ug/l).



KDIGO Clinical Practice Guideline
for Anemiain CKD 2012

For adult CKD patients with anemia not on iron
or ESA therapy we suggest a trial of iron therapy

If an iIncrease In Hb concentration without
starting ESA treatment is desired and TSAT is
<30% and ferritin is £500 ng/ml (€500 mg/l)



Multivariable adjusted log-hazards of all-cause
mortality associated with levels of natural-log-
transformed serum ferritin concentration

non-HD . /

1

0

Log hazard mortality

1
\

7 250 ng/mL

I | I T T I
2 3 4 5 6 7
Log-Ferritin (ng/ml)

Kovesdy et al. CJASN 2009



Association between serum ferritin and all-cause mortality

HD

A 3.5
— e — unadjusted /}
2.5 —_— ) — - case mix
- case-mix & MICS
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. ¥ 3
. AE

All cause mortality hazard ratio

0.7
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Association between high risk of death with high serum
ferritin levels

the Nishinomiya Study

H D S - bability Sensitivity
urvival probabdliily 1
92.9n ag;/mL
Iis Cut-off v
- "***ie. Low Firt L l
0.81
| 0.6
0.6 High Frt o
044 cut-off 100 ng/mL
| 0.27
0.2 Wilcoxon 0.0008
0 02 04 06 08 1
Y e ———— 1-Specificity
0 20 40 60 80 100 120 s
Cut-off value of ferritin ~ 92.9 ng/ml
months ¢ Cviry 0.667
Specificity 0.736
Area under the curve 0.683
P value 0.017
95%CI 0.543 - 0.822

Hasuike et al. Clin Exp Nephrol 2010



Association between adverse events with high serum
ferritin levels (>100 ng/mL) and with high-amplitude
ferritin fluctuations

Treatment for Renal Anemia on Prognosis (TRAP) study

Event Ferritin fluctuation Hazard ratio (95% Cl) P-value
HD ‘
_ L-H 1.53 (0.58-4.02) 0.389
Cersbro-cardio High 222 (1.07-4.63) E 0.033
vascular disease
H-L 2.16 (0.9-5.23) 0.086
HA 1.77 (0.74-4.27) 0.201
L-H 1.38 (0.94-2.01) 0.096
, ) High 1.76 (1.29-2.4) <0.001
Kiactous disease H-L 157  (1.09-2.28) 0.016
HA 1.2 (0.84-1.72) 0.31
L-H 1.59 (1.10-2.28) 0.013
High 0.85 (0.57-1.25) 0.403
Hospitalization H-L 1.08 (0.71-1.65) i‘ 0.711
HA 1.32 (0.91-1.91) 0.141
L-H 6.18 (1.99-19.12) 8- 0.002
High 2.28 (0.70-7.47) =@ 0.174
Death
H-L 3.15 (0.86-11.52) @ 0.083
HA 3.75 (1.15-12.28) - 0.029
L-H 1.43 (1.09-1.87) 0.01
—— High 1.32 (1.02-1.71) E 0.035
H-L 1.35 (1.01-1.82) 0.043
HA 1.38 (1.05-1.80) 0.02

001 01 1 10 100

Kuragano et al. Kidney Int 2014



Serum ferritin of the Japanese dialysis patients
Database of JSDT
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New anemia guideline: JSN & JSDT

ron supplementation should be started In
patients with serum ferritin 50 ng/mL In
patients NOT treated with ESA.

Iron supplementation should be started In
patients with TSAT £20 % or serum ferritin 100
ng/mL Iin patients treated with ESA.

Serum ferritin should not exceed 300 ng/mL or
500 ng/mL.



Target Hb



Epidemiological studies showed
correlation between high Hb and
good prognosis



Anemia and prognosis of CKD patients
meta-analysis

¢ Collins, 2001 (66.761
incident HD patients)

® Ofsthun, 2003 (44,550
prevalent HD patients)

A Warady, 2003 (1,942
prevalent HD and PD
pediatric patients)

O Locatelli, 2004 (4,591
prevalent HD patients)

Rate Ratio

A L1, 2004 (50,579 incident
HD patients)

® Li. 2004 (8,267 incident PD,
non-DM patients)

7 Y
< 2
/u’ /J

® Li. 2004 (5.707 incident PD,
DM patients)

Hemoglobin, g/dL./ Volkova & Arab. AJKD 2006



Prospective trials showed that high
Hb does not necessarily improve
cardiovascular outcome



CREATE: primary endpoint

Cardiovascular Risk Reduction by Early Anemia
Treatment with Epoetin Beta (CREATE)

100
90~ e ‘ )

$ 80~ e ‘\——;.ggup Z

s %7 HRO0.78 [95%CI, 0.53-1.14] Group 1

5 ig: Group 1: target Hb 13.0-15.0

3 4. Group 2:target Hb 10.5-11.5

£ 30

o

& 20

Month
Drueke et al. N Engl J Med 2006



REAT: Composite and Component End Points

Table 2. Composite and Component End Points.*
Darbepoetin Alfa Placebo Hazard Ratio
End Point (N=2012) (N =2026) (95% Cl) P Valuey
number (percent)

Primary end points

Cardiovascular composite end pointi 632 (31.4) 602 (29.7) 1.05 (0.94-1.17) 0.41
Death from any cause 412 (20.5) 395 (19.5) 1.05 (0.92-1.21) 0.48
Myocardial infarction§ 124 (6.2) 129 (6.4) 0.96 (0.75-1.22) 0.73
Strokef 101 (5.0) 53 (2.6) 1.92 (1.38-2.68) <0.001
Heart failuref 205 (10.2) 229 (11.3) 0.89 (0.74-1.08) 0.24
Myocardial ischemia 41 (2.0) 49 (2.4) 0.84 (0.55-1.27) 0.40

Renal composite end point (ESRD or death) 652 (32.4) 618 (30.5) 1.06 (0.95-1.19) 0.29
ESRD 338 (16.8) 330 (16.3) 1.02 (0.87-1.18) 0.83

Additional adjudicated end points

Death from cardiovascular causes 259 (12.9) 250 (12.3) 1.05 (0.88-1.25) 0.61

Cardiac revascularization 84 (4.2) 117 (5.8) 0.71 (0.54-0.94) 0.02

* ESRD denotes end-stage renal disease.

T P values have not been adjusted for multiple comparisons.

1 A patient may have had multiple cardiovascular events of different types. The cardiovascular composite end point re-
flects only the first occurrence of any of the components.

§ This category includes both fatal and nonfatal events.

Pfeffer et al. N Engl J Med 2009



Difference of cardiovascular events
between Japan and Western countries

A2l tral yewe o o BeBH. 2014

High Hb group

Low Hb group 3.1 0.6 3.8
CHOIR

High Hb group 16.4 17.4 16.4
Low Hb group 15.0 13.5 16.4



Difference of cardiovascular events
between Japan and Western countries

Cardiovascular apoplexy (/1000
events (/1000 |person - year)

CHOIR 51.7 5.4
CREATE 58.0 7.2
TREAT 76.4 9.5
A21 15.6 2.1

Gonryo (G3-5) 21.8 8.6



Renal outcome in prospective trials



CREATE: secondary endpoint

Cardiovascular Risk Reduction by Early Anemia
Treatment with Epoetin Beta (CREATE)

g 20+
E 5l Group 2
s S
& 104
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Month
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Drueke et al. N Engl J Med 2006



TREAT:. secondary endpoint of renal outcomes

A Renal Composite (ESRD or Death)

50+
Darbepoetin alfa
—— 40+
X Placebo
ol Hazard ratio, 1.06 (95% CI, 0.95-1.19)
w P=0.29
£
T
=
2
£ 10-
0 T T T T T T T 1
0 6 12 18 24 30 36 42 48
Months since Randomization
No. at Risk
Darbepoetin alfa 2012 1910 1762 1544 1207 820 552 309 134
Placebo 2026 1915 1748 1519 1193 842 540 312 123
B ESRD
50+
g 40+
$ 50l Hazard ratio, 1.02 (95% Cl, 0.87-1.18)
o P=0.83 Darbepoetin alfa
§ - Placebo
E
2
£ 10
0 T T T T T T T 1
0 6 12 18 24 30 36 42 48
Months since Randomization
No. at Risk
Darbepoetin alfa 2012 1908 1755 1527 1187 802 535 296 129
Placebo 2026 1907 1729 1491 1162 811 513 292 115

Pfeffer et al.

N Engl J Med 2009




Difference of kidney outcomes
between Japan and Western countries

Incident dialysis

EGPR reason
(mL/min/1.73m?2)

A21 5.16 uremia
CREATE 12 heart failure/
volume overload
USRDS 111 heart failure/

volume overload

F;E BB et al. BEFEHT. 2014



A21 STUDY

Design

Multi-center, prospective, randomized, open-labeled trial

CKD patients (Age 2 20)
Hb <10.0 g/dL, serum Cr : 2.0~6.0 mg/dL

High Hb group (target Hb11.0~13.0g/dL): treated with darbepoietin
Low Hb group (target Hb 9.0~11.0g/ dL ): treated with EPO

Iron is supplemented to keep transferrin saturation > 20% and ferritin > 100 ng/mL

[ Primary endponit J

v

Time to doubling of serum Cr, incident dialysis,

kidney transplantation, or death

Tsubakihara et al. Ther Apher Dial 2012



Hazard ratio of renal survival

. 1.67
Initiating serum Cr (mg/dL) | +—@—
1.1
Diabetes —@—
11,02
Age ®
10.95
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Initiating Hb (g/dL)
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Hazard ratio (95% CI)

Tsubakihara et al. Ther Apher Dial 2012



Gouvatrial : primary endpoint
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JSDT(2008) NICE (2011) | KDIGO(2012) | ERBP(2013)

Start 10 (9~12
according to
risks)

NON- Target 11~13 10~12 ~11.5 ~12
HD Upper 13 (12 for those 13 13
limit with severe

cardiovascular
complications)

- Start 10 (11 for young 9~10 10 (9~12
and active) according to
risks)
Target 10~11 (11~12  10~12 ~11.5 ~12
HD- for young and
active)
Upper 12 (13 for young 13 13

limit and active)

—




New anemia guideline: JSN & JSDT

Target Hb should be 11~13 g/dL for non-HD CKD
patients and PD patients, and 10~12 g/dL for HD
patients, respectively.

Target Hb should be individualized based on the
personal conditions of the patient.



ESA

hyporesponsiveness



« NEW ENGLAND JOURNAL of MEDICINE 2010

ORIGINAL ARTICLE ‘|

Erythropoietic Response and Outcomes
in Kidney Disease and Type 2 Diabetes

Scott D. Solomon, M.D., Hajime Uno, Ph.D., Eldrin F. Lewis, M.D., M.P.H.,
Kai-Uwe Eckardt, M.D., Julie Lin, M.D., M.P.H.,

Emmanuel A. Burdmann, M.D., Ph.D., Dick de Zeeuw, M.D., Ph.D.,
Peter lvanovich, M.D., Andrew S. Levey, M.D., Patrick Parfrey, M.D.,
Giuseppe Remuzzi, M.D., Ajay K. Singh, M.D., Robert Toto, M.D.,
Fannie Huang, M.S., Jerome Rossert, M.D., Ph.D., John J.V. McMurray, M.D.,
and Marc A. Pfeffer, M.D., Ph.D., for the Trial to Reduce Cardiovascular Events
with Aranesp Therapy (TREAT) Investigators



Based on changes of Hb during the
15t month

Poor response Better response

_ Quartllel Quartile 2 | Quartile 3 Quart|Ie4
215

Hb change (%) 210 <8 8 to <15

Median (g/dl) -0.2 0.5 1.2 2.0
(interquartile range) (-0.7 to 0.0) (0.4t0 0.7) (1.0to 1.4) (1.7 to 2.6)




Death, myocardial infarction, apoplexy, heart failure, or
hospitalization due to cardiac ischemia

e —= response
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% e Placebo
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7
0 T | | T
0 1 2 3 4
Year

No. at Risk
Poor initial response 471 394 272 125 30
Better initial response 1401 1234 854 408 94

Placebo 1889 1611 1138 514 117



Cum Survival

EPO hyporesponsiveness : RISCAVID study
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ESAs resistance index (ERI): the weekly ESAs dose / kgBW /
Hb (g/dL)

Panichi et al. Nephrol Dial Transplant 2011



EPO hyporesponsiveness and risk of ESRD

1.0 n=194 (non-HD)
2 0,9— Low tertile
m 0,8— Middle tertile
Y
g 0,7 —
g 0,6— High tertile
5
.G 0’5_
£
o 0.4
>
= 0,3
g 02— ESA-R: (Hb; = Hby)/time/ESA
3
Q 0,14
- Log Rank 11.44, P = 0.003

Years

Minutolo et al. Nephrol Dial Transplant 2012



New anemia guideline: JSN & JSDT

The definition of “ESA hyporesponsiveness”
remains unclear.

Failure of achievement of target Hb with the
dose of ESA approved by the administration
authorities or the government suggests “ESA
hyporesponsiveness”.

A cause of “ESA hyporesponsiveness” should
be investigated before increasing the dose of
ESA.



Case 72-year-old female

CKD due to medullary sponge kidney
with renal anemia and MDS




Clinical management of
myelodysplastic syndromes: Japanese
Soclety of Hematology guideline

40-60,000 U of EPO (once to three times per
week) (grade A) Is recommended



Clinical management of
myelodysplastic syndromes: update of
SIE, SIES, GITMO practice guidelines

Fixed, rather than weight-adjusted, weekly
subcutaneous doses of 60-80,000 U of EPO
(once-a-week or subdivided In two doses)
(grade A) or 300 pg darbepoetin (once-a-
week) should be used (grade B) for at least
12 weeks, possibly more than 20 (grade B).

Santini et al. Leuk Res 2010



ESAsS are not assoclated with increased
risk of thrombosis in patients with MDS

Unadjusted model Adjusted model
12-week exposure window 12-week exposure window S-week exposure window 4-week exposure window
(n=212) (n=212) (n=234) (n=246)
ORs 95% Cl ORs 95% Ci ORs 95% Cl 95% Cl
ESA use 1368 0.757 2472 1209 0603 2426 1236 0.636 2402 1312 0721 2.388
REC 4508 229 9229 6712 5026 1441 5194 2429 11106
Catheterization R e P E L by )| 13274 2986 59.006

Mo 12 weeks for 4 weeks) in the comperetor and fuezand periods with a Sd-eeeh gap.

Smith et al. Haematologica 2012



Anemia treatment should be
Individualized based on the
personal conditions of the
patient.



BXRRF2IRRFHRROESSNHEOEE BEAOSTEENLELTVET.

‘, '—ﬂﬁ"?i ;-L ‘;ﬂ B*Eﬂﬁﬁ‘% Japanese Society of Nephrology




