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APPENDICES A-D: POPULATION MODELS
A. Analysis of Plasma Concentrations of Dasotraline and DHPG
Dasotraline concentrations in human plasma (lithium heparin as anticoagulant) were determined using a validated enantioselective LC-MS/MS method with a lower limit of quantitation (LLOQ) of 10.0 pg/mL and using a 200-μL sample. Dasotraline and d4 13C4 –labeled internal standard (IS) were extracted by supported liquid extraction (SLE+400mg 96-well plate) from plasma with 3 x 0.600-mL of the mixture MtBE/MeCl2/Hexane (1:1:1, v/v/v). The eluate was evaporated to complete dryness and the residue was reconstituted with 0.200-mL methanol/water (30:70, v/v). An aliquot of 75- µL of the resulting sample was injected into LC-MS/MS (API 5000) for analysis. The ion source for MS was atmospheric chemical ionization (APCI) operated in positive mode. Separation was achieved on a Supelco (Astec), Chirobiotic V2, 4.6 x 250 mm, 5 µm analytical column. The MS/MS transitions used for monitoring were 275.0 → 159.0 for dasotraline and 283.0 → 160.0 for IS, respectively. A linear, 1/concentration weighted, least-squares regression algorithm was used to generate the calibration curve then to quantitate unknown samples based on peak area ratio of dasotraline versus IS. For dasotraline measurements in the 201 study [2], the inter-assay coefficient of variation for quality control samples ranged from 2.0-2.7%. The proposed enantioselective chromatography was able to separate dasotraline peak from other potential interfering peaks in the clinical samples. Analysis of human plasma samples for determination of dasotraline concentrations was conducted at PPD Bioanalytical Lab in Middleton, Wisconsin.
Levels of norepinephrine metabolite 3,4-dihydroxyphenylglycol (DHPG) in acidified human plasma (ethylene diamine tetraacetic acid, i.e., EDTA as anticoagulant) were determined using a validated LC-MS/MS method with LLOQ of 200 pg/mL. Assay used a 100-μL sample, and analyte and IS (DHPG and DHPG-D5) were extracted by solid phase extraction. The extract was analyzed by LC-MS/MS detection (API 5000). A linear, 1/concentration square weighted, least-squares regression algorithm was used to quantitate unknown samples. For DHPG measurements in the 201 study, the inter-assay coefficient of variation for quality control samples ranged from 4.6-7.1%. DHPG concentrations were determined at Worldwide Clinical Trials, Austin, Texas.
B. Dasotraline Population PK Model
A one compartment structural model was used to describe dasotraline population PK. The dasotraline PK model included sequential zero-order absorption, followed by first-order absorption, and dual (nonlinear and linear) elimination. PK model parameters were fit using dasotraline data obtained in 3 Phase 1 and 1 Phase 2 studies. An exponential error model was used to describe the interindividual variability (IIV) in absorption rate constant (ka, in Phase 1 data only), duration of zero order absorption (D1, in Phase 1 data only), apparent volume of distribution (V/F), apparent oral linear clearance (CL/F), and the Michaelis Menten constant, Km. Two separate additive plus constant coefficient of variation (CCV) error models were used to describe the residual error for Phase 1 and Phase 2 studies. The model term for linear apparent clearance was found to be time-dependent with the inclusion of data from the Phase 2 clinical trial,2 such that the linear contribution to apparent clearance increased over time with multiple-dose administration. The influence of subject covariates on selected PK parameters for dasotraline was evaluated. Statistically significant predictors of dasotraline PK variability were identified through a combination of graphical inspection and univariate forward selection (level of significance (α) =0.05), followed by backward elimination (α=0.001). In addition to body weight, which was included as part of the PK model, additional demographic and clinical covariates were considered, including age, total bilirubin, alanine aminotransferase (ALT), sex, race, and ethnicity. The final population PK model was validated using a simulation-based, prediction-corrected visual predictive check methodology to assess concordance between the model-based simulated data and the observed data.
The population PK model for dasotraline was used to generate empiric Bayesian PK parameter estimates for each individual in the analysis datasets. The individual measures of dasotraline exposure included average steady state concentration (Cav), area under the concentration time curve from time 0 to 24 hours (AUC0-24), minimum drug concentration (Cmin), and maximum drug concentration (Cmax), and were calculated by numerical integration using the developed population PK model for dasotraline and the associated individual specific parameter estimates.  Model-predicted exposure measures obtained for each subject at each week were utilized in the development of the pharmacokinetic and pharmacodynamic models to describe the exposure-response relationships for plasma DHPG concentrations and ADHD RS-IV total scores. Exposure measures were set to 0 for placebo subjects.
The functional form of the equation describing contributions to CL/F in the ith individual at the jth observations is given by the following equation:
CLPHSij = CLindPHS ∙ (WTKGi/MWTKG)POW1 + (CLint ∙ (WTKGi/MWTKG)POW2 - CLindPHS ∙ (WTKGi/MWTKG)POW1) ∙ EXP(-INDrate ∙ timeij), 						(1)
where:
	CLPHS is the CL/F for Phase 1 studies or Phase 2 Study SEP360 201 (L/h);
	CLindPHS is the induced CL/F for either Phase 1 or Phase 2 (L/h);
	WTKGi is individual weight (kg);
	MWTKG is the median weight of the population (kg);
	POW1 is the power of weight on induced CL/F;
	CLint is the CL/F intercept for Phase 1 and Phase 2 (L/h);
	POW2 is the power of weight on CL/F intercept; and
	INDrate is the rate of induction (h-1).
Population PK parameter estimates (Table S1) from the final population PK model were estimated with good precision, although the magnitude of intersubject variability (%CV) was large for both the first order absorption ka (87.7%), and CL/F (69.6%). Residual variability for the Phase 2 data was moderate (0.0714). Residual variability for the Phase 1 data was relatively small (0.0244). The results of the visual-predictive checks indicated no apparent biases in the overall model fit.


Table S1. Parameter Estimates and Standard Errors From the Final Dasotraline Population Pharmacokinetic Model

	Parameter
	Final Parameter Estimate
	Interindividual Variability / Residual Variability

	
	Typical Value
	%SEM
	Magnitude
	%SEM

	ka: Rate of absorption (1/h)
	1.43
	7.95
	87.7 %CV
	16.2

	D1: Duration of zero‑order absorption (h)
	6.38
	3.09
	32.4 %CV
	16.2

	V/F: Apparent volume of distribution (L)
	2800
	1.33
	18.1 %CV
	10.9

	Vmax: Maximum elimination rate (mg/h)
	0.0495
	4.02
	0 %CV
	FIXED

	Km: Michaelis‑Menten constant (mg)
	4.74
	5.42
	41.6 %CV
	16.2

	CLind1: Induced apparent oral clearance Phase 1 (L/h)
	8.16
	12.4
	NE
	NE

	[bookmark: _TNCDD33CEE72D734A0CBDA1923194594652]Ratio of additive/proportional component of RV Phase 1
	0.0218
	5.97
	NE
	NE

	Ratio of additive/proportional component of RV Phase 2
	0.194
	9.50
	NE
	NE

	Power of weight on V
	0.777
	7.89
	NE
	NE

	Power of weight on CLind
	1.18
	13.4
	NE
	NE

	Power of weight on CLint
	1.64
	33.8
	NE
	NE

	CLint: Apparent oral clearance intercept (L/h)
	4.95
	13.1
	NE
	NE

	Rate of induction (1/h)
	0.00644
	34.2
	NE
	NE

	CLind2: Induced apparent oral clearance Study 306‑201 (L/h)
	15.0
	7.54
	NE
	NE

	IIV on CL
	NA
	NA
	69.6 %CV
	6.11

	Proportional RV PH1
	0.0244
	1.55
	69.9 - 15.6 %CV
F  [0.0050 - 25]
	NA

	Proportional RV PH2
	0.0714
	3.59
	1040 - 26.7 %CV
F  [0.0050 - 25]
	NA

	Minimum value of the objective function = -4709.279


The following parameter estimates were found to be highly correlated (r2 ≥ 0.810): (power of weight on CLind and Vmax: Maximum Elimination Rate (mg/h)).
The residual variability (%CV) for Phase 1 was calculated using the following equation: (SQRT(0.0244  (power(F,2) + power(0.0218,2)))/F)  100.
The residual variability (%CV) for Phase 2 was calculated using the following equation: (SQRT(0.0714  (power(F,2) + power(0.194,2)))/F)  100.
%SEM=standard error of the mean expressed as a percentage; %CV=coefficient of variation expressed as a percentage; NE=not estimated; RV=residual variability; NA=not applicable; PH1=Phase1; PH2=Phase 2



C. Dasotraline Population PK/DHPG Model
A total of 759 DHPG measurements from 220 subjects actively receiving dasotraline treatment in the Phase 2 clinical trial were included in the pharmacokinetic and pharmacodynamic DHPG analysis. The exposure-response model for DHPG concentration was a power function of the time-matched, model-predicted dasotraline concentrations, including parameters estimating the baseline DHPG, the reduction in DHPG concentration associated with the median dasotraline concentration of 2.27 ng/mL, and the exponent for the dasotraline-concentration effect on DHPG (Table S2).
The functional form of the power model equation describing DHPG concentrations in the ith individual at the jth observations is below:

[bookmark: equation2]	(2)
Where: 

 is the model‑predicted value of DHPG concentration (pg/mL);

 is the model‑predicted baseline for the ith individual;

 is the PK model‑predicted time-matched dasotraline concentration in individual i at    
 time j (corresponding to time of DHPG collection);

 is the median model‑predicted dasotraline concentration in the population;

 is the model‑predicted reduction from baseline in DHPG associated with the median concentration of 2.27 ng/mL; and 

 is model‑predicted power (exponent) on concentration. 




Table S2. Parameter Estimates and Standard Errors from the Final Dasotraline Population PK/DHPG Model

	Parameter
	Final Parameter Estimate
	Interindividual Variability / Residual Variability

	
	Typical Value
	%SEM
	Magnitude
	%SEM

	BL: Baseline DHPG (pg/mL)
	863
	1.84
	173 SD
	11.8

	POW: Power Term
	0.335
	26.7
	34.0 %CV
	102

	SLP: Slope for the median time-matched dasotraline concentration of 2.27 ng/mL (pg/mL/ng/mL)
	-92.4
	15.5
	0 %CV
	FIXED

	RV
	11900
	9.62
	109 SD
	NA

	Minimum value of the objective function = 8384.605


	%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


D. Dasotraline Population PK/ADHD Model
[bookmark: _GoBack]A population pharmacokinetic and pharmacodynamic model describing the effect of dasotraline exposure on ADHD RS-IV (with adult prompts) total scores was developed using a total of 1847 measurements from 330 subjects in the Phase 2 clinical trial (Table S3). The population pharmacokinetic/pharmacodynamic model was a sigmoid Emax time-course model including parameters estimating the baseline ADHD RS-IV score, maximum reduction in ADHD score (Emax), time to 50% of the maximum effect for placebo subjects, time to 50% of the maximum effect for dasotraline subjects, and a sigmoidicity factor. Additive interindividual variability (IIV) was modeled on the baseline ADHD RS-IV and Emax parameters and exponential IIV was estimated on the sigmoidicity factor and the time to 50% of maximum effect parameters. Residual variability was modeled using an additive error model.
The functional form of the pharmacokinetic/pharmacodynamic relationship for reduction in ADHD symptoms used a sigmoid Emax time-course model in the equations below. A linear function described the relationship between Emax and the predicted dasotraline concentrations (Cav):



		(3)




where

is the model-predicted maximum effect for the ith subject;

is the average dasotraline concentration in the ith subject at the jth time;

	    is the week corresponding to the ADHD RS-IV with adult prompts total score measurement in the ith subject at the jth week.



Table S3. Parameter Estimates and Standard Errors from the Final Pharmacokinetic/ Pharmacodynamic ADHD RS‑IV Total Score Model

	Parameter
	Final Parameter Estimate
	Interindividual Variability / Residual Variability

	
	Typical Value
	%SEM
	Magnitude
	%SEM

	BL: Baseline ADHD RS-IV  total score
	36.8
	0.991
	5.98 SD
	8.08

	Emax: Maximum reduction in ADHD RS‑IV  total score due to time
	-10.2
	8.90
	9.23 SD
	10.3

	T50: Time producing 50% of Emax for placebo (weeks)
	0.762
	10.9
	43.2 %CV
	18.6

	T50A: Time producing 50% of Emax for dasotraline 4 and 8 mg (weeks)
	1.08
	7.79
	
	

	SLP: Slope for Cav on Emax
	-0.422
	26.2
	NE
	NE

	S: Hill coefficient
	1.14
	11.3
	114 %CV
	28.1

	cov(IIV on S, IIV on Emax)
	-6.24
	19.1
	NA
	NA

	Residual variability
	15.9
	8.87
	3.98 SD
	NA

	Minimum value of the objective function = 8585.916


The calculated correlation coefficient (r2) of the off-diagonal omegas was 0.351 for cov(IIV on S, IIV on Emax).
	%SEM=standard error of the mean expressed as a percentage
	ADHD RS-IV=Attention Deficit Hyperactivity Disorder Rating Scale Version IV; SD=standard deviation; 
	Emax=maximum reduction in ADHD score; 	%CV=coefficient of variation expressed as a percentage; 
	Cav=average steady-state concentration; NE=not estimated; IIV=interindividual variability; NA=not applicable
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