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Aims To develop a population model that can describe the pharmacokinetic profile
of microencapsulated octreotide acetate in healthy cholecystectomized subjects. To
investigate the correlation between serum IGF-1 and octreotide concentration.
Methods A population pharmacokinetic analysis was performed on octreotide data
obtained following a single dose of 30 mg microencapsulated octreotide acetate
intramuscularly. The relationship between serum IGF-1 concentration and octreotide
concentration was effectively described by a population pharmacokinetic/pharmaco-
dynamic model.

Results The pharmacokinetic profile of octreotide was characterized by an initial peak
of octreotide followed by a sustained-release of drug. Plateau concentration were
sustained up to day 70, and gradually declined to below the detection limit by day 112.
A one-compartment linear model was constructed which consisted of two absorption
processes, characterized by Kip and Ksg, rate constants for immediate-release and
sustained-release, respectively, with first-order elimination (K.; 1.05 h™'). The
surface, unencapsulated drug was immediately absorbed into the central compartment
with first-order absorption (Kir; 0.0312 h™"), while the microencapsulated drug was
first released in a zero-order fashion into a depot before being absorbed into the central
compartment with first-order absorption (Ksg; 0.00469 h™ " during a period of 7
(1680 h). Body weight and gender were important covariates for the apparent volume
of distribution. The type of formulation was an important covariate for Kjp_but had no
effect on Ksp. An inhibitory E,,. population pharmacokinetic/pharmacodynamic
model could adequately describe the relationship between IGF-1 (expressed as percent
baseline) and octreotide concentration. Baseline IGF-1 concentration was found to be
a significant covariate for the baseline effect (Eq). A relationship between GH
concentration and octreotide concentration was not established.

Conclusions The pharmacokinetic profile of microencapsulated octreotide acetate was
effectively described by the derived population model. The relationship between IGE-
1 and drug concentration could be used to guide optimization of therapeutic
octreotide dosage regimens.
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Introduction

Octreotide acetate is a synthetic octapeptide, which
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trans-mitters in a fashion similar to the endogenous
somato-statins. Octreotide exerts inhibitory effects on the
release of pituitary and gastro-entero-pancreatic hormones
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(TSH), insulin, glucagon, cholecystokinin, vasoactive
intestinal peptide and gastrin), inhibits secretion of gastric
acid and pancreatic enzymes, and decreases gallbladder
contractility [1, 2]. Subcutaneous injection of octreotide
acetate leads to symptomatic control in patients with
acromegaly and some gastro-entero-pancreatic tumours
[3]. To be fully effective, plasma octreotide concentrations
need to be maintained above an individual GH threshold
(ECso ~150-800 pg ml "), thus necessitating three times
daily dosing [4].

To improve patient convenience and compliance,
octreotide acetate has been reformulated recently into
microspheres of a biodegradable polymer (poly(br-lactide-
coglycolide) p-(+) glucose). Drug release occurs slowly as
cleavage of the polymer ester linkage takes place primarily
through tissue fluid hydrolysis. This formulation allows for
a single monthly intragluteal injections with sustained
release of octreotide. In preliminary efficacy studies,
multiple single monthly injections have been shown to
have therapeutic utility in the long term treatment of
patients with acromegaly via maintained suppression of
GH secretion [5, 6].

Physiologic GH concentrations have significant meta-
bolic effects. It has been hypothesized that GH may
facilitate the progression of various disease states. These
pathological effects may occur by either direct GH
stimulation or indirectly by the elevation of insulin-like
growth factor-1 (IGF-1). For more than 30 years, the
importance of GH in the development and progression of
diabetic retinopathy has been recognized [7, 8]. Recently,
there has been a growing interest in IGF-1 and its binding
proteins (IGFBP) in proliferative diseases and the potential
of altering the course of the disease by reducing IGF-1
concentrations. A model describing the relationship
between the pharmacokinetic (PK) and pharmacody-
namics (PD) of octreotide in nonacromegalic patients
would be useful in predicting its dose—response relation-
ship since many preventative studies do not allow for
comprehensive dose-ranging evaluations.

Two studies were performed in healthy cholecystecto-
mized adults using two formulations of octreotide
representing minor variations in the preparative processes
for microencapsulated octreotide that were bioequivalent
for drug release from the microspheres. The primary
objective of this work was to characterize the population
pharmacokinetics of octreotide following a single intra-
muscular injection of microencapsulated octreotide acet-
ate. The secondary objective of this work was to
investigate the relationship between serum IGF-1 con-
centrations and octreotide concentrations using popula-
tion  pharmacokinetic/pharmacodynamic  modelling.
Additionally, the relationship between serum IGF-1 and
IGFBP-3 was explored.
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Methods
Study design and subject demographics

Two studies were conducted in which the PK, PD, and
safety of octreotide were evaluated in healthy cholecys-
tectomized subjects. In the first study, 30 of 59 subjects
received a single 30 mg intramuscular (i.m.) dose of
microencapsulated octreotide acetate formulation (A),
while the other subjects (n=29) received a second
formulation (B). Owing to difficulties in preparing a
homogeneous suspension, A was reformulated and
designated C. The latter was then administered to the
same subjects who participated in the first study. Fifty-one
of the 59 original subjects participated in a second study.
Those subjects who had previously received A were
administered B (n=29), while the subjects who had
previously received B were given the reformulated C
(n=22).

In both studies, subjects were admitted to the study
facility 14 h prior to test drug administration for baseline
evaluation. After an overnight fast, all subjects received a
single intragluteal 1.m. injection of octreotide acetate
(30 mg) in the early morning, continued to fast until 1 h
after dosing, and remained domiciled for 36 h after dosing.
Subjects returned on specified days during a 63 and
112 day follow-up period in studies 1 and 2, respectively.

Blood samples for the measurement of serum octreotide
concentrations were obtained at baseline, 0, 1, 1.5, 2, 4, 6,
9,12, 18, 24, 36 and 48 h after the dose. On days 7, 10, 14,
17, 21, 28, 35, 42, 45, 49, 52, 56, 60, 63, 70, 77, 84, 91,
98, 105 and 112, blood samples were taken between
06.00 h and 10.00 h in the morning. On day 28, blood
samples were obtained at approximately 08.00 h with
continued collection for 1, 2, 3, 4, 5, 6, 7 and 8 h
thereafter. Blood samples for the measurement of serum
concentrations of GH, IGF-1 and IGFBP-3 were taken at
baseline, on days 7, 14, 21, 28, 35, 49, 63, 84 and 112
between 06.00 h and 10.00 h in the morning.

Healthy subjects (7 males, 52 females) with prior
cholecystectomy gave written informed consent to
participate in this study after being fully informed of the
purpose and potential risks involved. Each study was
performed at the same three separate centres: GFI
Pharmaceutical Services, Evansville, IN, PPD-Pharmaco,
Austin, TX and Arkansas Research Medical Testing
Center, Little Rock, AR.

The subjects had a mean age of 44 years and a mean
weight of 78 kg. Fifty-one were Caucasian, six were
African-American, and two were Hispanic (Table 1). The
use of a prescription medication within 1 month prior to
dosing or use of over-the-counter medications or vitamins
for 7 days prior to dosing were criteria for exclusion from
the study.
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Table 1 Summary of subject demographics.

Demographic Variable Statistic Subjects
Age (years) Mean =+ s.d. 43.5+10.2
Range 19-55
Sex Male 7 (11.9%)
Female 52 (88.1%)
Race Caucasian 51 (86.4%)
Black 6 (10.2%)
Hispanic 2 (3.4%)
Height (cm) Mean =+ s.d. 166.5+9.2
Range 149.5-188.0
Weight (kg) Mean + s.d. 77.7+£13.9
Median 80.7
Range 51.1-103.0
Body frame Small 12 (20.3%)
Medium 40 (67.8%)
Large 7 (11.9%)
BMI (kg m™?) Mean =+ s.d. 28.1+4.8
Range 17.4-35.5

Assays of octreotide, GH, IGF-1, and IGFBP-3

All samples were stored at —20 °C until analysis. Samples
were analysed using a radioimmunoassay (r.i.a.) method in
which the unknown octreotide concentration is deter-
mined by displacement of a '*’I-p-Tyr analogue of
rabbit antiserum-antigen complex.
Radiolabeled standard and antibody were allowed to
react with the serum (standard, control or unknown) in a
phosphate buffered saline (PBS pH 7.2) overnight
(1824 h) at approximately 4°C. Antibody-bound drug
was separated from free drug by the addition of chilled
charcoal slurry. After centrifugation, the '*’I-radioactivity
of the supernatant was counted for 1 minute on a Packard
Cobra II Gamma counter. During prestudy validation of
the RIA within-assay and between-assay variability were
determined, respectively, as follows: 2.5 ng ml™"' (4.7%
and 11.6%), 025ngml~' (3.4% and 4.0%) and
0.025 ng ml~" (5.2% and 10.0%). The lower limit of
quantification (LLOQ) for the determination of octreotide
was set at 40 pg ml~'. The LLOQ was defined as the
concentration of the lowest acceptable quality control
sample on a given analysis day. An acceptable quality
control sample was defined as having a determined
concentration within 20% of the theoretical value (25%
at the LLOQ). Additionally, gravimetric analysis of
residual drug was performed to determine the actual

octreotide in a

dose delivered in relation to the target dose of 30 mg [9].

Total serum GH concentrations were determined by an
immunochemiluminometric assay (Human GH chemi-
luminescence assay kit insert, Nichols Institute, San
Juan Capistrano, CA) and IGFBP-3 and IGF-1
(1 nMm=7.65 ng ml~") concentrations were quantified
by radioimmunoassays [10, 11].
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Data analysis

The data were analysed by nonlinear mixed-effect
modelling using the program NONMEM (version V)
to evaluate not only typical parameters, but also inter-
individual and residual variability [12, 13].

Pharmacodynamic modelling and simulation

Step 1: The basic population model. This was developed with
NONMEM (version 5) [13]. When IGF-1 concentrations
(expressed as percent baseline) were plotted against
octreotide concentration in a time-ordered manner, no
apparent hysteresis loop was observed in any of the
subjects. This suggested an immediate equilibration of
octreotide with the biophase and, thus,
pharmacokinetic/pharmacodynamic correlation techni-

a direct

que was utilized. The relationship between the octreotide
concentration and the pharmacodynamic effect (IGF-1)
was described by means of the following E ., model:

Ej = Eoi — Enad*Coii/ (Coij+ EGso) + &5 (1)

in which Ej;, is the ™ pharmacodynamic measurement for
the i™ individual; Eo;, B, and ECsg; represent baseline,
percentage of maximal decrease in IGF-1 concentration,
concentration of octreotide corresponding to 50% of the
i, 1s the
residual (intraindividual) error, a random variable assumed
to be symmetrically distributed around zero with variance
6 [2]. For each parameter, the expression for subject 1 is:

g

maximal effect, respectively, for the i individual; ¢

Pi=Pyop * exp(n) 2
In which Py, represents the typical parameter value in the
population; 7; is
symmetrically distributed around zero with variance o [2].

random variable assumed to be

Step 2: Covariate model selection. A stepwise generalized
additive model based on the P; estimates from the basic
population model as dependent variables was used to select
the most important covariates and select the functional
relationship between the covariate and the parameter [14].
The covariates assessed were age, weight, sex and baseline
IGF-1 concentration. To evaluate the significance of
covariate effects, the difference in minimum value of the
objective effects, provided by NONMEM, between a
model with and without a specific covariate relationship
was compared with 7 distribution in which a difference of
4, 6 and 11 was significant at P=0.05, P=0.01 and
P=0.001, respectively.

Pharmacokinetic modelling

After visual inspection, concentration-time profiles of
octreotide after a single intramuscular administration of
microencapsulated octreotide acetate were assumed to be
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described by a one-compartment model which consisted
of two absorption processes, characterized by Kip_and Ksg
rate constants for immediate-release and sustained-release,
respectively, with first-order elimination (K.) (Figure 1).
The surface, unencapsulated drug was immediately
absorbed into the central compartment with first-order
absorption (Kir), while the microencapsulated drug was
first released in a zero-order fashion into a depot before
absorbed into the central compartment with first-order
absorption (Ksr) during a period of 7. The apparent
volume of distribution was expressed as I'/F, where F is
the absolute bioavailability. A similar model with one
more peripheral compartment was also tested.

To quantify interindividual variability in Kip, Ksgr, K.,
and V/F, and residual variability (e.g. drug-assay error,
intraindividual variability, and deviations caused by the
incorrect specification of the model), a nonlinear mixed-
effect model was utilized. First, a basic population
pharmacokinetic model was derived. For each parameter
the expression for subject i is shown in Equation 2.

In the next step, a model incorporating covariates was
constructed. A stepwise generalized additive model based
on the estimates of P; from the basic population model as
dependent variables was used to select the most important
covariates and define the functional relationship between
the covariate and the parameter [14]. The covariates
assessed were age, weight, sex and type of formulation. To
evaluate the significance of covariate effects, the difference
in minimum value of the objective effects, provided by
NONMEM, between a model with and without a specific
covariate relationship was compared with XZ distribution
in which a difference of 4, 6 and 11 was significant at
P=0.05, P=0.01 and P=0.001, respectively.

Based on the final pharmacodynamic model, 50%, 60%,

Encapsulated drug (~99.8%)

|
% Duration

70%, 75%, 80%, 85%, 90% and 95% of E,,,, was calculated
and represented as ECsg, ECyo, EC7o, EC75, ECgg, ECgs,
ECyy and ECys, respectively. Different dosing regimens
(30 mgevery 2, 3, 4, 6, 8, 10 or 12 weeks) were evaluated
using the final typical estimates of the pharmacokinetic
parameters. For each dosing regimen, 1000 simulations
were undertaken and the percentage of the population
whose minimum drug concentration at steady-state
exceeded ECs,, ECyy, ECyy, ECy5, ECgy, ECys, ECyq
and ECys was computed.

IGF-1 and IGFBP-3

The relationship between serum IGF-1 concentration and
serum IGFBP-3 concentration was also evaluated using
least-square linear regression.

Results
Pharmacokinetic/pharmacodynamic analysis

IGF-1 concentration tended to decrease with an increase
in drug concentration and reached a minimum above an
octreotide concentration of about 6000 pgml~'. To
determine if this time course was affected by latency of
onset or prolonged drug effect, visual inspection of the
data was performed. Hysteresis loops were not observed in
most of the subjects, and therefore, we assumed that the
pharmacodynamic effects of octreotide were directly
related to drug concentration.

After visual inspection of individual plots of IGF-1
concentration (expressed as percentage baseline) wvs
corresponding drug concentration, an inhibitory E,,.
model with baseline (Eq) was applied. An inhibitory E,

Injection Depot

Released drug from
microencapsulated

Central
Compartment

Unencapsulated drug (~0.2%)

Figure 1 Pharmacokinetic model describing serum octreotide concentration-time profiles.
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model with baseline IGF-1 estimates (Ey) without
covariates was first used to describe the relationship
between IGF-1 and octreotide concentrations. The
potential correlations between Bayesian estimated E,..,
Eq or ECs( and age, gender, body weight or baseline IGF-
1 concentration were evaluated using scatter plots. Only
one significant relationship was detected. Baseline IGF-1
estimate (Eq) vs observed baseline IGF-1 concentration
had a negative correlation between E; and baseline IGF-1
concentration as shown in left panel of Figure 2 (#=0.48,
P<0.001). A significant reduction in the minimum value
of objective function was achieved with incorporation of
baseline IGF-1 concentration into Eg (XZ =31; P<0.001).

The Bayesian predicted vs observed IGF-1 concentra-
tion is shown in the right-hand panel of Figure 2. No
apparent bias was observed between predicted IGF-1 vs
weighted residuals. The population predicted and indivi-
dual observed IGF-1 concentrations (expressed as percent
baseline) vs simultaneously measured octreotide concen-
trations is depicted in Figure 3.

Population pharmacokinetic/pharmacodynamic esti-
mates are listed in Table 2.

The estimate of intersubject variability for ECs is
comparatively large. To explore the potential association
that might have given rise to the large interindividual
variability in the sensitivity of the IGF-1 response to
octreotide, the effect of age, gender, race or body weight
on ECs, were evaluated. No significant correlations were
observed.

Pharmacokinetic analysis

The pharmacokinetic profile of octreotide was character-
ized by an initial peak followed by sustained-release of
drug. Plateau concentration were sustained through day
70, and gradually declined to below the detection limit on
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Figure 3 Population predicted (—) and individual (@) serum
IGF-1 concentrations (expressed as percent baseline) vs
simultaneously measured serum octreotide concentrations (469
observations/63 treatments).

day 112. Figure 4 shows the total serum octreotide
concentration-time profiles in all subjects.

The two-compartment model was rejected because it
failed to converge. In the pharmacokinetic modelling
process, based on the one-compartment basic model
(Model 1), it was found the Bayesian estimated Kp_values
(absorption rate constant for rapid release of unencapsu-
lated octreotide) from A in Study 1 were significantly
smaller than other formulations in both studies (Figure 5).
Although these partial release characteristics were prefer-
able, appreciable amount of formulation A used in Study 1
remained in the mixing vial due to poor wetting and
mixing characteristics. An improved model (Model 2) was
obtained by incorporating formulation A in Study 1 as a
covariate of Kip_ (X2=237; P<0.001).

The relationship between body weight, body mass
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Figure 2 Correlation between baseline eftect (E() vs observed baseline IGF-1 concentration (a; 63 treatments); Bayesian estimated IGF-
1 vs observed IGE-1 (Q) (b; #=0.72; 469 observations/63 treatments). — line of identity.
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Table 2 Population pharmacokinetic/pharmacodynamic estimates
using NONMEM.

Estimates
Parameters Mean CV%
Estimates of population means (fixed effects)
Eox 40 8.7
E, 110 2.7
ECso (pg ml™ ) 746 28.2
0, 0.123 14.8
Estimates of variability (random effects)
Intersubject variability (CV%)
Eypne NE NE
E, 11.1 34.6
ECso (pg ml™ ") 149 62.9
Residual variability (CV%) 16.5 9.1

NE: not estimated; E,,,«: maximum effect; E: baseline effect; ECsq:
serum concentration of octreotide to reach half the maximum effect;
Ey=TVE,— (BAS2— 61)+0,, where TVE, is typical value of E,, BAS2
is baseline IGF-1; CV% of estimates are calculated by (Standard Error/
Mean) x 100%.

index, body surface area and lean body mass and the
pharmacokinetics of octreotide were assessed using Model
2. The apparent volume of distribution (I’/F) was best
correlated positively with body weight. The incorporation
of body weight into the model (Model 3) significantly
reduced the minimum value of objective function
(MVOF) (3°>=82; P<0.001).

Model 4 with incorporation of gender as a covariate for
apparent volume of distribution was a substantial
improvement over Model 3 (y°=94; P<0.001). Male
subjects had about a 40% bigger volume of distribution
than female subjects irrespective of body mass. Model 4
was further improved by using first-order estimation
method with a reduction in the minimum value of
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Figure 5 Bayesian absorption rate constants for unencapsulated
octreotide vs actual doses administered (110 treatments). O A
(study 1); @ C (study 2); [J B (studies 1 and 2).

objective function of 271 (Model 5). On inspection of the
scatter plots, no relationship was found between age,
gender, body weight and race and the Bayesian estimates
of other pharmacokinetic parameters. Attempts to find a
more parsimonious model by eliminating certain para-
meters were also unsuccessful either because they
produced a worse fit (increase in the minimum value of
the objective function) or because convergence could not
be achieved due to numerical difficulties. Therefore,
Model 5 was selected for the final estimation of typical
pharmacokinetic parameters of octreotide. The five
models are summarized in Table 3. Figure 6 (left panel)
displays a good correlation between observed octreotide
concentrations and those predicted from Model 5. Some
subjects had significantly higher predicted concentrations
compared with those observed. Examination of the
characteristics of the subjects and samples found no
explanatory pattern for this observation.
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Table 3 Summary of basic and covariate pharmacokinetic models.

Population PK and PK/PD modelling of octreotide

Change in MOF

Model Description Mathematical expression (from basic model)
Model 1 Basic model IF(TYP.EQ.1) THEN
Model 2 Covariate model with effect TVK23=0, —237
of formulation on Kjp_ (First- ELSE
order estimation method) TVK23=0, - 0,
Model 3 Covariate model with effect of TVK23=0, —319
formulation on Kjp and effect [F(TYP.EQ.1) THEN
of body weight on apparent ELSE
volume of distribution (First- TVK23=60,-6,
order estimation method) TVV =0 * (B\)V/Sl)68
Model 4 Covariate model with effect IF(TYP.EQ.1) THEN —413
of formulation on Ky, effect TVK23=0,
of body weight on apparent ELSE
volume of distribution and TVK23=0,-0,
effect of gender on apparent I[F(SEX.EQ.1) THEN
volume of distribution (First- TVV =0 * (B\)V/%Sl)08
order estimation method) ELSE
TVV =04 - BW/81)"- 0,
Model 5 Covariate model with effect IF(TYP.EQ.1) THEN — 684
of formulation on K, effect TVK23=0,
of body weight on apparent ELSE
volume of distribution and TVK23=0,-0,
effect of gender on apparent IFSEX.EQ.1) THEN
volume of distribution (First- TVV=0, - BW/ 81)98
order conditional estimation ELSE
method) TVV =60, - BW/81)*" 6,

TYP: Formulation Type, TYP=1 is for Formulation A in Study 1, otherwise other formulations; TVK23: typical Kir; TVV: typical V; BW: body

weight.

The plots of residuals vs covariates were used to examine
the predictive performance of the final population
pharmacokinetic model. No apparent bias was detected.
The plot of predicted octreotide concentrations wvs
weighted residuals (Figure 6, right panel) also revealed
no bias. The population prediction octreotide concentra-

Observed octreotide concentration (pgmi™)
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tion vs time profiles for a typical female subject with body
weight of 78 kg and receiving formulation C as well all
those of individual profiles are illustrated in Figure 7.
Population pharmacokinetic estimates based on Model 5
are reported in Table 4.
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Figure 6 Bayesian estimated vs observed octreotide concentrations (a; *=0.59; 3927 observations/110 treatments). O C (study 2); @ B
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line of identity; Weighted residuals vs population predicted octreotide concentrations

based on population parameter estimates (Model 5) (b; 3927 observations/110 treatments).
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) for a typical female subject

with body weight of 78 kg and receiving 30 mg C intramuscularly (a: 0-2 days; b: 2—-112 days; 3927 observations).

Pharmacokinetic/pharmacodynamic simulations of different
dosing regimens

50%, 60%, 70%, 75%, 80%, 85%, 90% and 95% wvalues of

Table 4 Population pharmacokinetic parameter estimates obtained

using the first-order conditional method of NONMEM.

Estimates

Parameters Mean Cl%
Estimates of population means (fixed effects)

Ken (A1) 0.00469 7.1
Kir (h™h 0.0312 17.7
K. (h™h 1.05 8.4
E> (%) 0.199 10.8
I’/F (1) 8.23 9.0
V/F* (kg™ 0.11 NE
0, 2.18 25.9
0Og 0.362 89.5
0o 1.42 9.5
7 (h) 1680 NE
Estimates of variability (random effects)

Intersubject variability (CV%)

Ksr. 99 15.7
Kir 134 23.6
K. 31 25.6
|24 29 28.3
Residual variability (C1%) 57 15.6

NE: not estimated; Ksg: apparent absorption rate constant of sustained-
release octreotide; Kir: apparent absorption rate constant of unencap-
sulated octreotide; K.: elimination rate constant of octreotide from
central compartment; F,: fraction of drug available for immediate-
release (unencapsulated drug); V/F: apparent volume of distribution;
multiplicity of Kjr if formulation is other than A in Study 1;

0
v = ()"
where BW is body weight, 0o =1 if Subject is male; CV% of estimates
are calculated by (Standard Error/Mean) X 100%; * Bayesian estimated
apparfint volume of distribution per kg of body weight (range: 0.06-0.17
lkg™ ).

550

E,.x are achieved at octreotide concentrations of
746 pgml~'  (ECs), 1119 pgml™'  (ECy),
1741 pgml™'  (ECy), 2238 pgml™'  (ECys),
2084 pgml~'  (ECyy), 4227 pgml™'  (ECss),

6714 pg ml™" (ECo) and 14174 pg ml~ ' (ECys), respec-
tively. The concentration at 80% of E,,,, was considered
satisfactory for lowering IGF-1 concentration. For each
dosing regimen, 1000 simulations were undertaken and
the percentage of the population whose minimum drug
concentration at steady-state exceeded ECs, ECgo, EC5(,
ECys, ECy, ECgs, ECyg and ECos was plotted against the
frequency of dosing (Figure 8). Over 95%, 85% or 70% of
population had octreotide concentration greater than
ECg, following 30 mg im. every 2, 3 or 4 weeks,
respectively, in comparison with only 40% following
30 mg every 6 weeks. The other dosing regimens (30 mg
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0. 7 T
2 3 4 5 6 7 8 9 10 11 12
Dosing regimen (weeks/dose)

% Population responded

Figure 8 At various estimated eftective concentrations (EC) from
50% to 95%, the percentage of the population at steady state
exceeding the specified EC vs frequency of dosing. Based on the
population pharmacokinetic parameters for a healthy female
subject with body weight of 78 kg.
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Figure 9 Relationship between serum IGF-1 and IGFBP3
concentrations (388 observations/51 treatments).

every 8 weeks, 10 weeks or 12 weeks) resulted in even
lower concentrations of octreotide.

Relationship between IGFBP-3 and IGF-1 concentrations

A significant but weak relationship was found between
serum IGF-1 and IGFBP-3 concentrations (P<0.05)
(Figure 9).

Discussion

The pharmacokinetic nonlinear mixed-effect model
developed in this study adequately fitted the octreotide
concentration-time profile after intramuscular administra-
tion of sustained-release formulation of microencapsulated
octreotide acetate. The Bayesian estimated elimination
half-life of octreotide from this model was 41 min (range
28-93 min) which was shorter than that reported for
intravenous administration (~90 min) [15]. Large inter-
subject and residual variability have been noted in the
current model which might contribute to the discrepancy
in half-life. The apparent absorption half-life for sustained-
release octreotide was 148 h, which is comparable to the
terminal half-life determined from noncompartmental
analysis (168 h). The formulation utilized in the current
analysis consists of octreotide acetate microencapsulated in
a biodegradable polymer in which drug release occurs
slowly as cleavage of the polymer ester linkage takes place.
The apparent absorption half-life for the microencapsu-
lated octreotide acetate is not a pure absorption half-life,
but is more likely to be a release-limited absorption
parameter. This is reflected in the complementary
processes of drug release from the matrix and subsequent
absorption from the interstitial space.

Both body weight and gender were found to be
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important covariates of apparent volume of distribution.
Interestingly, it was found that male subjects had about a
40% larger volume of distribution than female subjects, but
body weight did not appear to play a role in this gender
difterence. Further analysis failed to identify a basis for this
observation; however, most of the subjects (52 of 59) were
female and a larger number of male subjects would need to
be studied to draw definitive conclusions about any gender
effect on the volume of distribution.

The natural inhibitor of IGF-1 and GH is somatostatin.
The endocrine effects of octreotide on GH release form
the basis of its use for the treatment of acromegaly [16]. It
was initially postulated that octreotide had a direct
inhibitory effect in wvivo on tumour growth by the
inhibition of GH secretion and subsequent reduction of
IGF-1 concentrations. However, some recent studies have
It has been found that
somatostatin and its analogues inhibit the effects of
growth factors such as IGF-1, b-FGF and PDGF [17].
In the current pharmacokinetic/pharmacodynamic analy-
sis, no relationship between GH concentration and
octreotide concentration was established. The lack of
correlation might be attributed to the low basal GH
concentration in older healthy adults, the limited sampling
frequency and morning sample timing, and the highly
pulsatile nature of GH secretion. In contrast, we did find a

shown conflicting results.

significant correlation between IGF-1 concentration, an
indirect measure of daily GH secretion, and drug
concentration that could be adequately described by a
direct inhibitory E ., model. No apparent hysteresis was
observed between IGF-1 and octreotide concentrations,
which implied that there was no significant time lag for the
suppression of IGF-1 by octreotide. Similar findings were
also observed when continuous subcutaneous octreotide
infusion was administered in diabetics with retinopathy
[18].

The current dosing regimens of 30 mg octreotide i.m.
every 4 weeks can achieve adequate suppression of IGF-1
concentration in at least 70% of the population. Although,
based on our simulation, a more frequent dosing regimen
of 30 mg im. every 2 or 3 weeks may result in 80%
suppression of IGF-1 in a higher percentage of the
population, dosing every 4 weeks is sufficient for
therapeutic purposes.

In summary, the population pharmacokinetic and
pharmacokinetic/pharmacodynamic models developed
in this study may be useful for the future development
of sustained-release formulations and in the optimal
selection of dosing regimens.
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