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Below limit of quantification (BQL) data are often excluded from analyses [1]. This study aimed to: « Study data included seven Phase 1 clinical drug-drug interaction studies from healthy participants

However, BQL data can be valuable in population pharmacokinetic (pop PK) ¢ Develop  semi-mechanistic ~ (n=114 total subjects). Desipramine only arms from each study were used for this analysis.
analyses. Beal proposed seven methods (M1-M7) for handling BQL data in population  pharmacokinetic Participants were administered desipramine as a 50 mg oral single dose (except for one study,
nonlinear mixed effects modeling [2]. These methods include omitting model with a iver parﬂupants received 75 mg). . . . . .

. r M1 9 oving likelihood-based thods (M3 and M4 compartment that could < Following base model development with a well-stirred liver compartment and discarding BQL data
observations (M1) and employing likelihood-based methods ( an ) describe desipramine PK (M1), the handling of BQL data was evaluated using three Beal's [2] methods (M3, M5, M6) In

The M3 method is often preferred when more than 30% of the data is BOL,
as It provides better accuracy, despite potential increases In model .
convergence time and residual error. Previous evaluations of these methods

following a single oral dose;
Investigate a suitable method
to handle BLQ data and

NONMEM. For M6, the first BOL measurement was substituted with LLOQ/2; M5 substituted all BQL
measurements during absorption and elimination. The M3 method used F _FLAG, set to O for
observations above LLOQ and 1 for BQL. M1, M5, and M6 used FOCE INTER for estimation, while

focused primarily on simulated datasets, and no evaluations have been * Evaluate the effects of M3 used the LAPLACIAN option. Model performance was assessed through parameter estimates,
conducted using clinical data. In this analysis, we utilize clinical data from additional  covariates  on  precision (RSE%), and VPCs. | S |
desipramine PK. « Covariates tested included liver function tests (i.e. bilirubin, aspartate aminotransferase (AST) etc.),

desipramine, a tricyclic antidepressant and the pharmacologically active
metabolite of imipramine, which has a half-life ranging from 12 to 54 hours
[3,4]. Additionally, extensive pharmacokinetic sampling of desipramine was
performed, with 15 samples collected over a period of up to 200 hours. This
allows us to meaningfully evaluate the impact of BQL data on desipramine

and demographic characteristics (i.e., age, gender, race, weight, etc.).
« Data were analyzed using nonlinear mixed effects modeling software, NONMEM (v. 7.5.0/7.5.1) and
visualization were performed in R (v. 4.3.1).
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Table 2. Summary of the population PK parameter estimates of tested BQL methods
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Table 1. Participants demographics
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Figure 4. Visual predictive checks for desipramine with corresponding BQL (all tested A-D). Percentiles for observed data represented by the black solid and dotted lines (upper 95%, median
50% and lower 5%), simulated percentiles represented by the orange solid (upper 95% and lower 5%) and blue line (median 50%). Shaded areas represent the 90% confidence interval around
the simulated median and 90% prediction interval. The two dashed horizontal lines represents the LLOQs (0.5mg/L for all other studies, but 0.25mg/L for study 900). LLOQ = lower limit of
quantification, mg = milligrams, L = litre.

Changes of Parameter Relative to Reference

ltem Overall(N = 114) Item M1 M3 M5 M6 .
Age (years) 43.0 [34.0-51.0] Parameter estima | RSE estim | RSE estima |RSE estimat | RSE % Bak = 23% 5% Ba - 25%
Weight (kQ) 75.7 [65.0-81.4] te ate te e . ’ * o 0 0
Body mass index (kg/m?) 25.2 [22.7-27.3] Tpr———— 289 7% 275 [6.9% 505 3% 187 Ty s
Fat-free mass (kg) 52.2 [43.4-60.3] epaticintrinsic P 20 =20 =20 .
Creatinine clearance (ml/min)| 102 [83.7-122] clearance (Clint, S Ner —|
Female 57 (50.0%) L/h) e s R
Transit rate 1.26 3.7% 1.30 {3.8% |1.22 4.1% 1.2 3.9% _
Race Time (h)
_ . constant (KTR, h)
Caucasian 97 (85.1%) Central volume of |892 5.2% 912 |5% 889 8.5% 320 8.2% Figure 1. BQLs over time for included studies. N represents the total number of BQL concentrations in the study.
Non-caucasian 17 (14.9%) distribution (Vc, L) : : :
Known smoker 30 (26.3%) Peripheral volume |369 10.9% 351 |10.8% (410 14.9% 433 11.8% Table 3. Summary of the population PK Parameter estimates for final model (M1)
Known alcohol consumption 46 (40.4%) of distribution (Vp, Parameter (Abbreviation, units) Mean estimate (RSE Bootstrap.median (2.5, 97.5t
Formulation ) S _ (%)) percentiles)
Intercompartment | 79 18.6% 70.1 [21% 76.8 32.6% 101 24%
brand) 34 (29.8%) 4] cIearanpce Q i ’ ’ ° Hepatic plasma clearance (CLH, L/h)? 46.6 -
2>-mg tablet (pertofrarT®) & 11 (9.6%) L/h) Transit rate constant (KTR, /h) 1.23 (4.7) 1.23(1.12, 1.37)
75-mg tablet (norpramin®) Proportional error |2.43 16.1% 3.13 [10.7% |7.29 5.7% 3.21 6.7% Transit compartments 3 (Fixed) i
Alanine aminotransferase 12.6 [10.2-17.7] (%) Central volume (V2, L) 997 (5.8) 997 (856, 1162)
(U/L) Additive error 0.139 |28.6% 0.16 |7.4% |0.0627 |9.4% 0.123 (12.8% Bioavailability (F) 1 (Fixed) -
Aspartate aminotransferase 16.3 [14.2-21.8] (ng/mL) Peripheral volume (V3, L) 373 (11.9) 373 (2567, 486)
(U/L) BSV on CLint 0.626 [13.4% 0.623|13% 0.612 |[13.7% 0.626 |13.6% Intercompartmental clearance (Q, L/h) 78.1(23.2) 78.1(28.5, 134)
Bilirubin (umol/L) 8.17 [6.13-11.4] BSV on KTR 0.104 [15% 0.116 |16% 0.0988 [15.4% 0.097 |14.5%
Total protein (g/L) 74.9 [72.5-77.9] BSV on Vc 0.109 [18.2% 0.105|18.5% |0.0976 |{25.1% |0.125 |[23.4% Bilirubin effect on intrinsic clearance (%) | +16.5(125.5) +16.9 (-0.265, 0.570)
Gamma_gIUtamyl 13.5 [9'79_20'4] Fixed parameter estimates included liver volume (VH: 1 L), fraction of desipramine unbound (fu: 0.2), and . — 5
transferase (U/L) desipramine blood:plasma ratio (0.96). BSV = between subject variability, h = hour, L = litre, RSE = relative Formulation 2 effect on CLint (%) +63 (46.8) +63.1 (11.3, 141.3)
Data shown as median and interquartile range (IQR) or number of participants and ~ standard error, ng = nanogram, mL = millilitre Formulation 3 effect on CLint (%) -50.1 (18.0) -50.1 (28.3, 64.8)
percentage. Kg = kilogram, mL = millilitre, m = meters, mg = milligrams, min = Race effect on CLint (%) -40.5 (29.1) -40.5 (12.1, 60.0)
Z]:rr]\;rti%aws)né\(slglqu(;a;lsr)\s participants referred to other population groups (i.e. African Formulation 2 effect on KTR (%) +22.4 (36.7) +22.4 (8.3, 39.9)
’ ' Formulation 3 effect on KTR (%) -25.7 (29.1) -25.7 (9.0, 38.9)
A. M1 method B. M3 method Fat-free mass effect on V2 (%) +99.3 (15.6) +101 (67.6, 139.5)
o . - Formulation 2 effect on V2 (%) -12.4 (40.8) -12.4 (20.0, 21.5)
3 e P | T T ' Formulation 2 effect on V2 (%) -32.7 (22.7) -32.7 (15.9, 47.4)
E 10,00 { E’ 000 BSV on CLint 0.439 (13.8) 0.431(0.309, 0.543)
2 Y BSV on KTR 0.087 (16.1) 0.087 (0.061, 0.121)
E "HINE= £ BSV on V2 0.056 (22.0) 0.054 (0.027, 0.085)
;1) 0.10] g Proportional error (%) 2.4 (16.9) 2.4 (1.3, 3.2)
2 § Additive error (ng/mL) 0.141 (31.4) 0.133 (0.068, 0.435)
° 200 0 o0 o0 s >0 s 00 12 o ; 250 %0 560 00 25 50 75 160 125 3CLH calculated from hepatic plasma flow (Qh), hepatic intrinsic clearance (Clint), and fraction unbound (fu) ( CLH = Qim(ltxf LT‘XQh) ) (2). Fixed parameter
100 100 + CLintxXfu
] ] estimates included liver volume (VH: 1 L), fraction of desipramine unbound (fu: 0.2), and desipramine blood:plasma ratio (0.96). BSV = between subject variability, h
25 ] s = hour, L = litre, RSE = relative standard error, ng = nanogram, mL = millilitre
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Figure 5. Covariate influence on AUC;;and Cmax. The blue cycles and squares, and horizontal blue lines represent the median AUC;; and Cmax, and
95% confidence intervals respectively. The red cycles and squares, and horizontal red lines represents BSV points and prediction lines respectively. The
vertical dashed lines represents the reference AUC,, and Cmax respectively, while the grey vertical area represents the 80-125% limits. AUC, = area
under the plasma concentration-time curve to infinity, BIL = bilirubin, BSV = between-subject variability, ClI = confidence interval, Cmax = maximum
plasma concentration, FORM = formulation, FFM = fat-free mass, mg = milligrams, L = litre, umol = micromole, REF = reference subject (taking the
50mg formulation, Caucasian race, with a median FFM of 52.13 kg, and with a BIL of 8.15 pumol/L

« Data had 22% (n = 315) of the desipramine samples available as BQL (See Figure 1). Notably, 14% non-quantifiable BQL were identified in the absorption phase, while 86% were non-quantifiable in the elimination phase.
M3 and M5 showed reduced bias during elimination, while performance in the absorption phase was comparable across all methods (See Figure 4).
 The M1 method performed similarly to M3 and was chosen for covariate testing (M1 has shorter run times and is easier to implement compared to M3).
« Covariates selected by the SCM included bilirubin, formulation, race, and FFM (shown in Figure 5).
« Although this analysis only included healthy participants, bilirubin was found significant as a covariate on hepatic clearance, which could indicate potential impact of severity of hepatic impairment on desipramine PK.
Consequently, monitoring drug PK might be warranted in cases of liver impairment.
« Limited range in bilirubin (liver injury populations) and FFM, these effects can be studied further in relevant population groups. Race has been linked with different CYP2D6 polymorphism status (5), However, CYP2D6
effect on desipramine PK was not explored in this cohort.
« African Americans are reported to be poor metabolisers, with polymorphism seen in up to 19 % of the population [5]. This result supports the need for further studies in the African continent to fully evaluate the impact of
the different CYP2D6 allele variants.
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