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Abstract 

The quantification of the effect of pharmacological treatment on the cardiovascular system is 

complicated due to the high level of inter-individual and circadian variability. Recently, a 

dopamine-somatostatin chimera, BIM23B065, was under investigation to concurrently target the 

somatostatin and dopamine D2 receptors for the treatment of neuroendocrine tumors. However, 

both dopamine and somatostatin interact with different components of the cardiovascular system. 

This study established the response of the heart rate and the systolic blood pressure after 

administration of BIM23B065 in healthy male volunteers by analysis of the rate-pressure product 

(RPP), in a model informed analysis. 

The RPP in the supine position of placebo treated subjects showed a clear circadian component, 

best described by two cosine functions. The pharmacokinetics of BIM23B065 and its metabolite 

were best described using 2-compartment models with different forms of elimination kinetics. 

The administration of BIM23B065 gave a statistically significant reduction in the RPP, after 

which the effect diminished due to tolerance to the cardiovascular effects after prolonged 

exposure to BIM23B065.  
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This model provided insight in the circadian rhythm of the RPP in the supine position and the 

level of inter-individual variability in healthy male volunteers. The developed population 

pharmacokinetic/pharmacodynamic model quantified the interaction between BIM23B065 and 

the RPP, informing on the clinical pharmacological properties of BIM23B065.  

Keywords: rate-pressure product, neuroendocrine tumors, acromegaly, PK/PD modeling, phase I 

clinical trial 

 

Introduction 

The quantification of the effect of pharmacological treatment on the cardiovascular system is 

complicated due to the high level of intrinsic biological variability in this system, which include 

circadian rhythmicity and interacting feedback components (1). This biological information is 

neglected when a dose-response analysis is performed, directly linking the administered dose to 

the observed outcome. These analyses do not take into account the individual exposure to a drug, 

the concentration-effect relationship, or the difference in response after multiple dosing, causing 

a discrepancy in the quantification of the true relationship between physiology and 

pharmacology. More information can be obtained on the response of a biological system after 

pharmacological intervention by the use of population non-linear mixed effects models (2). 

Recently, a novel class of compounds, dopastatins, were under investigation for the treatment of 

neuroendocrine tumors. Dopastatins are dopamine-somatostatin chimera compounds, covalently 

linking a somatostatin analog with a dopamine analog (3). They are anticipated to improve the 

efficacy of growth hormone inhibition by concurrently targeting both the somatostatin (sst2 and 

sst5) and dopamine D2 receptors, expressed on pituitary adenomas (3–5). However, the molecular 
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targets of a dopastatin are also interacting with the cardiovascular system. Treatment with 

dopamine agonists are known to cause a decrease in blood pressure (6–8), whereas treatment with 

somatostatin analogs cause a significant drop in heart rate by binding to receptors in the vagus 

nerve (9). 

A first generation dopastatin gave promising in vitro, in vivo and clinical results but development 

was halted due to the formation of an active interfering metabolite (3). A second generation 

dopastatin, BIM23B065, was under development and was recently investigated in a phase 1 

clinical trial in healthy male volunteers (10). This second generation compound showed 

promising endogenous and stimulated growth hormone lowering properties at subcutaneous (s.c.) 

doses upwards of 0.4 mg (10). BIM23B065 was not excreted in the urine and an interspecies in 

vitro metabolite profiling study showed that BIM23B065 was primarily metabolized by the S9 

fraction from the kidney, pancreas and small intestine, resulting in the formation of the main 

metabolite (BIM23B133). This metabolite was primarily cleared by the kidney and showed weak 

D2/sst efficacy and no interference with the effects of BIM23B065 in vitro (11).  

In this phase 1 clinical trial, cardiovascular effects of treatment with BIM23B065 were identified 

(10). During treatment with BIM23B065, orthostatic hypotension (n = 8; 28% of BIM23B065 

treated subjects) or syncope (n = 1; 3%) was reported during the single ascending dose part of the 

study. To counter these effects, an up-titration period was included in the multiple ascending dose 

part of the study where orthostatic hypotension still occurred in a high percentage of BIM23B065 

treated subjects (n = 20; 83%) but no syncope was reported and side effects were less prominent 

(10). These results suggested that there was a reduction in the severity of symptomatic 

cardiovascular events after an up-titration period, but questions remained unanswered on the level 

of inter-individual variability in the response, the variability in tolerance to the dopaminergic 
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effects after multiple dosing, the simultaneous interaction with the different cardiovascular 

outcomes and the pharmacokinetic/pharmacodynamic (PK/PD) relationship of BIM23B065. 

To establish the response of the cardiovascular system after co-targeting of the D2 and sst 

receptors, a model informed population PK/PD analysis of BIM23B065 was performed. As such, 

the heart rate (HR), systolic blood pressure (SBP) and the rate-pressure product (RPP), a marker 

for myocardial oxygen demand (Equation 1) (12), in the supine position were investigated as 

pharmacodynamic outcomes.  

Rate-pressure product= ℎ����	����	�	
�� ∙ ��������	�����	��������	������     

(1) 

The effects of BIM23B065 were studied and a concentration-effect relationship was established, 

while accounting for the circadian rhythm and the inter-individual variability in the response, 

including the investigation of tolerance to the cardiovascular effects after multiple dosing.  

 

Methods 

Trial information 

The main clinical trial results have been previously reported in full (10) and the design and 

methods are summarized in short here. Approval from a medical review and ethics committee 

(BEBO, Assen, the Netherlands) was obtained and all volunteers signed an informed consent 

form. This phase 1 clinical trial was performed in a total of 63 healthy young male volunteers and 

consisted of a single and multiple ascending dose part. The cohorts consisted of 8 planned 

subjects of which 2 received a placebo and 6 received BIM23B065. One subject withdrew 
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consent before dosing and was not replaced. BIM23B065 was administered as a 1mL s.c. bolus 

injection with a rotation of the injection sites in the abdominal region. 

Study design 

The single ascending dose part of the study consisted of 5 cohorts, receiving doses of 0.1 mg, 0.4 

mg, 0.8 mg, 1.2 mg and 1.5 mg. The multiple ascending dose part consisted of 3 cohorts, 

receiving doses of 1.2 mg q.d., 0.8 mg b.i.d. and 1.0 mg b.i.d.. The b.i.d. doses were administered 

at an 8h/16h dosing interval. The multiple ascending dose part included a 6 day up-titration 

period to counteract potential cardiovascular effects of BIM23B065. After this up-titration 

period, the target dose was given for a total of 7 days, resulting in a total study duration of 13 

days.  

Pharmacokinetics  

The PK samples for BIM23B065 and BIM23B133 were taken in the single ascending dose part 

and during the final day of dosing of the multiple ascending dose part. Additionally, trough 

samples were taken at day 7, 11 and 12. PK samples were analyzed using a LC-MS/MS 

quantification method with a lower limit of quantification (LLOQ) of 0.1 ng/mL. Data below the 

LLOQ were excluded from model development if it accounted for less than 25% of the total data 

until 24h after dosing.  

Pharmacodynamics 

The HR and SBP were measured with a Dinamap V1000 or a Dash 3000 (GE Healthcare) in the 

supine position after a 10-min resting period. During the single ascending dose part, the HR and 

SBP were measured pre-dose and at 0.25, 0.5, 1, 2, 3, 4, 6, 8, 12, 24, 48, 72 and 144 hours after 
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dosing. During the multiple ascending dose part, the HR and SBP were measured pre-dose and at 

30 minute intervals up to 4h, 6h, 8h and 12h for the q.d. cohort and every 30 minutes up to 4h 

post-dose (for each dose) in the b.i.d. cohorts, measurement intervals were reduced in the final 3 

dosing days to 0.5h, 1h, 2h, 4h and 8h after q.d. dosing and to 0.5h, 1h, 2h, 4h post-dose (for each 

dose) in the b.i.d. cohorts.  

 

Data analysis 

Structural model development 

A sequential non-linear mixed effects (NLME) modeling approach was used in which first the 

structural model was developed for the PK of BIM23B065, after which the individual post hoc 

Bayesian parameter estimates were used for the population modeling of BIM23B133 (13). All 

PK parameters were fixed to their post hoc Bayesian estimates during PD model development. 

The structural PK model development was focused on the identification of 1-, 2-, or 3-

compartment models including first-order, non-linear or a combination of first-order and non-

linear elimination kinetics. The s.c. absorption of BIM23B065 was investigated to follow zero- or 

first-order absorption kinetics. The PK disposition of BIM23B133 was explored using 1-, 2- and 

3-compartment models with the use of transit compartments describing a delay of parent to 

metabolite conversion.  

Due to the existing circadian rhythm of HR, SBP and the RPP (14–17), all measurement times 

were clock time corrected after 6 a.m. A turnover model with a circadian component was 

developed on the data from placebo treated individuals prior to investigating the effect of 
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BIM23B065, to prevent bias in the estimation of the circadian rhythm component (2). The 

circadian rhythm was included using the following equation: 

��� = 	����� + ��������� ∙ cos�2# ∙
$%&'()*	)'�+,

(-./&'()*
�		     (2) 

Where mesor is the average input, amplitude describes the height of the cosine function and the 

phase shift parameter shifts the start of the period of the cosine function from 6 a.m. The 

acrophase is the time needed for 1 cosine period to be completed. The explored acrophases in 

this study completed their period in a 24h timeframe, with 6h, 8h, 12h and 24h acrophases tested. 

The potential influence of a combination of cosine functions was explored by inclusion of an 

extra cosine function in Equation 2. Consequently, additional amplitude and phase shift 

parameters were estimated. Combinations of two cosine functions with an acrophase of 12h or 

24h for the first cosine in combination with a 6h, 8h, 12h or 24h acrophase for the second cosine 

function were explored during model development. 

After inclusion of the data from BIM23B065 treated subjects, the concentration-effect 

relationship was investigated using a linear (Equation 3) or sigmoidal Emax (Equation 4) 

relationship. 

011������ = 2��� ∙ Slope      (3) 

011������ =
789:∙	;�,�

<

7;=>
<?	;�,�<

	      (4) 

Where C(t) is the concentration of the drug over time, slope determines the steepness of the 

concentration-effect relationship, Emax is the maximum effect that can be reached, EC50 is the 

concentration at which 50% of the maximum effect is reached and n is the hill coefficient. When 

the hill coefficient n could not be estimated with adequate precision, it was assumed to be 1. It 
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was investigated whether the concentrations of BIM23B065, BIM23B133 or the cumulative 

concentrations of both where driving the effect. 

The up-titration period included in the multiple ascending dose part of the study was 

hypothesized to result in tolerance to the cardiovascular effects over time. Tolerance was 

investigated in the structural model as a decrease of the slope, in the case of a linear PK/PD 

relationship, or by lowering the Emax or increasing the EC50, when an Emax relationship was 

identified, driven by the total exposure over time to BIM23B065.  

The random effects (η) were included as a ln-normal distribution, describing the inter-individual 

variability (IIV) on the population parameters (Θ). The η on the phase shift of cosine functions 

was drawn from a normal distribution. IIV was included in the structural model using a forward 

inclusion method (p < 0.05). For the residual error structure a proportional, additive and a 

combined (proportional + additive) residual error structure, drawn from a normal distribution, 

were investigated. 

Covariate analysis 

The following covariates were explored: age, height, weight, body mass index (BMI) and lean 

body mass (LBM). LBM was calculated using the Janmahasatian equation (18). Visual and 

numerical exploration of the individual post hoc random effect estimates versus the covariates, 

assessing the Pearson correlation, was used for covariate selection. Covariate relationships were 

judged on biological plausibility. Covariates were included in the structural model as a linear or 

power relationship and included after a significant (p < 0.05) improvement in the model fit. 

Covariate selection was combined with a backward elimination step (p < 0.01). 
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Model evaluation 

Model evaluation was based on the objective function value (OFV), which is -2*log-likelihood, 

visual inspection of the goodness of fit (GOF) plots, numerical evaluation and internal validation 

(19,20). Model hypothesis testing was done using the likelihood ratio test under the assumption 

that it follows a χ2 distribution. Thus, with 1 additional degree of freedom, a model was 

statistically improved (p < 0.05) if the drop in OFV was more than 3.84 points compared to its 

parent model. GOF plots were generated visualizing the individual (IPRED) and population 

(PRED) model predictions versus observations, the conditional weighted residuals with 

interaction (CWRESI) versus time and PRED, and the individual predicted model fit and 

observations over time.  

Numerical evaluation was based on the uncertainty of population parameters, judged by the 

relative standard error (RSE) of a parameter, the shrinkage, and the condition number, used to 

determine proper conditioning of the structural model. The RSE was calculated from the standard 

error, reported by NONMEM after a successful covariance step (21), divided by the parameter 

estimate. 

A non-parametric bootstrap with 1000 samples was performed to quantify the confidence interval 

of the population parameter estimates. A visual evaluation of the model was performed by the 

generation of prediction-corrected visual predictive checks (VPC). VPC’s were judged on the 

ability of the model to capture the median trend and the variability in the data. 
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Software 

Data transformation and graphical analysis was performed in R (V3.5.1) (22). NLME modeling 

was performed in NONMEM V7.3 (21). NLME modeling was used in conjunction with Perl-

speaks-NONMEM V4.4.0 (23). 

 

Results 

The demographics of the placebo and BIM23B065 treated subjects were comparable (Table 1). 

No differences in the subject characteristics between the single and multiple ascending dose 

cohorts were identified. 

Pharmacokinetics 

A total of 453 BIM23B065 and 589 BIM23B133 plasma concentrations above the LLOQ were 

used for PK model development. A total of 19% of BIM23B065 and 3% of the BIM23B133 

samples were below the LLOQ in the 24h after dosing, of which the majority originated from the 

lowest dosing cohorts. The multi-exponential phase after maximal concentration in the PK 

profiles of BIM23B065 and BIM23B133 (Figure 1) suggested the existence of a peripheral 

distribution compartment. A 2-compartment model with first-order absorption and combined 

first-order and non-linear elimination kinetics was able to capture the general trend of the data in 

both parts of the study best. The residual error structure was best described using a combined 

(proportional + additive) structure. The forward inclusion of IIV resulted in the identification of 

significant variability on, in order of inclusion: clearance (CL), absorption rate constant (ka), and 

Michaelis-Menten constant (KM). The inclusion of IIV on the central volume of distribution (Vc-
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parent) resulted in a significant drop (p < 0.05) in OFV but caused a two-fold increase in the RSE 

of multiple parameters, and was therefore not included in the model. A significant negative linear 

covariate relationship between BMI and ka was identified (p < 0.001), possibly due to the 

increase in hypodermis thickness at higher weights (24). 

A 2-compartment model for BIM23B133, originating from both non-linear and first-order 

metabolization processes of BIM23B065 with a single transit compartment for each process 

showed to be superior over other tested combinations. First-order elimination of BIM23B133 

with a proportional residual error structure was best fit for purpose. Forward inclusion of IIV 

resulted in the identification of significant variability on CL, the transit rate of the non-linear 

metabolization process (KTnon-linear) and the central volume of distribution (Vc-metabolite) of 

BIM23B133. A binomial distribution was identified in the post hoc Bayesian estimates of 

BIM23B133 CL. These distributions could be stratified in the single and multiple ascending dose 

part of the study. When stratified as new population parameters, individuals in the single 

ascending dose part had a lower CL of BIM23B133 (typical CL = 10.5 L/h, CV = 39%) 

compared to the multiple ascending dose part (typical CL = 18.5 L/h, CV = 26.2%). No 

covariates for BIM23B133 were identified.  

The parameter estimates of the PK model of BIM23B065 and BIM23B133 are reported in Table 

2. The structural PK model is depicted in Figure 2a. The GOF plots (Figure 3a and 3b) indicate 

adequate individual model predictions, scattered closely around the line of unity. One outlier in 

the metabolite concentrations was identified (CWRESI of 8+). Exclusion of this sample did not 

significantly alter the parameter estimates. The CWRESI over the population predictions were 

homogenously distributed around 0 with the majority of predictions within the [-2,2] interval, 

indicating no structural model misspecification in both models. The prediction-corrected VPC’s 
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are depicted in Supplemental 1A/B, http://links.lww.com/JCVP/A400 which indicate that the 

median and variability of the data is well described, with a slight overestimation of the variability 

at the lowest concentrations. 

Pharmacodynamics 

The exploratory analysis of the BP, SBP and the RPP indicate high variability in the baseline 

corrected outcomes of placebo and BIM23B065 treated subjects (Figure 4). An initial drop from 

baseline after dosing can be identified in the placebo subjects, possibly due to the circadian 

rhythm existing in all outcomes. The HR of placebo subjects is scattered around the baseline 

level whereas the SBP and RPP show a higher level of variability with decreases below the 

baseline in the first 12h after dosing. The HR of the five single dose cohorts is similar to the 

placebo levels, with a continuous mean decrease below baseline in the 1.5 mg cohort. On the last 

day of dosing (day 13), the HR of the 1.2 mg q.d. and 0.8 mg b.i.d. cohorts were scattered around 

the baseline. However, the subjects in the 1.0 mg b.i.d. cohort showed a clear reduction in HR, 

which existed during the full 13 day treatment period.  

The SBP of the single ascending dose cohorts up to 0.8 mg show profiles distributed around the 

baseline, whereas a strong decrease in the SBP (∆SBP > -10 mmHg) at the 1.2 and 1.5 mg doses 

was observed. This decrease was also observed in the 1.2 mg q.d. and 0.8 mg b.i.d. cohorts, 

whereas the 1.0 mg b.i.d. cohort showed a similar drop in SBP with a rebound up to baseline 

between the 2 doses.  

The RPP is the product of the HR and SBP and therefore combines the information on the 

response of both outcomes. A similar response with placebo subjects on the RPP at the 0.1 mg 

and 0.4 mg doses was observed, compared to a longer time to return back to baseline at doses 
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upwards of 0.4 mg. This indicates that in this healthy population, the compensatory mechanism 

between HR and SBP was reduced by the dopamine and somatostatin moieties of BIM23B065, 

resulting in a drop in the RPP. This resulted in a marked mean decrease in the 1.5 mg cohort in 

the RPP of -1000 bpm*mmHg, even after 12 hours post dose. The decrease in the RPP was less 

prominent in the 1.2 mg q.d. and 0.8 mg b.i.d. cohorts of the multiple ascending dose part, which 

suggests a possible tolerance in the RPP in BIM23B065 treated subjects after multiple days of 

dosing but which is not strong enough to compensate for the decrease in HR in the 1.0 mg b.i.d. 

cohort. Due to the interaction between HR and SBP in physiology, the effect of BIM23B065 on 

both the HR and SBP, and this exploratory analysis, the RPP was chosen as the outcome of 

interest for the development of a PD model on which to quantify the effects of BIM23B065.  

The RPP PK/PD model was developed on the data from 16 placebo subjects (1268 RPP 

measurements) and 47 BIM23B065 treated subjects (3716 RPP measurements). IIV was included 

on the mesor during model building to account for the observed variability in baseline RPP 

values. The use of a steady-state turnover model, without inclusion of circadian rhythmicity, 

resulted in a bias in the CWRESI over time (Supplemental 2a, http://links.lww.com/JCVP/A401). 

Further exploration of the RPP resulted in the identification of a circadian rhythm in the data 

from placebo subjects (Supplemental 3, http://links.lww.com/JCVP/A402). This suggests the 

existence of two bathyphases, dips in the circadian variability, around 12:00 and 20:30, which 

may explain part of the variability observed in Figure 4. The combination of 2 cosine functions, 

with 24h and 8h acrophases, was identified as the best structural model describing the circadian 

rhythmicity with a significant improvement in the model fit and normalization of the CWRESI 

(Supplemental 2c, http://links.lww.com/JCVP/A401).   
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The inclusion of an Emax effect, driven by the PK of BIM23B065 was superior over other tested 

relationships. Using the PK of BIM23B133 or the cumulative concentrations of BIM23B065 and 

BIM23B133 as the driving force of the drug effect did not result in a significant improvement. 

The use of 24h and 8h acrophases combined with an Emax concentration-effect relationship gave 

the largest improvement in model fit (∆OFV = -776; p < 0.001), compared to the exclusion of a 

drug effect, and was therefore taken forward in model development. Tolerance to the 

cardiovascular effects of BIM23B065 was identified as a linear effect between the cumulative 

exposure to BIM23B065 and an increase in the EC50, which reduced the OFV by 33.6 points (p < 

0.001). IIV was included on the kout, the phase shift of the 24h cosine function, the tolerance 

slope, and the amplitude of the 24h cosine function with an additive residual error structure. No 

covariates on the population parameters were identified. 

The schematic representation of the PD model for the RPP is depicted in Figure 2b. The 

parameter estimates of the RPP PK/PD model are presented in Table 3. All drug effect 

parameters had accurate RSE’s (< 20%) but relatively high shrinkage on cosine function 

parameters (amplitude and phase shift). The GOF plots show both the IPRED and PRED versus 

observations and the CWRESI versus PRED for the PD model of placebo subjects (Figure 3c) 

and BIM23B065 treated subjects (Figure 3d). Model predictions show a homogenous scatter 

around the line of unity, indicating adequate model predictions. The majority of data points in the 

CWRESI versus population predictions is between the [-2, 2] interval, with no observable bias 

present in the data. The prediction-corrected VPC (Supplemental 1C, 

http://links.lww.com/JCVP/A400) indicate that this model is able to fit the median and variability 

of the data over time of day, taking into account the circadian variability of the RPP. Additional 

simulations of a typical individual have been performed in which the RPP over time, with dosing 
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at 10 a.m., is depicted for a placebo subject and the doses administered in the single ascending 

dose part of the study (Figure 5). This simulation shows the circadian variability in the placebo 

cohort with the RPP lowering activity of BIM23B065 at increasing doses. 

 

Discussion 

The developed PK model was able to fit the observations of BIM23B065 and its metabolite 

BIM23B133 in both parts of this study. Both the parent and metabolite were best described using 

2-compartment structural models with first-order and non-linear elimination kinetics for the 

parent and first-order elimination for the metabolite. The RPP model was able to capture the 

circadian rhythm present by the inclusion of two cosine functions, with inter-individual 

variability on the amplitude of the 24h cosine function, the phase shift, and the turnover rate 

constant (kout). The established PK/PD relationship shows that BIM23B065 has statistically 

significant cardiovascular effects by decreasing the RPP, mainly driven by a decrease in the SBP. 

The identified Emax PK/PD relationship was best driven by the concentrations of BIM23B065. No 

time dependent changes in BIM23B133 clearance were identified, additional PK sampling during 

the up-titration period will better explain the clearance related changes in metabolite clearance. 

The two bathyphases during the day that were estimated in this structural model were also 

identified by Hermida et al., which used ambulatory monitoring (14). They studied the RPP in a 

healthy young population using data from a 24 hour cycle. This resulted in the identification of an 

additional third cosine function for the description of the circadian rhythm of RPP. The collection 

of data between 10 p.m. and 8 a.m. may inform on this additional cosine function that was not 

identified in the current study. The inclusion of two cosine functions in the model enabled the 
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correct description of the variability in the RPP during the day, indicated by the homogenous 

distribution of the residuals and the distribution in the VPC. However, high shrinkage on multiple 

components of the model were identified which may be improved by additional data collection at 

continuous intervals throughout the day.  

A decrease in the SBP and HR after dosing with BIM23B065, due to the co-targeting of 

dopamine and somatostatin receptors, resulted in a significant decrease of the RPP. A decrease in 

the SBP was already observed in doses upwards of 0.8 mg, which indicates that in these cohorts 

the drop in RPP is mainly due to SBP effects, which is not compensated for by an increase in the 

HR. The effect of BIM23B065 on the HR becomes more prominent in the 1.0 mg b.i.d. dose in 

the multiple ascending dose part, where a clear reduction below baseline was observed. The up-

titration period prevented the orthostatic effects in the multiple ascending dose part of the study 

since side effects were less severe and no syncope was observed. This is supported by the 

significant increase in the EC50 on the RPP, driven by the total exposure to BIM23B065, that was 

identified on this data. However, there was a high level of IIV on this parameter (CV = 581%) 

which suggests that the tolerance to the cardiovascular effects of BIM23B065 is highly variable 

between individuals.  

Previously, efficacious growth hormone lowering effects by BIM23B065 were observed after a 

single dose of 0.8 mg s.c., reaching maximal plasma concentrations of 8.1 ng/mL (10). The 

estimated EC50 of the decrease in RPP (0.24 ng/mL) indicates that at this dose, clear RPP effects 

are present, although the maximal effect does not seem to be reached (Figure 5). The effect on the 

RPP after administration of the highest dose administered in this study of 1.5 mg BIM23B065 for 

a typical individual was a reduction of approximately -1800 mmHg*bpm, compared to placebo 

(Figure 5). In the exploratory plots of the RPP of the placebo treated subjects (Figure 4) we see a 

ACCEPTED

Copyright � 201 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.9 



comparable variability between individuals in which the range was within [-2000, 2000] 

mmHg*bpm from baseline. This indicates that a significant reduction in the RPP in the highest 

dosing group (1.5 mg) may not necessarily result in any clinical effects for the typical individual 

due to its overlap with the placebo distribution. However, a quick decrease in blood pressure and 

heart rate, combined with the level of variability present in this healthy population, can result in a 

RPP that is far below this typical value. Therefore, these results confirm the relevance of an up-

titration phase to limit the occurrence of these effects, in which the HR and SBP should be 

closely monitored, when administering BIM23B065. 

Conclusion 

In conclusion, the circadian rhythm of the RPP was best described with two cosine functions, 

implementing 24h and 8h acrophases, in healthy male volunteers. A significant reduction in the 

RPP was quantified after administration of BIM23B065, when corrected for circadian variability. 

The developed models provided insight in the circadian rhythm of the RPP in the supine position, 

the level of variability of this outcome in healthy volunteers, and the clinical pharmacological 

properties of BIM23B065.  
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Figure legends 

Figure 1: Mean and upper standard deviation of plasma concentrations over time of BIM23B065 

(a, b) and BIM23B133 (c, d) after subcutaneous administration of BIM23B065 for the single 

ascending dose cohorts (a, c) and at day 13 of the multiple ascending dose cohorts (b, d). Circle: 

0.1 mg, triangle: 0.4 mg, square: 0.8 mg, plus: 1.2 mg, crossed box: 1.5 mg, cross: 1.2 mg q.d., 

open circle: 0.8 mg b.i.d., open triangle: 1.0 mg b.i.d. Horizontal line at 0.10 ng/ml indicates the 

lower limit of quantification. 

Figure 2: Structural pharmacokinetic/pharmacodynamic model including the PK of BIM23B065 

and BIM23B133 and the effect of BIM23B065 on the RPP. ka: absorption rate constant, kin/kout: 

turnover rate constants. 

Figure 3: Individual model predictions versus observations (top), population model predictions 

versus observations (middle) and the conditional weighted residuals with interaction (CWRESI) 
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versus population predictions (bottom) for (a) BIM23B065, (b) BIM23B133 and the rate-pressure 

product of (c) placebo and (d) BIM23B065 treated subjects.  

Figure 4: Mean ± standard deviation of baseline corrected heart rate (top), systolic blood 

pressure (middle), and the rate-pressure product (RPP) during the first 12 hours after the first 

dose for placebo and single ascending dose cohorts and the final day of dosing, day 13, for the 

multiple ascending dose cohorts. q.d.: single daily dosing, b.i.d.: twice daily dosing at 8h and 16h 

intervals. 

Figure 5: The rate-pressure product over time for the single ascending dose cohorts for a typical 

individual. Dosing clock time: 10:00. End of simulation clock time: 24:00. 
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Table 1: Summary of patient characteristics of the placebo and BIM23B065 treated 
individuals. 

Demographic Placebo 
(n=16) 

BIM23B065 
(n=47) 

Age (years) 23.1 ± 4.0 23.8 ± 5.8 

Weight (kg) 78.0 ± 10.3 78.2 ± 10.7 

BMI (kg/m2) 22.6 ± 2.3 23.3 ± 2.5 

Height (m) 1.86 ± 0.06 1.83 ± 0.06 

Lean body mass 
(kg) 

62.4 ± 6.0 61.6 ± 6.1 

BMI = body mass index, numbers given in mean ± standard deviation 
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Table 2: Population parameter estimates for the pharmacokinetic model of BIM23B065 (parent) 
and BIM23B133 (metabolite) 

Parameter Units  Estimate  
[RSE%] (CV%) 

Bootstrap 95%-
confidence interval 

Population parameters 
ka-intercept /h 2.41 [14] 1.86 - 2.84 
ka-slope /h/23.31 kg/m2 -1.35 [22.4] -1.74 - -0.85 
Vcentral-parent L 8.76 [40.7] 6.66 - 10.92 
Vperipheral-parent L 334 [22] 283 - 386 
Qparent L/h 41.5 [11.1] 38.1 - 45.1 
CLparent L/h 21.8 [45.9] 16.27 - 26.49 
Vmax mg/h 0.0788 [22] 0.0596 – 0.1048 
KM µg/L 0.673 [28.7] 0.44 - 1.0 
KT linear /h 0.22 [6.26] 0.20 – 0.25 
KT non-linear /h 0.332 [13.3] 0.27 – 0.41 
Vcentral-metabolite L 5.51 [13.7] 4.15 – 7.24 
Vperipheral-metabolite L 4230 [1.58] 1164 – 10829 
Qmetabolite L/h 11.1 [7.61] 6.36 – 16.85 
CLS.A.D.-metabolite L/h 10.5 [7.35] 3.93 – 15.99 
CLM.A.D.-metabolite L/h 18.5 [8.1] 12.08 – 22.88 

Inter-individual variability Shrinkage (%) 

ω

2 
k

a
  - 0.0579 (24.4)  8.23 

ω

2 
KM - 0.351 (64.8)  14 

ω

2 
CLparent - 0.304 (59.6)  12.1 

ω

2 
KT  non-linear - 0.585 (89.1)  17.0 

ω

2
CL

S.A.D.-metabolite 
 - 0.142 (39)  8.35 

ω

2 
CL

M.A.D.-metabolite 
 - 0.0662 (26.2)  3.69 

ω

2 
V

central-metabolite 
 - 0.346 (64.3)  27.6 

Residual error 

σ

2 
Proportionalparent  - 0.0216  12.3 

σ

2 
Additiveparent - 1.69e-03  12.3 

σ

2 
ProportionalMetabolite  - 0.062  7.22 

RSE = relative standard error, CV% = coefficient of variation, ka=ka-intercept +ka-slope*(BMI/23.31), S.A.D. = single 
ascending dose, M.A.D. = multiple ascending dose part. 
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Table 3: Population parameter estimates for the pharmacodynamic model of the rate-pressure 
product. 

Parameter  Units  Estimate  
[RSE%] (CV%) 

Bootstrap 95%-
confidence interval 

Population parameters 
Mesor  mmHg·bpm/h  4250 [12.1]  2194 – 7106 
k

out 
 /h  0.559 [12.4]  0.286 – 0.95 

Amplitude cos 24h  mmHg·bpm/h  391 [7.7]  287 – 545 
Phase shift cos 24h  h  11.3 [3.43]  10.0 – 13.0 
Amplitude cos 8h  mmHg·bpm/h  320 [12]  196 – 479 
Phase shift cos 8h  h  1.31 [8.46]  0.83 – 1.69 

Drug effect parameters 
Emax  mmHg·bpm/h  1330 [8.36]  840 – 1872 
EC50 of BIM23B065  ng/mL  0.244 [12.1]  0.106 – 0.522 
Tolerance slope on EC50 % increase /  

(mg*h/L 
BIM23B065) 

7.07 [19.5]  1.56 – 22.87 

Inter-individual variability Shrinkage (%) 

ω

2 
k

out 
 - 0.0143 (12%)  3.36 

ω

2 
Amplitude cos 24h  - 0.0897 (30.6%)  38.1 

ω

2 
Phase shift cos 24h  - 1.64 (11.3%)  34.6 

ω

2 
Tolerance slope  - 3.55 (581%)  17 

Residual error 

σ

2 
Additive  - 715000 1.26 

Cos = cosine function, RSE = relative standard error, CV% = coefficient of variation. 
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