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1,25(OH)2D 1,25-dihydroxy vitamin D 1,25- D  
A/G Albumin-globulin ratio  
ALP Alkaline phosphatase  
BUN Blood urea nitrogen  
ePPND  Enhanced pre- and post-natal development study

 
FGF23 Fibroblast growth factor 23 23  
FITC Fluorescein isothiocyanate  
Hb Hemoglobin concentration  
Hct Hematocrit value  
HFTC Hyperphosphatemic familial tumoral calcinosis

 
Hyp Hypophosphatemic  
Ig Immunoglobulin  
IP Inorganic phosphate  
mAb Monoclonal antibody  
MAHA Monkey anti-human antibody  
NOAEL No observed adverse effect level  
PK Pharmacokinetics  
pQCT Peripheral quantitative computed tomography

 
PTH Parathyroid hormone  
T Chol Total cholesterol  
TG Triglyceride  
WT Wild type  
XLH X-linked hypophosphatemic rickets/osteomalacia X
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AUC0-336 336  
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2.6.6  

1  
KRN23 23 FGF23
Ig G1 mAb FGF23

FGF23
Ca PTH 1,25-

D 1,25(OH)2D
FGF23 2.6.1  

KRN23 ICH
KRN23 FGF23

FGF23
KRN23 FGF23

40
40

 
KRN23

FGF23 FGF23
KRN23

KRN23 IP
FGF23

X
XLH Hyp

IP  
KRN23 in vitro in vivo 1-1  
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1-1 KRN23  

   GLP 
 

 

 
  0 0.03 0.3

3 mg/kg  
 -086  

 
14  

1 2  
 0 0.03 0.3

3 mg/kg  
 -076  

14  
1 2  

6  
 

0 0.03 0.3 3
30 mg/kg

 

 -185  

40  
1 2  

13  
 

0 0.03 0.3 3
30 mg/kg

 
30 mg/kg  

 -044  

 
0 0.03 0.3
3 mg/kg  
3 mg/kg  

 -020  

 
 

 

  
0 0.3 3  
30 mg/kg  

 -043  

 -044 -020  
 

 

 

0.5 2.5 g/mL  00019  

14 2
 

Hypa

 
0 3 10  
30 mg/kg  

 -084 b

FN1
b

FC1  
a Hypophosphatemia  
b  FGF23 FN1 FC1  

1.1  
KRN23 2.1 3 mg/kg

1
KRN23 IP 1,25(OH)2D

3 mg/kg IP 8 mg/dL
9

Ca Ca
Eckermann-Ross, 2008 KRN23 IP

0.3 mg/kg
NOAEL  

KRN23 2.6.2-2.2.1 30 mg/kg
3

3 IP 24 39 mg/dL
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KRN23
 

1.2  
14 1 GLP

14 1 GLP 40 1 GLP
4 3

IP 1,25(OH)2D
14 3 mg/kg 1

40
30 mg/kg 1

IP
IP 13 15 mg/dL KRN23

9 NOAEL 1,25(OH)2D IP
0.03 0.3 mg/kg

Ca
Ca

Ca IP

 

IP
 

1.3  
KRN23 DNA

KRN23
FGF23

KRN23 In vitro In vivo ex vivo
KRN23 KRN23

5 HFTC FGF23
ex vivo

KRN23
 

1.4  
40

KRN23
KRN23
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ePPND 6.1 KRN23

KRN23 NOAEL 0.3 mg/kg 3
30 mg/kg
KRN23 KRN23

KRN23

NOAEL 3 mg/kg  
KRN23 3

30 mg/kg

Ultragenyx
6.2

KRN23 KRN23

6.2.3  
KRN23 PK IP

FGF23 FGF23

KRN23
 

1.5  
7 40

 

1.6   

1.6.1  

KRN23 FITC-KRN23 8.1
FITC-KRN23 0.5 2.5 g/mL

KRN23
 

1.6.2 XLH  
KRN23

FGF23 XLH
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Hyp 8.2 WT C57BL/6J
Hyp B6.Cg-PhexHyp/J FGF23 KRN23 1

2 2 Hyp IP
FGF23 WT Hyp

FGF23 WT Hyp
FGF23  

FGF23
 

2  

2.1 KRN23 GLP -
086 4.2.3.1-1 

Kbl:NZW 19 8 10 KRN23 0 10 mmol/L 
262 mmol/L D- 0.5 mg/mL 80

pH5.5 0.03 0.3  3 mg/kg Day 1

Day 14 Day 35
2.1-1  

2.1-1 KRN23  

   
(mg/kg) (mL/kg) 

(mg/mL)  
  

1   0 5 0 5a + 5b 5a + 5b 
2 KRN23  0.03 5 0.006 4a + 4b 4a +4b 
3 KRN23  0.3 5 0.06 4a + 4b 4a + 4b 
4 KRN23  3 5 0.6 5a + 5b 5a +5b 
a Day 14 b Day 35  

 
3 mg/kg 1 Day 6

Day 3
Day 4 Day 5

Day 4
IP pH Ca Na K Cl

T Chol TG
BUN IP 1- 2-

- ALP Cl Ca
A/G

/



 
KRN23  2.6.6  

CONFIDENTIAL   - 11 -

 

3 mg/kg Day 3 4 Day 3 9
 

Day 4 3 mg/kg Na
Cl Day 19 KRN23

Day 4 0.3 mg/kg 0.03 mg/kg
Day 19

Day 19 3 mg/kg K

 

Day 14 3 mg/kg
Hct Hb Day 35
KRN23 Day 14 0.03

0.3 mg/kg

 
Day 2 4 0.3 3 mg/kg IP 1,25(OH)2D

KRN23
2.1-2 Day 4 3 mg/kg ALP Cl

A/G 2- -
Day 8 KRN23
KRN23 BUN Ca 1-

0.3 mg/kg
Day 2
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2.1-2 IP 1,25(OH)2D Ca KRN23
 

   
(mg/kg) 0 0.03 0.3 3 0 0.03 0.3 3 
IP (mg/dL) a         

 4.960 4.553 4.845 4.752 4.487 4.461 4.726 4.449
2  4.697 4.633 5.808 8.134 4.741 4.468 5.984 7.976
4  5.111 5.104 5.434 8.603 4.17 3.948 5.643 9.238
8  4.299 4.333 4.341 4.948 4.253 3.784 3.630 5.899

1,25(OH)2D (pg/mL) a         
 76.43 68.63 50.95 54.33 63.17 39.68 30.90 42.74

2  95.37 101.36 270.33 877.94 87.42 99.54 292.98 862.89
4  95.44 67.74 67.8 204.5 89.87 53.61 49.95 196.16
8  98.16 90.58 91.35 69.88 80.19 68.79 38.18 24.71

Ca - - - - - - - - 
a -  

 
Day 14 3 mg/kg 1

Day 35 2
 

Day 14 35 KRN23
 

KRN23 2.1-3  
3 mg/kg Day 14 35

Day 14 Day 14

Day 35

0.3 mg/kg KRN23
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2.1-3 KRN23
 

    
mg/kg  0 0.03 0.3 3 0 0.03 0.3 3 

 Day 6  
Day 14  
Day 35  

0 
5 
5 

0 
4 
4 

0 
4 
4 

1 
5 
4 

0 
5 
5 

0 
4 
4 

0 
4 
4 

0 
5 
5 

          
 Day 35 0 0 0 2 0 0 0 4 

  
Day 14 
Day 35 

NA 
0 
0 

NA
0 
0 

NA
0 
0 

1 
5 
2 

NA 
0 
0 

NA 
0 
0 

NA
0 
0 

NA
1 
5 

 Day 35 0 0 0 0 0 0 0 1 
          

  NA NA NA 1 NA NA NA NA
  NA NA NA 1 NA NA NA NA

          
  NA NA NA 1 NA NA NA NA

  NA NA NA 1 NA NA NA NA
   

NA 
 

NA
 

NA
 
1 

 
NA 

 
NA 

 
NA

 
NA  

   
NA 

 
NA

 
NA

 
1 

 
NA 

 
NA 

 
NA

 
NA  

          
  NA NA NA 1 NA NA NA NA

 Day 14 0 0 0 5 0 0 0 0 
 Day 35 0 0 0 3 0 0 0 2 

  NA NA NA 1 NA NA NA NA
  NA NA NA 1 NA NA NA NA

          

 
Day 14 0 0 0 0 0 0 0 3 

 Day 14 
Day 35 

0 
0 

0 
1 

0 
0 

0 
1 

1 
2 

0 
1 

1 
2 

3 
5 

 Day 14 0 0 0 2 0 0 0 0 
 

Day 14 
Day 35 

NA 
0 
1 

NA
0 
0 

NA
0 
0 

1 
1 
2 

NA 
0 
0 

NA 
0 
1 

NA
0 
1 

NA
4 
5 

 Day 35 0 1 0 3 1 0 0 3 
   

NA 
 

NA
 

NA
 
1 

 
NA 

 
NA 

 
NA

 
NA  

   
NA 

 
NA

 
NA

 
1 

 
NA 

 
NA 

 
NA

 
NA  

NA  
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2.1-3 KRN23
 

    
mg/kg  0 0.03 0.3 3 0 0.03 0.3 3 

 Day 6  
Day 14  
Day 35  

0 
5 
5 

0 
4 
4 

0 
4 
4 

1 
5 
4 

0 
5 
5 

0 
4 
4 

0 
4 
4 

0 
5 
5 

          
  NA NA NA 1 NA NA NA NA

  NA NA NA 1 NA NA NA NA
  NA NA NA 1 NA NA NA NA

  NA NA NA 1 NA NA NA NA
 Day 14 0 0 0 0 0 0 0 1 

 
Day 14 0 0 0 0 0 0 0 1 

 
 

  
 

NA 

 
 

NA

 
 

NA

 
 
1 

 
 

NA 

 
 

NA 

 
 

NA

 
 

NA  
          

  NA NA NA 1 NA NA NA NA
  NA NA NA 1 NA NA NA NA

  
Day 14 
Day 35 

NA 
0 
0 

NA
0 
0 

NA
0 
0 

1 
5 
1 

NA 
0 
0 

NA 
0 
0 

NA
0 
0 

NA
5 
2 

  NA NA NA 1 NA NA NA NA
  NA NA NA 1 NA NA NA NA

          
  NA NA NA 1 NA NA NA NA

  NA NA NA 1 NA NA NA NA
  NA NA NA 1 NA NA NA NA

NA  

 
KRN23 Cmax AUC0-

2.1-4  

2.1-4 KRN23
 

(mg/kg) 
  

Cmax ( g/mL) AUC0- ( g·h/mL) Cmax ( g/mL) AUC0-  ( g·h/mL) 
0.03  0.770 127 0.857 52 
0.3  10.5 984 9.14 785 
3  88.5 6792 81.4 4645 

0.03 0.3 mg/kg n= 8 3 mg/kg n= 10  

 
KRN23 3 mg/kg 1

3 mg/kg

IP 8 mg/dL IP 1,25(OH)2D
KRN23 0.3 mg/kg
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3 mg/kg NOAEL 0.3 mg/kg
 

3  

3.1 KRN23 14 1 2
GLP -076 4.2.3.2-1
4.2.3.2-2 

Kbl:NZW 17 4 KRN23 0 10 mmol/L 
262 mmol/L D- 0.5 mg/mL 80 pH5.5

0.03 0.3  3 mg/kg 2 1 14 7
Day 1

5
Day 120 3.1-1  

3.1-1 KRN23 14  

   
(mg/kg) (mL/kg)

 
(mg/mL) 

  
  

1   0 0.6 0 Day 1 15 29
43 57 71

85 7  

4 4 
2 KRN23  0.03 0.6 0.05 4 4 
3 KRN23  0.3 0.6 0.5 4 4 
4 KRN23  3 0.6 5 4 4 

 
3 mg/kg 1 Day 6

Day 4

T Chol TG BUN IP 1- 2- -
- Ca Cl A/G

 

3 mg/kg  
Day 4 Day 18 Hct Hb

Day 4 T Chol 1- 2-
Cl A/G Day 18 T Chol

1-  
0.03 mg/kg 1,25(OH)2D 0.3 mg/kg

IP 3.1-2 KRN23 IP /
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1,25(OH)2D Day 2 4
 

3.1-2 IP 1,25(OH)2D Ca KRN23 14
 

   
(mg/kg) 0 0.03 0.3 3 0 0.03 0.3 3 
IP (mg/dL) a         

 6.378 6.043 5.878 6.180 6.200 5.748 6.098 5.865 
2  4.373 4.723 6.208 8.988 4.603 4.650 6.773 8.453 
4  4.468 3.993 6.153 10.118 4.458 4.165 6.183 8.975 
8  5.485 4.913 5.188 5.547 5.670 5.080 4.468 5.745 
14  5.670 4.723 5.113 3.720 4.000 3.673 4.498 3.740 
16  4.125 4.120 5.313 5.220 4.585 4.235 5.883 7.100 
18  4.525 4.080 4.840 6.990 4.753 4.385 6.233 8.315 
22  4.853 4.443 4.173 5.083 4.328 3.973 3.930 5.673 
28  4.043 3.630 3.550 3.037 3.813 3.848 4.193 4.535 

1,25(OH)2D (pg/mL) a 
 109.65 70.10 97.40 85.58 124.95 114.25 85.05 62.05 

2  95.15 136.68 352.05 843.45 100.35 149.30 504.40 1136.33
4  88.03 67.10 79.18 301.05 110.68 56.95 66.70 302.20 
8  83.28 85.73 86.18 73.23 107.18 95.83 39.90 54.90 
14  78.30 49.68 64.20 32.13 62.05 63.10 53.93 21.88 
16  63.00 86.55 174.60 511.23 66.05 173.35 330.25 891.03 
18  101.00 79.53 89.03 185.63 71.98 103.45 65.93 203.78 
22  74.43 70.53 66.50 76.07 101.88 83.28 43.98 40.20 
28  49.00 50.33 44.50 18.93 44.53 55.40 21.93 15.08 

Ca - - - - - - - - 
a -  

 
3 mg/kg 1

 
KRN23  

3.1-3 3 mg/kg 1

2
1

0.3 mg/kg KRN23
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3.1-3 KRN23 14
 

    
 (mg/kg) 0 0.03 0.3 3 0 0.03 0.3 3

 Day 6   
Day 120

0 
4 

0
4

0 
4 

1 
3 

0 
4 

0 
4 

0
4

0
4

          
 Day 120 0 0 0 0 0 0 0 1

 Day 120 0 0 0 1 0 0 0 2
 Day 120 0 0 0 1 0 0 0 4

  NA NA NA 1 NA NA NA NA
 Day 120 0 1 0 1 0 0 0 4

 Day 120 0 0 0 0 0 0 0 1
          

/ /   NA NA NA 1 NA NA NA NA
Day 120 0 0 0 0 0 0 0 3

 
 NA NA NA 1 NA NA NA NA

Day 120 0 0 0 0 0 0 0 4
  NA NA NA 1 NA NA NA NA

          
 Day 120 0 0 0 1 0 0 0 2

 Day 120 0 0 0 1 0 0 0 0
  
Day 120 

NA
0 

NA
0

NA
1 

1 
1 

NA 
0 

NA 
0 

NA
0

NA
4

 Day 120 0 0 0 1 0 0 0 2
NA  

C0 AUC

KRN23  

KRN23 14 1 2
3 mg/kg 3 mg/kg

IP 9.0 mg/dL 0.03 mg/kg IP
1,25(OH)2D KRN23

NOAEL 0.3 mg/kg  

3.2 KRN23 14 1 2
6 GLP -185 4.2.3.2-3 

3.8 6.7 4 KRN23 0 10 mmol/L 
262 mmol/L D- 0.5 mg/mL 80

pH5.5 0.03 0.3 3 30 mg/kg 2 1 14 7
Day 1

bALP I
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C- CTx Day 85 2
Day 99 100 0 30 mg/kg 2

6 8 3.2-1  

3.2-1 14  

   
(mg/kg) (mL/kg) 

 
(mg/mL) 

 
 

 
  

1   0 5 0  
Day 1 15  

29 43 57
71 85 

7  

4 + 2a 4 + 2a 
2 KRN23  0.03 5 0.006 4 4 
3 KRN23  0.3 5 0.06 4 4 
4 KRN23  3 5 0.6 4 4 
5 KRN23  30 5 6 4 + 2a 4 + 2a 

a  

 
30 mg/kg 1

Day 43
Day 92

KRN23 30 mg/kg
 

30 mg/kg Day 28 100 IP
IP 30 mg/kg

Hb Hct
 

IP 0.3 mg/kg
1,25(OH)2D 0.03 mg/kg BUN

PTH KRN23
IP 1,25(OH)2D 3 mg/kg

IP   
30 mg/kg 3 mg/kg Ca

 
30 mg/kg 3 mg/kg

CTx 0.3 mg/kg
bALP

KRN23 IP
1,25(OH)2D 3.2-2  42
30 mg/kg bALP CTx
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3.2-2 14
 

   
(mg/kg) 0 0.03 0.3 3 30 0 0.03 0.3 3 30 

IP  - - - -  - - - -  
IP (mg/dL)a           

18  6.8 6.2 7.6 7.0 7.3 6.7 6.7 7.2 6.7 6.7 
23  6.9 6.2 7.2 7.5 7.0 6.6 6.8 7.2 7.4 7.1 

2  5.6 4.2 5.8 5.5 5.9 5.2 6.2 6.8 6.5 7.3 
4  6.1 6.6 10.0 11.3 11.3 5.5 7.0 9.9 12.8 11.8
28  6.3 6.2 7.1 8.0 12.6 5.7 6.6 6.4 8.7 11.9
46  6.5 6.3 7.7 7.9 13.3 6.1 6.9 7.5 10.1 12.2
99  6.6 6.4 6.2 7.4 13.6 5.8 6.7 5.7 9.0 11.9
14  7.4 NA NA NA 10.4 5.4 NA NA NA 9.4 
42  7.7 NA NA NA 8.2 5.4 NA NA NA 8.2 

1,25(OH)2D (pg/mL)a           
18  197 302 228 281 262 245 286 234 175 285
23  299 406 327 461 374 317 384 281 268 382

2  398 663 1164 1479 1558 404 699 1365 1655 1901
4  396 373 546 1348 1631 340 272 334 1621 1760
28  284 345 300 314 665 374 431 277 403 759
46  419 437 603 673 943 344 297 484 596 831
99  235 314 172 257 554 320 443 218 315 494
14  279 NA NA NA 356 284 NA NA NA 342
42  322 NA NA NA 362 328 NA NA NA 380

Ca PTH - - - - - - - - - - 

CTx 
- - - -  - - -   

bALP - -    - -    
a - NA  

 
30 mg/kg 1

X

1.5 cm3

 

3.2-3 3
30 mg/kg

3 mg/kg
30 mg/kg

3 mg/kg
30 mg/kg
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3 30 mg/kg
 

3.2-3 14
 

  
(mg/kg) 0 0.03 0.3 3 30 0 0.03 0.3 3 30

 (ETP) 4 4 4 4 4 4 4 4 4 4
 (ERP) 2 0 0 0 2 2 0 0 0 2

            
 ETP 0 0 0 0 1 0 0 0 0 0
            
 ETP 0 0 0 0 1 0 0 0 1 1

 ERP 0 NA NA NA 0 0 NA NA NA 1
            

 ETP 0 0 0 0 1a 0 0 0 0 0
            

 ETP 0 0 0 0 0 0 0 0 1 1
 ERP 0 NA NA NA 1 0 NA NA NA 0

            
 ETP 0 0 0 0 1a 0 0 0 1 1

            
 ETP 0 0 0 0 1 0 0 0 0 2

            
 ETP 0 0 0 0 1 0 0 0 0 0

            
 ETP 0 0 0 0 3b 0 0 0 0 0

 ERP 0 NA NA NA 1 0 NA NA NA 0
 ETP 2 0 0 3 4b 1 0 1 2 4

 ERP 0 NA NA NA 2 1 NA NA NA 2
 ETP 0 0 0 4 4b 0 0 0 1 3

 ERP 0 NA NA NA 2 0 NA NA NA 2
 ETP 0 0 0 0 1 0 0 0 0 0

 ERP 0 NA NA NA 2 0 NA NA NA 1
 ERP 0 NA NA NA 1 0 NA NA NA 1

 ERP 0 NA NA NA 1 1 NA NA NA 1
            

 ETP 0 0 0 0 4b 0 0 0 1 3
 ERP 0 NA NA NA 1 0 NA NA NA 2

 ETP 0 0 0 3 4b 0 0 0 3 4
 ERP 0 NA NA NA 2 0 NA NA NA 2

 ERP 0 NA NA NA 0 0 NA NA NA 1
 ETP 0 0 0 1 2 0 0 0 0 0

 ERP 0 NA NA NA 1 0 NA NA NA 0
 ERP 0 NA NA NA 0 0 NA NA NA 1
            
 ETP 0 0 0 1 0 0 0 0 0 1

ETP ERP NA  
a

 
b  
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3.2-3 14
 

  
(mg/kg) 0 0.03 0.3 3 30 0 0.03 0.3 3 30

 (ETP) 4 4 4 4 4 4 4 4 4 4
 (ERP) 2 0 0 0 2 2 0 0 0 2
            

 ETP 0 0 0 0 2b 0 0 0 0 2
 ERP 0 NA NA NA 1 0 NA NA NA 0

            
 ETP 0 0 0 0 2b NA NA NA NA NA

            
 ETP 0 0 0 0 3 0 0 0 0 0

            
 ETP 0 0 0 0 4b 0 0 0 0 2

 ERP 0 NA NA NA 2 0 NA NA NA 2
ETP ERP NA  
b  

 
KRN23

6
 

KRN23
 

AUC Cmax

3.2-4  
KRN23 MAHA 3 mg/kg 2 Day 28

KRN23 IP 1,25(OH)2D
MAHA  

3.2-4 14
 

(mg/kg) 
  

 7   7  
Cmax 

( g/mL) 
AUC0-  

( g·h/mL) 
Cmax 

( g/mL)
AUC0-336 

( g·h/mL) 
Cmax 

( g/mL)
AUC0-  

( g·h/mL) 
Cmax 

( g/mL) 
AUC0-336 

( g·h/mL)
0.03 0.922 126 1.83 226 1.11 134 1.29 142 
0.3  13.0 2405 17.3 2319 12.2 2016 19.3 2601 
3  142 24230a 198b 26663b 125 18817 176 24955 
30  1275 234568 1658 215835 1259 222742 1563 228007 

n= 4 6 a n= 3 b n = 2 

 
KRN23 14 1 2 ×7

30 mg/kg 1,25(OH)2D 0.03 mg/kg
IP 0.3 mg/kg 3 mg/kg

IP
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NOAEL
0.3 mg/kg  

3.3 KRN23 40 1 2
13 GLP -044

4.2.3.2-4 

4 8 4 KRN23 0 10 mmol/L 
L- 252 mmol/L D- 0.5 mg/mL 80 10 mmol/L L-

pH6.25 0.03 0.3 3 30 mg/kg 2 1 40 20
Day 1 30 mg/kg

0 30 mg/kg
4 13 15

3.3-1
X

pQCT

Day 267 2 Day 280  

3.3-1 40  

   
(mg/kg) (mL/kg) (mg/mL)

  
  

1   0 2 0 Day 1 15 29 43
57 71 85 99 113
127 141 155 169  

183 197 211  
225 239 253  
267 20  

4 + 4a 4 + 4a

2 KRN23  0.03 2 0.015 4 4 
3 KRN23  0.3 2 0.15 4 4 
4 KRN23  3 2 1.5 4 4 
5 KRN23  30 2 15 4 + 4a 4 + 4a

6 KRN23  30 2 15 4 + 4a 4 + 4a

a  

 
30 mg/kg 1

30 mg/kg
 7 3 mg/kg

1  26 30 mg/kg
14 30 mg/kg 1

16 30 31
30 mg/kg

30 mg/kg 4
 

30 mg/kg 13
30 mg/kg 1 39 ST

30 mg/kg
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 31 30 mg/kg 1
Na

30 mg/kg 1 IP 30 mg/kg
30 mg/kg 1  

30 mg/kg Hct Hb
MCV MCH

30 mg/kg
3 mg/kg Hct Hb

1  
30 mg/kg 1  

30 mg/kg 1
A/G Cl ALP BUN -

30 mg/kg
3 mg/kg 30 mg/kg 1 T Chol

0.03 mg/kg IP 1,25(OH)2D
IP KRN23

3 mg/kg 30 mg/kg
14 30 mg/kg

Ca 1,25(OH)2D 0.03 mg/kg
1,25(OH)2D 0.3 mg/kg

30 mg/kg
IP 1,25(OH)2D  

KRN23 0.3 mg/kg
1 3 mg/kg 1 30 mg/kg

0.3 mg/kg
3 mg/kg CTx
30 mg/kg bALP 30 mg/kg

1 bALP  
X

30 mg/kg
3 mg/kg 1

30 mg/kg 30 mg/kg 1
 

pQCT 30 mg/kg
30 mg/kg

30 mg/kg 1 2
30 mg/kg
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KRN23 3.3-2
KRN23 FGF23

 

3.3-2 40
 

   
   

(mg/kg) 0 0.03 0.3 3 30 30 0 0.03 0.3 3 30 30
IP  - - - -   - - - -  - 

IP (mg/dL) a  4.7 6.0 7.5 9.9 11.3 11.1 4.4 5.5 6.9 8.9 10.8 10.4
1,25(OH)2D (pg/mL) a

 
466 585 1271 1316 1205 1303 563 647 1329 1376 1377 1346

Ca - - - - b b - - - - b b

PTH - - - - - - - - - - - - 
 - -    - - - -   

CTx - -    - - -    
bALP - - - - - -c - - - -   

(X ) - - - P P P - - - - P P 
(X ) - - - - P P - - - - P - 

(pQCT) - - - -   - - - - - - 
(pQCT) - - - -   - - - -   
(pQCT) - - - -   - - - -   

(pQCT) - - - - - - - - - -   
- P a b  

c 1  

 
0.3

3 mg/kg 1 3 mg/kg
30 mg/kg

 
30 mg/kg 1

30 mg/kg  
KRN23 3.3-3

3 mg/kg 30 mg/kg

0.3 3 mg/kg 1 30 mg/kg
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3.3-3 40
 

   
 IV SC IV SC

(mg/kg) 0 0.03 0.3 3 30 30 0 0.03 0.3 3 30 30 
 (ETP) 4 4 4 4 5a 4 4 4 4 4 4 4 
 (ERP) 4 0 0 0 3 4 4 0 0 0 4 4 

             
 ETP 0 0 0 0 1 1 0 0 0 0 1 1 

 ERP 0 NA NA NA 2 2 0 NA NA NA 0 0 
              
 ETP 0 0 0 0 4a 3 0 0 0 0 2 3 

 ERP 0 NA NA NA 3 4 0 NA NA NA 2 3 
TB ETP 0 0 0 0 2a 1 0 0 0 0 0 0 

HC CB ETP 0 0 0 0 4a 4 0 0 0 0 3 3 
 ERP 0 NA NA NA 2 3 0 NA NA NA 1 2 

CB ETP 0 0 0 0 4a 3 0 0 0 0 1 0 
 ERP 0 NA NA NA 2 4 0 NA NA NA 0 0 

              
 ETP 0 0 0 0 3 4 0 0 0 0 0 2 

 ERP 0 NA NA NA 3 3 0 NA NA NA 1 0 
TB ETP 0 0 0 0 2a 3 0 0 0 0 0 0 

              
 ETP 0 0 0 0 4a 4 0 0 0 0 4 3 

 ERP 0 NA NA NA 3 4 0 NA NA NA 3 2 
              

 ETP 0 0 0 0 3a 1 0 0 0 0 0 0 
 ERP 0 NA NA NA 2 2 0 NA NA NA 0 0 

 ETP 0 0 0 0 3 2 0 0 0 0 2 2 
 ERP 0 NA NA NA 2 4 0 NA NA NA 1 0 

 ERP 0 NA NA NA 2 1 0 NA NA NA 0 0 
              

 ETP 0 0 0 1 3a 1 0 0 0 0 1 3 
 ERP 0 NA NA NA 2 2 0 NA NA NA 0 0 

 ETP 0 0 0 1 3a 3 0 0 0 0 2 3 
 ERP 0 NA NA NA 2 3 0 NA NA NA 1 0 

 ETP 0 0 0 1 3a 3 0 0 0 0 2 4 
 ERP 0 NA NA NA 3 4 0 NA NA NA 3 3 

 ETP 0 0 0 0 2a 1 0 0 0 0 0 0 
 ERP 0 NA NA NA 1 0 0 NA NA NA 0 0 

 ETP 0 0 0 1 5a 4 0 0 0 2 4 4 
 ERP 0 NA NA NA 3 4 0 NA NA NA 3 3 

 ETP 0 0 0 1 3a 1 0 0 0 0 2 1 
 ERP 0 NA NA NA 2 1 0 NA NA NA 0 0 

              
 ETP 0 0 0 0 1 0 0 0 0 0 0 0 

IV SC ETP ERP NA CB TB  
HC  
a  31 1  
b ETP ERP
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3.3-3 40
 

   
 IV SC IV SC

(mg/kg) 0 0.03 0.3 3 30 30 0 0.03 0.3 3 30 30 
 (ETP) 4 4 4 4 5a 4 4 4 4 4 4 4 
 (ERP) 4 0 0 0 3 4 4 0 0 0 4 4 

              
 ETP 0 0 0 2 5a 4 0 0 0 1 4 4 

 ERP 0 NA NA NA 3 4 0 NA NA NA 4 4 
 ETP 0 0 0 1 5a 4 0 0 0 0 4 3 

 ERP 0 NA NA NA 3 4 0 NA NA NA 4 3 
              

 ETP 0 0 0 0 5a 3 0 0 0 0 2 3 
 ERP 0 NA NA NA 2 3 0 NA NA NA 3 2 

              
 ERP 0 NA NA NA 1 0 0 NA NA NA 0 0 

              
 ETP 0 0 0 0 0 1 0 0 0 0 0 0 

              
 ETP 0 0 0 0 1a 0 0 0 0 0 0 0 

 ERP 0 NA NA NA 0 1 0 NA NA NA 0 1 
              

 ETP 0 0 0 2 1a 2 NA NA NA NA NA NA
 ERP 0 NA NA NA 1 0 NA NA NA NA NA NA

              
 ETP 0 0 0 2 5a 4 0 0 0 4 3 4 

 ERP 0 NA NA NA 3 4 0 NA NA NA 4 4 
b               

 ETP 0 0 1 1 4a 4 0 0 0 0 3 3 
 ERP NA NA NA NA 3 4 NA NA NA NA 4 1 
IV SC ETP ERP NA CB TB
HC  
a  31 1  
b ETP ERP

 

 
KRN23  

KRN23 pQCT

13
 

AUC
30 mg/kg AUC

30 mg/kg 3.3-4  

30 mg/kg 1 KRN23 15
KRN23 IP 1,25(OH)2D  
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3.3-4 40
 

(mg/kg) 
  

 7  
 

20  
 

 7  
 

20
 

AUC0-  
( g·h/mL) 

AUC0-336 
( g·h/mL) 

AUC0-336 
( g·h/mL) 

AUC0-336 
( g·h/mL) 

AUC0-  
( g·h/mL)

AUC0-336 
( g·h/mL)

AUC0-336 
( g·h/mL) 

AUC0-336 
( g·h/mL)

0.03 (IV) 228 159 267 376 202 141 232 298 
0.3 (IV) 1650 1270 1850 2300 1790 1270 2850 2910 
3 (IV) 29800 20600 33000 33000 20100 13800 22200 23200 
30 (IV) 216000 154000 194000 137000 194000 125000 204000 190000 
30 (SC) 185000 123000 120000 106000 180000 81200 142000 175000 

 (n= 4 8) 

 
KRN23 40 1 2 ×20

30 mg/kg 1 IP 1,25(OH)2D
31 IP 1,25(OH)2D 0.03 mg/kg

0.3 mg/kg 3 mg/kg
IP

NOAEL 0.03 mg/kg 0.3 mg/kg
 

3.4 KRN23 40 1 2
13 GLP -020

4.2.3.2-5 

6 7 4 KRN23 0
10 mmol/L L- 252 mmol/L D- 0.5 mg/mL 80
10 mmol/L L- pH6.25 0.03 0.3 3 mg/kg 2 1 40

20 Day 1 3 mg/kg
0 3 mg/kg

4 13 15
3.4-1

X pQCT

Day 267 2 Day 280
 

3.4-1 40  

  
(mg/kg) (mL/kg) (mg/mL)

  
  

1   0 2 0 Day  1 15 29 43 57
71 85 99 113 127
141 155 169 183 197
211 225 239 253 267

20  

4 + 4a 4 + 4a

2 KRN23  0.03 2 0.015 4 4 
3 KRN23  0.3 2 0.15 4 4 
4 KRN23  3 2 1.5 4 + 4a 4 + 4a

5 KRN23 3 2 1.5 4 + 4a 4 + 4a

a  
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KRN23 3 mg/kg

1 3 mg/kg
1 1  

3 mg/kg 1
X 3 mg/kg

 
0.3 mg/kg 1 3 mg/kg 2 1

3 mg/kg 3 2 Ca Ca
3 mg/kg Ca Na K Cl

 
0.3 mg/kg 3 mg/kg

ALP 0.3 3 mg/kg
IP 0.3 mg/kg IP 13

3 mg/kg 0.03 mg/kg
0.3 mg/kg 1,25(OH)2D

1,25(OH)2D 0.03 0.3 mg/kg 3 3 mg/kg
13 KRN23

PTH  
0.3 mg/kg 0.03 mg/kg

CTx 0.3 mg/kg 3 mg/kg
bALP  

pQCT 0.3 mg/kg 0.03 mg/kg

3 mg/kg 1
3 mg/kg 1

 
KRN23 3.4-2  
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3.4-2 
40  

   
   

(mg/kg) 0 0.03 0.3 3 3 0 0.03 0.3 3 3 
Ca Ca  - -   - - -   

IP (mg/dL) a  7.6 7.5 8.7 10.3 9.9 7.8 7.6 8.9 10.0 9.3
1,25(OH)2D (pg/mL) a  463 668 814 891 828 498 558 875 1024 1205
Ca PTH - - - - - - - - - - 

 - -   - -    
CTx -    -     
bALP - -   - - -   

(X ) - - - P P - - - - - 
(pQCT) - -   - -    

(pQCT) - -   -     
a  - P  
 

KRN23 3.4-3
3 mg/kg

3 mg/kg
1 1  
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3.4-3 40
 

   
   

(mg/kg) 0 0.03 0.3 3 3 0 0.03 0.3 3 3 
 (ETP) 4 4 4 4a 4a 4 4 4 4a 4 

 (ERP) 4 0 0 4 4 4 0 0 4 4 
            

 ETP 0 0 0 1a 0 0 0 0 0 1 
 ETP 0 0 0 1a 0 0 0 0 0 0 

            
 ETP 0 0 0 2a 1 0 0 0 1 1 

 ERP 0 NA NA 0 1 0 NA NA 0 0 
 ERP 0 NA NA 0 1 0 NA NA 0 0 

            
 ETP 0 0 0 3a 2 0 0 0 3a 3 

 ERP 0 NA NA 4 4 0 NA NA 3 3 
            

 ETP 0 0 0 0 0 0 0 0 1 0 
            
 ETP 0 0 0 1 1a 0 0 0 0 0 
            
 ETP 0 0 0 0 0 0 0 0 0 1 

            
 ETP NA NA NA 1 NA NA NA NA NA NA

            
 ERP NA NA NA NA 1 NA NA NA NA NA

ETP ERP NA  a 1  

 
KRN23 13

 
X

KRN23  

AUC 7
20 AUC 3 mg/kg

3.4-4 KRN23
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3.4-4 40
 

(mg/kg) 
  

 7  
 

20  
 

 7  
 

20
 

AUC0-  
( g·h/mL)

AUC0-312 
( g·h/mL) 

AUC0-312

( g·h/mL)
AUC0-312

( g·h/mL)
AUC0-

( g·h/mL)
AUC0-312 

( g·h/mL) 
AUC0-312 

( g·h/mL) 
AUC0-312

( g·h/mL)
0.03 (IV) 104 81.6 154 134 103 81.3 195 165 
0.3 (IV) 1310 954 1930 1910 1400 888 1990 1830 
3 (IV) 16500 13300 14200 23400 15500 11600 13800 23100 
3 (SC) 13500 10600 15300 20700 11100 8240 15400 16300 

(n= 4 8) 

 
KRN23 40 1 2 ×20

3 mg/kg IP 1,25(OH)2D
0.3 mg/kg 1,25(OH)2D 0.03 mg/kg 3 mg/kg

IP

NOAEL 0.3 mg/kg
 

4  
KRN23 IgG1 DNA

ICH S6(R1)
 

5 4.2.3.4.3-1 

2 KRN23 FGF23

KRN23 In vitro In vivo ex vivo
KRN23 KRN23

 
FGF23

FGF23 HFTC
FGF23 FGF23

T ex vivo
KRN23 IP

1,25(OH)2D FGF23
 

1
2
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3 IP IP
4

Long et al, 1996  
HFTC FGF23 ex vivo

KRN23  

6  

6.1 KRN23 2 1
ePPND GLP

-043 4.2.3.5.3-1 

20 28 KRN23 0 10 mmol/L L-
252 mmol/L D- 0.5 mg/mL 80 10 mmol/L L-

pH6.25 0.3 3 30 mg/kg 2 1 20 GD20
0 30 mg/kg 6 4 GD133

4 KRN23

6  360 PND 360
4 KRN23

6.1-1  

6.1-1 
 

  
(mg/kg) (mL/kg) (mg/mL)

  
 

1   0 2 0 GDa 20 34 48 62
76 90 104 118
132 146 160 174 

9 12 d 

20 + 6b 
2 KRN23  0.3 2 0.15 20 
3 KRN23  3 2 1.5 20 
4 KRN23  30 2 15 20 + 8b,c 

a Gestation Day 
b GD 133  
c GD 133 4  
d  
 

 

IP Ca KRN23
0.3 3 30 mg/kg 161.7 158.3 155.0 155.3

3 30 mg/kg
3 mg/kg

30 mg/kg GD 20 139
GD 51 139 28.6% 16.7%

19.2% 4.5% GD 20 50
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GD 140 KRN23
3 mg/kg

6.1-2  

6.1-2 
 

(mg/kg) 0 0.3 3 30 
 20 + 6 20 20 20 + 8 

(%)     
 7/26 (26.9%) 2/20 (10.0%) 7/20 (35.0%) 9/28 (32.1%)

GD 20 139 5/26 (19.2%) 2/20 (10.0%) 4/20 (20.0%) 8/28 (28.6%)
(GD 20 50) 4/26 (15.4%) 1/20 (5.0%) 2/20 (10.0%) 4/28 (14.3%)

 (GD 51 139) 1/22 (4.5%) 1/19 (5.3%) 2/18 (11.1%) 4/24 (16.7%)
(GD 140 ) 2/15 (13.3%) 0/18 (0.0%) 3/16 (18.8%) 1/16 (6.3%) 

(%) 1/15 (6.7%) 2/18 (11.1%) 5/16 (31.3%) 2/16 (12.5%)
( ) 161.7 158.3 155.0 155.3 

 
30 mg/kg Hct Hb MCV MCH

KRN23
 

3 mg/kg ALP
0.3 mg/kg KRN23 IP 1,25(OH)2D

IP 14
1,25(OH)2D 0.3 3 30 mg/kg 0.3

3 mg/kg 2 30 mg/kg
IP 1,25(OH)2D

0.3 mg/kg LD 5 3
30 mg/kg LD 21 IP

1,25(OH)2D LD 5 30 mg/kg
Ca

 
0.3 mg/kg IP Ca Ca
30 mg/kg

 
0.3 mg/kg

3 mg/kg bALP 30 mg/kg CTx
pQCT GD 133

30 mg/kg
KRN23  

KRN23
GD 133 30 mg/kg

6 30 mg/kg
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GD 133 GD133
3 mg/kg

KRN23 6.1-3
 

6.1-3 
 

 mg/kg  0 0.3 3 30 
 GD 133  

ELP 
4 
4 

0 
4 

0 
4 

4 
4 

      
 ELP 0 0 0 1 

      
 GD 133  

ELP 
0 
0 

NA 
 0 

NA  
1 

1 
1 

      
 GD 133 0 NA NA 2 

 GD 133 0 NA NA 2 
 GD 133  

ELP 
1 
0 

NA 
 0 

NA  
0 

3 
1 

 GD 133 0 NA NA 4 
      

 GD 133  
ELP 

0 
0 

NA  
0 

NA 
 0 

3 
1 

 GD 133  
ELP 

0 
0 

NA 
 0 

NA 
 0 

4 
2 

 GD 133 0 NA NA 1 
 ELP 0 0 0 1 

      
 ELP 0 0 0 1 

      
 GD 133  

ELP 
2 
1 

NA 
 1 

NA 
 3 

1 
3 

      
 ELP 0 0 0 1 

      
 GD 133  

ELP 
0 
0 

NA  
0 

NA  
0 

2 
1 

      
 GD 133  

ELP 
0 
0 

NA  
0 

NA 
 3 

4 
4 

      
 ELP 0 0 0 1 

 ELP 0 0 0 1 
 ELP 1 0 4 3 

ELP NA  
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30 mg/kg GD 133

Hct Hb MCV

KRN23  
0.3 3 30 mg/kg 13 18 13 15

PND 7 KRN23
KRN23

30 mg/kg PND 63 Hb

KRN23
 

GD 133 PND 77 30 mg/kg
IP KRN23 1,25(OH)2D  GD 133

30 mg/kg
bALP CTx

bALP
CTx pQCT 30 mg/kg GD 133

pQCT
 

KRN23 AUC
6.1-4

KRN23 t1/2 14.6 16.1 KRN23
0.3 3 30 mg/kg LD 119 182 182

KRN23 KRN23
GD 133 9 24 KRN23

0.25 PND 5 KRN23 t1/2

15.2 21.3 KRN23 KRN23
0.7 3.8 6.1-5  

30 mg/kg 2 KRN23
KRN23 IP 1,25(OH)2D KRN23

KRN23
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6.1-4 KRN23
 

(mg/kg) AUC0-  
( g·h/mL) 

AUC0-t 
( g·h/mL) 

t1/2 
( )  

0.3  2350 1480 9.9 (238) 
9  NA 2540 9.0 (215) 

3  19800 14100 7.9 (189) 
9  NA 21300 10.2 (244) 

30  230000 144000 9.8 (234) 
9  NA 185000 9.2 (220) 

(n= 12 26) NA  

 

6.1-5 KRN23
 

(mg/kg) 
 

t1/2 

( )  
  

GD 133 PND 5/LD 5 PND 35/LD 35 PND 63/LD 63 
0.3 NA 0.7 1.2 1.0 15.2 (365) 
3 NA 1.3 2.2 2.6 19.3 (463) 
30 0.25 1.7 2.0 3.8 21.3 (511) 

(n= 4 18) NA  

 
KRN23 IP 1,25(OH)2D

30 mg/kg
KRN23 KRN23

30 mg/kg
3 mg/kg 3

30 mg/kg

NOAEL 0.3 mg/kg
NOAEL 3 mg/kg

 
KRN23 PK IP

 

6.2 ePPND  
4.2.3.5.3-1 4.2.3.5.2-1 4.2.3.5.2-2 4.2.3.5.2-3
4.2.3.5.2-4 4.2.3.5.2-5 4.2.3.5.2-6 
ePPND -043 KRN23
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Ultragenyx
 

6.2.1 
-043  

-043 KRN23

4.2.3.5.2-3 4.2.3.5.2-4 4.2.3.5.2-5 4.2.3.5.2-6
6.2.1-1

GD 20 50 GD 51 100 GD 101 -043
GD 20 50 GD 51 139 GD 140

-043 6.2.1-1
1

2  

6.2.1-1 ePPND 1  

 a b  c 
GD 20

50 
GD 51  

139 
GD 140 GD 20

 4/20  
(4/26d) 
20.0% 
(15.4%d) 

1/20  
(1/26d)  
5.0% 
(3.8%d) 

2/20 
 
10% 

5/20  
(5/26d) 
25.0% 
(19.2%d) 

2/15 
 
13.3% 

7/20  
(7/26d) 
35.0% 
(26.9%d) 

1/15 
 
6.7% 

KRN23 
0.3 mg/kg 

1/20 
5.0% 

1/20 
5.0% 

0/20 
0% 

2/20 
10.0% 

0/18 
0% 

2/20 
10.0% 

2/18 
11.1% 

KRN23 
3 mg/kg 

2/20 
10.0% 

2/20 
10.0% 

3/20 
15% 

4/20 
20.0% 

3/16 
18.8% 

7/20 
35.0% 

5/16 
31.3% 

KRN23 
30 mg/kg 

3/20  
(4/28d) 
15.0% 
(14.3%d) 

1/20  
(4/28d)  
5.0% 
(14.3%d) 

1/20 
 
5% 

4/20  
(8/28d) 
20.0% 
(28.6%d) 

1/16 
 
6.3% 

5/20  
(9/28d) 
25.0% 
(32.1%d) 

2/16 
 
12.5% 

 
(

) 

 
% 

%e

%e 

 
% 

%e 

%e 

 
% 

%e 

%e 

 
% 

%e 

%e

 
% 

%e 

%e 

 
% 

%e 

%e 

 
% 

%e

%e 

GD  
a

-043  
b GD 140  
c GD 139 149  
d GD 133  
e  
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6.2.1-2 ePPND 2  

 a b  c 
GD 20  

50 
GD 51  

100 
GD 101 GD 20

 4/20  
(4/26d)  
20.0%  
(15.4%d) 

0/16  
(0/22d) 
0% 
(0%d) 

1/16 
(1/22d) 
6.3%  
(4.5%d) 

5/20  
(5/26d) 
25.0%  
(19.2%d) 

2/15 
 
13.3% 

7/20 
 (7/26d)  
35.0% 
 (26.9%d) 

1/15 
 
6.7% 

KRN23 
0.3 mg/kg 

1/20 
5.0% 

1/19 
5.3% 

0/18 
0% 

2/20 
10.0% 

0/18 
0% 

2/20 
10.0% 

2/18 
11.1% 

KRN23 
3 mg/kg 

2/20 
10.0% 

1/18 
5.6% 

1/17 
5.9% 

4/20 
20.0% 

3/16 
18.8% 

7/20 
35.0% 

5/16 
31.3% 

KRN23 
30 mg/kg 

3/20  
(4/28d)  
15.0%  
(14.3%d) 

0/17 
 (2/24d)  
0% 
 (8.3%d) 

1/17 
 (2/22d) 
5.9% 
 (9.1%d) 

4/20 
(8/28d) 
20.0%  
(28.6%d) 

1/16 
 
6.3% 

5/20  
(9/28d) 
 25.0%  
(32.1%d) 

2/16 
 
12.5% 

( ) 
 

% 
%e 

 
%e 

 
% 

%e 

 
%e 

 
% 

%e 

 
%e 

 
%  

%e  

 
%e 

 
% 

%e

 
%e 

 
% 

%e 
 

%e 

 
% 

%e

 
%e 

-043  
GD  
a GD 139

-043  
b GD 140  
c GD 139 149  
d GD 133  
e  

 
KRN23 GD 20 50 GD 51 139 GD 51 100 GD 140 GD 101

-043
6.2.1-1

30 mg/kg
GD 20 GD 133

1 2 30 mg/kg
 

-043 GD 20 GD 133

GD 20 30.2%
Jarvis et al, 2010 30 mg/kg

KRN23  
3 mg/kg 1 2 6.2.1-1

KRN23
70% 7 5 GD 142 149

4.2.3.5.2-
2 KRN23
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0.3 mg/kg
4.2.3.5.2-2  

-043 KRN23

 

6.2.2 -043 IP  

KRN23 IP KRN23

 
30 mg/kg

IP
KRN23

20 58.9 72.2 g
Fujiwara et al, 1978 30 mg/kg

30 mg/kg
6 6 30 mg/kg 8 4 GD 133

10104 10305 10308 10502
GD 133

30 mg/kg
GD 133

 

Tindall and Scott, 1965

Chen et al, 2011  

KRN23
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6.2.2-1 IP1 

  
( ) 

 
(g) 

 
  IP (mg/dL) 

 10401 55.6 ±  4.64 
10402 67.5 ± ± 4.06 
10403 48.6 + ± 5.12 
10404 64.2 ±  5.14 
10405 65.6 ± NA 3.74 
10406 66.2 ± NA 4.78 

KRN23 
0.3 mg/kg 

10104a ( GD 60) NA - NA 5.76 

KRN23 
30 mg/kg 

10305a ( GD 121) NA 3+ NA 9.68 
10308a ( GD 39) NA + NA 10.66 
10502a ( GD 84) NA + NA 8.90 
10504 89.9 2+ ± 

± 
10.12 

10505 112.4 2+ ± 
± 

9.54 

10507 100.6 2+ ± 
± 

± 

10.78 

10508 99.2 2+ ± 
± 

± 
± 

8.74 

1 GD 133  
a  

± + 2+ 3+  
NA  

6.2.3 -043  

Jarvis et al, 2010 ICH. 2011.)
KRN23

4.2.3.5.2-1
4.2.3.5.2-2 6.2 KRN23

 
KRN23
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7 4.2.3.2-4 4.2.3.2-5 
-044 -020

40
 

8  

8.1 GLP
00019 4.2.3.7.7-1 

KRN23
KRN23 FITC KRN23 FITC-

KRN23 FITC
0.5 g/mL 2.5 g/mL 3

FITC
FGF23

WT  
FGF23 0.5 2.5 g/mL FITC-

KRN23 3+ 25%
WT FITC-KRN23

FITC-KRN23
FITC-KRN23 0.5

2.5 g/mL  
KRN23

 

8.2 Wild-Type Hyp FGF23 GLP
-084 4.2.3.7.7-2 

WT C57BL/6J 8 9 12 Hyp B6.Cg-PhexHyp/J 7 10
12 XLH FGF23 KRN23 0

8 g/L 200 mg/L 1.15 g/L 
200 mg/L pH 7.4 3 10 30 mg/kg 1

2 2 4 Day 1
X X CT

FGF23 IP
8.2-1 2 Day 14 WT

Hyp 18 24 FGF23
Day 1 2 4 7 6 Day 1  
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8.2-1 WT Hyp 2  

 
  

 (mg/kg) (mL/kg) 
 

(mg/mL)
 

1 * 2 *
1  WT 0 10 0 6 6 
2 FGF23  WT 3 10 0.3 6 6 
3 FGF23  WT 10 10 1 6 6 
4 FGF23  WT 30 10 3 6 6 
5  HYP 0 10 0 6 6 
6 FGF23  HYP 3 10 0.3 6 6 
7 FGF23  HYP 10 10 1 6 6 
8 FGF23  HYP 30 10 3 6 6 

 
  

 (mg/kg) (mL/kg) (mg/mL)
 

1 * 2 *
1  WT 0 10 0 8 16 
2 FGF23  WT 3 10 0.3 6 12 
3 FGF23  WT 10 10 1 6 12 
4 FGF23  WT 30 10 3 6 12 
5  HYP 0 10 0 8 16 
6 FGF23  HYP 3 10 0.3 6 12 
7 FGF23  HYP 10 10 1 6 12 
8 FGF23  HYP 30 10 3 6 12 
*:  2  
 

IP WT Hyp
WT Hyp FGF23 IP

8.2-1 Hyp 3 mg/kg IP WT
3 mg/kg WT

Hyp 10 mg/kg Day 7 10 IP WT
10 mg/kg WT 3 mg/kg IP

Hyp 30 mg/kg IP Day 7 WT 10
30 mg/kg  
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8.2-1 WT Hyp IP  

 
0 mg/kg 3 mg/kg 10 mg/kg 30 mg/kg 

 
WT Hyp 1,25(OH)2D

FGF23 WT Hyp 1,25(OH)2D
8.2-2 1,25(OH)2D WT Hyp
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8.2-2 WT Hyp 1,25(OH)2D  

 
0 mg/kg 3 mg/kg 10 mg/kg 30 mg/kg 

 

Ca WT Hyp
FGF23 Ca

WT Hyp WT Hyp  
WT Hyp

Hyp 10 mg/kg WT
3 mg/kg

8.2-2 Hyp 10 mg/kg
WT 3 mg/kg IP

WT Hyp
Hyp 30 mg/kg Day 7 IP WT 10

30 mg/kg Hyp 30 mg/kg
WT 10 30 mg/kg

Hyp 30 mg/kg WT 10 30 mg/kg IP

IP
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8.2-2 WT Hyp FGF23  

 WT Hyp 
(mg/kg) 0 3 10 30 0 3 10 30

 12 12 12 12 12 12 12 12
         

  ± 0 0 0 3 0 0 0 0 
  ± 0 0 2 2 0 0 0 0 

  + 0 0 4 7 0 0 0 0 
  2+ 0 0 0 3 0 0 0 0 

a  ± 0 0 2 4 0 0 0 0 
 + 0 0 0 8 0 0 0 0 

 ± 3 7 7 11 1 2 4 3 
 + 0 0 2 1 0 0 0 2 

 ± 2 4 10 0 0 0 3 7 
 + 0 0 2 1 0 0 0 0 
 2+ 0 0 0 5 0 0 0 0 
 3+ 0 0 0 6 0 0 0 0 

  ± 0 0 3 0 0 0 0 0 
 + 0 0 4 5 0 0 0 0 
 2+ 0 0 2 7 0 0 0 0 

 ± 0 0 0 1 0 0 0 0 
b  ± 1 2 1 0 1 3 3 7 

 + 0 0 6 0 0 0 0 0 
 2+ 0 0 3 0 0 0 0 0 
 3+ 0 0 2 12 0 0 0 0 

 ± + 2+ 3+  
a  
b  

 
Hyp

CTx WT WT Hyp 3 mg/kg
WT

Hyp
WT 3 mg/kg Hyp 10 30 mg/kg CTx

Hyp 3 mg/kg
WT 3 mg/kg

 
Hyp 2

WT 10 30 mg/kg  
WT Hyp BUN

FGF23  

Hyp
WT WT

IP FGF23
FGF23

IP Hyp
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FGF23
 

9 4.2.3.7.7-3 
KRN23

FGF23 FGF23
FGF23

IP 8 mg/dL
9-1

Ca Ca
IP 8.2
9-2 WT FGF23 Hyp

IP
9-3

 

9-1 IP  

 
-076 14 -044 40 -020

40 -084 WT Hyp 2
mineralization score IP

IP  
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9-2 FGF23 KRN23 Hyp WT
IP  

 
 

9-3 KRN23 40 IP
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KRN23
4.2.3.7.7-3 KRN23 IP

KRN23
XLH

Ca IP KRN23
IP

 

10  
KRN23 ICH

KRN23 KRN23
FGF23

 

KRN23 IP 1,25(OH)2D
KRN23 in vivo

IP 1,25(OH)2D
3 mg/kg IP

40 30 mg/kg 1

KRN23 30 mg/kg
CTx KRN23

1,25(OH)2D IP
NOAEL Ca

Ca
Ca IP KRN23

KRN23 1,25(OH)2D IP CTx

IP
 

FGF23 KRN23
Ca Ca

Eckermann-Ross, 2008 KRN23
IP
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IP XLH
Hyp Hyp

FGF23 FGF23 WT Hyp
IP Hyp

WT IP
FGF23 Hyp IP Ca

Hyp  
KRN23 FGF23

IP
8 mg/dL 4.2.3.7.7-3  

40
KRN23

ePPND

KRN23 NOAEL 0.3 mg/kg
NOAEL

3 mg/kg 3 30 mg/kg
KRN23 KRN23

KRN23
KRN23

 
KRN23

Ultragenyx

4.2.3.5.2-1 4.2.3.5.2-2
KRN23 KRN23

6.2.3  
ePPND 30 mg/kg IP

FGF23
FGF23 Klotho

FGF23
FGF Ohata et al, 2014

FGF23 Ma et al, 2014

Ma et al, 2014; Ma et al, 2017; Kovacs, 2014
FGF23

IP
Kovacs, 2014  
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Klotho
Klotho Ohata et al, 2011 Klotho

Klotho FGF23
FGF23 IP

Ma et al, 2017 Klotho
Loichinger et al, 2016; Miranda et al, 2014; Fan et al, 2016; Cecati et al, 2016

ePPND
 

FGF23 Klotho
ePPND

30 mg/kg IP IP

FGF23
IgG

Stewart, 2009 KRN23  
KRN23 PK IP

FGF23 FGF23

KRN23
 

ICH S6(R1)
ICH. 2011. KRN23 DNA

KRN23
FGF23

KRN23 In vitro KRN23
KRN23

4.2.3.4.3-1 HFTC ex vivo
KRN23

 

14 36 2
KRN23 40 56

1 KRN23 KRN23
2

KRN23 IP 1,25(OH)2D
KRN23 KRN23

 

FITC-KRN23



 
KRN23  2.6.6  

CONFIDENTIAL   - 51 -

KRN23
 

KRN23
40

 

KRN23 KRN23
D

FGF23
WT

IP 8 mg/dL
IP

 
FGF23 FGF23

IP Ca

KRN23
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