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Background: The use of adenosine diphosphate (ADP) receptor inhibitors (known also as P2Y12
inhibitors) is now widely advocated in combination with aspirin for immediate therapeutic management of
patients with arterial thrombotic diseases. This study was hence planned to collect information about Google
search volumes for P2Y12 inhibitors as a first order approximation of their worldwide usage.

Methods: Google Trends was searched using with the keywords “Clopidogrel” AND “Ticagrelor” AND
“Ticlopidine” AND “Prasugrel” with the option “prescription drug”. No language limit was applied and the
searches were performed between January 2004 and June 2017.

Results: The median monthly Google Trends score of clopidogrel was the highest among the four drugs,
nearly 8-fold higher than that of prasugrel and nearly 20-fold higher than those of ticlopidine and ticagrelor.
Between January 2004 and May 2012, the highest volume of monthly Google searches could be recorded
for clopidogrel, whereas the median score of the other three drugs was still more than 18-fold lower. The
cumulative volume of monthly Google searches for clopidogrel further increased by approximately 4%
during the past five years, that of ticagrelor and prasugrel increased by nearly 17- and 2.5-fold, whereas that
of Ticlopidine decreased by approximately 25% compared to the previous period. The analysis of Google
search volumes limited to the past 5 years shows a significant increase for both clopidogrel (r=0.68) and
ticagrelor (r=0.99), and a considerable decreased for ticlopidine (r=-0.61) and prasugrel (r=-0.75).
Conclusions: According to our analysis of Google Trends scores, the popularity of ticlopidine and
prasugrel has considerably declined in recent times, that of clopidogrel has remained quite constant over
more than a decade, whereas that of ticagrelor seems constantly increasing.
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Introduction occlusive disease (1-3). Although several of these drugs have
been tested in many large trials, there are still concerns about

There is still debate on which antiplatelet agent should be their variable clinical efficacy and toxicity (4,5).

added to, or substituted for, aspirin in the management of According to recent guidelines, the use of adjunctive
acute coronary syndrome, as well as in other cardiovascular antithrombotic therapy with adenosine diphosphate
diseases, such as cerebrovascular disease and peripheral artery (ADP) receptor inhibitors [conventionally known as
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P2Y12 (receptor) inhibitors] in combination with aspirin
is highly recommended for early treatment and for
supporting reperfusion with primary percutaneous coronary
intervention (PCI) in both patients with ST-elevation
myocardial infarction (STEMI) and in those with non-ST
elevation myocardial infarction (NSTEMI). In STEMI
patients the American College of Cardiology Foundation/
American Heart Association (ACCF/AHA) guidelines
recommend a loading dose of one of the three P2Y12
inhibitors as early as possible or at time of PCI (clopidogrel
600 mg; prasugrel 60 mg; ticagrelor 180 mg), followed by
a l-year period of maintenance dosage (clopidogrel 75 mg
daily; prasugrel 10 mg daily; ticagrelor 90 mg twice a
day) (6). No major variations have been reported for this
standard therapy in ensuing guidelines (7). The guidelines
of the European Society of Cardiology (ESC) for patients
with STEMI also recommend a loading dose of one of the
three P2Y12 inhibitors as early as possible or at time of PCI
(ticagrelor 180 mg; prasugrel 60 mg in clopidogrel-naive
patients; clopidogrel 600 mg, eventually when prasugrel
or ticagrelor are either not available or contraindicated). A
maintenance dosage is then also recommended (ticagrelor
90 mg twice a day; prasugrel 10 mg daily; clopidogrel
75/150 mg daily) (8). The recommendations of both the
AHA/ACC and the ESC guidelines for platelet inhibition in
patients with NSTEMI are virtually identical (9,10).

The current armamentarium of P2Y12 receptor
inhibitors entails three drugs classified under the name
of thienopyridines (i.e., clopidogrel, prasugrel and
ticlopidine) and two additional drugs classified under the
generic definition of “nonthienopyridine” (cangrelor and
ticagrelor) (11). Ticlopidine is the oldest P2Y12 inhibitor
to be clinically used (12), and is now only prescribed in
a minority of countries due to significant hematological
toxicity (13). Clopidogrel is an inactive pro-drug needing
oxidation by the hepatic cytochrome P450 (CYP)
system to generate the active metabolite. An estimated
85% of the prodrug is hydrolysed by esterases into an
inactive form, thus leaving only 15% of clopidogrel
available for transformation into the active metabolite,
which selectively and irreversibly inactivates platelet
P2Y12 receptors and thus inhibits ADP-induced platelet
aggregation (14). Unfortunately, a consistent number of
patients have genetic variants of the CYP2C19 gene, which
may contribute to reduce the concentration of the active
metabolite during therapy (15). Albeit genetic testing
and assessment of platelet function can identify patients
at higher risk, the unsatisfactory predictability of platelet
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inhibition by clopidogrel has catalyzed the research for
alternative drugs, eventually characterized by a more
predictable effect. Prasugrel is a third-generation P2Y12
receptor inhibitor with a faster onset and a more profound
inhibitory effect than clopidogrel, and is hence considered
a suitable therapeutic alternative, since is effective for
achieving high level platelet inhibition in a large majority
of patients, including carriers of the CYP2C19*2 allele
genotype (16). The other side of these advantages,
however, is represented by the finding that in clinical
studies severe bleeding complications were more common
with prasugrel than with clopidogrel, due to an observed
increase in both non-fatal and fatal bleeds (17). Ticagrelor
is another reversible P2Y12 inhibitor, also exhibiting a
more rapid and consistent onset of action compared with
Clopidogrel, as well as a faster offset of action with more
rapid recovery of platelet function (18). Finally, cangrelor
is the only P2Y12 receptor inhibitor which needs
parenteral administration.

Although the widespread availability of many P2Y12
inhibitors along with the strength of recommendations
strongly supporting their use in patients with both
STEMI and NSTEMI have contributed to enhance the
popularity and prescription of these drugs around the
world, no reliable information has recently been published
about their worldwide use and popularity. Google Trends
(Alphabet Inc. Mountain View, CA, United States) is a
web instrument based on Google Search, displaying the
frequency of how a specific term is searched in Google
according to worldwide search volume (19). The final
digital report is a graph displaying the relative frequency
of a search term compared to the total number of searches
during a certain period of time. The numbers are given
in arbitrary scale (between 0 and 100), reflecting the
Google search interest relative to the highest point on
the chart. Accordingly, a number of 100 reflects the
peak of popularity for the search term, 50 means that
the search term had half popularity, whereas 0 means
the search term was <1% as popular as the peak (19).
This free web instrument is hence useful for gathering
practical insights about the popularity of a given search
term also in science and medicine. Notably, recent studies
convincingly confirm that the number of web searches
may provide a reliable approximation about the generic
usage of many drugs, also allowing to identify significant
variations in prescribing behaviors (20-22). Therefore,
we planned an original study to collect information about
the Web searches for P2Y12 inhibitors, as a first order
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Figure 1 Evolution of the Google Trends score for ticlopidine,
clopidogrel, prasugrel and ticagrelor between January 2004 and
May 2017.
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Figure 2 Geographical distribution of web searches recorded
by Google Trends for ticlopidine, clopidogrel, prasugrel and
ticagrelor between January 2004 and May 2017.

approximation of their worldwide pharmaceutical use.

Methods

An electronic search was performed in Google Trends
with the keywords “Clopidogrel” AND “Ticagrelor”
AND “Ticlopidine” AND “Prasugrel” (i.e., the four most
worldwide used receptor inhibitors), and using the search
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option “prescription drug”. The keyword “Cangrelor”
ought to be initially omitted since this drug was not indexed
by Google under the option “prescription drug” or simply
“drug”, and the generic search also generated a negligible
score (i.e., always <1). No language limit was used and
the searches were performed from the first date available
in Google Trends (i.e., January 1%, 2004) to present time
(i.e., June 1%, 2017). The output of this electronic search
was then displayed according to monthly volumes (i.e., the
total score of each month) related to the highest peak of
popularity (i.e., a Google Trends score of 100) throughout
the entire search period. A sub-analysis was then carried out
to identify more recent trends (i.e., in the past five years,
between June 2012 and May 2017). The Google Trends
scores were reported as monthly medians along with their
interquartile range (IQR). The significance of difference
of Google Trends scores during the search periods was
assessed with Mann-Whitney U test and the trend over time
(between months and the relative Google Trends score) was
tested with Spearman’s correlation. The statistical analysis
was performed using Analyse-it (Analyse-it Software Ltd,
Leeds, UK). The study was carried out in accordance with
the Declaration of Helsinki and under the terms of relevant
local legislation.

Results

The results of the Google Trends score throughout the
entire search period (i.e., from January 2004 to May 2017)
is shown in Figure 1. The median monthly Google Trends
score of clopidogrel was by far the highest among the four
drugs (76; IQR, 71-80), nearly 8-fold higher than that of
prasugrel (9; IQR, 3-11; P<0.001) and nearly 20-fold higher
than that of ticlopidine (4; IQR, 3-5; P<0.001) and ticagrelor
(3; IQR 0-14; P<0.001). The geographical distribution of
the Google search volume is reported in Figure 2, which
shows a wide heterogeneity for the popularity of these four
drugs around the world. A rather different figure emerged
when the Google Trends score was assessed before and
after June 2012 (Table 1). In particular, between January
2004 and May 2012 the highest volume of monthly Google
searches could be recorded for Clopidogrel, whereas the
median score of the other three drugs was always <5. In
the past five years the volume of monthly Google searches
for clopidogrel further increased by approximately 4%
(P<0.001), that of ticagrelor and prasugrel increased by
nearly 17- and 2.5-fold (both P<0.001), whereas that of
ticlopidine decreased by approximately 25% (P<0.001).
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The trends of Google searches for the four P2Y12 receptor
inhibitors in the past 5 years (i.e., between June 2012 and
May 2017) is shown in Figure 3. Interestingly, clopidogrel
(r=0.68; 95% CI, 0.52 to 0.80; P<0.001) and especially
ticagrelor (r=0.99; 95% CI, 0.98 to 0.99; P<0.001) exhibited
a substantially increasing trend, whilst that of ticlopidine
(r=-0.61; 95% CI, -0.75 to -0.42; P<0.001) and prasugrel
(r=-0.75; 95% CI, -0.85 to -0.62; P<0.001) displayed a
fairly significant opposite trend (Figure 3).

Table 1 Google Trends score between January 2004-May 2012
and between June 2012-May 2017 for the four major adenosine
diphosphate (ADP) receptor inhibitors

January 2004-May

June 2012-May

Drug 2012 2017 P
Clopidogrel 74 (IQR, 69-79) 77 (IQR, 74-82)  <0.001
Ticagrelor 0 (IQR, 0-2) 17 (IQR, 14-21)  <0.001
Ticlopidine 4 (IQR, 4-5) 3 (IQR, 3-3) <0.001
Prasugrel 4 (QR, 2-11) 10 (IQR, 9-11)  <0.001
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Discussion

The use of antiplatelet agents in combination with aspirin
(i.e., the so-called “dual antiplatelet therapy”) for immediate
management of patients with arterial thrombotic diseases is
now advocated by the most followed guidelines around the
world (6-10). After many years of monopoly of ticlopidine,
clopidogrel first, and relatively new molecules like prasugrel
and ticagrelor afterward, have been introduced and are
now widely used in many countries, especially in US and
Europe (23). The choice of the P2Y12 inhibitor is often
subjective, since the practice guidelines do not provide clear
recommendations or unequivocal data of clinical superiority,
major efficacy or greater safety of one drug compared to the
others (6-10). This complex scenario has hence prompted
us to perform a first order approximation of their worldwide
pharmaceutical use based on Google Trends data, a freely
available web instrument which was proven quite reliable
for investigating drug usage and variations of prescribing
behaviors (22).

The first important aspect emerged from our analysis
is that the popularity of ticlopidine (i.e., the first P2Y12
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Figure 3 Evolution of the Google Trends score for ticlopidine, clopidogrel, prasugrel and ticagrelor over the past 5 years. The line

represents the Spearman’s correlation between monthly Google volume and the month of the year.
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Table 2 Date of official approval by the national medicines agencies
of US, Europe and China and worldwide sales of the four major
adenosine diphosphate (ADP) receptor inhibitors

Worldwide sales

D FDA EMA
9 (year 2015)*

Clopidogrel  November,  July, 2008 2,141 million
1997 Us$

Ticagrelor July, 2011 December, 619 million US$

2010

Ticlopidine October, March, 1978# Not currently
1991 available

Prasugrel July, 2007 February, 2009 773 million US$

*, not including the sales of generic drugs; #, only in a number
of European countries. FDA, US Food and Drug Administration;
EMA, European Medicines Agency.

receptor inhibitors to be introduced in the market, nearly
40 years ago) (1able 2) has consistently decreased over time,
especially in the past 5 years (Figure 3). Quite interestingly,
the Google search volumes for this drug in the past 5 years
could only be identified in US, Italy and Brazil, so confirming
a widespread perception that its era may have come to
an end (23). This aspect is strongly supported by clinical
evidence showing that this Ticlopidine has been associated
with a number of important side effects, especially with
reduction of white blood cell and development of thrombotic
thrombocytopenic purpura (T'TP), which have led to
discontinuation of ticlopidine in the US since the 2015 (24).
Clopidogrel has been the second P2Y12 receptor inhibitor
to be approved for clinical use, nearly 20 years ago in the
US and nearly 10 years ago in Europe, respectively (Zable 2).
Since then, the popularity of this drug has constantly increased
(Table 1), as also mirrored by the highest volume of sales
among all the P2Y12 receptor inhibitors. Not only clopidogrel
has been the most popular drug searched in Google in the past
5 years, but also the Google Trends score shows an increasing
trend, especially in the past 3 years (Figure 3). Notably,
the volume of Google Searches seems quite homogenous
worldwide, with a peak of popularity in the US (Figure 2).
Prasugrel is another thienopyridine which has been first
approved for use in patients with acute coronary syndrome
nearly 10 years ago (Table 2). Despite an early raise of
popularity soon after its introduction, the Google search
volumes of this drug have dramatically decreased during
the past 5 years (Figure 3). Most of these come from the US
(Figure 2), with the Google Trend score virtually limited
to this country in the past 12 months (data not shown).
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The gradual decline in popularity of this drug, especially
in Europe, is possibly linked to the fact that the ESC
guidelines advice against administering Prasugrel in patients
in whom the coronary anatomy is unknown (6-10).

Ticagrelor is the most recent of these drugs, since it has
been approved by the US Food and Drug Administration
(FDA) in July 2011 and by the European Medicines Agency
(EMA) in December 2010 (Ziable 2). This clearly explains the
growing interest for this compound, which is conceivably
mirrored by an increasing number of prescriptions especially
in North America, Western Europe, Australia, India and Brazil
(Figure 2). Among all P2Y12 receptor inhibitors, the Google
Trends score of Ticagrelor has displayed the sharpest (nearly
linear; r=0.99) increase during the past 5 years (Figure 3), which
is probably attributable to the many advantages of this drug.
Unlike clopidogrel and prasugrel, ticagrelor is not a prodrug
necessitating activation and has a reversible effect on P2Y12
receptor blockade. Moreover, this drug has large applicability
throughout the entire spectrum of acute coronary syndrome,
managed both medically and invasively, with constant efficacy
among multiple subgroups of patients (11). According to our
data, it seems hence conceivable that the popularity of this
drug will predictably increase in the following years. As regards
cangrelor, it is quite surprising that the volume of Google
search for this drug was virtually inexistent compared to the
other of P2Y12 receptor inhibitors. This may be due to the
fact that this drug was only recently approved (June 2015 by
both the FDA and by the EMA) and is only administered with
intravenous infusion (25), so that the popularity in terms of
Web searches may be still in its infancy.

Conclusions

The results of our analysis of Google Trends score of
P2Y12 receptor inhibitors attest that the popularity of
ticlopidine and prasugrel has apparently declined in recent
times, that of clopidogrel has remained quite constant
over more than a decade, whereas that of ticagrelor seems
constantly increasing.
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