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3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW 

3.1 Overview of the Product and Regulatory Background 
Risdi lam is developed as powder for oral solution (0.75 mg/ml) for the treatment of SMA in 

(bf(it) t" t 6flitl pa 1ens . -------
The Agency granted orphan diug designation and fast track designation for risdiplam for the _ 
treatment of SMA on Januru 04 2017 and April 05, 2017, respectively. llllf
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On April 30, 2019, the Agency agreed with the Sponsor for the rolling 
submission of risdiplam NDA. On July 19, 2019, the Agency held a pre-ND A meeting with the 
Sponsor to discuss the content and format of risdiplam NDA for the treatment of patients with 
SMA. On September 24, 2019, the initial prut ofrisdiplam application was submitted to the 
Agency. 

The clinical studies submitted in this application include, 
1) a tllfee-pa1t PK study in healthy subjects consists of single ascending dose PK study, food 
effect study and clinical interaction with a strong 3A inhibitor, itraconazole in healthy subjects, 
2) a mass balance study, 
3) clinical drug interaction with CYP3A substrate, midazolam in healthy subjects, 
4) a two-part study in patients with late-onset SMA [BP39055 (SUNFISH); Part 1 - dose
ranging PK, PD and safety study and Prut 2 - safety and efficacy study], 
5) a two-part study in patients with infantile-onset SMA [BP39056 (FIREFISH); Pait 1 - dose
ranging PK, PD and safety study], 
6) Safety and efficacy study in patients with all types of SMA who are under background 
therapies for SMA [BP39054 (JEWELFISH)]. 

3.2 General Pharmacology and Pharmacokinetic Characteristics 

Pharmacology 

Mechanism of Action Risdiplam modulates SMN2 pre-mRNA splicing process and thus 
allows inclusion of Exon 7 in SMN2 mRNA. The full-length SMN2 
mRNA with Exon 7 produces functional and stable SMN protein. 

QT Prolongation The PK/electrocardiogram (ECG) data available from the submitted 
clinical studies are at considerably lower exposures (Cmax) of 
risdiplam than those expected with therapeutic doses at the steady-
state. Given the submitted data ru·e not adequate to chru·acterize the 
risk of QTc prolongation associated with the oral administration of 
risdiplam, the QT-IRT recommends that the sponsor characterizes the 
effect of risdiplam on the QTc interval in a dedicated study at 
clinically relevant exposures. A TQT study is required as PMR. 
Please refer to the QT-IRT review by Girish Bende, submitted in to 
DARRTS on 02-19-2020 for additional details. 
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General Information 
Bioanalysis Plasma concentrations ofrisdiplam and its metabolite, N-hydroxy 

risdiplam (M 1) were measured using a validated liquid 
chromatography with tandem mass spectromet1y (LC-MS/MS) 
method. Details are described in section 4.1. 

Healthy Volunteers Relatively similar PK between healthy subjects and patients with 
vs. Patients SMA. 
Dose Proportionality The PK is linear and dose-proportional over the dose range of 0.6 to 

18 mg in a single ascending dose study in healthy subjects and 0.02 
to 0.25 mg/kg once daily in a multiple ascending dose study in 
patients with SMA. 

Variability Inter-individual variability (%CV) in plasma Cmax of risdiplam 
ranges from 15-27% and AUCo-24Hanges from 8% to 25%. 

Absorption 

Tmax Following oral administration, Tmax for risdiplam occurs between l 
and 4 h. Risdiplam exposures reach steady state 7 to 14 days after 
once daily administration. In the clinical efficacy/safety studies, 
risdiplam was administered mostly with a morning meal or after 
breastfeeding in breastfed infants. 

Distribution 
Volume of The apparent volume of distribution at steady state is 6.3 L/kg. 
Distribution 
Protein Binding 89% 

Substrate/Inhibitor of Substrate of P-glycoprotein (P-gp) and breast cancer resistant protein 
Transporter Systems (BCRP) transp01ters in vitro. Based on the mass balance study, the 

oral bioavailability of risdiplam is approximately 81 %. Given the 
oral bioavailability of risdiplam is high (>80% ), P-gp or BCRP 
inhibitors are not expected to result in clinically significant increase 
of risdiplam concentrations. 

Risdiplam is an inhibitor ofMATEl and MATE2-K transporters at 
therapeutic concentrations in vitro. However, the clinical relevance 
of interaction with MATEl/2-K substrates is unknown. Risdiplam 
and its metabolite, Ml are not inhibitors of human organic cation 
transporter 2 (OCT2) and BCRP at therapeutic exposures. 

Elimination 
Terminal The elimination half-life is approximately 50 h. 
Elimination Half-Life 
Metabo lism 
Metabolizing Risdiplam is primarily metabolized by FMO 1 and FM03 and 
Enzymes minimally metabolized by CYPl Al , 2J2, 3A4 and 3A7. The major 

metabolite is N-hydroxy risdiplam (Ml ), which accounts 
approximately 30% of the parent drug exposure in plasma in patients 
with SMA. Ml is phaimacologicallv inactive. 
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Inhibitor/Inducer Risdiplam and its metabolite (Ml) showed a time dependent 
inhibition of CYP3A in vitro at concentrations higher than the 
clinically relevant concentrations (concentrations that achieve half-
maximal inactivation of CYP3A (KI) is greater than 10 times of 
Cmax). Fmthe1more, a clinical interaction study suggests that 
risdiplam did not significantly increase the systemic exposmes to 
CYP3A substrate, midazolam (refer to Appendices 4.2). Therefore, 
CYP3A inhibition is considered to be clinically not relevant. 
The applicant also included an explorato1y pediatric PBPK analysis, 
which was not considered essential to describe the CYP3A4-
mediated DDI liability of risdiplam. 

Both risdiplam and its metabolite, Ml are not inhibitors for CYPIA2, 
CYP2B6, CYP2C8, CYP2C9, CYP2C19 and CYP2D6 or inducers 
for CYP3A, CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2Cl9 and 
CYP2D6. 

Excretion 
Primary Excretion Following oral administration of a radiolabeled dose of 18 mg, 
Pathways approximately 53% of the dose (14% unchanged risdiplam) was 

excreted in the feces and 28% in the mine (8% unchanged risdiolam). 

3.3 Clinical Pharmacology Review Questions 

3.3.1 To what extent does the available clinical pharmacology information provide pivotal or 
supportive evidence of effectiveness? 
Both SUNFISH and FIREFISH studies provide the pivotal evidence of efficacy of risdiplam for 
the treatment of patients with SMA. The SUNFISH study is a placebo-controlled study in late 
onset SMA patients (=::2 to 25 years, Type 2 and Type 3 SMA). The FIREFISH study is an 
uncontrolled study in infantile onset, pediatric patients with Type 1 SMA (> 1 month to 7 months 
at emollment). Both FIREFISH and SUNFISH studies consist of two-paits. The Pait 1 is a PK, 
PD, safety and dose ranging study, and Pait 2 is an efficacy and safety study. 

In SUNFISH study (Part 2), the primaiy efficacy endpoint was change from baseline in Motor 
Function Measmes 32 (MFM32) total score at Month 12. Following 12 months treatment with 
risdiplam [N=l 20; 0.25 mg/kg once daily (:;20 kg) ai1d 5 mg once daily (>20 kg)] or placebo 
[N=60] , the improvement in MFM32 total score [least squai·e mean (SE)] was 1.36 (0.38) for 
patients receiving risdiplam and-0.19 (0.52) for patients receiving placebo. The least square 
difference (95%CI) of the improvement in MFM32 total score was 1.55 (0.3, 2.8). 

In FIREFISH study (Pali 1), following 12 months treatment (N=21), an approximately 41 % (7 
out of 17) of infantile onset SMA patients who were able to sit for 5 seconds without supp01t 
when dosed with risdiplam 0.2 mg/kg once daily compai·ed to 0.08 mg/kg once daily (sub
therapeutic dose). Similarly, risdiplam 0.2 mg/kg treatment showed improvement in other motor 
function milestones, smvival and ventilation free smvival, respirato1y measmes, swallowing and 
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3.3.2 Is the proposed dosing regimen appropriate for the general patient population for which
the indication is being sought?
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3.3.3 Is an alternative dosing regimen and/or management strategy required for
subpopulations based on intrinsic factors?

3.3.4 Are there clinically relevant food drug or drug drug interactions and what is the
appropriate management strategy?
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4. APPENDICES

4.1 Summary of Bioanalytical Method Validation and Performance
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Reviewer’s comments: The bioanalytical methods for risdiplam and N-hydroxy risdiplam (M1 
metabolite) satisfy the criteria for ‘method validation’ and ‘application to routine analysis’ set 
by the ‘Guidance for Industry: Bioanalytical Method Development, and is acceptable.  Given 
there is a lack of availability of absolute SMN protein, the recombinant SMN protein was used in 
the SMN Elecsys research assay for the calibration and assay validation.  Furthermore, the 
relationship between blood SMN protein and the clinical improvement of motor milestones in 
humans is not known.  Therefore, the interpretation of SMN protein levels in blood is considered 
only for exploratory purpose.  The method of quantitation of whole blood SMN protein and the 
validation procedures appear to be reasonable.

4.2 Clinical PK Assessment
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Reviewer’s comments: Typically, the food effect is evaluated in a dedicated study in 
approximately 20 healthy subjects or greater.  The Sponsor conducted a food effect assessment 
for risdiplam as part of a phase 1 study (BP29840) in a small number of healthy subjects (N=3).  
High fat and high calorie diet did not appear to affect the exposures to risdiplam. Because of the 
smaller sample size, the food effect assessment for risdiplam is considered exploratory.  In the 
clinical efficacy/safety studies, risdiplam was mostly administered with a morning meal or after 
breastfeeding in breastfed infants.  Therefore, the labeling should reflect the similar language.   
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4.3 Population PK Analyses
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Reviewer’s comments:  The reviewer was able to verify the Applicant’s analyses and replicate 
the results. The results suggest that the two compartment PK model with three absorption 
compartments and first order elimination adequately describes the PK of risdiplam.  Because the 
dataset contains infants, adolescents and adults with varying age and body weights, the time 
varying covariates, age and body weight were included in the model.  No other covariates were 
included in the model either due to lack of their effects on the PK of risdiplam or high 
conditional number (>1000) and variability (75%).  The proposed doses, 0.2 mg/kg once daily 
for subjects who are 2 years, 0.25 mg/kg once daily for subjects who are >2 years but <20 kg 
and 5 mg once daily for subjects who are >2 years and >20 kg achieved an average AUC0-24h 

2000 ng/ml*h in patients with SMA and are acceptable.

4.4 Physiologically based Pharmacokinetic Analysis
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EVRYSDI is a weak inhibitor of CYP3A. In healthy adult 
subjects, administration of EVRYSDI once daily for 2 weeks slightly increased the exposure of 
midazolam, a sensitive CYP3A substrate (AUC 11%; Cmax 16%). Based on physiologically 
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based pharmacokinetic (PBPK) modelling a similar  is expected in 
children and infants as young as 2 months  
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Pediatric PBPK model 

 

Reference ID: 4620156



Reviewer’s comment: The reviewer notes the aim of the current PBPK analysis was to extend the 
CYP3A-mediated DDI risk observed in adults to pediatrics, rather than to address the 
information gap about ontogeny of CYP3A. Nonetheless, the SA proposed by the Applicant will 
consider the multiple ontogeny functions, based on current knowledge, to cover possible 
scenarios while focusing on DDI risk in pediatrics. 

CYP3A4 DDI parameters 
in vitro

in vitro
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Reviewer’s comment:  The Applicant assumed that the clinical CYP3A inhibition observed in 
adults is a combined effect of both parent and M1 metabolite. This assumption would be 
reasonable for DDI risk in pediatrics if the relative exposure of M1 metabolite to parent (MP 
ratio) in plasma is similar between adults and pediatrics. Indeed, the median MP ratio in SMA 
patients (aged 2 months to 25 years-old from Studies BP39055 and BP39056) was 
approximately 30% with no apparent age dependency (Investigator Brochure, V6). The median 
MP ratio in neonates (2m -<7m) was around 26% (Reviewer’s analysis). These values are in 
line with the M1 to parent data reported in the ADME study (Report 1076764). 
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Table 15. PBPK predicted and observed PK of midazolam in the absence and presence of 
risdiplam in healthy adults 

Risdiplam Cmax (ng/ml) AUClast (ng.h/ ml) Cmax ratio AUC ratio 
model Treatment 

Pred Obs Pred Obs Pred Obs Pred Obs 

in vitro Control 7.51 7.65 22.8 19.9 
1.76 1.16 2.12 1.11 

kinact +risdiplam 13.2 8.96 48.4 22.0 

in vivo Control 7.51 7.65 22.8 19.9 
1.11 1.16 1.12 1.11 

kin act +risdiplam 8.32 8.96 25.6 22.0 
PK data are geometric means. Observed: Study BP41361. Pred ratio: geometric mean of predicted PK ratios of 
midazolam (2m g SD) in the presence of risdiplam (8 mg QD, 14 days) in healthy adults, using risdiplam PBPK 
model in adults . (Source: Repo1t 1101345, Tables 3 and 5). 

Optimization of the CYP3A4 in vitro kinact value was perfo1med by incrementally reducing it 
from 6- to 18-fold until predictions recovered the observed inhibito1y effect of risdiplam on the 
PK of midazolam (Table 16). 

Table 16. Sensitivity analysis of CYP3A4 kinact value for prediction of midazolam Cmax 
and AUC ratios 

Scenario MDZ Cmax Ratio* MDZ AUC Ratio* 

Observed 1.16 1.11 
Predicted with in vitro kinact (3.9 h·1) 1.76 2.12 
Predicted with 1/6 kinact (0.650 h·1) 1.22 1.26 
Predicted with 1/8 kinact (0.488 h·1) 1.19 1.22 
Predicted with 1/10 kinact (0.390 h-1) 1.16 1.19 
Predicted with 1/12 kinact (0.325 h-1) 1.14 1.16 
Predicted with 1/15 kinact (0.260 h·lj 1.12 1.14 
Predicted with 1/18 kinact (0.217 h-1) 1.11 1.12 

Data are presented as geometric mean of predicted midazolam ratios in the presence of risdiplam (8 mg QD, 14 
days) in healthy adults, using risdiplan1 PBPK model in adults. (Source: Report 1101345, Table 4). 

Using the optimized kinact value (in vivo kinact= 1118 of the in vitro value), the predicted effect 
of risdiplam on the PK of midazolam are consistent with the observed values in adults (Table 15, 
in vivo kinact). 

Q3. Can PBPK analysis provide a reasonable desc1iption of risdiplam PK in adult and 

pediatric patient population? 
The simulated risdiplam demographics and PK in pediatrics between 2 months and 18 years-old 
were comparable with repo11ed data from Studies BP39055 and BP39056. A virtual population 
of subjects aged between 2 months to 18 years-old were simulated for evaluation of risdiplam 
PBPK model perfo1mance in pediatrics. The distribution of body weight and height showed good 
agreement between the virtual pediatric population and the pediatric SMA patients enrolled in 
the clinical trials (data not shown) . 
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The PBPK predictions of risdiplam AUCtau after multiple dosing were consistent with the 
estimates derived from the PPK model, stratified by risdiplam dose (Table 17) or age (Table 18). 

Table 17. PBPK predicted and obse1·ved (PPK estimates) risdiplam AUCtau in SMA 
patients pe1· dose groups 

Risdiplam Dose 
AUCtau (ng.h/ ml) 

Observed Predicted 

0.2 mg/kg (SMA patients aged 2 months-2 years) 1850 (1270-3460) 2190 [1040 -4560) 

0.25 mg/kg (2: 2 years, body weight< 20 kg) 
2080 [1200-3010) 2150 [832-5090) 

or 5 mg (2: 2 years, body weight 2: 20 kg) 

Data are median [2.5t11_97 .5th percentiles]. Observed: Repo1ts 1096622 and Population phannacokinetic analyses 
report for risdiplam, 6th December 2019. (Source: Repo1t 1101345, Table 6). 

Table 18- PBPK predicted and observed (PPK estimates) risdiplam AUCtau in SMA 
patients per age groups 

Age Model Body w eight (kg}' AUC1;iu (ng•h/mL)2 

2rn to <7m PBPK (n=82) 6.47 [4.29- 10.2) 2180 [1240 - 4280] 

PPK (n=34 , 34 simulated values) 6.64 [4.53 - 9.1) 2730 [1870 - 4600] 

7m to <1y PBPK (n=103) 9.10 [6.49 - 13.0] 2250 [1250 - 4200] 

PPK (n=35, 35 simulated values) 7.56 [6.16-11.4] 2170 [1490 - 3380] 

1y to <2y PBPK (n=215) 11.7 [7.56-18.9) 2200 [1070 - 4020] 

PPK (n=37. 54 simulated values) 9 .19 [7.72-12.1) 1910 (1380 - 2840] 

2y to <4y PBPK (n=252) 14.3 [10.2- 19.S) 2620 (1310 - 5190] 

PPK (n~23 , 45 simulated values) 12.3 [10.1 - 20.9] 1990 [1490 - 2860] 

4y to <7y PBPK (n=287) 18.4 [12.1 - 30.3) 2700 [1340 - 5050] 

PPK (n=58, 133 simulated values) 17.5 [10.6 - 34.0) 2160 [1630 - 2890) 

7y to <12y PBPK (n=361 ) 28.6 [16.1 - 52.6] 2280 [1220 - 4340] 

PPK (n=SO, 123 simulated values) 28.0 [13.3- 48.5] 2120 (1440 - 2840] 

12y to <18y PBPK (n=426) 54.1 (24.2 . 120] 1590 (791 - 3050] 

PPK (n=57, 147 simulated values) 43. 7 [21 .0 - 90.0] 1740 (1100 - 2560] 

>18y PBPK (n=80) 60.1(37.0.123] 1440 (805 • 2590] 

PPK (n=34, 88 simulated values) 53.0 [21 .9. 102] 1650 [1090 • 2380] 

1Data are observed and respectively predicted median body weight and range. 2Geometric means (Slh_95t11 
percentiles] are presented. (Source: Response to PBPK IR dated 4/1/20. Table 1). 

Figure l lA illustrates the comparison of the predicted AUCtau by PBPK model to the PPK 

estimates in the adult and pediatric SMA population, across the age groups. The PBPK 
predictions mostly covered the 95th percentile of the estimated AUCtau by the PPK model. The 

Applicant noted that the variability of PBPK predictions for AUCtau was larger compared to the 
PPK estimates (Figure l lA). This observation reflected the larger variability in PBPK predicted 

CL/F compared to PPK post-hoc estimates (Figure l lB). Nonetheless, the PBPK predictions of 

risdiplam CL/F in pediatrics were consistent with the post-hoc estimates of CL/F derived from 

the PPK model, across the age groups. 
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Figure 11. PBPK predicted and observed (PPK estimates) AUCtau and CL/F of risdiplam 
in Sl\1A patients by age 

:;-
~ 
F 
"' .s. 
~ 

.!!! u 
:::> 
<{ 

E 
(II 

0.. 
~ 
oc 

E 
C'O a. 
~ ·c 
'a 
u. 
::i 
(.) 

0 
0 
0 
CD 

0 

8 
V) 

0 
0 
0 
"¢" 

0 
0 
0 
(") 

0 
0 

~ 

8 
0 

0 

0 
0 

0 .,... 

.... 

.... 
c:i 

.... 
0 
d 

A 

0 5 10 15 

A~e (yr) 

B 

0.1 10 

Age (yr) 

(A) Data presented as geometric mean of the risdiplam AUCtau for each age categoty predicted by the PBPK (blue 
closed squares) and PPK (grey open circles). The shaded areas represent 5th_95th percentiles (Source: Response to 
PBPK IR dated 4/1/20, Figure 1). (B) PBPK predictions of risdiplam CL/Fusing the pediatric risdiplam PBPK 
model (blue circles) and post-hoc estimate of the PPK model (yellow circles). (Source: Report 1101345, Figure 2). 
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PBPK predictions of risdiplam Cmax were also compared to observed Cmax values following 
the final selected risdiplam dosing regimen (n=249 SMA patients). The Cmax values were 

stratified by the age at the corresponding time of the Cmax observation, or dose. The geometric 
means of predicted Cmax values was consistent with the obse1ved values across the age groups. 
Also, the 5th_95•h percentiles (or respectively range for the categories with n<20) of the predicted 
Cmax values covered most of the range of the obse1ved values (Table 19). 

Table 19. PBPK predicted and observed risdiplam Cmax in SMA patients per age groups 

Age Model Body weight (kg)1 c,,_ (ng/mL)2 

2m to <7m PBPK (n=82) 6.47 (429 -10.2] 155 (107 - 246] 

Observed (n=12) 6.78 (5.16- 8.8) 180 (37 .5 - 364)" 

7m to <1y PBPK (n=103) 9.10 (6.49 - 13.0) 155 (104 - 229) 

Observed (n=34) 7.53 (6.31 -10.8] 164 [99.1 - 256] 

1y to <2:'f PBPK (n=215) 11 . 7 [7 .56 - 18.9 ] 149 (100 - 222) 

Observed (n=B) 6.91 [7.20-12.7] 176 (125 - 267]' 

2y to <4y PBPK (n=252) 14.3 (10_2- 19.8] 172 (110 - 285) 

Observed (n=17) 12.0 (10.1 - 20.9 ] 166 (116 -2221· 

4y to <7y PBPK (n=287) 18.4 (12. 1 - 30.3] 164 (97.5 - 260] 

Observed (n=46) 18.9 (1 1.7 -34.0] 167 (124 - 229] 

7y to <1'2:y PBPK (n=361) 28.6 [16.1 - 52.6] 128 [76.6 - 211] 

Observed (n=45) 29.0 (13.3 - 45.4] 142 [79.4 - 234] 

12y to <18y PBPK (n=426) 54.1[24.2-120] 84.0 (48 3 - 148] 

Observed (n=49) 43.5 (22.6 - 83.1] 110 (75.3 - 170] 

>18Y PBPK (n=80) 60.1 [37 .0 - 123) 75.4 (44.6 - 124] 

Observed (n=38) 52.3 (21 .9- 102) 102 (45.8 - 172} 

1Data are obse1ved and respectively predicted median body weight and range. 2Geometric mean [51h.95t11 
percentiles] are presented, except for the observations of 2m-7111, ly-2y and 2y-4y where n<20. * Geometric mean 
and obse1ved range due to small sample size. (Source: Response to PBPK IR dated 4/1/20, Table 2). 

Likewise, the geometric means of predicted Cmax values were consistent with the obse1ved 
values across the risdiplam dose groups (0.2 mg/kg, 0.25 mg/kg, and 5 mg) with PE ranging 
from -16% to 2.4% (Table 20). 

Table 20. Cmax between PBPK predicted and observed in SMA patients per dose groups 

Risdiplam Dose 
Cmax (ng/ml) 

Observed Predicted 

0 .2 mg/kg (patients aged 2 months-2 years) 169 {89.7 - 304) 152 (101 - 230) 

0.25 mg/kg (<!: 2 years, body weight< 20 kg) 167 [121 - 207) 171 (108 - 273) 

5 mg (<!: 2 years, body weight <!: 20 kg) 120 (67 .6 - 208) 101 (51.0 - 196) 

Data are geometric means [5th. 95th percentiles]. Observed: Reports 1096622 and Population PK Analyses Report 
6th December 2019. (Source: Response to PBPK IR dated 4/ 1120, Table 3). 

Overall, the pediatric PBPK model of risdiplam was able to predict risdiplam exposure (AUCtau 
and Cmax) in SMA patients across all age groups, at the therapeutic dose levels. The pediatric 
PBPK model could fairly predict risdiplam exposure in infants (2m-7m and 7m-<l y) and 
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Reviewer’s comments: The PBPK model of risdiplam for the adult and pediatric populations 
considered the enzyme kinetics for CYP3A4 and FMO3. The assumption of the relative 
contribution of each pathway (fm) to the total clearance of risdiplam in adults and pediatrics 
was not the focus of this review. Given that the current PBPK analysis aimed to address 
risdiplam as a perpetrator of CYP3A-mediated interaction in pediatrics, the ability of the 
pediatric PBPK model to predict risdiplam total clearance and exposure, across the age groups 
at the therapeutic dose levels, was the goal. 

in vivo in vitro
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Table 22. Predicted midazolam AUC and Cmax ratios in the presence of risdiplam per dose 
groups 

Risdiplam dose n MDZ AUC ratio MDZ Cmax ratio 

0.2 mg/kg (patients aged 2 months-2 years) 400 1.15 [1.07 -1.28] 1.13 [1.06- 1.24] 

0.25 mg/kg(~ 2 years, body weight< 20 kg) 485 1.18 [l.08 -1.35] 1.15 [1.07 -1.29] 
5 mg (~ 2 years, body weight~ 20 kg) 921 1.12 [l.05 -1.25] 1.10 [1.04-1.21] 

Data are geometric means [ 5th_95th percentiles]. (Source: Response to PBPK IR dated 4/1/20, Table 5). 

The predicted increase in midazolam AUC in pediatrics, aged 2 months to 18 yearn, was 
comparable to the effect observed in healthy adults (midazolam AUC increased by 11 % 
following risdiplam 8 mg QD [Study BP41361]. 

Applicant's PBPK analysis predicted a reduction of CYP3A4 activity by 3% and 20% in the 
liver and small intestine, respectively, following risdiplam dosing in the pediatric population. 

The results suggest that the hepatic CYP3A clearance for midazolam will be less impacted, and 
the inhibition effect of risdiplam would be on intestinal CYP3A clearance rather than hepatic 
clearance. 

Sensitivity Analysis 

The Applicant conducted a comprehensive sensitivity analysis to investigate the impact of the 

uncertainties related to CYP3A TDI parameters and ontogeny profile on the assessment ofDDI 
risk in pediatrics. 

For the CYP3A TDI parameter, a range ofkinact value, which were tried against the observed 
AUC and Cmax ratios of midazolam following risdiplam dosing in adults (refer to section Q2), 
were examined. For ontogeny of CYP3A, combinations of maturation functions for CYP3A4 
were examined as aged-related changes in fractional metabolic elimination pathways may affect 
metabolic DD Is. The summaiy results of the sensitivity analyses of different maturation 
functions for hepatic and intestinal CYP3A and kinact values ai·e presented in Table 23. 

For hepatic CYP3A ontogeny, the Applicant applied the Upreti function in the pediatric model of 
risdiplam. This function predicts a higher CYP3A activity in children than Salem function (see 
Figure 9 in Methods section), leading to a higher susceptibility to hepatic CYP3A4 inhibition. 
SA results showed that the predicted increase in midazolam AUC using the Salem function for 
the hepatic CYP3A ontogeny was identical to the prediction using the Upreti function (see 
results of simulations #1 vs. #2, and #3 vs. #4). This observation is in line with the minimal 
inhibition effect on CYP3A predicted for the liver. 

For intestinal CYP3A ontogeny, the Johnson function (used in the Applicant's pediatric model) 
resulted in a consistent Fg (=0.6) of midazolam between pediatrics and adults (see Figure 12). 
The Applicant explored the assumption of full maturity of CYP3A activity from bi1ih. This 
function would result in higher intestinal CYP3A metabolism and higher intestinal extraction 
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Reviewer’s comments: The Reviewer acknowledges the existence of knowledge gaps, such as 
enzymes maturation, which may limit the characterization of ADME properties and applications 
of PBPK in pediatrics10. In the case of risdiplam, the pediatric PBPK model provided reasonable 
estimates of risdiplam exposures (AUCtau and Cmax) compared to those observed (or PPK 
estimates) in SMA patients across all age groups. The sensitivity analysis and midazolam fg 
scenarios described above addressed some degree of uncertainties while focusing on DDI risk 
evaluation. Thus, this PBPK analysis can be used to evaluate CYP3A mediated DDI potential of 
risdiplam in pediatrics in conjunction with other clinical evidences. Given the PBPK simulations 
showed a comparable DDI effect on midazolam in pediatrics and adults, the review team did not 
include the language proposed by the applicant related to DDI between risdiplam and the 
CYP3A substrate midazolam in the pediatric population in Section 12.3 of the label. 
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