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AIMS

Treatment of prolactinomas with ergoline dopamine agonists can be complicated by intolerance and resistance. This study
investigated the pharmacokinetics and pharmacodynamics of the nonergot dopamine agonist ropinirole, to assess its therapeutic
potential as a novel therapy for prolactinomas.

METHODS

Five female subjects with prolactinomas participated in this dose-response study. Subjects received up to three doses of ropinirole
(0.5, 1.0 and 2.0 mg), each on separate occasions. Frequent blood samples for prolactin and ropinirole were collected for 24 h
following drug administration. Data were analysed using noncompartmental and compartmental pharmacokinetic—
pharmacodynamic (PKPD) techniques.

RESULTS

Seven 24-h curves revealed increased systemic drug exposure with increasing ropinirole doses. Ropinirole concentrations peaked
at4.4 + 2.7 h and exhibited a half-life of 5.8 £ 1.7 h. A dose-dependent prolactin nadir occurred 4.4 + 1.2 h after drug intake and
prolactin concentrations transiently normalized in two of five subjects. PKPD modelling revealed that single-dose PK of ropinirole
is dose-independent and can be described with a one-compartment model with linear absorption and elimination. An indirect
response model successfully captures the inhibitory effect of ropinirole on prolactin secretion and incorporates time-dependent
receptor desensitization for three of five subjects whose prolactin concentrations nadired before ropinirole reached C,x-

CONCLUSIONS

This data-rich study has informed our understanding of the clinical pharmacokinetics and pharmacodynamics of ropinirole, which
are successfully captured by the proposed semi-mechanistic PKPD model. This model can be used to further investigate the PKPD
of ropinirole and may facilitate the identification of optimal dose regimens for the treatment of prolactinomas and the estab-
lishment of a new therapeutic option for patients impacted by this rare disease.
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT

PKPD profile of ropinirole in prolactinoma patients BICP

e The ergoline dopamine agonists, bromocriptine and cabergoline, are first line therapies for the treatment of
prolactinomas; however, in a subset of patients, their use is limited by medication intolerance and/or resistance.

e In comparison to the ergot dopamine agonists, ropinirole hydrochloride is a nonergot dopamine agonist that has greater
specificity for the D2 dopamine receptor and has negligible cross reactivity at other receptor subtypes.

e In healthy volunteers, ropinirole suppresses prolactin concentrations; however, the pharmacokinetic-pharmacodynamic
profile of ropinirole in hyperprolactinaemic individuals and the drug’s effect on prolactin concentrations in these pa-

tients has not been previously investigated.

WHAT THIS STUDY ADDS

e This study establishes the pharmacokinetic and pharmacodynamic profile of ropinirole in patients with prolactinomas

for the first time.

¢ This study shows that ropinirole and prolactin concentrations after single dose administration, can be described by a
mechanism-based pharmacokinetic-pharmacodynamic model.

e This study demonstrates that ropinirole acutely suppresses prolactin concentrations in hyperprolactinaemic subjects
with prolactinomas and establishes its potential as a therapeutic option for the treatment of these rare tumours.

Introduction

Prolactinomas account for 40% of all pituitary adenomas but,
with an incidence of only 60-100 cases per million, they are
considered a rare disease [1]. Arising from lactotrophic cells
of the pituitary gland, they are the most common cause of
pathological hyperprolactinaemia and often result in
hypogonadism, infertility, low bone density, headaches,
galactorrhoea, and, potentially, hypopituitarism and visual
loss. While the majority of pituitary tumours are surgically
managed, the secretion of prolactin is tonically inhibited
by dopamine, and the ergoline dopamine agonists (DAs)
bromocriptine and cabergoline are currently first-line thera-
pies for the treatment of prolactinomas. Both drugs act at
D2 dopamine receptors (D2R) to stimulate dopaminergic
neurons in the infundibular pathway and inhibit
lactotrophic prolactin secretion. While ergot DAs have been
shown to lower prolactin concentrations and reduce tumour
size, a subset of patients experience medication intolerance
or pharmacological resistance, and must pursue alternative
therapies including surgical tumour resection, radiotherapy
and experimental treatments [2].

In spite of their efficacy, the ergot DAs lack specificity for
the D2R subfamily and exhibit receptor cross-reactivity that
impacts tolerability [3]. Additionally, cabergoline’s affinity
for the serotonin 5-hydroxytryptamine receptor sub-
type 2B (5HT-2B) expressed on cardiac valves has gener-
ated concerns about its overall safety [4-10]. While long-
term prospective studies are needed to confirm a causative
relationship between cabergoline and valvular heart disease
in treated hyperprolactinaemics, patients and practitioners
remain apprehensive about the implications of its use
particularly in cases requiring high doses or prolonged
therapy and in patients with pre-existing valve disease. Given
the limitations of currently used ergot DAs, the identification
of a pharmacological treatment alternative for the manage-
ment of prolactinomas may prove beneficial.

Ropinirole hydrochloride, a substituted indole deriv-
ative, is a well-tolerated, low cost, generic, nonergot DA that
exhibits greater specificity for the D2R subfamily and has
negligible in vitro activity at the SHT-2B receptor and other

receptor subtypes [3, 4]. While it is currently Food and Drug
Administration approved for the management of
Parkinson’s disease, where it acts at nigrostriatal D2Rs to in-
hibit motor fluctuations and dyskinesias, and restless leg
syndrome, where it binds to central nervous system D2Rs to
reduce periodic limb movements, ropinirole has also been
shown to lower prolactin concentrations in healthy volun-
teers [11], as effectively as bromocriptine [12]. However, its
use in patients with hyperprolactinaemia has not been previ-
ously investigated. In this study, we prospectively examined
the acute effect of ropinirole administration on prolactin
concentrations in patients with prolactinomas and evaluated
the drug’s pharmacokinetic and pharmacodynamic (PKPD)
profile in order to assess ropinirole’s therapeutic potential as
a novel therapy and to help identify optimal dose regimens
for the treatment of these rare tumours.

Methods

Five nonpregnant females, aged 21-77 years, with
hyperprolactinaemia (range 39-523 ng ml™'; reference range
1.9-25 ng ml1™") and no evidence of other pituitary hormone
hypersecretion, were recruited from the Columbia University
Neuroendocrine Unit. Subjects were screened by medical his-
tory and chart review and underwent baseline laboratory test-
ing to confirm normal kidney, liver and thyroid function.
Macroprolactinaemia, which consists of prolactin complexed
to an anti-prolactin antibody, was ruled out in all subjects
using polyethylene glycol precipitation. Subjects had a pitui-
tary adenoma <15 mm on pituitary-protocoled magnetic res-
onance imaging and had no evidence of pituitary stalk
compression. Additionally, subjects had a median body mass
index of 31.9 kg m~ had no history of major medical condi-
tions, excessive alcohol use, or previous pituitary radiation.
One subject was postmenopausal. The other four subjects
were premenopausal but had been amenorrhoeic for
>3 months at the time of participation. Subjects had no DA
use for 2 months prior to participation and were not taking
other medications known to interfere with prolactin
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Table 1

Subject characteristics (n = 5)

Age (years) Median (IQR: Q1-Q3) 34 (27-59)
Race n (%)
Black/African American 2 (40%)
White/Caucasian 3 (60%)
Female n (%) 5 (100%)
Baseline prolactin (ng mI_I) Median (IQR) 85 (60-394)
Body mass index (kg m_z) Median (IQR) 32 (23-35)

Age, baseline prolactin, and body mass index are reported as me-
dians and interquartile ranges (IQR) are reported as Q1-Q3. Race
and sex are reported as percentages of the subject population

secretion or ropinirole metabolism (Table 1). Two out of five
subjects had a history of resistance to ergot DAs; one out of
five had a history of ergot DA intolerance, and the other two
subjects were DA naive. This study was approved by the Co-
lumbia University Institutional Review Board, and written in-
formed consent was obtained from all subjects prior to
participation.

Protocol

Subjects participated in an inpatient dose response study to
evaluate the PKPD profile of ropinirole. Five subjects com-
pleted a total of seven separate 24-h inpatient study visits in
the clinical research centre, during which they received a sin-
gle dose of immediate release ropinirole (0.5, 1.0 or 2.0 mg)
and underwent frequent blood sampling. Blood was initially
drawn for ropinirole and prolactin at the time of intravenous
catheter placement, 30 min after I intravenous V placement,
then immediately prior to administration of ropinirole in or-
der to establish a baseline prolactin level. A single dose of
ropinirole was given 30 min after a standardized meal. Blood
was then drawn every 30 min for 6 h, every 2 h for 10 h, then
every 4 h for the 8 h remaining in the 24-h study period, and
monitoring of vital signs and adverse events occurred
concomitantly.

Assays

Serum prolactin was measured by two-site chemiluminescent
enzyme immunometric assay using the Immulite 1000 Ana-
lyzer (Siemens Healthcare Diagnostics, Deerfield, IL). The ref-
erence range for serum prolactin is 1.9-25 ng mI™" for adult
females. Intra- and interassay precision are 6.8 and 9.6%, re-
spectively. Plasma ropinirole was measured by an in-house
ultra-performance liquid chromatography-tandem mass
spectrometry assay using an Agilent 1290/6410 UPLC-
Tandem MS instrument (Agilent Technologies) [13].
Ropinirole-d4-hydrochloride was used as the internal stan-
dard. Intra and interassay CVs are 3.7% and 2.9% respectively
over the analytical measurement range (0.25-100 ng m1™).

Noncompartmental analysis
Ropinirole and prolactin serum concentrations were initially
explored using noncompartmental analysis (NCA). Area
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under the serum concentration time curve between time 0
and time T (AUCo.t,opinirole), Maximum concentration
reached (Cpax), time at which maximum concentration is
reached (Timax) and the terminal half-life (tY20pinirole) Were
calculated using Phoenix WinNonlin PKPD software
(Certara, Princeton, NJ, USA). The area under the prolactin
concentration-time curve between time O and time T
(AUCq.t,prolactin), and the nadir were also calculated. Potential
relationships between dose and systemic exposure of
ropinirole and changes in prolactin concentrations were in-
vestigated using exploratory regression and correlation anal-
ysis. The small number of patients, which is inherent to
investigating drugs in this rare disease population, made
PKPD analysis using NCA challenging. However, the density
of ropinirole and prolactin measurements within this small
cohort allowed for a full PKPD analysis using nonlinear
mixed effects modelling.

PKPD modelling

Nonlinear mixed-effects analysis was conducted using
NONMEM (version 7.3, ICON Development Solutions,
Ellicott City, Maryland). The ADVANS subroutine and the
first-order conditional estimation method with interaction
were used. R-studio (version 1.1) was used for dataset prepara-
tion and diagnostic plotting. The model building process was
guided by changes in NONMEM objective function value and
goodness-of-fit plots. Interindividual variances for all PK and
PD parameters were modelled assuming a lognormal distribu-
tion. The residual error variances were modelled assuming
additive and proportional components. The present PKPD
model (Figure 2) features a one-compartment model with lin-
ear absorption and elimination to describe ropinirole PK, and
an indirect response model (Type I) to capture the inhibition
effect of ropinirole on prolactin secretion. Time-dependent
receptor desensitization was incorporated into the subjects
whose prolactin concentration reached nadir before the
corresponding ropinirole concentration reached Cp,,x. A hill
factor was added to capture the sigmoidicity exhibited in
the data. A conventional two-step approach was used in
conducting the fitting. First, a PK model for ropinirole was
developed. The parameters to describe ropinirole PK include
apparent clearance (CL/F), apparent central volume (Vc/F),
first-order absorption rate (Ka) and lag time (Tlag) on absorp-
tion. Second, the empirical Bayes estimates of ropinirole PK
parameters obtained in step 1 were fixed, and the predicted
individual PK profiles were used as input functions in the
PD model to drive the inhibition effect on prolactin secre-
tion. The parameters to depict the ropinirole exposure-
response (Kj,, baseline, ICs, a, y) were fitted simultaneously
(more details are described below).

Mathematical relationship of the exposure
response

It was hypothesized that the prolactin concentration de-
crease caused by dopamine D2 receptor activation is due to
diminished prolactin production. The indirect response
model reflecting this hypothesis is described by the following
equation:



lmax -e’“'t'D-CV
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Where,

lf Tnadir < Tmax,D =1
lf Trmdir < TmamD =0

Kin and K, are the zero-order production rate and first or-
der elimination rate of prolactin, respectively; Inax is the
maximum fractional ability of the ropinirole to inhibit pro-
lactin production; Cpppaciin is the prolactin plasma concentra-
tion; ICso is the plasma concentration of ropinirole that
results in 50% of Iy ax; D signifies the on and off switch of re-
ceptor desensitization effect; y is the hill factor to characterize
the sigmoidicity in the data; and a is the exponential slope of
receptor desensitization.

The error models

All PK parameters (Ty,g, K,, CL/F, V/F) and most PD parame-
ters (Kip, baseline, ICs(, o) with between-subject variability es-
timated were assumed to be log-normally distributed. Due to
the limited identifiability provided by the data, y was esti-
mated as the same value across subjects, and I,,,x was fixed
to 1, as this is the maximum the system can possibly be
inhibited. For the PK model, the differences between model
predicted and observed concentrations were estimated using
the additive plus proportional error model. For the PD model,
the residual variability was estimated using the proportional
error model.

Simulations

Single dose and steady state dosing (non-desensitizing only)
for daily and twice daily dosing of ropinirole were done using
the population average parameters returned in the NONMEM
analysis and the $simulation function for a single individual.

Nomenclature of targets and ligands

Key protein targets and ligands in this article are
hyperlinked to corresponding entries in http://www.
guidetopharmacology.org, the common portal for data from
the ITUPHAR/BPS Guide to PHARMACOLOGY [14], and are
permanently archived in the Concise Guide to PHARMA-
COLOGY 2017/18 [15].

Results

Five patients were included in this study (Table 1). One pa-
tient received a ropinirole dose of 0.5 mg, three received a
ropinirole dose of 1.0 mg and three received a ropinirole dose
of 2.0 mg. Two patients were treated at two dose levels on sep-
arate occasions with one receiving a 1.0 mg dose followed by
a 2.0 mg dose and the other receiving 0.5 mg followed by a
2.0 mg dose. All patients had pretreatment plasma prolactin
concentrations above the normal range (84.8 ng ml™'; me-
dian); however, there was a wide range in prolactin
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pretreatment concentrations between patients (39-
523 ng ml™'; Table 1). Ropinirole was well-tolerated. One sub-
ject experienced a mild adverse event characterized by the
acute onset of nausea 4.5 h after administration of the
highest ropinirole dose studied, 2.0 mg, that lasted approxi-
mately 15 min and was followed by a single episode of
vomiting. The symptoms self-resolved and the patient re-
ported no adverse event following the administration of
1.0 mg of ropinirole during a separate visit.

NCA

In general, a single dose of ropinirole led to a transient in-
crease in ropinirole concentrations (Figure 1A) and a tran-
sient decrease in prolactin concentrations (Figure 1B).
Figure 1A shows the individual plasma ropinirole concentra-
tions and demonstrates that regardless of the dose, ropinirole
administration led to an increase in plasma drug concentra-
tions with peak concentrations observed 4.4 h after drug in-
take. Plasma ropinirole concentrations declined thereafter
with an average half-life of 5.8 h. Among subjects receiving
two different doses, higher doses led to an increased Cpax
and an increased AUCq_4p. Figure 1B shows the individual
prolactin concentrations for each subject and demonstrates
that regardless of the dose, ropinirole administration also
led to a decrease in serum prolactin concentrations. The pro-
lactin nadir was observed approximately 4.4 h after drug in-
take, and prolactin concentrations subsequently increased
to pretreatment concentrations by 24 h following drug in-
take. Higher doses led to a lower AUC 41, and a lower nadir,
in subjects receiving two doses. Table 2 shows the NCA results
for ropinirole and prolactin for all subjects at all dose levels.

Acute prolactin normalization following a single dose of
ropinirole was observed in two of five subjects (Figure 1B).
Subject 2, a 34-year-old woman with GI intolerance to er-
got DAs and persistent tumour, hyperprolactinaemia,
galactorrhoea and menstrual irregularity 6 months
following transsphenoidal microprolactinoma resection, ex-
hibited prolactin normalization in response to 1.0 mg of
ropinirole. Subject 4, a 41-year-old female with galactorrhoea,
hyperprolactinaemia secondary to a small microadenoma
and a partially empty sella, demonstrated prolactin normali-
zation following a 2.0 mg ropinirole dose. Notably, in the
two subjects (Subjects 3 and 5) with known resistance to ergot
DAs, acute prolactin suppression was observed. Prolactin con-
centrations suppressed by 42.2% following 1.0 mg ropinirole
in Subject 5 and by 44% in Subject 3 following 2.0 mg
ropinirole. Overall, a single dose of ropinirole ranging from
1.0-2.0 mg suppressed prolactin concentrations by 39-74%
(Table 2 and Figure 1B).

PKPD modelling

The PK of ropinirole were best described using a one-
compartmental PK model with first order absorption and
elimination and an absorption lag time (Figure 2). Compart-
mental PK parameters are listed in Table 3. All population
means of the PK parameters had relative standard errors of
the estimates (%RSE) <40%. For a given dose, PK profiles
among individual subjects were highly variable, as indicated
by moderate to high (38%-63%) between-subject variability
in major PK parameters (CL/F, V/F, Tj,, K,). Based on the
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Figure 1

(A) Individual plasma ropinirole concentration versus time profiles after the oral administration of single doses of ropinirole (0.5, 1.0 and 2.0 mg)
in five hyperprolactinaemic patients. Symbols represent observations from individual patients and lines are individual predictions. (B) Time profiles
of prolactin concentrations after oral administration of ropinirole at the indicated doses to hyperprolactinaemic patients. Solid lines indicate indi-
vidual model predictions and empty circles are observed prolactin concentrations. Green dashed lines indicate the upper limit of normal for pro-
lactin which is 25 ng ml™'
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Table 2

Noncompartmental pharmacokinetic-pharmacodynamic analysis of single dose 24-h plasma concentration curves

Nadi Time of

Pre-treatment
PRL (ng ml™")

AUC

cmax

%Inhibition/AUC

Desensitization®

Nadir (h)

(%PRL)

T1/2 (h)

(h ng ml'1)

(ng ml'1)

Tmax (h)

Tlag (h)

Dose (mg)

Subject ID

22+1.0

N/a

N/a 4.4+1.2

173+£170

58+1.7

N/a

N/a

4.4+2.7

0.8+0.7

N/a

Mean + SD

=0.

“The subject will be marked as desensitization = 1, if its time of nadir < Tmax. Otherwise, desensitization

b%Inhibition/AUC is calculated as (100 — nadir)/AUC

PKPD data are reported for each study visit (n = 7) and mean * standard deviation is reported when applicable. N/a indicates not applicable

AUC, area under the serum concentration time curve; Cp,ax, maximum drug concentration; Tlag, lag time for absorption; Tpax, time at maximum drug concentration; T1/2, terminal half-life
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Figure 2

Pharmacokinetic-pharmacodynamic model diagram of ropinirole
for the treatment of hyperprolactinaemia. The pharmacokinetics of
ropinirole are characterized with a one compartment model with lin-
ear absorption and linear elimination. The concentration in the cen-
tral compartment is used as the driving force for the inhibition of
prolactin secretion. The indirect response model is used to capture
the exposure response relationship. Xa is the dosing compartment
(absorption compartment), Ka is the first order absorption rate con-
stant, Tlag is the lag time for absorption, Cp is the concentration in
the central compartment, Vc is the central compartment volume
and CL is the clearance ropinirole (I h™') from the central compart-
ment. Prolactin is the concentration of prolactin in plasma. Imax is
the maximum fractional ability of the ropinirole to inhibit prolactin
production, which is defined as a function of desensitization slope
a and time (t) in patients exhibiting time-dependent dopamine re-
ceptor desensitization (n = 3). ICsq is the plasma concentration of
ropinirole that results in 50% of the maximum inhibition. Kj, and Ko
are the zero-order production rate and first order elimination rate of
prolactin, respectively.

obtained population PK parameters, the derived time at max-
imum drug concentration (Tyax) Was approximately 3.4 h
post dose, the terminal half-life (t2) was approximately 6 h,
and apparent volume of distribution (V/F) was approximately
444 1. These model-derived PK parameters are similar to those
using non-compartmental analysis (Table 2). The predicted
and individual plasma ropinirole concentrations in Figure 1A
(and additional diagnostic plots in Supporting information
Figure S1) demonstrate that the described linear PK model is
able to adequately describe plasma ropinirole concentrations
across three dose levels.

Plotting prolactin concentrations against ropinirole con-
centrations revealed a hysteresis relationship. Therefore, an
indirect response model (Type I) was used to describe the
exposure-response relationship between ropinirole and pro-
lactin [16]. However, in several subjects (ID = 1,3,5), the pro-
lactin concentration reaches its nadir before the ropinirole
concentration reaches C,,x. Therefore, a time-dependent de-
sensitization term was multiplied by the I,,x term in the
model to account for this backward shift of peak drug effect
from peak drug concentration. The sigmoidal I,,,ox model for
the inhibition of prolactin input rate (K;,) was superior to
the basic Iyn,x (>100 reduction in the objective function
value, P < 0.0001) PD parameters are listed in Table 3, which
also lists the additive and proportional components of the re-
sidual error variance for PK and PD observations. Individual
predicted and observed serum prolactin concentrations in
Figure 1B (and additional diagnostic plots in Supplemen-
tary Figure S2) demonstrate that prolactin concentrations
are also adequately described by the PKPD model at all three
dose levels — 0.5, 1.0 and 2.0 mg. This includes the applica-
tion of the desensitization term in subjects 1, 3 and 5.
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Table 3

Summary of pharmacokinetic-pharmacodynamic model parameters
and interindividual variability estimates for ropinirole’s effect on
hyperprolactinaemia

Population Mean nv

Parameter Value %RSE Value %RSE
cL(@n™ 50.7 13.7 0.0986 62.4
v 444 11.8 0.0464 38.4
Ka(h ") 0.609 40.2 0.668 48.4
Tlag (h) 0.595 25.2 0.32 63.1
Kin (ng mI”" h™") 154 40 0.929 33.1
Lmax 1 Fixed NA NA
1C50 (ng ml™") 1.12 8.6 0.0326 65
Baseline (ng ml_1) 109 325 0.859 42
o 0.226 31.7 0.355 73
v 2.1 11.4 NA NA

Residual errors

Additive Proportional
Observations value %RSE value %RSE
PK 0.0092 25.1 0.0209 38.5
PD NA NA 0.0125 12.2

Baseline, initial prolactin concentration in plasma; CL, clearance;
IV, Interindividual variability; Imax, maximal fraction of inhibition;
IC50, plasma concentration of ropinirole that results in 50% of | .x;
Ka, first order absorption rate constant; Kin, zero order production
rate of prolactin; NA, not applicable; Tlag, lag time for absorption;
V, volume of central compartment; o, desensitization slope; vy, Hill
coefficient

Prolactin response simulations

Figures 3a and 3b show the results of simulations of prolactin
response after single dose daily, bid and steady state adminis-
tration of ropinirole. The prolactin response is shown for
doses from 0.5 to 6 mg. For steady state, only the non-
desensitizing patients are included.

Discussion

Ropinirole is a nonergoline DA with a unique structure that
probably influences its receptor specificity [17]. In compari-
son to its ergot counterparts, it is highly specific for the D2 re-
ceptor subfamily, which includes D2 and D3 receptor
subtypes, and exhibits selectivity comparable to that of dopa-
mine [18]. Given that all DAs exert their effects by binding to
postsynaptic D2 receptors on normal or tumoural lactotrophs
and inhibiting prolactin synthesis and secretion through G
protein-mediated pathways, ropinirole’s strong atfinity for
D2 receptors may potentiate its efficacy for the treatment of
prolactinomas [2]. Our results show, for the first time, the ef-
fects of a single dose of the nonergot DA ropinirole on prolac-
tin concentrations in hyperprolactinaemic subjects and
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establish that ropinirole effectively lowers serum prolactin
concentrations in patients with prolactinomas in the acute
setting. The effect of a single dose of ropinirole on prolactin
concentrations was previously evaluated in 14 healthy sub-
jects, at doses ranging from 0.8 to 2.5 mg. In these subjects,
ropinirole lowered serum prolactin concentrations relative
to placebo and a single 2.5 mg ropinirole dose decreased
mean serum prolactin concentrations by 42% [11]. Due to
the rarity of prolactinomas, which have a prevalence of only
100 cases per million in the general population, large clinical
studies in this population can be difficult to conduct. None-
theless, the high-density data set obtained from this small co-
hort of patients resulted in a number of important
observations. In comparison to healthy volunteers, among
hyperprolactinaemic subjects we observed a moderate degree
of prolactin suppression even at the lowest dose studied
(0.5 mg; Table 2). Higher single doses of 1.0 and 2.0 mg of
ropinirole suppressed prolactin concentrations by 39-74%
and prolactin normalization was observed in 2/5 subjects at
these doses. Among patients who received two ropinirole
doses, higher doses led to greater a degree of prolactin
suppression.

The single-dose pharmacokinetics of ropinirole in this
hyperprolactinaemic cohort were similar to those described
earlier in healthy volunteers [11]. Systemic exposure to
ropinirole seems to increase with dose as does the transient
decrease in prolactin concentrations. At 5.8 h, the half-life
of ropinirole is markedly shorter than that of cabergoline
but is comparable to the half-life of bromocriptine. As with
bromocriptine, twice daily ropinirole dosing may be most
beneficial for the treatment of prolactinomas. However, given
that bromocriptine has been shown to be therapeutically use-
ful when given once daily, the efficacy of daily ropinirole ad-
ministration in patients with hyperprolactinaemia should
also be evaluated [19]. Notably, we observed significant
interpatient variability in both the PK and PD profiles of
ropinirole in this small cohort, which warranted a more so-
phisticated analysis of the PK and PD of ropinirole in these
patients.

Accordingly, using nonlinear mixed effect modelling
(NONMEM), a PKPD model was derived that adequately de-
scribes concentrations of plasma ropinirole and serum pro-
lactin after a single ropinirole doses ranging from 0.5 to
2.0 mg. While it is difficult to generalize the interindividual
variability estimates on the parameters due to the small sam-
ple size, this distinct analysis did reveal a number of impor-
tant observations. First, the analysis demonstrated that the
PK parameters of ropinirole were dose-independent and the
observed concentrations were dose proportional for the 0.5-
2.0 mg dosage range evaluated in this study. Second, the abil-
ity to describe prolactin concentrations using an indirect ef-
fect model coupled with a nonlinear inhibitory model
impacting the production of prolactin, is consistent with
our knowledge about the mechanism of action of ropinirole
with respect to changing prolactin concentrations. Third,
our estimated prolactin turnover half-time of 0.49 h is consis-
tent with those reported by Petersson et al. ranging from 0.34
to 1.28 h [20], providing further physiological support for
this semi-mechanistic PKPD model. In addition, the PKPD
model effectively describes the PK and PD of ropinirole in pa-
tients with a wide range of pretreatment prolactin
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Figure 3

Simulations of ropinirole’s drug effect under various conditions including after a single dose (top) and at steady state in nondesensitizing subjects

after once and twice daily dosing (bottom)

concentrations, suggesting that it may be applicable to pa-
tients with different degrees of disease severity. The PKPD
analysis revealed that a subset of patients reached prolactin
nadirs before maximum ropinirole concentrations were
achieved. The pharmacological behaviour of these tumours
can be described by introducing time-dependent desensitiza-
tion into the PKPD model, a phenomenon that has also been
observed in in vitro studies evaluating the effects of DAs on D2
receptors [21]. In the case of prolactinomas, this observed
pharmacological desensitization reflects the clinical phe-
nomenon of DA resistance, which is known to affect 24% of

prolactinoma patients treated with bromocriptine and 11%
of those treated with cabergoline [22]. Although there are
varying definitions of DA resistance in the literature, it is gen-
erally regarded as either the failure to normalize prolactin
concentrations or the inability to achieve a 50% reduction
in hyperprolactinaemia [22-26]. The molecular mechanisms
underlying the behaviour of resistant prolactinomas are not
fully understood. At least some resistant prolactinomas ex-
hibit a reduced D2 receptor density [23, 27], while a subset
of resistant tumours has been shown to exhibit alterations
in G protein signalling pathways and disruptions in nerve
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growth factor-mediated autocrine signalling pathways [22,
28]. There are clinical data demonstrating that DA resistance
is not a class effect and that patients who are resistant to
one DA may respond to another. In this cohort, two out of
three of the patients exhibiting desensitization, are also
known to be resistant to ergot DAs (the third patient was DA
naive). However, in spite of their history of DA resistance,
prolactin concentrations declined in both patients following
single doses of ropinirole (1.0 and 2.0 mg) — a noteworthy
finding - that highlights the treatment potential of nonergot
DAs in this subset of patients. This observed response to
single-dose ropinirole may reflect ropinirole’s strong affinity
for the D2 receptor, which is greater than that of bromocrip-
tine and at least comparable to that of cabergoline and may
facilitate the suppression of prolactin concentrations even
in the setting of receptor downregulation. Additionally, the
effect could also result from improved receptor specificity. Re-
gardless of the underlying mechanism, the ability of this
PKPD model to simulate the effects of various doses of
ropinirole in patients across the spectrum of disease severity
and in the absence or presence of time-dependent desensiti-
zation (Figures 3a and 3b) can facilitate the identification of
optimal dose regimens for ropinirole in prolactinoma pa-
tients, on an individual and a population level. Furthermore,
it is possible that screening for desensitization during initial
treatment may be beneficial, as it could provide information
about the likelihood of resistance to ropinirole up front and
could guide subsequent treatment planning.

We found acute ropinirole administration to be well-
tolerated. Overall, the ropinirole doses used in this study were
relatively low, considering maximum ropinirole doses range
from 4 mg day™' for the treatment of restless leg syndrome
to 24 mg day " for the treatment of Parkinson’s. Unlike its er-
got counterparts, ropinirole does not have an affinity for the
D1 receptor, and its affinity for SHT-1, SHT-2, GABA, benzo-
diazepine, muscarinic, and a- and B-adrenoreceptors is negli-
gible, as confirmed by radio-ligand binding studies [3, 29].
These pharmacological characteristics make ropinirole an ap-
pealing therapeutic alternative that could prove more tolera-
ble. Bromocriptine is not tolerated in 12-36% patients, due to
side effects including nausea and vomiting, headaches, dizzi-
ness and fatigue [5, 19, 30, 31]. In spite of a higher incidence
of orthostatic hypotension, cabergoline is associated with
fewer side effects overall, but its high affinity for the seroto-
nin SHT-2B expressed in heart valves, may stimulate
mitogenesis and fibroblastic proliferation, and promote the
development of cardiac valve disease as has been observed
in both Parkinson’s and prolactinoma patients treated with
the drug [4, 6, 7, 10, 26]. While a single prospective study
did not identify an increased risk of significant cardiac valve
disease in the first 5 years of cabergoline treatment, the me-
dian cumulative dose exposure was relatively low (149 mg)
and the 60 month follow-up period is well below the treat-
ment duration required for a significant percentage of
prolactinoma patients, limiting its generalizability [32]. Val-
vular endpoints were not evaluated in this acute study; how-
ever, haematological and biochemical safety labs, including
renal and hepatic function, were examined prior to and fol-
lowing drug administration and were unchanged. Side effects
were closely monitored as well and overall one subject experi-
enced a mild adverse event, characterized by the acute onset
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of nausea and vomiting at the highest single dose of
ropinirole tested (2.0 mg). Side effects were not observed fol-
lowing administration of a lower 1.0 mg dose to the same sub-
ject. In spite of its nonergoline properties, dopaminergic
gastrointestinal side effects at higher ropinirole doses are pos-
sible, given that dopamine and all DAs stimulate the chemo-
receptor trigger zone in the postrema of the medulla. In
clinical practice, when ropinirole is prescribed for the Food
and Drug Administration-approved indications of
Parkinson’s disease and restless leg syndrome, gastrointesti-
nal complications are attenuated by the initiation of a low
starting dose (0.25 mg) followed by gradual up-titration.
While this study required the acute administration of single
ropinirole doses exceeding the recommended starting dose,
were ropinirole used for the treatment of prolactinomas, a
low starting dose may mitigate dopaminergic side effects in
most patients. Overall, this study provides novel data about
the ropinirole/prolactin concentration effect relationship
that may inform its future clinical use. However, the results
are limited by the small sample size and will ultimately re-
quire confirmation in a larger cohort of hyperprolactinaemic
patients. The absence of placebo data is also a study limita-
tion, although the diurnal rhythm in prolactin concentra-
tions that is classically observed in healthy individuals is
ablated in the majority of patients with prolactinomas and se-
cretion patterns are considerably less variable [33-36].

Conclusions

While comprehensive evaluation of the long-term use of
ropinirole for the treatment of prolactinomas and
hyperprolactinaemia is clearly indicated, this novel report
suggests that ropinirole may represent a new pharmacologi-
cal alternative that could prove particularly useful in pa-
tients with ergot DA intolerance and resistance and in
those with pre-existing cardiac valve disease. This data-rich
PKPD study in a small cohort of patients has informed our
understanding of the clinical pharmacology of ropinirole,
which has been successfully captured by this newly devel-
oped semi-mechanistic PKPD model of ropinirole in
hyperprolactinaemic individuals. This model can now be
used to further investigate the PK and PD of ropinirole in
a larger patient cohort, potentially using a limited sampling
strategy during multiple dose regimens. Such studies will
further assist in the identification of optimal dose regimens
for ropinirole for the treatment of prolactinomas and may
facilitate the establishment of a new therapeutic option for
patients impacted by this rare disease.
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