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BJburosumabl &k E

Figure 28. Schematic Representation of Structural PK Model for Burosumah Table 40. Parameter Estimates for the Final Population PK Model
SCof KRN23 Parameters Typical Values BSV oV
(RSE%)
Ka (day™) 0.380 (7.18) 0 (fixed)

PK Parameters V/F (L) 8.027 (2.81) 25.3% 23.3%
(WT/70)VCM > CL/F (L/day) 0.290 (3.23) 29.5% 12.7%

Covariate on CL/F (WT/70)°% 0.893 (4.43)

Covariate on V/F (WT/70)°% 1 FIX
(wro)"" >CL/F Residual errors Proportional error (%) 20.2 (3.60)

BSV= Between-subject variability; IOV= Inter-occasion variability; RSE = Relative standard error; WT= Body weight

(kg)
>3°“J:;:zmﬂ' Shrinkage: CL/F: 22.0%; V/F: 39.5%
(BSV) Correlation between CL/F and V/F was 0.445.
Note: Inter-occasion term based on enrolled study was added in the model to be able to estimate a separate set of
KRN23= Burosumab; SC= Subcutaneous; WT=Body weight PK parameters within each study.
Source of data: applicant’s Population PK and PK/PD Report ULTR-CSC-105, Figure 4 Source of data: applicant’s Population PK and PK/PD Report ULTR-CSC-105, Table 8.

2021/8/19 https://search.fda.gov/search?utf8=%E2%9C%93&affiliate=fdal&query=novel+new+drug&commit=Search 27
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Figure 29. Goodness of Fit Plot for the Final Population PK Model
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Figure 30. Visual Predictive Check for the Final Population PK Model for Adults and Pediatric
Patients
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Note: Full lines represent percentiles of observed burosumab concentrations within each bin (S0th percentiles are
in blue and 5th and 95th percentiles in red); shaded areas represent 95% percentile interval of percentiles of
predicted concentrations (S0th percentiles are in blue and 5th and 95th percentiles in red).

https://search.fda.gov/search?utf8=%E2%9C%93&affiliate=fdal&query=novel+new+drug&commit=Search
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v R

v NBf ULBIS/RERSE)

v & (2. 105130 mg/ mL)

v LIESH . EEMBER BTN TEFGF23,. ELRBREH.. E&EMMIREE. R SRMMIciE. ELRTIRR
HiLiphE, %@zﬁﬂ@-’hﬁﬁ%z HTRENLBMFNEKE. MIATELIMAE. BEEVATERNER UL SHNKEER[E
B Xk (PHEX) 38%%, SRS ELME

e PD: Efﬂ&X*ﬁﬂ The PK/PD relationship was explored using an Emax model, as shown below.
Ph05p=E0+(5imeurosumab ¥ ‘Emax)/(ECSOY+5imeL|r05L1n1abv)

[ ;5 %% Where Phosp is the serum phosphorus levels; simCpurosumab 23 is the individual predicted
burosumab concentrations; ECso is the serum burosumab concentration to reach 50% of
maximal effect; E..x is the maximum effect and y is the Hill coefficient.

2021/8/19 https://search.fda.gov/search?utf8=%E2%9C%93&affiliate=fdal&query=novel+new+drug&commit=Search 29
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Figure 19. Exposure-response relationship for serum phosphorus concentrations based on
individual predicted serum burosumab concentrations in subjects with XLH
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Figure 20. Simulated steady-state concentration-time profiles of serum phosphorus in
adolescent XLH patients receiving 0.8 mg/kg Q2W and 1.0 mg/kg Q4W burosumab
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Table 2. POPPK parameter estimates.

Parameter Median [ 95% CIj Interindividual variability [ 95% CI] = ) H ;,3?”./
Final model 2w L e
é . 5//./ >
Ka (h_1) 029407 [0.17:0.606] 246% [99:258] = ) . _//"
VIF (L) bo+b1 xWT b0=-573 [-8.106; —2.999] b1=0.707 [0.632:0802) 21.05% [5;17%] é . . /}/f’l ’
b e
CL/F (L/h) bO+b1xAGE+ (WT/70)"b2 b0=0418 [0:1.654] b1=0.0049 [0:0.0186] b2=0.0743 [0:3497] 43.35% [34;100%] /// *
Residual error (Proportional) 7% [22.8:32.3%)] -

One-compartment model with covariates (weight on volume, and age and weight on clearance).
doi:10.1371/journal.pntd.0002907.4002

10
Predicted (benznidazole mg/L)

Figure 3. Goodness of fit plot, final model. Individual predictions vs observed data (benzrnidazole in mg/L).

UEMEIZERE
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» MAMFERIERICLIF

vV B ERRESTRA (FAIERR
R A

0.0615L/Kg/h vs 0.0301L/Kg/h;
p<<0.01)

v 5FERRK)LEMBAEEE, 7
SUTIILENAFERECLIFRS

]

Benznidazole CL (L/kg/h)

o
00 143

o ml e mmo— m— m mm mm mm mm Ew mw Em E—
e ¥ o
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Figure 4. Individual predicted CL/F Data for patients over 12 years old were obtained from the literature. [14,15]
doi:10.1371/journal.pntd.0002907.g004
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A FEIFIE: 7mglkg/day, 45| A EFEEA100%

A 75T )LERCssH i #CssA3.61mg/L

A 75 A E)LEHRHI#CssA6.88 mg/L
A B ABICssHL £ A9.69 mg/L

Table 4. Simulated Css (1000 simulations; dose 7 mg/kg/day).

Age 2-7 years old 7-12 years old Adults

Css (mg/L) 361 6.88 969
(Median [95% Cl)) [1.61; 4.87] [3.54: 8.37] (845; 1042)
Half life (hours) 304 941 1277
(Median [95% Cl]) [1.89; 3.45] [6.96; 11.59] [10.84: 14.28]

doi:10.1371/journal pntd.0002907.£004
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Figure 1 Simulated exposure vs body weight based o1 FDA’s dosing regimen
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*RATR

v2-6 %5 )LERNEREIIEEZEE (AUC. CmaxFiCmin) {£F6-12%5 L%, 18
HRZR={176-12% )LE AEMHEISEERN

v RBEW2- 125 EBEXRAETHRENS AL R, BI5-8mg/kg/d
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« 2017-02-10 FDAIE#t EMarathon$|ZA A BRI K AT 4%, BB Emflaza

Tif Eh. X—S5RRMEFMIERXNGMAIENZ, EXELIMIRS
EZxK, WEE. mPF. B, BE. LRE, TRFERHMELT

- PBPKERR
v Emflaza (#0145 BI8775%5 R UL EBIDuchenneflE#H A RESE ., HEKAEFE—
IR M RIEIZ, B IMRESEE T £ LR H AEMEZ21-FE MR, O
ARG ERM RSN MR RER T EER, M21-FEMKA4ES TN

v PBPK1&E R
v ERAY-AMBEI/ER (DD BiEUK21-FEMKASEBREEZEPHPKEFEEN T 2118
E i K AT 4RI PBPKR £Y

/PBPK’I‘EE!FH:F%E?)”JJE/ETFHi’@i’iﬁlﬁﬂlﬁ'ﬁ/qﬂFECYPSAMW%'J FESERRE, ILE (4E115) IE
bF (12F16%5) 21-FEMKAIHFHNREE

v PBPKX3RFIH ECYPIA4IFHFITE)LEMT "fEEPDDIE’\]%ﬁiﬂ']%)i'iﬁﬁ1’E7*T'J%?’E?‘¥E'\]3'Z??f1§%
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Figure 5 Development and application of a PBPK model for Deflazacort

Phase 1 DDI study with clarithromycin and
rifampicin in adults MP-104-CL-025

Phase 1 single and multiple dose study in
children and adolescents MP-104—CL-005J

Model Application
Predict DDI in children and adolescents

Supporting information for dose
optimization

https://search.fda.gov/search?utf8=%E2%9C%93&affiliate=fdal&query=novel+new+drug&commit=Search
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Z {53 Emflaza (deflazacort, hXAJ4F)

» PBPKAR BTN CYP3A4IE 5 571 21 - #2 £ tth K AT 45 PK AV 22

VIERR
A IMBGERETFIGRFRIRE : MP-104-CL-025, —In1HAfHZY, WEIELIZES
RNEBEPZFNEFEE (CYPIALIFEEF]) MuehiEE (CYP3A4HNFHIF) XFDFZE
FEPKABEZ WAV R
v i= 3L

A T29ZFEE23ESSS BT INE (ZXM528%) HI10NNEMIRIEHIT T,
FlERmhiEE (500 mg, BID) ELIRHAKR, mig—RigS—XxHEr4F0OAR
FlZ (18 mg)
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Figure 7 Simulated and observed mean plasma concentration-time profiles of 21-
desDFZ after a single oral dose of 18 mg deflazacort on the last day of 4 days of
dosing of clarithromycin (500 mg BID), a strong CYP3A4 inhibitor.

200 -
180 7 O Mean Obseved 21-DFZ Control
- 160 -
E ® Mean Obseved 21-DFZ with Inhibitor
£ 140 -
c
= 120 - —simulated By SimCYP Control
2 100 . _ . .
® =—Simulated with Clarithromycine
£ 80
L)
e 60
(=]
~ a0
20
o T T g T ] = —
0 5 10 Time (h) 15 20

Source: FDA reviewer re-simulated under condition described by applicant (Figure 6 and 7, PBPK
report [1]) using submitted PEPK maodels.
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Figure 8. Simulated mean (lines) and observed (symbols; n=16; Clinical Study
Report: MP-104-CL-005) plasma concentrations of 21-desDFZ on the last day of 8
days of dosing of deflazacort (0.8 mg/kg) in male children (aged 4 to 11 years) with
DMD. The solid line is the mean data for the simulated population, and the dashed
lines are the 5th and the 95th percentiles. The black circles represent the mean
observed data based on all 16 subjects.

600
T L PBPK #& &
' M JL 2
: RELEF
PK
E

168 170 172 174 176
Time (h)

HAZRIIZH)LER, FHRRAMKAE (&
X0.8 mg/kg) , ELE8K, FE8XKR21-FFE M
KA HFAIRIIPK R AR EYUNME, N=8
MP-104-CL-0052 —Ifiphase1 B Z il i35, E&EIE
HEIEBMR)LEMT L FEAOMRFZAFIE21-BE
K AT 4 HIPKAIDFZBY 2 £ 1%

Figure 9: Simulated mean (lines) and observed (symbols; n=8; Clinical Study Report:

MP-104-CL-005) plasma concentrations of 21-desDFZ on the last day of 8 days of
dosing of deflazacort (0.9 mg/kg) in male adolescents (aged 12 to 16 years) with
DMD. The solid line is the mean data for the simulated population, and the dashed
lines are the 5th and the 95th percentiles. The black circles represent the mean
observed data based on all 8 subjects.

800

Systemic Cc icentration (ng/ml)
- ~N [ B [0 [=2) ~
g8 3 8 8 8 8

8

168 170 172 174 176
Time (h)

E12F16 5B MHE L LEPh, BHARRM
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Table 5 Predicted geometric mean Cmax and AUC ratios of 21-desDFZ following co- %

Table 4 Simulated and observed geometric mean Cpnax and AUC(o,s) values for 21-
ldministration of CYP3A4 inhibitors with deflazacort (0.9 mg/kg).

desDFZ on the last day of 8 days of dosing of deflazacort in children (4-11 years) and
adolescents (12-16 years). Children Adolescents
Children Adolescents CmaxRatio | AUC Ratio CmaxRatio | AUC Ratio
0.8 mg/kg 0.9 mg/kg 0.9 mg/kg Clarithromycin 1.97 3.85 2.14 4.31
(7.5 mg/kg)
Cmax AUCos) Crmas AUCos) Cmax AUCqs) Fluconazole 1.96 3.61 2.10 3.97
(ng/mL) (ng/mL*h) | (ng/mL) (ng/mL*h) (ng/mL) (ng/mL*h) (6 me/ke)
Table 6 Predicted geometric mean Cmax and AUC ratios of 21-desDFZ following
Simulated 261 499 294 562 268 587 coadministration of CYP3A4inducers with deflazacort (0.9 mg/kg) '*IJ *EISF‘
Observed | 214 374 —|>[ 214 374 | 329 567 Children Adolescents
Source: Table 7 and 8 [1] CmaxRatio |  AUC Ratio Cmax Ratio AUC Ratio
Rifampicin 0.31 0.22 0.24 0.17
5 AN A, tRIEtablet strengths and patient weight (10 ms/ke)
bands, HEPHMETHFOPERTIHABEIFLR0S | oo |0 | 00 | 0w o

mg/kg,
&R

2021/8/19

F=45|H T EE#:0.9 mg/kgFn0.8 mg/kgFIE aIIEH

Source: Table 9 [1]

T LE ST

PBPKZ Xt ith R AT 4 =

https://search.fda.gov/search?utf8=%E2%9C%93&affiliate=fdal&query=novel+new+drug&commit=Search

"fﬁﬂ&ﬂiCYP3A4¢LH$IJ%'J%n1n—r Hl:g
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- HBUHFR

v [El AMP-104-CL-0051{ 3e Z5 4148 H 0. 8 mg/kg, FRIGAIRHLTO0.9
mg/kg, FAFIH T EEE0. 9 mg/kgFN0. 8mg/keF ERIIRIULE R

vV ERE T = 0. Img/kg
v BCYP3AMTFIAYIE N N EXDFZIFH, T = JHEE

A BE5HHEIFIEHE, Blb3ERIE
A B5FESFIEKRAR, NMNIE3-5.4E5K2
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Colleen Kuemmel, FDA, Development of Best Practices in Physiologically Based Pharmacokinetic
Modeling to Support Clinical Pharmacology Regulatory Decision-Making FDA Public Workshop, 2019
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Colleen Kuemmel, FDA, Development of Best Practices in Physiologically Based Pharmacokinetic Modeling to
Support Clinical Pharmacology Regulatory Decision-Making FDA Public Workshop, 2019
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