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Figure 3 Pathways involved in platelet aggregation and possible mech-
anisms involved in response to clopidogrel. Modified from Gurbel et al.
ThrombRes 2007 [15] and Angiolillo et al. Eur Heart 2008 [89]. AC, adenylate
cyclase; ADP, adenosine diphosphate; AMP, adenosine monophosphates;
ATP, adenosine triphosphate; cAMP, cyclic adenosine monophosphate;

result, a number of sites of interest have been identified, as sum-
marized in Figure 3. Although there is some variation in the rate
of clopidogrel absorption from the small intestine, it appears that
the main causes of variation are polymorphisms in hepatic cy-
tochrome P450 isozymes (for example, CYP3A4, CYP3AS, and
CYP2C19) and in the P2Y12 receptor itself.

In terms of polymorphisms in CYP2C19, loss-of-function poly-
morphisms were first shown to significantly reduce the response
to clopidogrel in platelets from healthy subjects, as demonstrated
by increased platelet aggregation measured using light transmis-
sion aggregometry [39]. In that study, the baseline platelet activ-
ity was not influenced by the CYP2C19 genotype. In the presence
of ADP, platelet aggregation decreased gradually during treatment
with clopidogrel in individuals with the wild-type *1/*1 homozy-
gote (reaching 48.9% atday 7; P < 0.001 vs. baseline). By contrast,
platelet aggregation did not change significantly in individuals
with the *1/*2 heterozygote (71.8% at day 7; P = 0.22 vs. base-
line). Thus, the CYP2C19*2 loss-of-function allele was associated
with a marked decrease in platelet responsiveness (i.e., greater
platelet aggregation) to clopidogrel.

Similar findings have been reported in a number of other stud-
ies [39-43], and CYP2C19 polymorphisms have been detected
in many individuals worldwide. Indeed, the prevalence of the
CYP2C19*2 mutant allele has been reported to be as high as 70%
in some populations [44]. Elsewhere, the prevalence of either the
*2 and *3 polymorphisms seems to be <40% (Figure 4) [45].
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CYP, cytochrome P450; Gi, inhibitory G protein; Gg, stimulatory G protein;
IP3, inositol triphosphate; PDE, phosphodiesterase; PKA, protein kinase A;
VASP, vasodilator-stimulated phosphoprotein; PI3K, phosphatidy! inositol
3-kinase; PLC, phospholipase C.

Of note, however, the prevalence of poor metabolizers or inter-
mediate metabolizers of clopidogrel seems to be higher in Asian
(18-23%) than in Caucasian (approximately 3%) populations,
and this may be related to the common gene variants of CYP2C19
in these populations [46].

What is the Clinical Impact of Clopidogrel
Resistance?

Because of the widespread use of clopidogrel to protect patients
undergoing critical cardiovascular interventions, resistance to this
agent presents a significant clinical problem in patients with
atherothrombotic diseases.

Hochholzer et al. [47] investigated the relationship between
ADP-induced platelet aggregation, measured using light transmis-
sion aggregometry, and major adverse cardiac events in 802 con-
secutive patients within a 30-day period after elective coronary
stent placement. All patients received a loading dose of clopido-
grel 600 mg followed by a maintenance dose of 75 mg daily, and
were classified according to the quartiles of platelet aggregation
(quartile 1, <4%; quartile 2, 4-14%; quartile 3, 15-32%; quar-
tile 4, >32%). Although the incidence of subsequent coronary
events was low (<1%) in patients in the first and second quar-
tiles of platelet aggregation, the incidence was significantly higher
in patients in the third and fourth quartiles (>3%; P = 0.034).
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Figure 4 Estimated prevalence of polymorphisms in CYP2C19 [35].

In terms of the implications of genetic polymorphisms, the
results of a number of studies have been reanalyzed to inves-
tigate whether these polymorphisms might be at least partly
responsible for differences in treatment efficacy and long-term
outcomes. Trenk et al. [43] reported that patients carrying at
least one CYP2C19*2 allele were more prone to show impaired
platelet reactivity (measured by light transmission aggregometry)
upon clopidogrel treatment, which was associated with signifi-
cantly worse clinical outcomes after coronary stent placement.
In that study, 552 patients were homozygous for the wild-type
CYP2C19 allele and 245 carried at least one *2 allele. Compared
with patients homozygous for the wild-type allele, those with the
*2 allele showed significantly higher levels of residual platelet ag-
gregation when on clopidogrel (23.0% vs. 11.0%; P < 0.0001). In
addition, patients with residual platelet aggregation >14% versus
<14% (41.3% vs. 22.5%, respectively) showed a 3-fold greater
increase (95%CI = 1.4-6.8; P = 0.004) in the 1-year incidence of
death and MI.

In a study involving 1477 patients with acute coronary syn-
dromes [16], the rates of the primary efficacy outcome such
as death from cardiovascular causes, nonfatal MI, and nonfa-
tal stroke were significantly higher in patients carrying loss-of-
function polymorphisms of CYP2C19 (12.1% vs. 8.0%; P = 0.01)
than in those with wild-type CYP2C19. Similar results were found
for the rates of definite or probable stent thrombosis (2.6% vs.
0.8%; P = 0.02) over 450 days after the start of clopidogrel
treatment.

In another study of 259 patients who used clopidogrel for >1
month after a first MI, 5-year event-free survival was significantly
lower in patients with a polymorphism in CYP2C19 (HR = 3.69;
95%CI = 1.69-8.5; P = 0.0005) [48].

A study of 2208 consecutively enrolled patients presenting with
acute MI who received clopidogrel [49] assessed the association
between allelic variants of several genes related to clopidogrel
(ABCBI, CYP3A5, CYP2C19, P2RYI12, and ITGB3) and the risk of
death from any cause, nonfatal stroke, or MI during 1 year of
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follow-up. A total of 225 patients died and nonfatal MI or stroke
occurred in 94 patients during the follow-up period. Of note, the
rate of cardiovascular events at 1 year was higher in patients carry-
ing any two CYP2CI9 loss-of-function alleles than in patients with
none (21.5% vs. 13.3%; adjusted HR = 1.98; 95%CI = 1.10-3.58).
Similarly, the rate of cardiovascular events was higher among pa-
tients with a variant allele of ABCBI, a gene involved in clopidogrel
absorption, than in patients with the wild-type ABCBI genotype
(15.5% vs. 10.7%; adjusted HR = 1.72; 95%CI = 1.20-2.47). In-
terestingly, these rates were even higher among the patients who
underwent PCI during hospitalization, as the rate of cardiovascu-
lar events among patients with two CYP2CI9 loss-of-function al-
leles was 3.58 times (95%CI = 1.71-7.51) that of patients with
no loss-of-function alleles. By contrast, the ABCBI alleles had no
significant, independent effect in these patients. Taken together,
the findings of this study indicate that polymorphisms in a range
of genes may affect the outcomes of clopidogrel therapy; how-
ever, the effect is most marked for CYP2CI9. This may be at-
tributed to differences in the effects of these polymorphisms on
the function of the protein product, because polymorphisms of
CYP2C19 cause loss of function, whereas those of the ABCBI gene
did not.

“Measuring” Clopidogrel Resistance

Platelet function, and hence clopidogrel activity, can be mea-
sured using a number of different approaches. The most com-
monly used approaches include ADP-induced platelet aggregation,
VASP phosphorylation/flow cytometry, thromboelastography, the
platelet drop-count method, and light transmission elastography.

It was initially considered that ADP-induced platelet aggrega-
tion could be used as a marker for clopidogrel activity., How-
ever, clopidogrel specifically inhibits the P2Y12 receptor rather
than the P2Y1 receptor, which is responsible for the initial wave
of ADP-induced platelet aggregation. Furthermore, because the

e105

—135—



Clopidogrel Resistance

extent of residual P2YI-dependent platelet aggregation varies
considerably, ADP-induced aggregation may not be the most ap-
propriate method to measure the response to clopidogrel.

Therefore, other approaches have been evaluated. In thromboe-
lastography, a small blood sample is placed in a cuvette and aggre-
gation is induced by gentle rotation or injection of ADP [50-52].
The platelet—fibrin clot strength is then assessed. In patients re-
sponsive to clopidogrel, the strength of the clot is weak, whereas
in platelets exhibiting resistance to clopidogrel, the strength of the
clots will be greater.

Another method is the platelet count drop method. Although
this method is widely available in nonspecialized laboratories, it
is unclear whether this approach provides meaningful clinical in-
formation, and it seems less reliable than methods based on light
transmission aggregometry [53].

These three approaches measure the overall platelet aggrega-
tory ability and can be influenced by pathways independent of the
P2Y12 pathway. Thus, these methods may not fully reflect the ex-
tent of clopidogrel resistance in individuals in which the P2Y12
pathway is defective.

Another approach, but one that specifically focuses on the
P2Y12 pathway, is ADP-induced inhibition of adenylate cyclase,
which leads to the phosphorylation of VASP. The phosphoryla-
tion state of VASP is evaluable by flow cytometry and considered
a specific intracellular marker of residual P2Y12 receptor reactiv-
ity in patients on clopidogrel. However, flow cytometers may not
be readily available, particularly in a point-of-care setting. Accord-
ingly, a number of point-of-care assays have been developed to
provide rapid assessment of the potential for clopidogrel resistance
in a clinical setting. Three methods based on thromboelastogra-
phy. platelet count drop method and light transmission aggregom-
etry have been established to date.

The third and most reliable method developed to date is light
transmission aggregometry. In this method, blood samples that
readily aggregate (for example, in the absence of a platelet in-
hibitor, or those containing platelets that are nonresponsive to
clopidogrel) show high light transmittance because the aggre-
gates fall out of solution, and impaired responses to platelet in-
hibitors are measured as a decrease in light transmission relative to
platelet-poor plasma samples. In general, although this approach
is considered the “gold standard” for measuring platelet reactivity,
it is not specific for the P2Y12 pathway.

By contrast, the VerifyNow™ assay (Accumetrics, San Diego,
CA, USA), which is based on light transmission aggregometry, is
specific for the P2Y12 pathway. Indeed, the VerifyNow assay has
been used in several studies to investigate the prevalence of as-
pirin and clopidogrel resistance [54,55]. Furthermore, it seems
that this system is more reliable than the platelet drop count
method or thromboelastography [56]. Compared with standard
light transmission aggregometry, the VerifyNow assay measures
an increase in light transmission to indicate increased aggregation,
as the coated beads that bind to the aggregates fall out of solu-
tion. Of note, a version of the VerifyNow assay has been developed
to specifically measure aspirin activity, independent of the P2Y12
pathway. )

A recent study [57] compared the abilities of several widely
used techniques for measuring on-treatment platelet reactiv-
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ity (light transmission aggregometry, VerifyNow P2Y12, Platelet-
Works, IMPACT-R, and the PFA-100 platelet function analysis sys-
tem) to predict the clinical outcomes of 1069 patients taking clopi-
dogrel and undergoing elective coronary stent implantation. The
primary endpoint, a composite of all-cause death, nonfatal acute
M], stent thrombosis and ischemic stroke at 1 year occurred more
frequently in patients with high on-treatment platelet reactivity,
when assessed by light transmission aggregometry, VerifyNow and
PlateletWorks, which were able to discriminate between patients
with or without a primary event. It must also be acknowledged
that the predictive accuracy of these tests was only modest. By
contrast, the other techniques were not able to discriminate be-
tween these two groups of patients. Meanwhile, the authors re-
ported that none of the tests provided prognostic information to
identify low-risk patients at higher risk of bleeding after stent im-
plantation.

Overcoming Clopidogrel Resistance

Based on the evidence described above for drug-drug interac-
tions and prevalence of polymorphisms of CYP enzymes, reduced
bioavailability of the active metabolite seems to be the main cause
of clopidogrel resistance. Therefore, is there potential to overcome
clopidogrel resistance?

Clopidogrel Dose Increase

The first option may be to increase the dose of clopidogrel. In
clinical use, clopidogrel is commonly administered at a loading
dose of 300 mg. Two studies have compared the clinical efficacy
of a higher loading dose, namely 600 mg. In the study by Cuis-
set et al. [58], 292 patients undergoing stenting for non-STEMI
were randomized to receive either a 300- or 600-mg loading dose
>12 hours before PCI. All patients received daily clopidogrel 75 mg
plus aspirin 160 mg for 1 month postintervention. ADP-induced
platelet aggregation and expression of P-selectin were significantly
lower in the high-loading dose group than in the low-loading dose
group. Furthermore, the incidence of cardiovascular events dur-
ing 1 month of follow-up was significantly lower in the high-dose
group (7 events vs. 18 events; P = 0.02); this finding was not af-
fected by adjustment for conventional cardiovascular risk factors
(P = 0.035).

In a study by L’Allier et al. [59], 148 patients undergoing elec-
tive PCI were randomized to receive clopidogrel 300 mg the day
before the procedure (>15 h) plus 75 mg clopidogrel in the mom-
ing of the procedure (group A), clopidogrel 600 mg in the morning
of the procedure (group B), or clopidogrel 600 mg the day before
(=15 h) plus 600 mg in the morning of the procedure (group C).
The relative inhibition of peak and late platelet aggregation stim-
ulated by ADP was significantly greater in group C than in groups
A and B, indicating the double bolus dose of clopidogrel at 600
mg/dose achieved greater platelet inhibition than conventional
single loading doses.

In a pilot study by Angiolillo et al. [60], the authors evaluated
the efficacy of a daily maintenance dose of clopidogrel (150 mg)
that was higher than recommended at the time (i.e., 75 mg) in
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patients undergoing clective PCI. Patients in both groups contin-
ued the doses for 30 days, after which they resumed standard
dosing. Of note, ADP-induced (20 M) platelet aggregation was
lower in the patients given 150 mg clopidogrel/day than in pa-
tients given 75 mg clopidogrel/day (52.1% vs. 64.0%; P < 0.001).
Similar findings were observed in a study of 60 patients [61] given
a pretreatment/loading dose of 600 mg clopidogrel within 12 h
of PCI and a maintenance dose of 75 or 150 mg clopidogrel for
30 days. In that study, relative platelet aggregation in response to
5 uM ADP (45.1% vs. 65.3%; P < 0.001) and platelet function in-
hibition measured by the VerifyNow assay (60.0 vs. 117.0 P2Y12
reaction units; P = 0.004) were significantly better with 150 mg
clopidogrel than with 75 mg clopidogrel.

Several studies have also examined the effect of high doses of
clopidogrel on platelet reactivity in clopidogrel-resistance patients.
For example, in the study by Bonello et al. [62], 162 patients with
a VASP phosphorylation index >50% after a 600-mg loading dose
were randomized to either a control group or to a VASP-guided
group in which patients received additional bolus doses of clopi-
dogrel to decrease the VASP index to below 50%. Of note, in the
VASP-guided group, dose adjustment was effective in 67 of 78 pa-
tients; in these patients, the VASP index decreased from 69.3 to
37.6 (P < 0.001). Twenty-six patients required four doses, and
these were unsuccessful in 11 patients. Of interest, the rate of ma-
jor adverse cardiac events over 1 month was significantly lower in
the VASP-guided group (0% vs. 10%; P = 0.007) and there was
no difference in the rate of major or minor bleeding (total: 5% vs.
4%; P =1).

In a study performed by Angiolillo et al. [63], patients with in-
adequate responses to 75 mg/day clopidogrel (platelet inhibition
<50%) received a maintenance dose of 150 mg/day (n = 17) for 1
month. In this study, platelet inhibition measured using the Ver-
ifyNow P2Y12 assay increased significantly from 27.1% to 40.6%
(P = 0.009 relative to a control group), but only 35% of patients
reached platelet inhibition of >50%.

Similar findings were reported in a larger study [64] of 153 pa-
tients with low responsiveness to clopidogrel (platelet reactivity
index >69%) who were randomized to 150 mg/day (n = 58) or
75 mg/day (n = 95) clopidogrel. After 2 weeks, 150 mg/day clopi-
dogrel was associated with a significantly lower platelet reactivity
index than 75 mg/day (43.9% vs. 58.6%; P < 0.001), with fewer
nonresponders after treatment (8.6% vs. 44.7%; P = 0.004). Of
note, 20 of 31 patients in the 75 mg/day group became respon-
ders (i.e., platelet reactivity <69%) after switching to 150 mg/day
clopidogrel for 2 weeks.
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Figure 5 Mechanism of prasugrel activation.
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Taken together, the findings of these studies indicate the poten-
tial for using higher loading and/or maintenance doses of clopi-
dogrel. However, the efficacy of increasing the clopidogrel dose
was of limited benefit, and many patients still had inadequate re-
sponses to clopidogrel. Indeed, in a case series reported by Pena
et al. [65], of the seven patients included, four patients were re-
sistant to 225 mg/day, two of whom were still resistant despite an
increase to 300 mg/day.

Furthermore, these studies did not assess the long-term ef-
fects of administering high doses of clopidogrel, which may be
necessary in clinical practice in patients exhibiting clopidogrel
resistance.

Alternative Drugs
Prasugrel

Prasugrel is a novel antiplatelet agent that like clopidogrel tar-
gets the ADP receptor in platelets. Production of the deacetylated
metabolite of prasugrel is mediated by esterases (Figure 5); since
this hydrolysis step is very rapid in vitro and in vivo, circulating
levels of prasugrel are undetectable shortly after administration
[66.67]. Of note, the efficacy of prasugrel has been compared with
that of clopidogrel. In the TRITON-TIMI-38 [68] study, 13,608 pa-
tients with moderate-to-high-risk ACS scheduled to undergo PCI
were treated with either prasugrel (60-mg loading dose; 10-mg
daily maintenance dose) or clopidogrel (300-mg loading dose;
75-mg daily maintenance dose for 6~15 months. In that study, the
primary end point (death from cardiovascular causes or nonfatal
MI or stroke) occurred in significantly fewer patients treated with
prasugrel than patients treated with clopidogrel (9.9% vs. 12.1%,
respectively; HR = 0.81; 95%CI = 0.73-0.90; P < 0.001). Further-
more, the rates of MI, urgent target-vessel revascularization and
stent thrombosis were significantly lower with prasugrel than with
clopidogrel. However, prasugrel was associated with increased risk
of major bleeding and life-threatening bleeding.

Meanwhile, in the PRINCIPLE-TIMI 44 study [69], 201 subjects
were treated with either prasugrel (60-mg loading dose) or clopi-
dogrel (600-mg loading dose) for inhibition of platelet aggregation
and aggregation-thrombolysis in MI. The primary end point in this
study was the inhibition of platelet aggregation (in response to
20 pmol/L ADP) at the end of the loading-dose phase, and this was
significantly higher with prasugrel than with clopidogrel (61.3%
vs. 46.1%; P < 0.001).
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Although there is limited evidence for whether the use of pra-
sugrel avoids a potential interaction with PPIs via the cytochrome
P450 system, a retrospective analysis of the TRITON-TIMI 38 and
PRINCIPLE-TIMI 44 studies indicated that co-administration of
PPIs does not affect the efficacy of prasugrel [32]. Thus, prasug-
rel may be more appropriate for patients using PPIs.

Interestingly, in the study reported by Pena et al. [65], as de-
scribed above, four of the seven patients were switched to pra-
sugrel, which markedly improved platelet aggregation in these
patients. The authors ascribed these findings to the presence of
heterozygous or homozygous *2 polymorphisms in these patients.
Clearly, further studies are needed to investigate the benefits of
treatment adjustments based on results of polymorphism testing
performed prospectively, or following the emergence of clopido-
grel resistance.

Cilostazol

Cilostazol inhibits platelet aggregation by antagonizing the activ-
ity of phosphodiesterase 3 and thereby suppresses cAMP degrada-
tion in platelets (Figure 3). It has been hypothesized that cilosta-
zol could offer an alternative approach for patients with impaired
responses to clopidogrel. However, in many countries, cilostazol
is currently only approved for intermittent claudication; in Japan
and other Asian countries, cilostazol is also approved for the pro-
phylaxis of recurrent cerebral infarction.

Nevertheless, clinical studies have revealed significant advan-
tages of using cilostazol as an adjunct to clopidogrel and aspirin
in reducing restenosis in patients undergoing contemporary stent-
based percutaneous interventions [70], and in reducing cardiac
and cerebral adverse events [71]. Thus cilostazol may be more
effective than high maintenance doses of clopidogrel [72]. How-
ever, in these studies, cilostazol was associated with more fre-
quent discontinuation due to adverse events than clopidogrel or
aspirin.

Ticagrelor

Ticagrelor is a novel platelet aggregation inhibitor for which Phase
II studies have recently been completed, with promising data.
Like clopidogrel, ticagrelor binds to P2Y12 to antagonize the ADP
receptor on platelets, and thus inhibit platelet aggregation. How-
ever, unlike clopidogrel, ticagrelor binds reversibly to P2Y12 and
does not displace ADP from the receptor, targeting 2-MeS-ADP-
induced signaling [73]. In addition, ticagrelor does not require
hepatic enzymatic activation, suggesting that ticagrelor may pro-
vide more consistent platelet inhibition with reduced risk for drug
interactions and is unlikely to be affected by polymorphisms in the
CYP system [74]. In the PLATelet inhibition and patient Outcomes
(PLATO) study [75], 18,624 patients admitted to hospital with an
acute coronary syndrome were randomized to receive either tica-
grelor (180-mg loading dose plus 90 mg twice daily thereafter)
or clopidogrel (300-600-mg loading dose plus 75 mg daily there-
after). At 12 months, the primary endpoint (a composite of death
from vascular causes, MI, or stroke) had occurred in 9.8% of pa-
tients treated with ticagrelor versus 11.8% of those treated with
clopidogrel (HR = 0.84; 95%CI = 0.77-0.92; P < 0.001). How-
ever, in that study, ticagrelor was associated with increased rates
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of ventricular pauses and dyspnea, although the underlying cause
has not been established.

Can we Target Three Independent Pathways
Rather Than Two?

Because the addition of clopidogrel to aspirin therapy was found
to be clinically beneficial in terms of reducing cardiovascular ad-
verse events, particularly in patients with inadequate response to
aspirin alone, adding a third agent targeting a third pathway may
provide further advantages, providing an opportunity for treat-
ment escalation. Accordingly, the efficacy and safety of cilosta-
zol in combination with clopidogrel and aspirin versus clopidogrel
plus aspirin has been investigated in several studies. Collectively,
these studies reveal significant advantages for cilostazol combina-
tion therapy in terms of cardiac death, death from any cause, or
major adverse cardiac events [71,76-78] in addition to in-stent
and in-segment late loss, in-segment restenosis, and target lesion
revascularization [78,79]. Of particular interest is that this regi-
men was reported to be efficacious even in patients with resistance
to clopidogrel [72,80], with improved inhibition of platelet aggre-
gation in individuals allocated to cilostazol combination therapy
compared with those on clopidogrel plus aspirin. However, these
studies only included small numbers of patients and were of short
durations, precluding detailed analyses of endpoints such death or
incidence of major cardiovascular events. Thus, further studies are
needed to confirm these findings and to determine whether other
agents targeting phosphodiesterase 3 or another pathway are also
effective.

Conclusions

Clopidogrel resistance is a common clinical entity that has poten-
tially serious outcomes. It increases the risk of mortality or other
adverse outcomes after cardiovascular interventions because of
poor inhibition of platelet aggregation in these patients. Patients
using drugs that are metabolized via the cytochrome P450 system,
such as statins and PPIs, and patients with polymorphisms in these
isozymes, particularly CYP2C19, are likely to show poor responses
to clopidogrel. These patients may benefit from higher loading
doses of clopidogrel, triple therapy with cilostazol in combina-
tion with clopidogrel plus aspirin, or switching to alternative drugs
such as prasugrel, ticagrelor, or cilostazol. When genetic screen-
ing is not available, using flow cytometry or point-of-care devices
to prospectively identify patients who are likely to exhibit clopi-
dogrel resistance may guide the prescription of clopidogrel or an
alternative treatment. However, further studies are needed to con-
firm the clinical utility of this approach. Finally, while most stud-
ies investigating clopidogrel resistance have focused on patients
with acute MI, clopidogrel is also widely used in patients with
other disorders such as cerebrovascular disease and PAD. There-
fore, studies investigating the clinical impact of clopidogrel resis-
tance in patients with cerebrovascular disease or PAD are needed
to understand the potential risk of severe adverse events in these
patients.
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ABSTRACT

The aim of this study is to clarify the relationship between serum 3-O-methyldopa (3-OMD)
and the clinical effects of entacapone. The 3-OMD and maximum serum concentration (Cmax) of
levodopa were measured in 21 Parkinson's Disease patients who took 100 mg levodopa / dopa
decarboxylase inhibitor. After the administration of entacapone, the 3-OMD concentration and
percentage of “on” time during waking hours (% of “on” time) were studied for 8 weeks. The
3-OMD concentration was reduced by 34%, and the increase in % of “on” time was 28% at the
8th week compared with baseline. We defined the COMT-index as [baseline 3-OMD
concentration] / [levodopa Cmax when 100 mg levodopa was administered alone]. The COMT-
index was significantly correlated with the increase in % of “on” time at the 8th week. In
conclusion, the measurement of baseline 3-OMD and levodopa pharmacokinetics is useful for

predicting the clinical effects of entacapone.

Key words: Parkinson’s disease, 3-OMD, Entacapone, Levodopa AUC

Parkinson’s disease (PD) is caused by the degen-
eration of nigrostriatal neurons, resulting in a
deficiency of dopamine in the central nervous system
(CNS). As dopamine does not readily cross the blood-
brain barrier, the dopamine prodrug levodopa and
dopamine agonists are mainly used to treat PD.
Despite the development of dopamine agonists,
levodopa is still the most effective treatment for
PD™. However, long-term levodopa treatment causes
motor complications such as wearing-off and
dyskinesia®. These motor complications occur with
an annual incidence of about 10% among PD
patients?. Furthermore, the wearing-off phenomenon
impairs the quality of life of Parkinson’s disease
patients®. Therefore, it is important that it is
managed.

Levodopa is metabolized to dopamine by dopa
decarboxylase and to 3-O-methyldopa (3-OMD) by
catechol-O-methyltransferase (COMT) in the
periphery. When levodopa is administered together
with dopa decarboxylase inhibitor (DCI), levodopa
availability in the CNS is increased®, and the
COMT pathway of levodopa metabolism becomes
predominant in the periphery?. While the half-life
of levodopa is approximately 1 hr, the half-life
of 3-OMD is about 15 hr, which leads to the

accumulation of 3-OMD in the plasma and brain
under chronic levodopa treatment'®. Like levodopa,
3-OMD is transported across the blood-brain barrier
by the large neutral amino acid (LNAA) transporter
and consequently competes with levodopa for uptake
into the brain®®. Moreover, a recent study indicated
that 3-OMD damages neuronal cells'. Thus, it is
assumed that the serum concentration of 3-OMD
plays an important role in levodopa-treated PD
patients. Entacapone, a peripheral COMT inhibitor,
prolongs the retention time of levodopa in the
plasma' and is used in PD patients with the
wearing-off phenomenon, However, the determinants
of serum 3-OMD concentration and the relationship
between motor symptoms and serum 3-OMD
concentration are not fully understood. Since
entacapone was approved for use in Japan in April
2007, there is little data about its clinical effects and
the relationship between its clinical effects and
serum 3-OMD concentration in Japanese patients.
Furthermore, there is no study about predictive
factors for its clinical effect. The aims of this study
are: first, to clarify the factors that determine the
serum 3-OMD concentration; second, to investigate
the change in serum 3-OMD concentration that
occurs in Japanese PD patients administered

*Place where the work was conducted:Department of Clinical Neuroscience and Therapeutics, Graduate School of
Biomedical Sciences, Hiroshima University, 1-2-3 Kasumi, Minami-ku, Hiroshima 734-8551, Japan
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entacapone; and third, to clarify the relationship
between serum 3-OMD concentration and the
clinical effects of entacapone.

METHODS

Patients

The study subjects were PD patients who visited
our hospital from August 2007 to September
2008. The study was conducted according to the
Declaration of Helsinki. The patients were given
oral and written information about the study and
gave their written consent.

All patients fulfilled the clinical diagnostic
criteria of the UK Brain Bank for PD® and
exhibited signs of wearing-off motor fluctuations.
All patients were taking levodopa and had shown
a positive response to levodopa treatment. Patients
who had previously received entacapone or were
suffering from dementia were excluded.

The clinical data collected included age, sex,
disease duration, duration of therapy, duration of
wearing-off, antiparkinsonian drug doses, and
levodopa equivalent daily dose (LEDD). LEDD
was calculated according to a previous report?.

Study Design

1. First study (pharmacokinetics of the first
administration of entacapone)

In order to assess the pharmacokinetics of
levodopa, the patients took a tablet orally
containing 100 mg levodopa and DCI (10 mg
carbidopa or 25 mg benserazide) in the morning
following an overnight fast. Blood specimens were
then collected through an intravenous catheter at
0, 15, 30, 45, 60, 90, 120, and 180 min after the
levodopa/DCI administration. The serum levodopa
and 3-OMD concentrations were measured. The
area under the concentration-time curve (AUC) of
levodopa was calculated by the trapezoid method
up to 180 min, and the maximum serum con-
centration (Cmax) of levodopa was calculated
using the one compartment model.

The pharmacokinetic evaluation was performed
the next day using the same method, but 100 mg
of entacapone was now added to the regimen.

2. Second study (clinical effects and pharmaco-
kinetics during long term entacapone therapy)

After the first study, the same patients were
administered one 100 mg entacapone tablet orally
with each dose of their levodopa/DCI preparation
for 8 weeks. The patients completed an “on/off”
self-rating diary on a daily basis at the baseline
and during the 2nd, 4th, 6th, and 8th weeks. For
each 30-min period between 05:00 and 24:00, the
patients rated their motor physical condition by
choosing: “on” (good mobility), “off” (worse to bad
mobility), or asleep. The mean “on” time duration
of at least 3 days was calculated from the self-
rating diary. When the “on” time duration was not

prolonged by more than 30 min at the 4th week,
200 mg entacapone was administered with each
dose of their levodopa/DCI preparation. The doses
of other antiparkinsonian drugs were not changed
throughout the study. The levodopa dose was
reduced when a patient’s symptoms necessitated
it. Unified Parkinson’s Disease Rating Scale
(UPDRS) motor scores were assessed, and serum
3-OMD concentrations were measured at the
baseline and in the 2nd, 4th, 6th, and 8th weeks.

Serum analysis

The serum levodopa and 3-OMD concentrations
were determined by the high-performance liquid
chromatography-electrochemical detection
method® with minor modifications. In brief, 100 pl
aliquot serum samples were processed by adding
100 pl of 1 M perchloric acid and 20 pl of 50 pM
dihydroxybenzylamine hydrobromide as an
internal standard. Then, the precipitated proteins
were removed by centrifugation at 13,000 rpm for
5 min. The resultant supernatants were applied to
the chromatographic system.

The chromatographic system consisted of a
LC-10AT pump, a CTO-10A column oven, and a
DGU-14A degasser (Shimadzu, Kyoto, Japan).
The system was connected to an ECD-100
electrochemical detector (Eicom, Kyoto, Japan).
The voltage was set at 750 mV vs Ag/AgCl, and
chromatographic separation was performed using
an EICOMPAK SC-50DS column (Eicom, Kyoto,
Japan) with a PC-03 guard column (Eicom, Kyoto,
Japan) in a column oven. The mobile phase (per
liter) contained 150 ml of methanol, 850 ml of
citrate-acetate buffer, 400 mg of sodium octane
sulfate, and 20 mg of EDTA-2Na, pumped at a
fixed flow rate of 0.5 ml/min. The citrate-acetate
buffer consisted of 0.017 M of sodium acetate and
0.083 M of citric acid monohydrate, and the pH of
the buffer was adjusted to 2.8 with perchloric acid.
Levodopa, 3-OMD, and dihydroxybenzylamine
were eluted at 5.2, 11.8, and 7.2 min, respectively.

Statistical Methods

Statistical analysis was performed using a
nonparametric method (Wilcoxon signed-rank
test, Spearman’s rank correlation and Friedman
test), and statistical significance was set at p <
0.05. Calculations were performed using the JMP
5.0.1J software (SAS Institute Inc., Cary, N.C.,
USA) and SPSS 16.0J for Windows (SPSS Inc,
Chicago).

RESULTS

Patients

Twenty-one advanced PD patients, comprising 9
men and 12 women, were recruited. The charac-
teristics of the patients are shown in Table. At the
baseline, 16 patients took levodopa/carbidopa and
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5 patients took levodopa/benserazide preparation.
The concomitant antiparkinsonian medications
included anticholinergics (n = 6), selegiline (n =
13), dopamine agonists (n = 19), amantadine (n =
6), and droxidopa (n = 3). The median “on” time
duration of these patients was 7.7 hr and the
median percentage of “on” time during waking
hours (% of “on” time) was 48%.

Table :Patient baseline characteristics (n=21)

Age (yrs) 68 (52-80)
Sex (n)

Men 9

Women 12
Duration of PD (yrs) 12 (5-19)
Duration of wearing-off (yrs) 2 (1-10)
Duration of antiparkinsonian medication (yrs) 11 (3-18)
"on" time duration (hrs) 7.7 (22-103)
% of “on” time during waking hours (%) 48 (12-61)
Hoehn and Yahr stage at "on" phase 3 (1-5)
UPDRS motor score at "on" phase 24.5 (9-42)
Daily dose of levodopa/DCI (mg) 400 (250 - 625)
Dosing frequency of levodopa/DCI 4 (3-8)
Total LEDD (mg) 840 (467.5 - 1346)

All data are shown as median (minimum - maximum).
UPDRS : unified Parkinson's disease rating scale

DCI : dopa decarboxylase inhibitor

LEDD : levodopa equivalent daily dosage

First study

The baseline serum 3-OMD concentration was
positively correlated with duration of therapy (p =
0.045), levodopa AUC (p = 0.001) and levodopa
Cmax (p = 0.002) in the absence of entacapone
(Fig. 1). However, the baseline serum 3-OMD
concentration was not correlated with age, sex,
duration of wearing-off, the daily levodopa dosage,
LEDD, Hoehn & Yahr stage, UPDRS motor score,
the “on” time duration, nor % of “on” time at the
baseline.

The AUC of levodopa was significantly increased
by 22% (median) after the first entacapone
administration compared with the control value
for levodopa/DCI alone (p < 0.001).

Second study

After the initiation of entacapone adminis-
tration, 3 patients withdrew from the study
due to study protocol deviation (2 patients did not
complete the “on/off” self-rating diary, and another
patient stopped taking entacapone of her own
volition because of dyskinesia). The remain-
ing 18 patients completed the study. The daily
levodopa dose was not changed at any point during
the study period. In 1 patient (5.6%), the dose of
entacapone was increased to 200 mg because
the “on” time duration was not prolonged by more
than 0.5 hr at the 4th week.
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Fig. 1. The baseline serum 3-OMD concentration was -
positively correlated with (a) the duration of therapy (p
= 0.045), (b) levodopa AUC (p = 0.001), and (c) levodopa
Cmax (p = 0.002). (Spearman's rank correlation)

The median serum 3-OMD concentration, the
UPDRS motor score and median % of “on” time
was significantly decreased with entacapone
(Friedman test, p <0.001, respectively). The
median serum 3-OMD concentration was
significantly decreased from the 2nd week to the
8th week and was decreased by 3.5 nmol/ml (34%)
at the 8th week (Wilcoxon’s signed rank test, p <
0.001) (Fig. 2a). The UPDRS motor score was also
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significantly decreased by 7 points (median) at the also significantly improved by 28% at the 8th
8th week (Wilcoxon’s signed rank test, p < 0.001) week (Wilcoxon’s signed rank test, p < 0.001) (Fig.
(Fig. 2b) compared with the baseline. The median 2¢) compared with the baseline.

“on” time duration was significantly improved by
4.4 hr at the 8th week (Wilcoxon’s signed rank
test, p < 0.001) and the median % of “on” time was
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The baseline serum 3-OMD concentration
tended to be correlated with the increase in % of
“on” time at the 8th week (p = 0.053) (Fig. 3a).
Neither the rate of decline in the serum 3-OMD
concentration nor the reduction in the serum
3-OMD concentration was correlated with the
increase in % of “on” time. None of age, sex,
disease duration, duration of therapy, duration of
wearing-off, LEDD, Hoehn & Yahr stage, or
UPDRS motor score was correlated with the
increase in % of “on” time.

Since levodopa is metabolized to 3-OMD by
COMT, the concentration of 3-OMD is determined
by COMT activity and the amount of levodopa
absorbed. The ratio of the serum 3-OMD con-
centration to the levodopa concentration might
reflect COMT activity more correctly than serum
3-OMD concentration. Thus, we defined the
COMT-index as [baseline 3-OMD concentration] /
[levodopa Cmax when 100 mg levodopa was
administered alone]. The COMT-index was
significantly correlated with the increase in % of
“on” time at the 8th week (p = 0.027) (Fig. 3b).

The increase in levodopa AUC after the first
entacapone administration was positively
correlated with the increase in % of “on” time at
the 8th week (p = 0.006) (Fig. 3¢).

DISCUSSION

We prospectively studied the association
between the 3-OMD, a levodopa metabolite,
concentration and the effects of entacapone in
Japanese advanced PD patients.

We clarified that the baseline serum 3-OMD
concentration was associated with the duration of
therapy. Our study suggested that long-term
levodopa therapy increases COMT activity. Serum
3-OMD concentration was associated with the
AUC and Cmax of levodopa, but not with the daily
levodopa dosage. The rationale for this was that
most patients (15 of 21 patients) took a daily
dosage of 300 - 400 mg levodopa, but each of them
would have had a different levodopa absorption
rate. Because the AUC and Cmax of levodopa
reflect the amount of levodopa absorption, serum
3-OMD, a levodopa metabolite, concentration was
associated with the AUC and Cmax of levodopa.

Our study showed that the 3-OMD concen-
tration was decreased by about 30% and the
UPDRS motor score at the “on” phase was also
decreased by 7 points by treatment with enta-
capone in Japanese patients. As entacapone
generally does not increase the Cmax of levodopa
after a single coadministration of levodopal®,
motor function is not improved by a single
administration of entacapone. However, repeated
administration of entacapone may increase the
overall levodopa concentration and improve the
motor function of patients. Moreover, a recent

study' showed that 3-OMD impaired the
locomotor activity of rats and that 3-OMD can
damage neuronal cells. In another study'?, when
treatment with controlled-release carbidopa and
levodopa was compared with treatment with a
combination of carbidopa, levodopa and entac-
apone, the mean pharmacokinetic values of
levodopa were similar, but the “off” time duration
was shorter for the entacapone group than the
controlled-release levodopa group. As it is assumed
that the 3-OMD concentration was decreased in
the entacapone group, the difference between the
clinical effects observed in the 2 groups might
have been due to differences in the 3-OMD con-
centration. _

Therefore; we assumed that PD patients benefit
from entacapone for the following reasons: first,
entacapone increases the overall serum levodopa
concentration; second, the amount of levodopa
crossing the blood-brain barrier might be
increased due to reduced competition with 3-OMD
for the LNAA transporter; and finally, neuronal
cell damage caused by 3-OMD also might be
reduced.

In a previous study of Japanese Parkinson’s
disease patients with wearing-off motor fluctua-
tions, the mean “on” time duration improvement was
1.4 hr for the entacapone group'®. The reason why
patients obtained a longer “on” time duration in
our study may be attributable to differences in
the categories in the self-rating diary. In a
previous study'®, “on” was defined as good to
excellent mobility and “off” as bad mobility. On the
other hand, our diary defined “on” as good
mobility and “off” as worse to bad mobility (partial
to complete “off”). Partial “off” is a condition
in between “off” and “on” 7; thus, partial “off”
might be easily converted to the “on” state by
entacapone. In addition, open-label study also
contributed to the longer “on” time. We defined the
COMT-index as an index of COMT activity. The
COMT-index was significantly correlated with the
increase in the % of “on” time, in other words,
patients with high COMT activity would show
increased clinical effects of entacapone. We
considered that patients with low COMT activity
would show poor clinical effects of entacapone
because there might be other factors for the
wearing-off phenomenon in those patients.
Therefore, the COMT-index could predict the
clinical effect of entacapone before the admin-
istration of entacapone.

The increase in levodopa AUC after the first
entacapone administration was also correlated
with the increase in % of “on” time at the 8th
week. We considered that patients with a good
pharmacological response on first entacapone
administration would have a good clinical
response and that the increase in levodopa AUC
could also predict the clinical effect of entacapone.
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However, a two-day blood study is necessary to
calculate the increase in levodopa AUC after the
first entacapone administration. On the other
hand, the COMT-index can be calculated with
only a one-day blood study and might be more
clinically useful than the increase in levodopa
AUC.

The limitations of thls study were as_follows.
The sample size was small, and we conducted an
open-label study. We excluded patients with
dementia because the “on” time parameter was
designed so that it could be recorded by the
patients themselves. Therefore, selection bias
could not be avoided and might have interfered
with the collection of accurate information.

In conclusion, our study showed that the
measurement of serum 3-OMD concentration and
levodopa pharmacokinetics and the calculation of
COMT index are useful for predicting the clinical
effects of entacapone. A further large study will be
needed to confirm our conclusion.
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Cancer-associated ischemic
stroke is associated with elevated
- D~dimer and fibrin degradation
product levels in acute ischemic
stroke with advanced cancer

Jom—

Tomoyuki Kono, Toshiho Ohtsuki, Naohisa Hosomi, Tkuko Takeda,
Shiro Aoki, Yoshimasa Sueda, Kayoko Ishihara, Takeshi Nakamura,
Takemori Yamawaki and Masayasu Matsumoto

Department of Clinical Neuroscience and Therapeutics, Hiroshima University Graduate School of
Biomedical Sciences, Hiroshima, Japan

Aim: Although several studies have reported various causes of ischemic stroke in
patients with cancer, only a few have evaluated the clinical relevance of ischemic stroke
pathogenesis to cancer. The aim of the present study was to elucidate the clinical char-
acteristics of cancer-associated ischemic stroke.

Methods: We evaluated 154 ischemic stroke patients without cancer and 57 ischemic
stroke patients with cancer who had either received continuous treatment for cancer
within 5 years before to the onset of ischemic stroke, or who had been diagnosed with
cancer within 1 year after the onset of ischemic stroke. Cancer patients were grouped into
“cancer-associated ischemic stroke,” the “conventional ischemic stroke,” or “other.”

Results: A total of 15 patients (26%) were classified into the cancer-associated ischemic
stroke in cancer patients. In univariate analysis of the cancer-associated ischemic stroke
and the others, there were significant differences in the prevalence of hypertension,
hyperlipidemia and advanced cancer (clinical stage IV), and the levels of D-dimer, fibrin
degradation product and hemoglobin. With multivariate regression analysis of those
factors, the prevalence of hypertension, hyperlipidemia and advanced cancer (clinical stage
V), and the levels of D-dimer and fibrin degradation product remained as statistically
independent factors, which were associated with cancer-associated ischemic stroke
(n=111, x*=67.21, P < 0.0001).

Conclusion: In acute ischemic stroke, the cancer-associated ischemic stroke is associ-
ated with elevated D-dimer and fibrin degradation products, even after controlling hyper-

tension, hyperlipidemia and advanced cancer (clinical stage IV). Geriatr Gerontol Int
2012; ee: eo—co,

Keywords: cancer, D-dimer, fibrin degradation product, ischemic stroke.

Introduction
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causes of ischemic stroke in patients with cancer might
differ from those in patients without cancer. Cancer can
predispose patients to hypercoagulable states and might
cause the development of deep vein thrombosis (DVT)
and non-bacterial thrombotic endocarditis (NBTE).?
NBTE is one of the most common causes of ischemic
stroke in cancer patients,® and it has been found in 27%
of cancer patients with ischemic stroke on post-mortem
analysis.!

A number of previous studies have evaluated the
characteristics of ischemic stroke patients with cancer.
Cestari et al. classified the subtypes of ischemic stroke
with cancer and found conventional ischemic stroke in
just 35 of 96 patients (36%).* In addition, there were 36
of 52 patients (69%) with NBTE or embolism of an
undetermined source in the subtype of embolic stroke.*
In another study, embolic signals were detected with
transcranial Doppler (TCD) in 45.9% of ischemic
stroke patients with cancer.® In embolic stroke patients
with cancer, a hypercoagulable state attributable to the
cancer might have been one of the major causes of
ischemic stroke.

However, these studies included a large number of
elderly cancer patients, and it is possible that there was
a certain proportion of these elderly patients in whom
conventional ischemic stroke might have been attribut-
able to atrial fibrillation (Af), atherosclerotic disease
or other causes. This highlights the possibility that the
causes of ischemic stroke in cancer patients are more
complex than previously anticipated. To effectively
detect and prevent ischemic stroke in cancer patients, it
is necessary to define the causal relationship between
ischemic stroke and cancer. However, the characteris-
tics of ischemic stroke attributable to cancer that might
allow its discrimination from conventional ischemic
stroke remain undetermined.

The aim of the present study was to elucidate the
clinical characteristics of cancer-associated ischemic
stroke to differentiate it from the other type of ischemic
stroke.

Methods

Design

This was a retrospective study of acute ischemic stroke
patients admitted to Hiroshima University Hospital,
Hiroshima, Japan, between January 2006 and August
2010. Ischemic stroke was confirmed by computed
tomography (CT) and/or magnetic resonance imaging
(MRI). We classified the patients as with cancer if they
had active cancer or had been diagnosed with any
cancer within 1 year after the onset of ischemic stroke,
excluding primary intracranial tumors. Active cancer
was defined by the presence of any continuous treat-
ment for cancer within S years before the onset of

2|

ischemic stroke. The patients were classified as non-
cancer patients if they had never been diagnosed with
cancer, had undergone surgical removal of cancer more
than 5 years before stroke onset and had shown no
recurrence of cancer until their stroke onset, or had no
clinical information regarding their cancer.

Data collection

Patients were classified as hypertensive when they
had been diagnosed with hypertension before stroke
onset, and/or were taking antihypertensive medication.
Patients were classified as having diabetes mellitus (DM)
if they had glycated hemoglobin (HbAs) > 6.5% and
fasting blood glucose 2126 mg/dL, and/or were taking
oral hypoglycemic agents or insulin. Patients were
classified as hyperlipidemic if they had total choles-
terol 2220 mg/dL, low-density lipoprotein cholesterol
2140 mg/dL and triglyceride level 2150 mg/dL, and/or
were taking antihyperlipidemic medication. Af was diag-
nosed with a standard electrocardiogram (ECG), 24-h
ECG recording or 14-day ambulatory ECG monitoring.®
The clinical stage of cancer was evaluated at the onset of
ischemic stroke based on the tumor-node-metastasis
(TNM) classification (for solid cancer) or the modified
Ann Arbor (Cotswold’s) staging (for malignant lym-
phoma).” In cases with an onset of ischemic stroke
before cancer diagnosis, the clinical stage of cancer
was evaluated at the time of cancer diagnosis. When a
patient had multiple primary cancers, we evaluated the
most advanced cancer.

Blood cell counts and blood coagulation factors (e.g.
prothrombin time [PT; s], PT international normalized
ratio [PT-INR], activated partial thromboplastin time
[APTT; s, fibrinogen [mg/dL], D-dimer [ug/mL], fibrin
degradation product [FDP; pg/mL], and antithrombin
3 [AT3; %)) were evaluated within 24 h of admission.
D-dimer levels were measured by the latex agglutination
method using a Sysmex XE7000 and the RIAS AUTO
D-dimer NEO reagent (Kobe, Japan).

Ischemic stroke subtypes were classified by two
stroke neurologists using the Trial of Org 10172 in
Acute Stroke Treatment (TOAST) criteria and imaging
examinations (e.g. brain MRI, carotid ultrasonography,
transthoracic echocardiography [TTE]), which were
carried out within 1 week after hospitalization.! In
addition, patients with the cancer-associated ischemic
stroke were further categorized in accordance with the
patients for whom no causes of stroke other than
cancer could be identified in the subtype of undeter-
mined etiology, despite extensive evaluations including
brain MR, carotid ultrasonography and TTE. Patients
were classified as conventional ischemic stroke if their
ischemic stroke was a lacunar infarction or if they had
Af, myocardial infarction, rheumatic valvular disease,
valvular replacement, cardiomyopathy, severe stenosis

© 2012 Japan Geriatrics Society
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(>50%) of the infarct-related artery, arterial dissection
or aortitis.

Other

(n=23)

Statistical analysis

Medians (minimum to maximum) were used to describe
continuous data, and frequency and percentage were
used for categorical data. Univariate analyses were
carried out to evaluate differences among the groups
with regards to baseline characteristics, risk factors and
laboratory data. Statistical analysis was carried out using
JMP software version 9.0 for Windows (SAS Institute,
Cary, NC, USA). Values were compared between
patient groups using Fisher’s exact test for categorical
variables. Differences in continuous variables among
the groups were examined using the Kruskal-Wallis
test. When there was a statistically significant difference,
the Wilcoxson signed rank test was applied to examine
the difference between each group. Multivariate logistic
regression was utilized to assess the relative importance
of variables found to be related to the cancer-associated
ischemic stroke, in initial univariate analyses. All analy-
ses were two-tailed, and a value of P < 0.05 was consid-
ered statistically significant.

CIS
(n=239)
76 (56, 91)

15)
74 (50, 87)

CAIS
(n=

Cancer
=57)

75 (50, 91)

14 (25)

33 (58)

19 (33)

17 (30)

19 (33)

(n

Non-cancer
(n=154)

Results

A total of 211 consecutive acute ischemic stroke
patients (79 women and 132 men) were identified
between January 2006 and October 2010. The median
age was 73 years (range 25-92). The patients’ baseline
characteristics are listed in Table 1. With our classifica-
tions, 15 patients (26%) were in the cancer-associated
ischemic stroke group, 39 (68%) were in the conven-
tional ischemic stroke group and three (6%) were not
assigned to either classification among the cancer
patients. No patient in the present study was assigned to
both classifications. Of the three patients not assigned
to either classification, one was classified as having a
stroke of an undetermined etiology, because the general
condition of the patient deteriorated before further
evaluation. The two other patients in this group showed
disseminated intravascular coagulation (DIC). There
were no significant differences in prevalence of vascular
risk factors in the cancer patients compared with that in
the non-cancer patients. The most common vascular
risk factor in the cancer patients was hypertension. It
was similar to non-cancer patients. Ischemic stroke
onset preceded cancer diagnosis in eight patients. The
median duration from cancer diagnosis to stroke onset
was 8 months (range —11 to 120) in the cancer patients.
The patients in the cancer-associated ischemic stroke
group had a lower rate of hypertension and hyperlipi-
demia than those in the conventional ischemic stroke
group (P < 0.05).

Table 1 Baseline characteristics

© 2012 Japan Geriatrics Society
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67 (56, 86)
1(33)
2 (67)
1 (33)
7(0,11)

7 (11, 120)

7 (20)
26 (67)
16 (41)
16 (41)
19 (49)

5(13)
12 (31)
18 (46)

4 (10)

0(0)

6 (40)

5 (33)

3 (20

1(7)

0 (0)

0 (0)

0 (0)

0(0)

0 (0)
15 (100)
13 (0, 69)

8 (11, 120)
Af, atrial fibrillation; CAIS, cancer-associated ischemic stroke; CIS, conventional ischemic stroke; DM, diabetes mellitus; NA, not assessed.

S5(9)
12 (21)
18 (32)

6 (10)
16 (23)

(14)
30 (20)
62 (40)
16 (10)
24 (16)

NA

73 (25, 92)
65 (42)
100 (65)
54 (35)
74 (48)
55 (36)

22

Other determined etiology, n (%)
Undetermined etiology, n (%)

Large artery atherosclerosis, n (%)
Duration from cancer diagnosis to ischemic stroke onset, month median (range).

Small-vessel disease, n (%)
Cardioembolism, 1 (%)

Hyperlipidemia, n (%)

Hypertension, n (%)
Af, n (%)

Female, n (%)
DM, n (%)

Age, years median (range)

Sex
Ischemic stroke subtypes

Risk factors
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Table 2 Distributions of primary cancers

Cancer  CAIS CIS Other

n=57) (=15 (=39 (@®=3)
Lung 8 2 6 0
Stomach 7 1 6 0]
Liver 6 2 4 0
Colon N 0 5 0
Prostate 4 0 4 0
Malignant 4 1 3 0

lymphoma

Pancreas 3 2 0 1
Gall bladder 3 2 1 0
Kidney 3 2 1 0
Esophagus 3 0 2 1
Pharynx 2 0 1 1
Breast 3 1 2 0
Others 6 2t 4% 0

TThese two patients had uterus cancer and malignant
melanoma. *These four patients had thyroid cancer,
gastrointestinal stromal tumor, bladder cancer or soft tissue
tumor of the elbow. CAIS, cancer-associated ischemic
stroke; CIS, conventional ischemic stroke.

The distributions of the primary cancers are shown
in Table 2. Primary cancers were located in the lung in
eight patients (14%) and in the stomach in seven
patients (12.2%). Through histological classification,
it was determined that 39 patients (68%) had adeno-
carcinoma. There was no significant difference in the
distribution of adenocarcinoma between the can-
cer-associated ischemic stroke and the conventional
ischemic stroke groups (Fig. 1). There was a higher
prevalence of advanced cancer (clinical stage IV) in
the cancer-associated ischemic stroke group than in
the conventional ischemic stroke group (P < 0.0001;
Fig. 2).

Blood cell counts, including hemoglobin and platelet
counts, were evaluated in all patients. D-dimer and FDP
levels were evaluated in 177 (84%) and 118 patients
(56%), respectively. There was no significant difference
in platelet counts among the groups. Hemoglobin was
low in both cancer groups compared with that of the
non-cancer group. D-dimer and FDP levels were signifi-
cantly higher in the cancer-associated ischemic stroke
group than in the non-cancer group and conventional
ischemic stroke group (P < 0.05; Fig. 3). To assess the
association between blood coagulation and clinical
stage of primary cancer, differences between D-dimer
and FDP levels were evaluated in the different clinical
stages. Levels of D-dimer and FDP in the patients
with cancer of clinical stage IV were significantly higher
than those in patients of clinical stages I-III (D-dimer:
1.3 ug/mL [0.1-29.0] in stages I-1Il and 8.3 pg/mL [0.4—
81.5] in stage IV and FDP: 3.1 pg/mL [0.8-50.5] in

4 |

Other }
(n=3)
i
1
CIs
(n=39)
CAIS
(n=15)
0% 20% 40% 60% 80% 100%

M Adenocarcinoma  [INon-adenocarcinoma
Figure1 Histological types of primary cancer in the
ischemic stroke classification in association with cancer. The
difference in the distribution of adenocarcinoma between the
cancer-associated ischemic stroke (CAIS) group and the
conventional ischemic stroke (CIS) group was not
significant.

Cis i o
(n=39) : . .
P<0.0001
(n=15) ‘ : sl ‘

',

T 7 T

T 1

0% 20% 40% 60% 80% 100%

OUndetermined O Stage | [ Stage || B Stage Il B Stage IV

Figure 2 Clinical stage of primary cancer in the
cancer-associated ischemic stroke group. There was a higher
prevalence of advanced cancer (clinical stage IV) in patients
with cancer-associated ischemic stroke (CAIS) compared
with patients with conventional ischemic stroke (CIS).

stages I~ and 15.1 pg/mL [1.2-100.2] in stage IV,
P <0.05, respectively).

In univariate analysis on the cancer-associated
ischemic stroke and the other groups, there were sig-
nificant differences in the prevalence of hypertension,
hyperlipidemia, and advanced cancer (clinical stage IV)
and the levels of D-dimer, FDP and hemoglobin. Then,
we carried out multivariate logistic regression analysis
on the cancer-associated ischemic stroke and the
others with those factors. As a result, the prevalence
of hypertension, hyperlipidemia, and advanced cancer
(clinical stage IV), and the levels of D-dimer and fibrin
degradation product remained as statistically indepen-
dent factors, which associated with cancer-associated
ischemic stroke (n=111, %*=67.21, P<0.0001;
Table 3).
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Table 3 Multivariate logistic regression analysis on
the cancer-associated ischemic stroke and the others

Factors v P-value
Hypertension 11.13 0.0008
Hyperlipidemia 4.16 0.0414
Advanced cancer 48.47 <0.0001
D-dimer 12.60 0.0004
FDP 9.24 0.0024
Hemoglobin 2.15 0.9988

n=111, y*=67.21, P<0.0001. FDP, fibrin degradation
product.

Discussion

In the present study, we evaluated the clinical charac-
teristics of ischemic stroke patients with cancer. Of the
58 patients examined, 16 (28%) were classified as having
cancer-associated ischemic stroke. The characteristics
of cancer-associated ischemic stroke were evaluated by
comparison with the non-cancer group and conven-
tional ischemic stroke group. There was no significant
difference in the prevalence of adenocarcinoma between
the cancer-associated ischemic stroke and the conven-
tional ischemic stroke groups. However, there was a
higher prevalence of advanced cancer (clinical stage IV)
in patients with cancer-associated ischemic stroke than
in patients with conventional ischemic stroke. There
was a lower prevalence of hypertension and hyperlipi-
demia in patients with the cancer-associated ischemic
stroke than in patients with the conventional ischemic
stroke. There were no significant differences between
the two groups in hemoglobin and platelet counts. FDP
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and D-dimer levels were significantly higher in patients
with the cancer-associated ischemic stroke than in the
non-cancer group and the conventional ischemic stroke
group. In acute ischemic stroke, cancer-associated
ischemic stroke was associated with elevated D-dimer
and fibrin degradation products, even after controlling
hypertension, hyperlipidemia and advanced cancer
{clinical stage IV).

In the present study, we attempted to select the
patients with cancer-associated ischemic stroke using
the TOAST criteria. Kim et al. have also tried to classify
ischemic stroke patients with cancer using conventional
and cryptogenic stroke mechanisms.® In their classifica-
tion, ischemic stroke patients with undetermined etiolo-
gies according to the TOAST criteria were categorized
solely with reference to cryptogenic stroke mechanisms.
Although their classification method is almost equal to
our method, they classified five NBTE patients as a
conventional ischemic stroke mechanism. NBTE is
widely recognized as a unique cause of cardioembolism
frequently observed in cancer patients, as has been
reported in a post-mortem series.! Although transesoph-
ageal echocardiography (TEE) is the most appropriate
method to diagnose cardiac sources of embolism, such as
NBTE," it is difficult to carry out TEE in all cancer
patients, as TEE is an invasive examination. In the
present study, we carried out TEE in just 37% of the
patients who were suspected to have had a cardioembolic
stroke from the results of imaging analysis and who
could tolerate esophageal intubation. Although our
execution rate of TEE was higher than that in previous
reports,*'! it is quite likely that there is a selection
bias. Therefore, we tried to classify cancer-associated
ischemic stroke without using the finding of TEE. As a
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result, three patients with NBTE in the cancer-
associated ischemic stroke group were included, because
there were not embolic sources, despite extensive exami-
nation without TEE. From this result, this classification
method could be adequate in a clinical site.

D-dimer is a plasmin-derived degradation product
of cross-linked fibrin that is elevated in patients with
hypercoagulability. D-dimer levels were elevated in a
wide variety of conditions with intravascular clotting,
including ischemic stroke itself. Previous studies have
reported that D-dimer is higher in stroke patients with
cancer than in stroke patients without cancer.t In the
present study, we have shown that, among ischemic
stroke patients, D-dimer levels were more elevated
in patients with cancer-associated ischemic stroke
than non-cancer and conventional ischemic stroke. The
patients with NBTE showed high D-dimer levels. There
were three patients with NBTE found with TEE in
the cancer-associated ischemic stroke group. Their
D-dimer levels were 8.7 ug/mL, 23.1ug/mL and
55.5 pg/mL; these values were markedly higher than
those of the other patients in this group. It might
be because NBTE can result from a hypercoagulable
stage. Furthermore, we investigated the possibility that
patients with advanced cancer show high levels of
D-dimer. Interestingly, the levels of D-dimer were higher
in the patients with stage IV cancer than in those with
clinical stages I-III. From the present results, D-dimer
and FDP remained as independently significant,
even after controlling the prevalence of hypertension,
hyperlipidemia and advanced cancer (clinical stage IV).
Therefore, although the elevation of blood coagula-
tion factors in the patients with the cancer-associated
ischemic stroke might be attributable to a higher clinical
stage of primary cancer, it was independently associated
with the cancer-associated ischemic stroke.

Uemura et al. reported that hemoglobin levels were
reduced in cancer patients compared with patients with
no malignancy.” Their explanation for the reduced
hemoglobin levels in cancer patients was the general
condition of these patients as a result of cancer cachexia
or gastrointestinal bleeding in gastrointestinal cancer
patients. The present results support those of Uemura
etal; hemoglobin levels in the cancer groups were

lower than the non-cancer group in the present

study. However, there was no significant difference in
hemoglobin levels between the patients with cancer-
associated ischemic stroke and those with conventional
ischemic stroke. The present results suggested that
hemoglobin levels cannot be a marker used to distin-
guish between cancer-associated ischemic stroke and
conventional ischemic stroke in cancer patients.
Circulating mucinous material has been reported
in embolic stroke patients with mucin-producing
adenocarcinomas.”'S Seok ef al. reported that embolic
signal was observed in patients with metastasis

6 |

oradenocarcinoma.® Of the patients in the present study,
68% were adenocarcinoma patients. However, there was
no significant difference in histological types between the
cancer-associated ischemic stroke and the conventional
ischemic stroke patients. These results require confirma-
tion in a larger number of patients.

In the present results, there was a significant differ-
ence in the clinical stage of cancer, but not the histo-
logical type between the patients with cancer-associated
ischemic stroke and those with conventional ischemic
stroke. A few previous reports have evaluated the rela-
tionship between cancer-associated ischemic stroke and
its clinical stage. Kim e al. showed a high prevalence of
distant metastasis in cryptogenic stroke mechanisms.’
This report supports the present results in that there
was a high prevalence of advanced cancer in the patients
with cancer-associated ischemic stroke.

The present study has some limitations. First, this was
a single-center retrospective study. Our hospital func-
tions as both a regional cancer center and an advanced
emergency center. The proportion of ischemic stroke
patients with cancer might differ between our hospital
and the general population. Therefore, there might be a
selection bias for ischemic stroke patients with cancer.
Second, the method of classifying cancer-associated
ischemic stroke is not generalized. With our classifica-
tion system, all of the ischemic stroke patients with Af
were classified as having cardioembolism in conventional
ischemic stroke. However, there is a possibility that some
of these stroke cases might have been attributable to a
hypercoagulable state as a result of cancer rather than
to Af. Further selection criteria are necessary to select
the Af patients in whom the ischemic stroke was a result
of hypercoagulability as a result of cancer. Therefore,
further research investigating the association between
ischemic stroke and cancer is needed. Finally, although
TEE is necessary to diagnose NBTE, TEE cannot
be carried out in all cases because of patients’ general
conditions, anatomical reasons (e.g. esophageal or
gastric cancer and esophageal varix) and/or lack of
patient cooperation.

In conclusion, 26% of the patients studied were clas-
sified as having cancer-associated ischemic stroke.
Based on our results, elevated D-dimer and FDP levels
can be associated with cancer-associated ischemic
stroke, even after controlling hypertension, hyperlipi-
demia and advanced cancer (clinical stage IV).
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