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ABSTRACT

Impulse control disorders (ICD) in Parkinson’s dis-
ease (PD) are a disabling non-motor symptom
with frequencies of 13-35% among patients re-
ceiving dopamine replacement therapy. ICD in PD
is strongly associated with dopaminergic drug use,
especially non-ergot dopamine agonists (DA).
However, individual susceptibility and disease-re-
lated neural changes are also important contribu-
tors to the development of ICD. Discrepancies be-
tween nigrostriatal and mesolimbic dopaminergic
degeneration and non-physiological administration
of dopaminergic drugs may induce abnormal 'hy-
perstimulation” of the mesolimbic system, which
alters reward-learning behaviors in PD patients. In
addition, DA can make patients more impulsive
during decision-making and seek risk-taking be-
haviors. DA intake is also related to the biased rep-
resentation of rewards. Ultimately, loss of negative
feedback control due to dysfunctional frontostriatal
connections is necessary for the establishment of
ICD in PD. The subsequent behavioral and neural
changes are affected by PD treatment and disease
progression; thus, proper treatment guidelines for
physicians are needed to prevent the development
of ICD. Future studies aimed at producing novel
therapeutics to control the risk factors for ICD or
treat ICD behaviors in PD are warranted. This re-
view summarizes recent advances from epidemio-
logical and pathophysiological studies on ICD in
PD. Management principles and limitations of cur
rent therapeutics are briefly discussed.
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INTRODUCTION

Parkinson’s disease (PD) is the second most com-
mon neurodegenerative disorder in the elderly
population. Clinical features of PD are character-
ized by a progressive motor syndrome of resting
tremor, rigidity, bradykinesia, and postural instabil-
ity; however, it is often accompanied by a variety of
non-motor symptoms, including sleep, sensory,
psychiatric, cognitive, and autonomic disturbances.
Although PD was first described in 1817, levodopa
was introduced in late 1960s and since this time,
chronic dopamine replacement therapy has become
the gold standard medical treatment of PD.

In spite of the remarkable anti-parkinsonian effi-
cacy of levodopa in PD, abnormal psychiatric and
behavioral symptoms were observed in PD patients
soon after its introduction.” Typically those symp-
toms included psychosis, delusion, paranoia, hypo-
mania, mood cycling, anxiety, aggression, impulsive
behavior, hypersexuality, agitation, and restlessness.®
Some patients were engaged in meaningless repeti-
tive tasks which resembles the “punding” described
in cocaine abusers.” Others exhibited mood swings
based on the medication-ON and -OFF states or
showed compulsive drug seeking behaviors.” Giovan-
noni et al.” described these behavioral disturbances
as a hedonistic homeostatic dysregulation syn-
drome, which was later to be re-defined as dopa-
mine dysregulation syndrome (DDS)." These kinds
of behaviors eventually led to financial and social
problems and were disastrous to patients and their
families."” Impulse control disorders (ICD) are one
of these psychiatric and behavioral disturbances in
PD. Its relationship to dopaminergic drugs has been
recognized after numerous reports on pathological
gambling in PD patients taking dopamine agonists
beginning in the 1990s.'""> ICD-like behaviors in
PD patients also included compulsive shopping,
hypersexuality, and binge eating that met the DSM-
IV criteria of ICD." Systematic surveys have shown
that all of these behaviors were highly prevalent in
PD patients when compared with the general popu-
lation."" The prevalence of ICD in PD patients tak-
ing drugs is approximately 13.6% in North Ameri-
ca'*and 10.1% in South Korea."” Approximately one
quarter of patients with ICD have two or more be-
haviors.'*"® The prevalence of behavioral distur-
bances, including both compulsive drug use (DDS)

and punding-like behaviors, is reported to be up to
15.5-35% in studies using the newly validated
screening tool ‘QUIP’ for ICD in PD.'*"* ICD often
co-exists with DDS but can be present in isolation.

The characteristic features of ICD in PD are often
related to simple actions that do not require com-
plex cognitive thought processing. They are linked
to immediate rewards and repetitive in nature with
insuppressible internal urges. Thus, ICD-related be-
havioral disturbances in PD are currently not only
considered to be confined to pathological gambling,
shopping, hypersexuality, and binge eating but also
include a broad spectrum of disorders that are ob-
sessive compulsive in nature and related to impaired
impulse control, such as kleptomania, trichotillo-
mania and problematic Internet use.”” Repetitive
and compulsive behaviors, known as ‘punding) can
include habitual but non-goal oriented-behaviors,
such as hobbyism, cleaning, repairing, compulsive
writing, and categorizing information, artistic draw-
ing, craft-making, singing, playing a musical instru-
ment, playing cards, and fishing.*' These behaviors
often co-exist with ICD in PD patients. Another
characteristic behavior is the excessive intake of le-
vodopa beyond the required dose which is neces-
sarily accompanied by drug-seeking behavior typi-
cally observed in drug addicts.* Daily levodopa
intake exceeds 3000 or 4000 mg despite severe dys-
kinesia and DDS has been observed in nearly all
cases.” Punding can be frequently observed in pa-
tients with excessive levodopa intake behavior,”
suggesting a shared pathophysiological mechanism
for these compulsive motoric phenomenon.” Be-
cause of the rapid increase in knowledge about be-
havioral disturbances in PD, physicians and re-
searchers can confuse terminologies. In general,
‘ICD;, ‘punding, and ‘excessive intake of levodopa’
are terminologies focused on the specific type of be-
havioral disturbances, while ‘DDS’ indicates a clini-
cally significant problematic state that is caused by a
‘levodopa addictior. Predictive factors for DDS and
punding in PD remain largely unknown, and the
management of these symptoms remains a chal-
lenge. Unlike DDS and punding, there have been
recent advances in our understanding of the risk
factors and the pathophysiology for ICD; thus, this
review focuses on the ICD in PD.



Pathophysiology of ICD in PD

Table 1. Risk factors for impulse control disorders in patients with Parkinson’s disease

Drugs

Personality traits
Psychiatric symptoms
Past history

Family history

Genetic predisposition
Dopaminergic system
Clinical features of PD*

Dopamine agonist, high dose, oral non-ergot drugs

Novelty seeking trait, impulsivity, obsessive-compulsive trait
Depression, anxiety, aggression, irritability, alexithymia

Smoking, alcohol use disorder, addiction or substance use disorder
Alcohol use disorder, substance use disorder

DRD3, GRIN2B, HTR2A

Low dopamine transporter densities at ventral striatum

Young age at onset, male gender, predominant parkinsonism on left side

*controversial. PD: Parkinson’s disease, DRD3: dopamine receptor D3 gene, GRIN2B: glutamate N-methyl-D-aspartate re-

ceptor type 2B gene, HTR2A: serotonin receptor type 2A gene.

RISK FACTORS OFICD IN PD

Other than dopaminergic drug therapy, epidemi-
ologic studies have reported that a younger age at
onset, left sided dominance of parkinsonian symp-
toms, and male sex are possibly related to ICD risk
(Table 1). However, a recent large-scale case-control
study that matched medication dosages failed to
confirm the significance of all of these factors.*

Dopamine agonists

Based on current epidemiological research, dopa-
mine agonists are the strongest risk factor for ICD
in PD. The first report on ICD was in patients using
pramipexole,” a non-ergot dopamine agonist with a
relatively high affinity to limbic dopamine receptor
D3 over D2, which raised the possibility of new
class dopamine agonists having the ability to induce
ICD. ICD was also reported in patients with restless
leg syndrome,*® progressive supranuclear palsy,”’
and fibromyalgia® treated with dopamine agonists
that show a high affinity for D3. Because the meso-
limbic system plays a central role in the pathophysi-
ology of ICD and non-ergot dopamine agonists can
hyper-stimulate limbic dopamine receptors, these
drugs are considered to have a high probability for
inducing ICD. However, subsequent studies showed
that the class of dopamine agonists does not matter.
ICD typically occurs in dopamine agonist users of
any kind at a frequency 10-fold higher than non-us-
ers.”> The risk of ICD increases with higher dosag-
es.'> In a prospective cohort study, the incidence of
ICD increased based on the duration of dopamine
agonist exposure.” However, there was a huge vari-
ability during the follow-up,” and controversies re-
mained regarding the ‘dosage effect’ of dopamine
agonists.” A recent study suggested that another

non-ergot dopamine agonist, the rotigotine trans-
dermal patch, causes ICD less frequently.”” Large
systematic studies are needed to confirm these find-
ings.

Individual susceptibility to ICD

Not all patients who use dopamine agonists de-
velop ICD, and some patients who do not take do-
pamine agonist develop ICD."” Thus, individual
susceptibility likely plays a significant role in the ap-
pearance of ICD in PD (Table 1).

Personality traits

Impulsivity and novelty seeking traits are consis-
tently reported as risk factors for ICD.****** Depres-
sion, anxiety, aggression, irritability, obsessive-com-
pulsive traits, and alexithymia are also potential risk
factors.**** These personality traits are also closely
related to addictive disorders in the general popula-
tion. One study reported that the degree of impul-
sivity in drug-naive PD patients was lower than
healthy controls, and the frequency of ICD in drug
naive PD patients was not different from that of
healthy controls.”” Thus, these data suggest that do-
pamine replacement therapy can make patients
more impulsive than their premorbid state.

Individuals with a past history of smoking, alco-
holism or drug abuse, and a family history of alco-
hol or drug abuse are vulnerable to ICD after the
initiation of dopaminergic treatment.”****

Genetic susceptibility

Impulse control disorder is considered to be a
behavioral addiction and vulnerability to this disor-
der involves complex traits. These traits typically
show a common susceptibility to both drug addic-
tion and ICD. Many genetic and family studies have
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been conducted in drug addicts or pathologic gam-
blers from the non-PD population, and candidate
genes code receptors, transporters, and enzymes in-
volved in the dopamine, serotonin and glutamater-
gic systems in the brain.” Unfortunately, there have
been only a few studies regarding the genetic sus-
ceptibility to ICD in PD. Among the dopamine re-
ceptor genes, the most frequently investigated is
DRD?2. In the general population, addictive disor-
ders are significantly influenced by the presence of a
DRD?2 TaqlA variant that is linked to low receptor
availability."**" In contrast, two studies in the PD
population consistently reported that this variant
was not associated with ICD.*** The different ge-
netic influences between ICD in PD’ and ‘addiction
in the general population’ may be related to a differ-
ent pathophysiology or false negative results in PD
ICD studies because of small sample sizes or popu-
lation stratification.

Lee et al.** reported that ICD is significantly asso-
ciated with being a carrier of the DRD3 gene S9G
variant and glutamate N-methyl-D-aspartate recep-
tor type 2B gene C366G variant regardless of clini-
cal status on dopamine agonist use, duration of
treatment, PD onset and current patient age. The
D3 receptor is predominantly expressed in the me-
solimbic system and is thought to exert inhibitory
actions.*** An alternative splice variant in this re-
ceptor is associated with high novelty responding,*
and the upregulation of D3 expression is associated
with behavioral sensitization to ethanol in animal
experiments.” Another interesting finding is that
the serotonergic system may also have a role in the
appearance of ICD. In a PD population treated with
low doses of dopaminergic drugs, a serotonin re-
ceptor type 2A gene T102C variant was associated
with a dose-dependent increased risk of ICD.*® Fur-
ther studies are needed to explore the genetic mech-
anisms behind ICD in PD.

Disease-related neural changes in PD

The mesolimbic dopaminergic system plays a
central role in the induction and establishment of
addictive behaviors.*” Thus, the chronic exogenous
administration of dopaminergic drugs may induce
ICD by aberrant stimulation of this system. A re-
maining question is whether the same dosages of
drugs induce ICD in PD patients more frequently
than healthy controls. A study using dynamic dopa-

mine transporter (DAT) positron emission tomog-
raphy (PET) scanning recently revealed that the
mesolimbic to nigrostriatal DAT binding potential
ratios were higher in PD when compared with nor-
mal controls. The ratios were approximately 3 times
higher than those of healthy controls due to the
profound degeneration of nigral dopaminergic neu-
rons projecting to striatum in PD patients.” Thus,
PD patients could be easily affected by exogenous
dopaminergic drugs, and the effect could be syner-
gistically increased if those drugs have high affini-
ties to limbic dopamine receptors.

PATHOPHYSIOLOGY OF ICD
IN PD

The pathophysiological mechanisms of ICD in
PD are not fully understood; however, it may be a
phased process, as compared to levodopa-induced
dyskinesias which is supposed to undergo priming-
induction-establishment processes. The priming
process may begin with characteristic pathological
features of PD and the chronic administration of
dopaminergic drugs. The major feature of this pro-
cess would be alterations in reward-learning behav-
iors. Some patients who have particular susceptibil-
ity to ICD may go on to induction process and
during this process dopamine agonists possibly ex-
ert a central role. Lastly, ICD would be established
by impairments in inhibitory networks and behav-
ioral monitoring systems related to dysfunctional
fronto-striatal connections.

Altered reward reinforcement learning
in PD patients

Dopamine in the mesolimbic system has a signif-
icant role in motivation and learning behaviors. It
acts as a pleasurable neurotransmitter and mediates
teaching signals during reward-reinforcement learn-
ing processes.” Dopamine also represents incentive
sailence.” In the ventral striatum, dopamine release
is discretely coded to the probability and uncertain-
ty of rewards.” There is a phasic dopamine surge in
response to unexpected rewards, whereas there is
phasic dopamine suppression in the absence of ex-
pected rewards.” In parallel, there is tonic dopa-
mine release during the expectation of rewards with
the highest degree to the highest uncertainty.” Al-
though these observations are obtained from pri-



mate experiments, dopamine release in the human
brain is thought to be regulated in a similar way.
Thus, modulation of dopaminergic signals can af-
fect reward-seeking behaviors in humans. For ex-
ample, subjects treated with L-DOPA have a greater
propensity to choose the most rewarding action
relative to subjects treated with dopamine receptor
blockers.** PD patients usually undergo several
challenges to their reward-learning machinery dur-
ing the course of the disease, including the progres-
sive loss of the dopaminergic system, non-physio-
logical administration of exogenous dopamine and
dopamine receptor agonists, and excessive dopa-
mine levels caused by high dose medications. In
combination, these conditions alter the physiologi-
cal regulation of dopamine release that occurs dur-
ing the reward-reinforcement learning process. As
a result, PD patients have different learning and re-
ward seeking behaviors from healthy controls. PD
patients showed exactly opposite learning patterns
during their medication-ON and -OFF states.” PD
patients achieved more efficient learning by positive
reinforcement during their medication-ON state
(carrot), whereas their best performance through
negative feedback (stick) was during their medica-
tion-OFF state.*® The learning pattern during the
medication-OFF state was also observed in drug-
naive PD patients® and even in SNCA duplication
carriers (genetic carriers for familial PD).” The sen-
sitivity to rewards and punishment becomes more
disrupted in PD patients on chronic dopaminergic
treatment. Briefly, they develop increased sensitivity
to rewards and insensitivity to punishments, a phe-
nomenon demonstrated by performance differences
during modified and original versions of the Iowa
Gambling Tasks.”

Biased representation of rewards on risk
taking behaviors and impulsive decision
making in PD patients with ICD

It seems that dopamine agonists enhance a devi-
ated learning pattern in PD patients who are begin-
ning to express ICD. Dopamine agonists enhance
the rate of gain-specific learning and increase stria-
tal activity to § of prediction error observed in pa-
tients with pathological gambling or problem shop-
ping.” Thus, PD patients with ICD can experience a
persistent “better than expected” outcome while tak-
ing dopamine agonists.”

Pathophysiology of ICD in PD

Dopamine agonists also enhance risk taking be-
haviors in PD patients with ICD. While taking do-
pamine agonists, these patients have a bias towards
risky choices independent of the effect of loss aver-
sion.*” Voon et al.* has shown that neural activity in
brain areas associated with risk representation, such
as the ventral striatum, orbitofrontal cortex and an-
terior cingulate cortex, are decreased in these pa-
tients. In a study using the Balloon Analogue Risk
Task,®" resting state regional blood flow at ventral
striatum was decreased in PD patients with ICD
when compared with those that did not have ICD;
in addition, there was no activation in the right ven-
tral striatum during risk taking (with unknown
probability of the risk). Pathological gamblers in the
general population showed a similar activity pattern
of relatively diminished ventral striatal activity dur-
ing simulated gambling.”

Impulsive decision making is a typical feature of
people with ICD. This feature seems to be closely
related to the action of dopamine agonists. Admin-
istration of dopamine agonists is significantly asso-
ciated with greater impulsive choices, faster reaction
time, faster decision conflict reaction time and ex-
ecutive dysfunction in PD patients with ICD.”

Plastic changes in the presynaptic and
postsynaptic dopaminergic systems and
sensitization in PD patients with ICD

Several functional imaging studies have shown
that dopaminergic neural systems undergo plastic
changes as ICD develops in PD patients (Table 2).
The postsynaptic D2 receptor availability at the ven-
tral striatum is lower in PD patients with ICD than
those without ICD.** This characteristic resembles
the low D2 receptor availability observed in drug
addicts.” On the other hand, presynaptic DAT bind-
ing in the ventral striatum is relatively reduced in

Table 2. Suggested synaptic plastic changes in the
mesolimbic and mesocortical dopaminergic systems in
PD patients with impulse control disorders

Ventral striatum Mesocortex

D2 auto-Re Probably low -

DAT Low High
D2/D3 Rc occupancy ~ High Low
Synaptic DA High Low

DA release Sensitized Unknown

PD: Parkinson’s disease, DA: dopamine, Re: receptor, DAT:
dopamine transporter.
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PD patients with ICD compared with those without
ICD,*%*% and reduced DAT binding predicts the
future risk for ICD.®® There are only three studies
that explored extrastriatal dopaminergic systems.
One study used a [''C]FLB-457 {(S)-N-[(1-ethyl-
2-pyrrolidinyl)methyl]-5-bromo-2,3-dimethoxy-
benzamide} PET® to explore postsynaptic fibers,
and the other studies used N-(3-[18F]fluoropropyl)-
2B-carbomethoxy-3[-(4-iodophenyl) nortropane
([18F]FP-CIT) PET* and ["*F]fluorodopa PET" to
explore presynaptic fibers. In PD patients with
pathological gambling, the D2-autoreceptor occu-
pancy in the midbrain was reduced and the D2/D3
receptor occupancy in the orbitofrontal and anteri-
or cingulate cortex was low.”” The ventromedial pre-
frontal DAT uptake and medial orbitofrontal decar-
boxylase activity were relatively high in patients with
ICD at resting state.”*” PD is a progressive neurode-
generative disorder; therefore, these binding differ-
ences may be secondary to differences in the degree
of degeneration.”' However, studies on dopamine re-
leasability suggest that these findings may be related
to a neural plastic change towards the induction of
ICD. Cue-induced dopamine release in the ventral
striatum is greater in PD patients with ICD than
those without ICD.*"* Interestingly, an experiment
on PD patients with DDS revealed that ventral stria-
tal dopamine release was more sensitized in these
subjects, and the magnitude of dopamine release
correlated with “wanting” but not “liking”” Thus,
incentive sensitization is the pathophysiological
mechanism of DDS and ICD-like behaviors in PD,
and mesolimbic dopamine release is important for
the motivational aspect of these behavioral distur-
bances. A similar pattern of incentive sensitization
is observed in drug addicts.” Thus, DDS in PD may
share a common mechanism with addictive disor-
ders in the general population.

Dysfunctional fronto-striatal networks in
PD patients with ICD

The orbitofrontal and anterior cingulate cortex
play a role in punishment-based decision making,
the suppression of previously rewarded behavior
(i.e., negative feedback) and the monitoring of func-
tions to avoid negative consequences.” An early
study with ["*F]fluorodeoxyglucose PET showed a
deactivation of these areas in PD patients during
Iowa Gambling Task,”® suggesting dysfunctional

limbic frontal networks are present in PD patients.
A later study using ["O]H,O PET clearly demon-
strated apomorphine-induced deactivation of these
two areas during a gambling task in PD patients with
pathological gambling.”” Disconnection between
the striatum and lateral orbitofrontal and anterior
cingulate cortex was also reported in PD patients
with pathological gambling by a path modeling
analysis.”® These findings suggest a dysfunctional
inhibitory fronto-striatal network is another impor-
tant feature of PD patients with ICD. A dysfunc-
tional prefrontal cortex is a hallmark of addicts in
the general population™ that leads to impaired re-
sponse inhibition and salience attribution in addic-
tion cycles of intoxication, binging, withdrawal and
craving.”

MANAGEMENT OFICD IN PD

Currently, there is no treatment guideline estab-
lished for the management of ICD in PD. However,
the principle of proper management is to treat the
disorder as a behavioral complication of dopami-
nergic therapy. Although we may encounter con-
flicts in individual patients between the parkinso-
nian motor symptoms and behavioral problems,
attempts to discontinue or decrease the dosages of
dopamine agonists or switching to the use of le-
vodopa are necessary. Comorbid psychiatric symp-
toms, such as depression and anxiety, should not be
neglected. Proper treatments often require multidis-
ciplinary approaches, including psychiatric consul-
tation.

One study reported that all of their 18 subjects
experienced full or partial remission of ICD symp-
toms after discontinuation or decreasing the dose of
dopamine agonists.*” However, there is a risk of do-
pamine agonist withdrawal syndrome (DAWS).*!
DAWS is similar to a drug-withdrawal syndrome
and is characterized by anxiety, panic attacks, de-
pression, dysphoria, agitation, insomnia, irritability
and drug cravings that are often accompanied by
autonomic symptoms, such as orthostatic hypoten-
sion, diaphoresis and nausea. DAWS was reported
in up to 20% of patients taking high doses dopa-
mine agonists.®! In addition, patients may develop
severe apathy after withdrawal of dopaminergic
drugs because of underlying disease-associated me-
solimbic denervation.*?



One cross-over trial of amantadine showed a
promising effect on reducing the severity of gam-
bling behaviors in PD;* however, the results were
refuted by other investigators and controversy re-
mains as to the effect of amantadine. Actually the
frequency of ICD behavior was significantly higher
in amantadine users when compared with non-us-
ers in two large cohorts (relative risk for ICD is ap-
proximately 1.7).%°

Deep brain stimulation (DBS) is an attractive
therapeutic option in severe cases. However, the col-
lective literature on DBS showed that some patients
improve but others do not.**** Unexpectedly, some
patients develop ICD after DBS, despite dosage re-
duction or no intake of dopaminergic drugs.***
Although these DBS studies are not specifically de-
signed to investigate the effect of DBS on ICD, it is
raised why de novo ICD cases occur after DBS.”
Frank et al.”® assessed decision-making in PD pa-
tients using a computer game and found that DBS
of the subthalamic nucleus makes patients more
impulsive in high-conflict decisions, whereas dopa-
minergic drugs interfere with the ability to learn
from negative experience. The subthalamic nucleus
has been suggested to act on response inhibition as a
central brake,” which may be either a ‘proactive in-
hibition’ or a ‘reactive inhibition’ One study showed
that subthalamic nucleus stimulation was associat-
ed with alterations in brain areas involved in both
mechanisms,'” and the ventral portion of the sub-
thalamic nucleus is specifically responsible for re-
sponse inhibition.” To control motor symptoms,
dopaminergic drug therapy and DBS would be a
necessary evil for PD patients; thus, close monitor-
ing for the appearance of ICD is required during the
course of the disease.

Intrajejunal continuous levodopa infusion has
been shown to be effective in 8 patients with severe
motor complications, ICD and dopamine dysregu-
lation syndrome.'" In this small open label trial, all
types of ICD behaviors, except for punding, im-
proved after 6 months of treatment.'” This treat-
ment appears attractive because both motor compli-
cations and psychiatric symptoms can be controlled.
However, large-scale double-blind studies are need-
ed before any conclusions can be made. Recent tri-
als on cognitive behavioral therapy'® and on the
administration of opioid antagonists'®>'**
new treatment option; however, further studies are

suggest a
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needed to confirm the efficacy of these therapies.

CONCLUSIONS

Impulse control disorder is a relatively common
behavioral complication of dopamine replacement
therapy in PD and is quite disabling to patients and
their caregivers. In addition to dopaminergic drugs,
individual susceptibility and disease-related neural
changes contribute to the appearance of ICD. Based
on the pathophysiological mechanisms of ICD in
PD, establishment of proper treatment guidelines
to prevent ICD and development of therapeutics to
control risk factors of ICD and other problematic
behaviors are warranted.
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