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Summary. Forty years after its introduction by Birkmayer and Hornykiewicz
(1961), L-DOPA-based therapy of Parkinson’s disease remains the central pillar
in the management of the disorder. Nevertheless, it is not unproblematic, and
dopamine receptor agonists play increasingly important roles in antiparkinsonian
therapy. Pharmacological and pharmacokinetic properties of these agents are
briefly reviewed and followed by a detailed summary of available literature
concerning controlled trials in Parkinson’s disease. It is concluded that there is
little unequivocal evidence to suggest that any of the major dopamine receptor
agonists should be invariably preferred in the therapy of Parkinson’s disease;
their application must be based on the needs and responses of individual patients.

Keywords: Parkinson’s disease, dopamine receptor agonists, clinical trials.

L-DOPA-based therapy remains the central pillar in the management of Parkin-
son’s disease, forty years after its introduction by Birkmayer and Hornykiewicz
(1961). It was recognized quite early, however, that L-DOPA therapy itself is
accompanied by certain problems, most notably the abnormal movements
(dyskinesias) which most patients develop after an extended period of treatment,
and the decrease in duration of response to a given L-DOPA dose (that is, an
increase in length of ‘off” periods). The proportion of patients experiencing such
difficulties has been estimated as being up to 50% after five years of L-DOPA
therapy (Miyawaki et al., 1997); in younger onset patients, this figure approaches
100% after a similar period (Golbe, 1991).

Dopamine receptor agonists have thus enjoyed increasing popularity in anti-
parkinsonian therapy since the introduction of bromocriptine by Donald Calne
and colleagues in 1974. Their major value was long regarded as being their
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function as adjunct therapies aimed at reducing the untoward motor effects of
L-DOPA therapy. More recently, dopamine receptor agonist monotherapies
have gained ground in the clinic, partly as a means for postponing initiation
of L-DOPA therapy. Such deferral has been partially motivated by the putative
neurotoxicity of L-DOPA, which would suggest that its application early in the
disease might be partially counterproductive, while the presentation and sever-
ity of dyskinesias and motor fluctuations also appear to be delayed and reduced
in intensity if L-DOPA therapy commenced as late as possible. Secondly, direct
receptor activation with specific agonists might be expected to elicit a more
specific and controllable panel of effects than is achieved by administration of a
transmitter precursor to patients with a damaged extrapyramidal system.
Finally, there is evidence that dopamine receptor agonists (and MAO-B in-
hibitors; Foley et al., 2000) exert direct anti-oxidative and neuron-rescuing
effects, at least in the laboratory; this may involve reduced dopamine turnover
following stimulation of autoreceptors, leading to reduced availability of extra-
cellular dopamine for oxidative processes, as well as direct ‘scavenging’ of free
radicals.

The current review will not examine in detail the mechanisms by which
dopamine receptor agonists achieve their effects; for discussion of such issues
the reader is referred to Sit (2000) and Le and Jankovic (2001). The question to
be addressed here is whether significant clinical differences between the cur-
rently available dopamine receptor agonists have been demonstrated, a question
of both theoretical and practical interest. There are undoubtedly pharmacolo-
gical differences between the various agonists, as briefly discussed below; if
these differences have clinical consequences, insights into the neurochemical
pathology of parkinsonism might be gained by carefully analyzing differences
in their effects. From a practical point of view, the clinician needs to know
whether the choice of agonist, which may be influenced as much by the relative
price of the alternatives as by pharmacological factors, will have significant
therapeutic consequences for the patient.

Similar questions have always been a part of antiparkinsonian therapy,
whether the choice was between a variety of solanaceous plant extracts and
purified alkaloids, as was the case before the Second World War, or between the
bewildering range of synthetic anticholinergic agents which became available
from 1948 onwards. Review of the literature reveals that a consensus regarding
the answers to such questions was rarely reached, primarily because there
existed no consensus with regard to how the effectiveness of drugs should be
assessed. This situation has recently improved considerably, although not to the
point where trials of antiparkinsonian drugs are conducted according to a stan-
dardized procedure. Nevertheless, it is now generally accepted that for a trial to
be easily interpreted and comparable with other trials, it should be double blind,
placebo-controlled (at least where a direct comparison between two alternative
agents is not made), employ a parallel design with randomized allocation of
patients to treatment groups, and, preferably, be conducted on a multicentre
basis. The duration of the trial and the type of patients included are also crucial
factors to be considered, as is the protocol for administration of the test agent.
Regulatory authorities have published recommendations for the construction of
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clinical trials required for registration purposes (for example: EMEA, 1998),
but it is nevertheless recognized, for example, that a minimum of one hundred
subjects per group are required to lend even well controlled trials the necessary
statistical power for detection of significant therapeutic effects.

Another issue which must be addressed is that of the appropriate endpoints
for clinical studies of antiparkinsonian medications. As will be noted from the
tables in this paper, there as yet no consensus on how the efficacy of these
agents should be assessed; a variety of instruments (such as the Unified
Parkinson’s Disease Rating Scale (UPDRS), Clinical Global Impressions Scale
(CGIS), Schwab & England (S&E) and parts thereof), patient diaries and, more
recently, imaging techniques have been employed to assess the effects of dopa-
mine receptor agonists, so that drug comparisons are also made difficult by the
different treatment outcomes employed. The UPDRS appears to be establishing
itself as a partial standard in this area, but the use of other and novel assessment
methods can be expected to continue, and should naturally be accepted under
the appropriate circumstances.

Published trials of dopamine receptor agonists which satisfy the criteria
discussed here have until recently been few in number, and variations within
the described framework still render direct comparisons difficult. Nonetheless,
cautious comparison of the results of such trials will form the bulk of this
review. Medline and EMBASE were searched in order to locate published trials.
Preference was given to trials published as full papers in peer-reviewed jour-
nals; it should be noted, however, that some trials were reported up to four years
earlier as conference presentations/abstracts. Finally, in order to restrict atten-
tion to the employment of the discussed agents under reasonably comparable
conditions, attention was focussed upon studies investigating orally adminis-
tered dopamine receptor agonists; apomorphine studies have thus not been
included.

The current paper is not a ‘meta-analysis’ of the described studies, but
rather a compact summary of their major findings by the interested reader, an
approach preferred by the authors as it consciously avoids obscuring the differ-
ences between various research strategies. This is especially true as clinical
trials in antiparkinsonian therapy, in contrast to those for somatic disorders,
such as cardiac disease and cancer, tend to be much smaller, so that the findings
of individual trials are of comparatively lower predictive value. The specific
deficiencies of antiparkinsonian medication trials have recently been discussed
by Wheatley and colleagues (2002), and will not be pursued here.

The dopamine receptor agonists considered in this review fall into two
major classes: ergolines (bromocriptine, pergolide, lisuride, cabergoline) and
non-ergolines (piribedil, pramipexole, ropinirole). Ergolines, derivatives of
ergot alkaloids, have a longer history in antiparkinsonian therapy than non-
ergolines, which were developed in the hope that they might provide the ben-
efits of the ergoline agents without their side effects. Further ergolines (for
example, a-dihydroergocryptine, terguride) and non-ergoline dopamine recep-
tor agonists (quinagolide, N-0423, talipexole, piroheptine) have also been
trialled in Parkinson’s disease, but the paucity of studies of the type described
above necessarily limits their discussion in this review (Fig. 1).
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Fig. 1. The major dopamine receptor agonists employed in the therapy of Parkinson’s disease



Dopamine receptor agonists in the therapy of Parkinson’s disease 1379

I. Pharmacological and pharmacokinetic characteristics
of dopamine receptor agonists

The pharmacological properties of the dopamine receptor agonists discussed in
this review are summarized in Table 1. The older agents bind with high affinity
to D, receptors, but are clearly anything other than pure D, receptor or even D2
family receptor-binding agents, with affinity of varying degrees not only for D,
receptors but also for adrenergic and serotonergic receptors. The newer agents
(ropinirole, pramipexole) are more specific, in that they bind only D2 family
receptors with high affinity; pramipexole is different from all the other agents in
that its reported affinity for the D5 receptor is almost an order of magnitude
greater than that for the D, receptor. Nevertheless, caution must be advised in
the interpretation of relative binding data for the various agents, as there exists
considerable spread in reported estimates of binding affinity, particularly to the
D, receptor.

Table 1. Overview of literature on pharmacological data for dopamine receptor agonists

Dopamine receptors Noradrenaline receptors SHT receptors
D] D2 D3 D21D3 D4 0y Ol B
Bromocriptine 0/ ++ +/++ 0.1 + +/++  +/++ 0 ++ (5HTa)
+ (5HT»)
Cabergoline + +++  ++ - ++ + + ND +
a-Dihydroergocryptine £ +++ ND - ND ND ND ND ND
Lisuride /£ +++  +++ 0.2 +++ =£/++ =£/+++ ND £/+++
Pergolide + +++  +++ 1.0 +++  £/+ ++ 0/+ +++ (SHTa)
++ (5HT)
Piribedil + +++ - +++  +++/— 0 + (5HT) A)
Pramipexole 0 +++  +++ 7.6 AFaF 0 4F 0 0
Ropinirole 0 Sl 0.4 0 0 0 0 0
K; (nM): +++ 0-10; ++ 10-100; + 100—-1000; 0 > 1000; £ partial agonist; — antagonist; ND no data. No measurable

binding to a

cetylcholine receptors has been reported. Based on data in Sautel et al. (1995), Piercey et al. (1996), Watts

(1997), Perachon et al. (1999), Sit (2000), Millan et al. (2001, 2002), Deleu et al. (2002)

Table 2. Affinity of dopamine receptor agonists for dopamine receptors in human putamen
tissue, based on dissociation constants derived from competition binding experiments (K;; nM).
All results reported by Gerlach et al. (2003)

D] D2 D3 DzZD3
[*H]SCH23390 [*H]Spiperone [*H]PD128907
a-Dihydroergocryptine 35.4 4.7 26.3 0.2
Bromocriptine 119.6 4.9 30.5 0.2
Cabergoline 1462 1.6 1.3 1.3
Lisuride 56.7 1.2 1.1 1.1
Pergolide 447 36.6 0.9 43
Pramipexole >100000 4734 1.0 488

Ropinirole >100000 3277 34.9 94
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Further, there may also exist differences between the binding characteristics
of certain agents to reconstituted dopamine receptors in model systems and to
human basal ganglia dopamine receptors. The only major comparative study of
binding in human striatum of the range of currently available dopamine recep-
tor agonists found that the affinity of the newer agents (pramipexole and ropi-
nirole) for D, receptors was minimal, so that these agonists might be regarded
as fairly specific D5 receptor agonists, contrasting with previous reports in
model systems (Gerlach et al., 2003). Similarly, the ‘classic’ D, receptor ago-
nist pergolide did not exhibit great affinity for the D; receptor in this study, a
finding also reported by de Keyser et al. (1995) in their investigation of dopa-
mine receptor agonists in human striatum. Gerlach et al. (2003) also identified
that three of the older dopamine receptor agonists acted as antagonists at the D,
receptor, while cabergoline, lisuride and pergolide exhibited affinity for the Dj
receptor similar to that of pramipexole (Table 2). As results in human basal
ganglia tissue are clearly more relevant to the clinical action of dopamine
receptor agonists than other models, these results will certainly provoke new
thinking regarding the roles of individual dopamine receptors in the pharma-
cology of parkinsonism and its therapy.

Pharmacokinetic properties of dopamine receptor agonists are summarized
in Table 3. Differences with respect to these features are also evident; the
broadest generalizations possible on the basis of the data appear to be that
the bioavailability of the newer agents tends to be greater than that of the older
dopamine receptor agonists, reflecting the greater hepatic metabolism of the
latter; the reduced protein binding of the newer agents also reduces pharmaco-
kinetic interactions with other protein-bound medications.

There thus exist demonstrable physical differences between the physiologi-
cal responses of the body to the various dopamine receptor agonists. It is not
our intention, however, to discuss these differences further, but rather to move
directly to the question of whether these differences have significant conse-
quences for the clinic of these agents.

I1. Clinical effectiveness of dopamine receptor agonists
1. Dopamine receptor agonists as adjuncts to L-DOPA therapy

(a) Bromocriptine (Table 5). Bromocriptine was the first dopamine receptor
agonist to be accepted into standard antiparkinsonian therapy, and continues
to serve as the yardstick against which novel agonists are measured. It is thus
unsurprising that a number of controlled studies directly comparing bromocrip-
tine and alternative agents have been conducted, although bromocriptine ago-
nist itself was introduced and accepted before controlled, randomized studies
were the norm. Nevertheless, a number of larger studies of its effectiveness as
an adjunct to L-DOPA have been conducted in recent years, though rarely
placebo-controlled. In general, it has been found that patients receiving bromo-
criptine as adjunct require lower L-DOPA doses and experienced motor com-
plications only at a later time point.

(b) Lisuride (Table 6). The size of the few randomized, controlled studies has
been quite small, making firm conclusions difficult. The results suggest,
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however, that lisuride and bromocriptine are generally equipotent with respect to
reduction of L-DOPA dose, management of motor symptoms (except akinesia:
bromocriptine was superior) and production of adverse effects; the same was
generally true in a comparison of lisuride and a-DHEC. The long term study by
Rinne’s group suggests that increased incidence of confusional states may accom-
pany reduced motor side effects in lisuride-supplemented L-DOPA therapy.

(c) Pergolide (Table 7). Two placebo-controlled studies indicated a real benefit
for pergolide therapy. Comparison with lisuride (one trial) found no major
difference between the two agents; comparison with bromocriptine (four trials)
suggested, on the hand, that pergolide was more effective, while the change
from bromocriptine to pergolide (one trial) produced similar results.

(d) Cabergoline (Table 8). Placebo-controlled trials (three) generally indicate a
genuine benefit for cabergoline as an adjunct to L-DOPA therapy; comparison
with bromocriptine (five trials) suggests that the two agents are fairly compar-
able with respect to both their negative and their positive effects.

(e) Ropinirole (Table 9). Five placebo-controlled trials indicated a positive
benefit with respect to reduction of L-DOPA dose and of ‘off-time’; dyskinesia
as an adverse event was reported less often than in placebo-treated groups. A
therapeutic advantage in comparison with bromocriptine (four trials) was, how-
ever, not detected, although the study by the 043 Research Group suggested that
it might be slightly more effective in patients experiencing L-DOPA-related
fluctuations.

(f) Pramipexole (Table 10). Six placebo-controlled studies and one baseline-
controlled suggest a positive role for pramipexole adjunct therapy with respect
to L-DOPA dose reduction and improvement of UPDRS scores. Pramipexole
has been compared with bromocriptine in only one major controlled trial, and
was found to be significantly more effective in the measured areas without
eliciting more frequent or severe adverse events. The recent report by Pogarell
et al. (2002) suggests that pramipexole might be especially useful in the man-
agement of refractory tremor.

(g) a-Dihydroergocryptine (Table 11). Only a few small controlled studies have
been reported, and suggest that a-dihydroergocryptine as an adjunct is better
tolerated and at least as effective as either bromocriptine or lisuride, an impres-
sion confirmed by the large observational study of Jorg (1998).

(h) Piribedil (Table 12). Two somewhat widely spaced controlled studies sup-
port the effectiveness of piribedil as an adjunct therapy. Piribedil is regarded in
France as the agent of choice for treatment of parkinsonian tremor (see Lebrun-
Feray and Borg, 2002).

Summation (Table 13). On the basis of the data summarized here, it may be
concluded that the first six agents discussed (there are insufficient reports for
DHEC and piribedil to draw conclusions) are effective adjuncts to L-DOPA
therapy, both with respect to reduction of L-DOPA dose required and improve-
ment of disease symptoms as assessed by a variety of instruments. On the other
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Table 13. Summary of results in trials of dopamine receptor agonists as adjuncts to L-DOPA in antiparkinsonian therapy

Comparison with bromocriptine (or with other agonist) =~ Comparison with placebo

Trials L-DOPA dose Symptomatic Trials  L-DOPA dose  Symptomatic
reduction effect reduction effect

Lisuride 2 Li=Br Li=Br 2 v v

) (Li< DHEC =
Pergolide 4 Pe > Br Pe>Br 1 v v

2) (Pr>Pe) (Pe =Li)
Cabergoline 5 Ca=Br Ca=Br 3 v v
Ropinirole 4 Ro>Br? Ro=Br 5 v v
Pramipexole 3 n.d. Pr>Br 8 v v

(Pr = Pe)

Bromocriptine 5 v v
ao-DHEC 1 n.d. DHEC >Br 1 n.d. v

(1) (DHEC >Li)

hand, it would be difficult to conclude that any of these agents offers distinct
advantage over the others with regard to clinical efficacy.

2. Dopamine receptor agonists as monotherapy
in Parkinson’s disease

The question of whether a dopamine receptor agonist is to be preferred to L-DOPA
early in the course of Parkinson’s disease has been discussed for many years. This
issue cannot, however, be discussed here, where the emphasis concerns differ-
ences in the effectiveness of the various agents. In general, the dopamine receptor
agonists are comparable with L-DOPA in their symptomatic effect early in treat-
ment, but tend to fall behind the gold standard later in the course of therapy; this
decline in efficacy, however, is usually matched by a comparatively reduced inci-
dence and severity of untoward motor side effects (see also Caraceni and Musicco,
2001; these results were not included below as bromocriptine and lisuride were
employed as ‘dopamine agonists’ without further differentiation between their
effects). Nonetheless, a shift over the past ten years to a consensus that dopamine
receptor agonists are to be preferred to L-DOPA at the commencement of therapy,
particularly in younger (<50 years) patients, is clearly discernible.

(a) Bromocriptine (Table 14). In general, both positive and negative effects of
bromocriptine monotherapy are comparable with those of L-DOPA monother-
apy in those patients classified as ‘responders’; there were, however, high num-
bers of ‘non-responders’ in these trials. Few patients could be maintained on
bromocriptine alone for more than two years.

(b) Lisuride (Table 15). Two major studies suggest that the symptomatic effect
of lisuride is not as great as L-DOPA at the initiation of therapy; on the other
hand, addition of lisuride to L-DOPA therapy results in fewer motor complica-
tions, perhaps due to lower required L-DOPA dose, but may be accompanied by
increased psychic side effects. It must, however, be noted that lisuride has not
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been examined in a controlled trial of the size and quality to which newer
dopamine receptor agonists have been subjected, with the exception of the
infused lisuride trial reported by Stocchi et al. (2002), which supported a role
for infused dopamine receptor agonists as the principle therapy in the manage-
ment of severe motor complications in advanced Parkinson’s disease.

(c) Pergolide (Table 16). Two placebo-controlled studies confirmed the effec-
tiveness of pergolide as monotherapy; a small comparison (ten patients per
group) suggested that it is equipotent with L-DOPA in early stage patients.
The more recent and much larger PET-controlled Pelmopet (Pergolide versus
Levodopa in Early Parkinson’s Disease) study found L-DOPA to be superior
with respect to UPDRS score and tolerability, but management of dyskinesia
was better achieved with the agonist.

(d) Cabergoline (Table 17). The one major controlled study indicated a signifi-
cant L-DOPA-sparing effect (>50%), and one-third of patients did not require
L-DOPA even at five years. The symptomatic effect of L-DOPA was slightly
greater at one year, but this difference reduced with time.

(e) Ropinirole (Table 18). Symptomatic and L-DOPA-sparing properties for
ropinirole (comparable with those of bromocriptine) have been established;
the symptomatic effect appears to be slightly less than that of L-DOPA, the
presentation of motor complications is, on the other hand, reduced. The major
study comparing ropinirole with bromocriptine monotherapy indicated that the
two were largely equipotent.

(f) Pramipexole (Table 19). As for ropinirole, symptomatic and L-DOPA-spar-
ing properties for pramipexole have been established; the symptomatic effect
appears to be slightly less than that of L-DOPA, the presentation of motor
complications is, however, reduced.

(g) a-Dihydroergocriptine (Table 20). Symptomatic effects of DHEC were eval-
uated positively in two studies, with efficacy comparable with that of bromo-
criptine, but with perhaps greater tolerability. See also recent overview by
Albanese and Colosimo (2003).

(i) Piribedil (Table 21). One major uncontrolled study found piribedil to be
effective for management of motor and affective symptoms in early, L-
DOPA-naive Parkinson’s disease patients.

Summation: Bromocriptine is associated with a higher non-responder rate
than other D, receptor agonists in de novo parkinsonian patients, but, as with
the employment of dopaminergic agents as adjuncts to L-DOPA therapy, there
is little else to suggest that significant differences between their positive and
negative effects of different dopamine receptor agonists can be advanced to
justify the use of a particular agent. Most studies which have investigated the
switch from one agonist to another have detected no specific problems; never-
theless, isolated reports — for example, of a neuroleptic malignant-like syn-
drome following rapid switch from bromocriptine to pergolide (Reimer et al.,
2002) — suggest that caution must nonetheless be exercised while certain
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aspects of the central pharmacological actions of dopamine receptor agonists
remain to be elucidated.

3. Tolerability and untoward side effects of dopamine
receptor agonists (Table 22)

Although the adverse side effects of the various agonists have not been dis-
cussed in detail here, dopamine receptor agonists are generally associated with
a similar profile of side effects related to their action at D, receptors — such as
nausea, vertigo, emesis, hypotension —, and there is little evidence to distin-
guish the agents on this basis, although pramipexole was associated with a
particularly frequent presentation of hypotension in one large study (Lieberman
et al., 1997). The tendency for dopamine receptor agonists to exacerbate dys-
kinesias in patients receiving L-DOPA and already suffering such phenomena
has been reported; pergolide and pramipexole are particularly prone to elicit
such responses, although Reichmann et al. (2002) found virtually nil incidence
in a large but non-controlled observation study of pramipexole (4 of 657
patients). Two commonly reported adverse effects, however, have been more
frequently associated with the newer agonists than with the older drugs: hallu-
cinations (pramipexole-treated patients: 9% compared with 3% in L-DOPA-
treated patients; ropinirole: 7% v. 6%) and ‘sleep attacks’ (pramipexole: 32%
V. 17%; ropinirole: 27% v. 19%, both compared with L-DOPA-treated patients;
Goetz et al., 1995; Frucht et al., 1999; Hauser et al., 2000). Edema, particularly
in the lower leg, is also associated with pramipexole (see Tan and Ondo, 2000),
although one study also reported a higher incidence with pergolide (Rinne
et al., 1998). It remains, however, to be determined whether these phenomena
are actually related to pramipexole therapy itself, or may have another explana-
tion derived from the course of the disease (Homann et al., 2002). Paus
et al. (2003) found, conversely, that sleep attacks reported by 177 of 2952
parkinsonian patients (in structured telephone interviews) were not significantly

Table 22. Reported untoward side effects of dopamine receptor agonists employed in the therapy of Parkinson’s disease
(based on reports reviewed in this paper, supplemented by data collated by Reichmann et al., 2003)

Bromocriptine Lisuride Pergolide Cabergoline Pramipexole Ropinirole «-DHEC Piribedil

Gastrointestinal + + + +4+ + nr. NS 4+
Nausea +++ ++ ++ + +++ ++++ ++ *
Emesis + + + + + 4+ + *
Hypotension ~ ++ + ++ + +++ ++ + +
Dyskinesia ++ + +4+ + +++ +4+ n.r. +
Psychiatric + + + ++ n.r. + 4 4
Hallucinations  + + 44+ + R 4 + +
Confusion +4+ ++ + + +4+ + n.r. n.r.
Sleepiness ++ + + 0 ++ + n.r. +
Sleep attacks n.r. + n.r. 0 + + n.r. +
Edema + + + ++ + + + n.r.

Reported incidence: 0%; £: 0-1%; +: 1-5%; ++: 5-10%; +++: 10-25%; ++++: >25%; n.r. no specific reports
of effect; * Included under ‘gastrointestinal’
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associated with either ergoline or non-ergoline dopamine receptor agonists. The
risk of such attacks was significantly greater in patients receiving agonist in
combination with L-DOPA (7.3%) than in those receiving L-DOPA alone
(2.9%); the rate for dopamine agonist monotherapy was 5.3% (Paus et al.,
2003; see also Reichmann et al., 2002). Hutton et al. (1996) found a relatively
high incidence of psychiatric side effects with pergolide, but the currently
available agents are generally reported to be remarkably safe in this respect,
although low rates of confusion (up to 5%) are also generally noted. There is
some suggestion in the reviewed literature that the older agonists are generally
better tolerated by patients, but this has not been systematically examined.
There is certainly no extant evidence that any of the commonly employed
agonists are less safe than their competitors.

4. Dopamine receptor agonists and neuroprotection

It has long been suspected by some workers that dopamine receptor agonists
may be neuroprotective, in that they retard neurodegeneration of the nigrostri-
atal pathway and thus progression of parkinsonian symptoms. As we have
previously discussed (Foley and Riederer, 1999; see also Riederer et al.,
2002), however, direct proof of such a neuroprotective role is both practically
and theoretically difficult to obtain in the clinic. It is thus of interest that two
recent studies have provided the first direct evidence for such activity by under-
taking neuroimaging investigations of subjects both before and at the end of the
therapeutic trial. Not unexpectedly, two of these trials involved the newer ago-
nists, pramipexole and ropinirole:

— In the CALM-PD (Comparison of the Agonist Pramipexole Versus Levodopa
on Motor Complications in Parkinson’s Disease) Study, reduced loss of stri-
atal ['*I|B-CIT uptake (dopamine transporter; assessed by SPECT) was
associated with pramipexole use in early parkinsonian patients (16% com-
pared with 25%2% in L-DOPA patients at 46 mo); further, the degree of trans-
porter loss correlated with deterioration of UPDRS score (Parkinson Study
Group, 2000, 2002).

— In the REAL-PET study, ropinirole was found to reduce loss of 'SF-DOPA
uptake in the putamen (13% v. 20% with L-DOPA therapy) and substantia
nigra (ropinirole +3% v. —8% L-DOPA; Whone et al., 2003).

— In the Pelmopet study, on the other hand, no statistically significant differ-
ence between the effects of pergolide monotherapy and L-DOPA treatment
was detected by PET, although the tendency was in the same direction
(Oertel et al., 2001).

There are thus promising signs that the newer agents are, in fact, neuropro-
tective to a degree, but further investigations both with the dopamine receptor
agonists and other antiparkinsonian agents are still required to clarify the sig-
nificance of these findings.

Concerns, have, however been expressed about aspects of these results,
including the relatively small patient numbers employed in imaging studies
and thus the significance (statistical and clinical) of the results reported. On
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the one hand, it cannot be overlooked that the possibility of neuroprotection in
degenerative diseases is itself categorically excluded by some workers. On the
other hand, Morrish (2002), for example, has raised a number of valid questions
about the place of neuroimaging in assessing both the progression of parkinson-
ism and its response to therapy:

1.

PET and SPECT techniques, by definition, assess biochemical parameters in
the examined brain regions, and are thus not necessarily directly assessing
the underlying disease process in Parkinson’s disease. The precise relation-
ship between the measured parameters and disease progression thus requires
clarification. Nevertheless, the stated targets of neuroprotective strategies
(and of dopamine-based antiparkinsonian therapy in general) are, in fact,
the biochemical processes assessed by these techniques, so that the criticism
is technically correct but does not entirely invalidate the imaging approach.

. It is questioned whether imaging data represent appropriate endpoints for

clinical trials, with the fear that over-reliance on individual assessment param-
eters can lead to erroneous conclusions. Once again, the criticism is formally
correct, but imaging data represent additional information to be placed at the
disposal of clinicians and research scientists and are not meant to supplant
other forms of assessment, any more than the neurochemical characteriza-
tion of the disorder replaces physical examination of the patient.

. It has been questioned whether, for example, the apparent increase in neu-

ronal survival achieved by pramipexole in the Parkinson Study Group (2002)
study is artefactual, reflecting nothing more than increased dopamine trans-
porter expression; this point remains to be clarified, as critics and defenders
of these results advance conflicting evidence supporting their respective
points of view. Winogrodzka et al. (2003) reported, however, that short term
treatment with dopamine receptor agonists does not appear to affect B-CIT
binding to the dopamine transporter.

. Albin et al. (2002) note that even the apparent positive effect of pramipexole

in the same study appears to be limited to the early period of agonist treat-
ment, an observation not inconsistent with other reports on the employment
of this agent as antiparkinsonian monotherapy. In the absence of placebo-
treated patients as controls, the inclusion of which in a study of antiparkin-
sonian therapy would be ethically problematic, it is also difficult to separate
a neuroprotective agonist effect from the absence of a toxic L-DOPA effect
in agonist-treated probands (Riederer et al., 2002).

. Finally, the design and statistical evaluation of trials involving neuroimaging

is called into question, prompting Morrish (2002) to call for a moratorium
on the employment of functional imaging in therapeutic trials. With the
caveat that the expense of such studies should not be allowed to significantly
compromise alternative approaches, it would seem rash to reject new tech-
niques lending insights into the function of the basal ganglia on the basis that
their employment is not entirely unproblematic. One is reminded of the
crudity of the techniques (from today’s point of view) which allowed
Ehringer and Hornykiewicz to discover the dopamine deficiency in the par-
kinsonian brain more than forty years ago.
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Nevertheless, the difficulties associated with proving a neuroprotective
effect in the clinic (see Riederer and Foley, 2000) will not be alleviated
simply by the employment of neuroimaging techniques; as recently
calculated by Winogrodzka et al. (2003) on the basis of their own B-CIT-
SPECT studies, more than 200 patients per treatment group would be required
to detect a statistically significant (p < 0.05) effect within two years of drug
treatment.

5. Dopamine receptor agonists and money

No small role is played in therapeutic decisions by the cost of the various
alternatives. A summary of the estimated cost of treatment with different dopa-
mine receptor agonists is presented in Table 23, from which it may be con-
cluded that, until more substantial confirmation of the medium term benefits of
the newer agonists is presented, the older agonists will be preferred in situations
where economy plays the decisive role. On the other hand, it must also be taken
into consideration that increased benefit may render a more expensive agent
more cost-effective in the longer term; for example, an analysis by Davey and
colleagues (2001) of all costs incurred in the care of parkinsonian patients
concluded that the more expensive pergolide was more cost-efficient than bro-
mocriptine. Further analyses of this type, combined with clinical studies of
more extended duration, are, however, required before on a rational medico-
economic basis will be possible. For further discussion of economics of anti-
parkinsonian therapy, see Lepen et al. (1999), Dodel et al. (2001) and Smala
et al. (2003).

Table 23. Reports on the daily costs of antiparkinsonian therapy with various dopamine receptor

agonists, deprenyl and L-DOPA. Based on data from ' MIMSonline (mims.hcn.net.au; accessed

July 2003; PBS ‘Pharmaceutical Benefits Scheme price’); 2 Gelbe Liste-Pharmindex (Www.

gelbe-liste.de; AVP ‘average pharmacy price’; accessed July 2003) and; * Drug Topics Red

Book, 2002 (‘average wholesale price’). Mean daily doses based on Brecht, 1998. Piribedil:

not licensed for treatment of Parkinson’s disease in these countries. All figures given as Euros
(€=8$US1.10=$AUS1.70)

Mean total Australia, Germany, United States,

daily dose' 2003" 20032 2002°
L-DOPA (with 400-800 mg 0.65-0.88 1.01-2.79 2.27-2.95
decarboxylase inhibitor)
Bromocriptine 15mg 1.80-1.89 2.99-4.69 10.22
Lisuride 1.25mg - 4.95 -
Pergolide 2.5mg 3.70 9.81 7.94
Cabergoline 3mg 3.20 10.12 89.74
a-Dihydroergocriptine 60 mg - 7.28 -
Pramipexole 1.05mg - 6.13 2.05
Ropinirole 6 mg 9.28 3.77

Deprenyl (selegiline) 10 mg 0.67 1.15-1.75 0.38-1.39
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II1. Concluding remarks regarding receptor agonists
in antiparkinsonian therapy: What is required?

The decision as to which (if any) dopamine receptor agonist will be employed
by a particular treating physician in a particular parkinsonian patient will
depend on a number of factors, including experience with particular agents
(determined to a not insignificant extent by country and current opinion of
the colleagues; the agonist talipexole, for example, finds little use outside
Japan, and piribedil finds greatest favor in France and a-dihydroergocriptine
has been investigated mostly in Italy), the specific problems of the individual
patient and the cost of the alternatives. While the controlled studies described
here are invaluable in the assessment of these alternatives, both the differences
between the studies of a single drug — characteristics of patient group, mode of
administration, endpoints examined, concurrent L-DOPA or other therapy — and
the specific choices made with respect to these variables render both their
comparison with each other and their application to a specific situation difficult.
As has always been the case, trial and error and personal preference, both of the
physician and the patient, will continue to play an important role, despite
‘evidence-based medicine’ (see Movement Disorder Society, 2002).

Such choices are determined by the aim with which dopamine agonist ther-
apy is initiated. The major advantages in comparison with L-DOPA monother-
apy described by their proponents include:

— L-DOPA-sparing effect: whether L-DOPA is neurotoxic in the human central
nervous system remains a moot point, and cannot be discussed here.

— Replacement, even partial, of L-DOPA with an agonist is associated with
reduced intensity and frequency of dyskinesia. But, as illustrated by the
letters to JAMA published on 21 September 2000 (pp. 884f.) in response
to the Rascol et al. (2000) study, many patients and their physicians do not
regard dyskinesia and motor fluctuations — the origin of which, in any case,
remains unknown — as being as great a problem as agonist proponents sug-
gest; specifically, prescription of an agonist on this basis is perhaps not so
reasonable in older parkinsonian patients, especially where multimorbidity
and mental alertness are also issues. On the other hand, the commencement
of therapy with agonists might be more prudent in younger patients, parti-
cularly those affected by genetic parkinsonism, in light of the greater life
expectancy of these persons.

— Neuroprotection, related to or distinct from reduced L-DOPA toxicity:
evidence for this has thus far been limited, and restricted to relatively early
stage patients. Is the reduced risk of dyskinesia associated with
agonists worth the price paid in reduced symptomatic benefit? This
question, too, must be qualified if the suggestions of neuroprotection can
be substantiated.

Before the L-DOPA era, attention was concentrated on containment of par-
kinsonian tremor, in the belief that this constituted the major symptomatic
problem, despite the fact that it had long been recognized by patients and some
workers that akinesia, the symptom addressed by L-DOPA, was the major



1436 P. Foley et al.

reason for incapacity. On the other hand, cognitive and sleep disturbances
linked with some agonists, if not themselves undisputed, impose a greater stress
on the patient, particular where these effects manifest themselves unexpectedly
or in dangerous situations.

The aims of agonist therapy must also be clear if candidates are to be
rationally compared. The respective pros and cons of agonist therapy in early
and advanced Parkinson’s disease have been discussed in detail elsewhere; it
only remains here to comment that clarity in the physician’s mind as to what is
to be achieved in a particular case is required for justification of the added
expense of dopamine receptor agonists. In such a situation, it is particularly
difficult to justify the employment of more expensive options when their super-
iority over older stalwarts, such as bromocriptine, lisuride and even L-DOPA, is
not beyond dispute. Further, models of basal ganglia function have not yet
achieved a degree of sophistication which would allow reliable predictions as
to the ‘ideal’ characteristics of an antiparkinsonian dopamine receptor agonist
with respect to receptor subtype selectivity; instead, it is more likely that further
clinical experience with these agents will enhance our understanding of the
neural systems upon which they exert their functions.
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