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ABSTRACT RESULTS

Objectives: To characterize the pharmacokinetic and pharmacodynamic data to explore the time course and exposure response relationships in Phase 2 to define Population PK Model Population Pharmacokinetic/Pharmacodynamic Plasma DHPG Concentrations Time to Study Dropout
dasotraline ben‘eﬁt to risk relationship in adult Attention Deficit Hyperactivity Disorder (ADHD) subjects. Simulations were performed to support Phase 3 study design . A one compartment population PK model with sequential zero order followed by first order absorption and dual (nonlinear and linear) elimination described « The exposure response model for DHPG concentration was a power function of the time matched, model predicted dasotraline concentrations (Table 2) - Overall, 9% of placebo subjects and 15% and 45% of subjects administered 4 mg and 8 mg dasotraline dropped out of the study. The remaining 91%, 85%, and 55% of
and ﬁof selectlon.l I - it X o | e doces f 3 ph Ph dies) dasotraline PK in these subjects (Table 1) + Levels of DHPG decreased as dasotraline plasma concentrations increased, indicating that treatment with dasotraline was associated with NET inhibition (Figure 2) placebo, 4 mg, and 8 mg subjects were censored (completed the study)
Methods: Dasotraline population PK were analyzed using data from 395 subjects after single/multiple doses from 0.2 to 36 mg (3 Phase 1 and Phase 2 studies). PK/ - - - - - - - - - - In an analysis of the influence of covariate effects on DHPG exposure response, the following covariates were not significant: age, baseline weight, baseline BMI, baseline High i isti ioni i i i i i i i

. y , :age, ) ) g er dasotraline C_ was statistically significantly associated with a higher risk of study dropout (Table 4). The risk of study dropout is reduced by approximately 8
PD models related individual dasotraline exposures to norepinephrine metabolite DHPG concentrations, ADHD RS-1V total scores, and time to study dropout using Linear apparent clearance was found to be time dependent following the inclusion Phase 2 data. This allowed the linear portion of CL/F to increase over time 4 » . e P P 5 5 5 5 'S . ,y 5 Y , 5 , y dropout ( ) y crop Y aPP Y

. . . . T . . . . SO : - S DHPG, gender, race, or ethnicity as predictors of variability in the parameters of the DHPG model fold when comparing the hazard ratio for 8 mg to 4 mg assuming the median C_ for each dose

data from 330 ADHD subjects. Final models were validated using VPCs. Clinical trial simulation scenarios examined a range of doses and durations to predict: minimal with multiple dose administration The bVPC resules indicated that the final DHPG model ad v ch —od the data. The ob dvalues for DHPG in Study SEP360 201 hed well with , , , , , Y , , ,
effective dose, nojeffect dose, andloptimallduration of treatment for the planned efficacy study and determine thellikelihoodlof a positive trial outcome (statistically  The CL/F term was estimated to increase from values ranging from 495 L/h to 816 L/h in the Phase 1 clinical pharmacology studies and to 15.0 L/h in the - The pc resu ts indicated that the fina model a e(.]uate. yc aras:tel.rlze the data. The o served values for in t.u y SE matc; ed wel wit - The interaction between time and dasotraline C_ was necessary to include in the Cox proportional hazard model to properly account for time-varying exposure.
significant ADHD RS-V response comparing dasotraline to placebo with clinically meaningful effect size). multiple dose efficacy study model predictions for DHPG changes and were consistent with clinically significant levels of norepinephrine transporter (NET) inhibition by dasotraline within the first - The VPC results indicate no apparent bias and illustrate good concordance between the model based simulations and the data based estimates of survival for each
Results: A one-compartment model with dual (linear plus nonlinear) elimination described dasotraline PK. In an ADHD population administered 4 or 8 mg/day, days of dosing dose and corresponding range of dasotraline C  values observed throughout the study (Figure 3)

- The nonlinear CL/F represented a saturable elimination pathway operating at approximately 50% of its capacity based on the estimate of the Michaelis

- No statistically significant influence of age, baseline weight, baseline BMI, baseline ADHD RS-V with adult prompts total score, baseline DHPG, baseline heart rate

dasotraline was characterized by a mean apparent half-life of 47 hours and steady-state by 10 days of dosing. The exposure response model for DHPG was a power

function of predicted concentrations indicating clinically significant NET inhibition. Dasotraline average concentrations (C ) reduced ADHD RS-V according to a Menten const.ant a.t lower dasotraline concentrations (?f around 1.7 ng/mL . o Table 2: Parameter Estimates (%SEM) From the Final PK/PD DHPG Concentration Model (standing and supine), insomnia severity index (baseline and time varying), gender, race, or ethnicity was found for time to study dropout
sigmoid E__ time-course model. A Cox proportional hazard model related time-varying C _to the log of the survival function for dropout. Clinical trial simulations + As concentrations increased above 3.0 ng/mL, the nonlinear component contributed less to total elimination
Eredlclztegl 4 n?g/dily ;ﬁlnlmznj eﬂ‘Tct.lve dose, 2 n;gI{dayI no Celfcl;ect doslfr, and a squI:ICIent I|I<Iellhoo|d of success for 8 weelc<I trials with 200 subjects per g‘muph(Flgure 1). h - The following covariate w.ere.not found to be ass.ocnat.ed with variability in the .populatlon PK model: age, total bilirubin, ALT, genc.ier, race, or ethnl.aty Table 4: Parameter Estimate for the Final Pharmacokinetic/Pharmaco dyn amic Time to Stu dy Dropout Mo del
onclusions: Modeling and simulations successtully related dasotraline PK to pharmacological activity via DHPG and ADHD R5-IV scores supporting the concept that - The results of the pcVPC indicate no apparent biases in the overall model fit. Figure 1 shows the observed mean and model-predicted concentrations over
maintaining constant, steady-state inhibition of both dopamine and norepinephrine transporters is a novel pharmacological approach to the management of ADHD :
symptoms time for the Phase 2 study
Clinicaltrials.gov identifier: NCT01692782. Table 1: Parameter Estimates and Standard Errors From the Final Population Pharmacokinetic Model BL: Baseline DHPG (pg/mL) 863 1.84 173SD 11.8
POW: Power Term 0.335 26.7 34.0 %CV 102 : 0.0484 1.235
BACKG ROUN D - | Dasotraline C_ (ng/mlL) 0.2112 (22.9226) (1123, 1358) <.0001
- ADHD (Attention-Deficit/Hyperactivity Disorder) is a neurodevelopmental disorder characterized by symptoms of inattention, hyperactivity and sl f.or 00 (TS 0 (e iKe s Bl -92.4 15.5 0 &CV FIXED 8228 9 4 <0001 2
- . - ST L L - L concentration of 2.27 ng/mL (pg/mL/ng/mL) Interaction between C_ and time -0.0063 0002/ 099 0.0192
impulsivity associated with clinically significant impairment in functioning av ‘ (42.7126) (0.988, 0.999) '
- Dopamine and norepinephrine are associated with the pathophysiology of ADHD, and drugs that facilitate synaptic concentrations of dopamine and K : Rate of absorption (1/h) 1.43 7.95 87.7 %CV 16.2 RV 11900 9.62 109 SD 109 SD 2 Log Likelihood = 784.020
norepln?phrlne are dmlcaIIY usefulin the pharmaCOIOglcaI Management of ADHD Symptoms L D1: Duration of zero-order absorption (h) 6.38 3.09 32.4 %CV 16.2 Minimum value of the objective function = 8384.605 N=number of subjects; Cl=confidence interval; P=p-value; DF=degrees of freedom; %SEM=standard error of the mean expressed as a percentage; C_=average steady-state concentration
- Dasotraline [(1R,45)-4-(3,4-Dichlorophenyl)-1,2,3,4-tetrahydronaphthalen-1-amine] is a novel compound in clinical development for the treatment of ADHD ‘ ‘ - . - ‘ . .
. Dasotraline is a potent inhibitor of human DA transporters (D AT: dopamine uptake ICSO 3n N\) and NE transporters (N ET: norepinephrine uptake V/F: Apparent volume of distribution (L) 2800 1.33 18.1 %CV 10.9 %SEM=standard error of the mean expressed as a percentage; DHPG=3,4-dihydroxyphenylglycol; %CV=coefficient of variation expressed as a percentage; RV=residual variability; NA=not applicable Flgure 3: SlmUIated Pel‘centlles Of SUbjeCtS Who Dropped OUt of the Study Versus Days Wlth Kaplan_ Meler EStlmateS
IC;, 4 nM), and a weaker inhibitor of human serotonin transporters (SERT; serotonin uptake IC,, 15nM) (Sunovion dataon file) V__:Maximum elimination rate (mg/h) 0.0495 4.02 0 %CV FIXED Figure 2. PK/PD Models: Relationship Between Dasotraline and DHPG Values; and ADHD RS-V Values of the Observed Data by Dasotraline Dose
- The dasotraline pharmacokinetic profile of slow absorption/elimination is uniqgue among current stimulant and nonstimulant medications indicated for B 474 c ) 16%CY o)
ADHD, and can support relatively stable plasma concentrations over a 24-hour daily dosing interval »* Michaelis-Menten constant (mg) ' ' e ' !
» A Phase 2 clinical trial with dasotraline demonstrated statistically and clinically meaningful effects in adults with ADHD CLind1: Induced apparent oral clearance Phase 1 (L/h) 8.16 12.4 NE NE PK / PD MOdEl VS. Obse I'VEd ADHD MOdEl VS. ObSE rVEd COI'ICE ntratIOn-respOnSE 45 60
O B j E CTI V E Ratio of additive/proportional component of RV Phase 1 0.0218 5.97 NE NE 5. o 4mg/d O 8 mg/d 0
— ] 0. | -
- - , , _ , , - Ratio of additive/proportional component of RV Phase 2 0.194 9.50 NE NE 1O 4mg/d O 8mg/d 9 10 0
- The objective of these pharmacokinetic (PK) and pharmacodynamic (PD) analyses was to define dasotraline benefit-risk relationships by characterizing — 0 _ _ o
. o o . . . . Power of weicht on V 0.777 289 NE NE c 20 O 1 = population PK-PD Emax model fit A
the time-course and exposure-response relationships between dasotraline, its norepinephrine (NE) metabolite (3,4-dihydroxyphenylglycol [DHPG]), and g : : £ 8 mg/d [o —
improvement in severity of ADHD symptoms as measured by the ADHD RS-1V, using Phase 2 data Power of weight on CLind 118 13.4 NE NE 20 " ;’ _3- > ’qCT E " : ‘/I;
— 7 o 8 mg/d = - ///l
M ETH O D S Power of weight on CLint 1.64 33.8 NE NE QU = ' v ; / - -
= v -6 3 ' ocP=-220289 Uose (mg) ot to Jotn Percentiles  Kaplan—Meier
Population PK CLint: Apparent oral clearance intercept (L/h) 4.95 13.1 NE NE © 10+ S ] — JED 0 ( g) p
-
ood 0 NSO ~ o = 0y Y .
- A dasotraline population PK model was developed based on 4,570 dasotraline measurements in 395 subjects after single or multiple administrations of Rate of induction (1/h) 0.00644 340 NE NE § ; 4 mg/d F’ 9 | | | | | | § % O 0
ine i ' i G Bhud
dasotraline in do.ses ranging from 0.2 to 36 mg . . . . . CLind2: Induced apparent oral clearance Study 306 201 (L/h) 15.0 7.54 NE NE 8 o o E; s 4 - 4
- Data from three intensely sampled Phase 1 studies and sparse samples from Phase 2 study in ADHA patients were pooled for population PK analysis — c - 7 L ., '“'3’6“‘""‘:‘:‘ M
- In addition to body weight, which was included as part of the base PK model, additional demographic and clinical covariates were evaluated including age, | |V on CL NA NA 69.6 %CV 6.1 — g c 20)- / / ',',,w’:’:’“‘.‘.‘:’&“’.‘&
-
total bilirubin, alanine aminotransferase (ALT), gender, race, and ethnicity . 69.9 - 15.6 %CV — I6 _ §3 % f 0 e wf100:0:0:0:0:0:0:0:0:::0:0:0:0:0:0:0:0: - /////// g —4
- The final population PK model was validated using a simulation based, prediction-corrected visual predictive check (pcVPC) methodology Proportional RV PH1 B = F [0.0050 - 25] NA & = 1 L 4 mg/d = o | ’&:0:0:0:0‘0:0:0:020:020’0&0&6‘6"' X
Population PI/PD 1040 - 26.7 %CV E.D placebo = -3 ? 2 6 - 7-'0"0’5’3"“““‘:0:0:030:0‘1‘:&?4‘*301“‘“ D -
» Plasma DHPG concentrations from a Phase 2 study (NCT01692782)' in ADHD patients was collected at Screening, and on Day 1 (baseline), and Weeks 1-6 Proportional RV PH2 0.0714 3.59 F 10,00 5'0 ] ; . NA ~ cm/') : N 0 Q) j;ﬁ:‘:.:.:.:.%.:.:@:g&‘ e
- Stationary covariates evaluated were age, race, gender, baseline weight, baseline body mass index, ethnicity, and baseline DHPG ' O A -6'_ g 6 A%J;ﬁ:”&g v
- The final DHPG model was validated using a simulation-based, pcVPC methodology Minimum value of the objective function = -4709.279 % E . < AT o
Pharmacodynamic ADHD RS-1V Responses - The following parameter estimates were found to be highly correlated (* > 0.810): (power of weight on CL._ and V__: Maximum Elimination Rate (mg/h)) ) < -9- . 50 . | | | | | | | | | | |
- Data from a Phase 2 study (NCT01692782)" were used for PK/PD analyses of ADHD RS-IV total scores (assessed at each study visit) - The residual variability (%CV) for Phase 1 was calculated using the following equation: (SQRT(0.0244 x (power(F2) + power(0.0218,2)))/F) x 100 0 2 4 B 8 0 10 20 30 40 ( h 10 (% () R 30
- A total of 1847 measurements from 330 patients were included in the PK/PD analysis of the effect of dasotraline plasma concentrations on change in - The residual variability (%CV) for Phase 2 was calculated using the following equation: (SQRT(0.0714 x (power(F,2) + power(0.194,2)))/F) x 100 time (weeks) time (weeks) [dasotraline Cav] (ng /ml)
ADHD RS-V total scores %SEM=standard error of the mean expressed as a percentage; %CV=coefficient of variation expressed as a percentage; RV=residual variability; NE=not estimated; NA=not applicable; PH1=Phasel; PH2=Phase 2 Days S| noe F”'S t Dose
- Stationary covariates evaluated were age, race, gender, baseline weight, baseline body mass index, ethnicity, baseline DHPG, baseline ADHD RS IV with . . . . Pharmacodynamic ADHD RS-1V Responses
adult prompts, and baseline insomnia severity index Figure 1: Observed Mean (+95% Confidence Interval) and Model Predicted Dasotraline Concentrations From the - The model for ADHD RS-IV scores was a sigmoid E__ time course (Table 3). A linear function described the relationship between E__ and the predicted dasotraline C_
+ The final DHPG model was validated using a simulation-based, pcVPC methodology Final Population Pharmacokinetic Model Using Data From Phase 2 Study « In Phase 2, randomized, double-blind, placebo controlled proof-of-concept study in adults with ADHD, LS mean improvement at Week 4 in ADHD RS-IV total scores Clinical Trial Simulations
Time to Study Dropout were significantly greater for dasotraline 8 mg/d versus placebo (-13.9 vs -9.7; P=0.019); and not significantly greater for 4 mg/d (-12.4; P=0.076) - The probability of success of a 4 mg/day treatment regimen of dasotraline was above 80% by 8 weeks of treatment with 200 subjects per arm. Therefore, simulations
. Data from a Phase 2 study (NCT01692782)" in ADHD patients was used to develop the model for time to study dropout o5 - The relationship between model predicted and observed ADHD RS-V with adult prompts total scores was evaluated to confirm that the population PK/PD predicted 4 mg/day as the minimum effective dose
. A PK/PD model was developed to describe the relationshio between the time to study dropout and dasotraline exposure using a semi parametric Cox ADHD RS-V model was appropriate for clinical trial simulation (Figure 2). The pcVPC results indicated that the final model adequately characterized the data - At the 2 mg/day dose level, further increasing sample size to 300 subjects per arm was still insufficient to demonstrate positive efficacy, thus predicting 2 mg/day as
fional d mod IP P Yo P 5 P - Although the influence of age, baseline weight, baseline BMI, baseline ADHD RS-IV with adult prompts total score, baseline DHPG, baseline insomnia severity index, the no effect dose
propor ond 1a%ar Mo | © q baceli oht baseline BMI. baseline ADHD RS-V with adul | baseline DHPC. basel gender, race, and ethnicity was evaluated in the model, none of the covariates was found to be a statistically significant predictor - Increasing the length of the clinical trials from 8 to 12 weeks resulted in only a small increase in the percentage of successful trials, thus predicting optimal trial
- Stationary covarlgtes eva uat.e were age, baseline weig t aseline BMI, baseline RS- with a lu t pro.mp.ts total score, baseline , baseline 50 - . . duration of 8 weeks
heart rate (standing and supine), baseline insomnia severity index, gender, race, and ethnicity. Insomnia severity index values collected at multiple times Table 3: Parameter Estimates (%SEM) From the Final PK/PD ADHD RS-IV Total Score Model - These clinical trial simulations (Figure 3), based on understanding of the exposure response relationship for dasotraline in adults with ADHD, predicted a

throughout the study were also evaluated as a time varying covariate
- The final model for time to study dropout was validated using a simulation-based visual predictive check (VPC) methodology
Dasotraline Exposure Measures
ne population PK model was used to generate empiric Bayesian PK parameter estimates for each individual in the analysis datasets

sufficient likelihood of success for trials with 8 weeks of treatment, doses of 4 mg/day or 6 mg/day, and sample size of 200 subjects per arm

CONCLUSIONS

« The individual measures of dasotraline exposure (eg, average steaf:ly state concentration .[Cav], area under the concentration t?me.curve fr.om time 0to BL: Baseline ADHD RS-IV with adult prompts total score 268 0.991 £ 93 SO 208 - Individual measures of dasotraline exposure were well-described by the dasotraline population PK model
24 hours [AUC, ], minimum drug concentration [C,, ] and maximum drug concentration [C, ) were calculated by numerical integration using the , . , » Population PK/PD modeling successfully related dasotraline PK to pharmacological activity via DHPG and ADHD RS-V scores
developed population PK model for dasotraline and the associated individual specific parameter estimates with NONMEM, Version 7, Level 1.2 E ..: Maximum reduction in ADHD RS-1V with adult prompts to- 109 290 993 SD 103 . L. e ; . . .
tal score due to time -10. 9 - - supporting the concept that maintaining constant, steady-state inhibition of both dopamine and norepinephrine transporters is a novel

- The model predicted exposure measures obtained for each subject at each week were utilized in the development of the PK/PD models to describe

pharmacological approach to the management of ADHD symptoms

SEP—-225289 Concentration (ng/mL)

theexposure response relationships for plasma DHPG concentrations, ADHD RS-IV with adult prompts total scores, and time to study dropout 150: Time producing 50% of E  for blacebo (weeks 0762 10.9
. Exposure measures were set to 0 for placebo subjects ' - 807 01 Ema 0T P ( ) | | 43.2%CV1 18.6 - This model-based strategy provided an enhanced understanding of the benefit risk ratio for dasotraline, and allowed for the evaluation
Population Model Development T50A: Time producing 50% of E__ for 4 and 8 mg (weeks) 1.08 7.79 of potential Phase 3 study designs and dose regimens in terms of probability of success
- The key steps of the population PK analy5|.s were: 1) ex.ploratory data analysis, 2) application of the prewously.developed population PK model, 3) base SLP: Slope for C_onE e oy NE NE

structural model development, 4) evaluation of covariate effects, 5) model refinement, and 6) model evaluation v max
- The overall procedures followed for the development of the PK/PD models were: 1) generation of individual estimates of exposure based on the population S: Hill coefficient 1.14 11.3 114 %CV 28.1 RE F E REN C ES

PK model; 2) exploratory data analysis; 3) base structural model development incorporating drug exposure; 4) evaluation of covariate effects; 5) final model | ' | ' ' ' ' ' ' 1. Koblan KS, et al. Neuropsychopharmacology. 2015 May 7. doi: 10.1038/npp.2015.124. [Epub ahead of print]

O 2 4 S 8 cov(llVons§, lIlVonE ) -0.24 191 NA NA 2. NONMEM [computer program]. Version 7, Level 1.2. Ellicott City, MD: ICON Development Solutions, 2010.

refinement; and 6) model evaluation

. All exploratory data analyses and presentations of data were performed using SAS Version 9.2 and KIWI Version 1.1. Population modeling was performed using Weeks Residual variability 15.9 3.87 398 SD NA 3.5A5 [computer program]. Version 9.2. Cary, NC: SAS Institute. 2009.

4. KIWI [computer program]. Version 1.1. Buffalo, NY: Cognigen Corporation; 2012.

the computer program NONMEM, Version 7, Level 1.2**
P PIos Dose (mg) Tt T2 4 "o & "8 Minimum value of the objective function = 8585.916
T el i
S d b S s Ph to I I - The calculated correlation coefficient () of the off-diagonal omegas was 0.351 for cov(IlVon S, IIVon E_ ) D I S C LOS U RES
p 0 n Sore y u n OVI 0 n arm ace u I ca S n c‘ - Figure 1 shows dasotraline concentrations observed for PK population subjects in Study SEP360 201 (symbols, mean + 95 %Cl) compared with model predicted (lines) mean %SEM=standard error of the mean expressed as a percentage; C_=average steady-state concentration; ADHD RS-IV=Attention Deficit Hyperactivity Disorder Rating Scale Version IV with adult prompts NE=not estimated; Drs. Hopkins, Sunkaraneni, Skende, Loebel, and Koblan are employees of Sunovion Pharmaceuticals Inc.

American Conference on Pharmacometrics; October 4-7, 2015; Crystal City, VA concentrations for a virtual population of 500 subjects over 8 weeks of DASOTRALINE administered at 2, 4, 6, or 8 mg/day SD=standard deviation; llV=interindividual variability; E | =maximum reduction in ADHD score; %CV=coefficient of variation expressed as a percentage; NA=not applicable Drs. Passarell and Hing are employees of Cognigen Corp., which performed the PK/PD analyses under a contract with Sunovion.




