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Abstract

Recombinant tissue-type plasminogen activators (rtPA) effectively dissolve blood
clots and improve symptoms in patients with acute ischemic stroke and myocardial
infraction. Although rtPA are used in patients taking antiplatelets or anticoagulants to
improve clinical outcomes, combination therapy may increase the risk of hemorrhagic
transformation (HT) and intracerebral hemorrhage (ICH). However, few studies have
investigated the risk of HT and ICH associated with these combination therapies. This
study aimed to investigate the adverse-event and drug-drug interaction signals for HT
and ICH under combination therapy with alteplase and various antiplatelets or antico-
agulants, using the Japanese Adverse Drug Event Report database. Adverse-event
signals were evaluated using the reporting odds ratio and information components,
and drug-drug interaction signals were studied using the Q shrinkage measure, addi-
tive, multiplicative, and Chi-square statistics models. We also investigated predictors
of HT and ICH, time-to-onset, and outcomes in patients receiving alteplase. HT and/
or ICH signals were detected in patients receiving alteplase in combination with aspi-
rin, P2Y, inhibitors, cilostazol, ozagrel sodium, direct oral anticoagulants, warfarin
potassium, heparin group, or argatroban. Hypertension and diabetes mellitus were
significant risk factors for alteplase-induced HT. Most HT and ICH events occurred
within 1 day after alteplase administration, and more than 60% of affected patients
were not in recovery. In conclusion, continued monitoring is required in patients
receiving alteplase in combination with any of the eight types of antiplatelets or the
aforementioned anticoagulants. Additionally, the occurrence of HT or ICH within 1

day post-alteplase administration should be considered in patients with hypertension
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or diabetes mellitus. The findings from this study may help in understanding the risk
of HT and ICH induced by rtPA in patients taking antiplatelet or anticoagulant medica-
tions, as well as in promoting the appropriate use of rtPA. Further prospective obser-
vational studies and randomized controlled trials are needed to assess these finding.

Introduction

Intravenous recombinant tissue plasminogen activators (rtPA) are used worldwide

in patients with acute ischemic stroke (AlS) and myocardial infraction because of its
good thrombolytic efficacy [1-3]. rtPA can potently dissolve pathological thrombi in
blood vessels by increasing fibrinolytic activity through the conversion of plasmino-
gen to plasmin [4]. However, the injection of rtPA induces various vascular-related
adverse events [5,6]. Particularly, the use of rtPA in patients with AIS occasionally
increases the risk of intracerebral hemorrhage (ICH) and hemorrhagic transforma-
tion (HT), such as symptomatic ICH [5,7]. Antiplatelets, such as aspirin and P2Y ,
inhibitors, and anticoagulants, such as heparin group and direct oral anticoagulants
(DOACS), are often used to prevent thrombus formation and ischemic events in
patients with stroke [8,9], coronary artery disease, and atrial fibrillation [10]. rtPA may
be administered to patients receiving antiplatelet or anticoagulant therapy for AIS to
improve their clinical outcomes. However, the rtPA alteplase has been reported to
induce ICH in patients receiving anticoagulants such as DOACs [2,11,12]. Therefore,
these combination therapies should be used with caution in patients with AIS. In
contrast, there is insufficient evidence regarding the need to limit the combination of
alteplase with antiplatelets [2]. Thus, understanding the risks of rtPA-induced HT and
ICH in patients on antiplatelet or anticoagulant therapy (especially antiplatelet ther-
apy) is important for promoting the appropriate use of rtPA.

A large pharmacovigilance database is needed to characterize rare adverse drug
events. The Japanese Adverse Drug Event Report (JADER) is a large open-access
database of spontaneous reports for adverse events (AEs) provided by the Pharma-
ceuticals and Medical Devices Agency (PMDA) in Japan. The JADER database pri-
marily comprises spontaneous reports submitted by pharmaceutical companies and
medical institutions, as well as adverse drug events identified from post-marketing
surveillance, clinical trials, and published case reports [13]. The JADER database is
useful for detecting AE and drug-drug interaction (DDI) signals in rare cases, such as
HT and ICH in patients undergoing treatment with alteplase and antiplatelets or anti-
coagulants. Several statistical methods for detecting AE and DDI signals have been
developed for pharmacovigilance databases and applied to the JADER database
[14-16]. Hence, we focused on the JADER database in this study.

Monotherapy with rtPA, including alteplase and tenecteplase, results in AE signals,
according to the Food and Drug Administration (FDA) Adverse Event Reporting Sys-
tem (FAERS) database [17,18]. However, it is unclear whether AE signals for HT and
ICH occur in patients receiving rtPA in combination with antiplatelets or anticoagu-
lants. The aim of our study was to investigate the AE and DDI signals for HT and ICH
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under combination therapy with alteplase and various antiplatelets or anticoagulants, using the JADER database. Further-
more, we investigated predictors of HT and ICH, time-to-onset (TTO), and outcomes in patients receiving alteplase.

Materials and methods
Data source and study design

Data reported between April 2004 and March 2024 were extracted from the JADER database on the PMDA website [19].
The database comprises four data tables: patient demographic (Demo), drug (Drug), and AE (Reac) information, as well
as medical history (Hist). The Drug table was classified into “suspected medication,” “concomitant medicine,” and “inter-
action,” based on the relevance of the AEs. All categories were used in this study. As age groups in the Demo table were
categorized in increments of 10 years, we defined “younger patients” as those in the “under 10s,” “10s,” “20s,” “30s,”
“40s,” “50s,” and “60s” age groups and “older patients” as those in the “70s,” “80s,” “90s,” and “100s” age groups [20].
Finally, data from 805,944 patients were analyzed (Fig 1). Two patients treated with alteplase who had the comorbidity of
acute myocardial infarction were excluded from the population of patients treated with alteplase, as the focus of all analy-
ses in this study was the use of alteplase in patients with AIS.

Ethics approval and consent to participate were not required because the JADER used for this study is an open-access
database.

Target drugs

The main target drug was alteplase, the only rtPA approved for AIS treatment in Japan. The following 15 antiplatelets
used in Japan were included in this study: cyclooxygenase-1 inhibitor, aspirin; P2Y , inhibitors, clopidogrel sulfate, ticagre-
lor, ticlopidine hydrochloride, and prasugrel hydrochloride; phosphodiesterase-3 inhibitor, cilostazol; phosphodiesterase
inhibitor, dipyridamole; thromboxane A2 synthase inhibitor, ozagrel sodium; prostaglandin E, analog, limaprost alfadex;
prostaglandin 1, analog, beraprost sodium; highly-pure ethyl icosapentate (EPA)-based therapies, EPA and a combination
medication of EPA and docosahexaenoic acid, omega-3 fatty acid ethyl; selective 5-hydroxytryptamine 2 receptor antag-
onist, sarpogrelate hydrochloride; adenosine uptake inhibitor, dilazep hydrochloride hydrate; and platelet-derived growth
factor antagonist, trapidil. We selected the following eight anticoagulants used in Japan: DOACs, apixaban, dabigatran
etexilate methanesulfonate, edoxaban tosilate hydrate, and rivaroxaban; vitamin K antagonist, warfarin potassium; hepa-
rin group, heparin sodium, and heparin calcium; and direct thrombin inhibitor, argatroban.

Demo table Drug table Reac table Hist table
(914,713 patients) (4,593,837 cases) (1,514,197 cases) (1,785,188 cases)
Without

—* sex information
(44,702 patients)

L Duplicated data L, Duplicated data L Duplicated data
(818,493 cases) (25,122 cases) (12,477 cases)

Without
— age information
(64,067 patients)

Modified Drug table
(3,775,344 cases)

Modified Reac table
(1,489,075 cases)

Modified Hist table
(1,772,711 cases)

l Linkage

l Linkage

l Linkage

Dataset table
(805,944 patients)

Fig 1. Flow diagram of the study.

https://doi.org/10.1371/journal.pone.0329378.9001
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Intravenous thrombolysis with alteplase

There are notable differences between the Japanese clinical guidelines and those from the American Heart Association/
American Stroke Association (AHA/ASA) regarding the use of intravenous thrombolysis with alteplase in patients. Accord-
ing to the Japanese guidelines, alteplase is administered at a dose of 0.6 mg/kg for AIS within 4.5 h of stroke onset, pref-
erably as early as possible within that time window [12,21,22]. In patients with AIS who are on anticoagulants, alteplase
administration is permitted when the prothrombin time-international normalized ratio (PT-INR) is<1.7 and/or activated
partial thromboplastin time (APTT) <1.5 times the baseline value (<40 s as a guide), regardless of the time elapsed since
the last anticoagulant dose [12,22]. However, in patients taking DOACs, alteplase administration is not recommended if
the last dose was taken within 4 h, even if the coagulation markers meet the above criteria [22].

In contrast, the AHA/ASA guidelines recommend a higher dose of alteplase (0.9 mg/kg) as a Class |, Level A treatment
for AIS when administered within 3 h of symptom onset or the time the patient was last observed to be healthy or at base-
line, and as early as possible within that window [2]. In patients who have not recently used warfarin, DOACs, or heparin,
intravenous thrombolysis can be initiated before obtaining coagulation test results. However, treatment should be dis-
continued if INR is>1.7 or PT is abnormally elevated based on local laboratory standards [2]. In patients taking DOACs,
alteplase could be considered if relevant coagulation tests, such as APTT, INR, ecarin clotting time, thrombin time, or
direct factor Xa activity, are within normal ranges, or if more than 48 h have passed since the last dose and renal function
is normal [2].

Definition of hemorrhagic transformation and intracerebral hemorrhage

HT is generally defined as a hemorrhage at a site of cerebral infarction, following the onset of the latter [23]. ICH is
distinguished from HT as a hemorrhage that occurs in a brain region other than a site of cerebral infarction. HT or ICH in
the Reac table were coded following preferred terms (PTs) in the Medical Dictionary for Regulatory Activities (MedDRA)
version 27.1 J [24]. Cases with the three PTs listed in the S1 Table in S1 File and those with the nine PTs in the S2 Table
in S1 File were defined as HT and ICH, respectively, by a stroke physician and a neuroscientist; subsequently, this data
was extracted from the Reac table.

Statistical methods

Multiple methods were employed to achieve optimal signal detection. To evaluate the AE signals of the target drugs for
HT or ICH, we calculated the reporting odds ratios (ROR), information components (IC), and 95% confidence intervals
(Cl) using a two-by-two contingency table (S3 Table in S1 File). The AE signals for HT or ICH were considered positive
when the lower limit of the 95% CI of the ROR exceeded 1, and that of the IC exceeded 0. To detect synergistic DDlIs,
we used the Q shrinkage measure, additive, multiplicative, and Chi-square statistics models with a four-by-two and a
two-by-two contingency table (S4 and S5 Tables in S1 File). The DDI signals for HT or ICH were considered positive
when it was detected by at least two of the four DDI models. To evaluate risk factors for HT or ICH with alteplase therapy,
multivariable analysis was conducted using logistic regression, considering previous reports [2,23,25—-32]. The following
covariates were selected: age (older adults [>70 years old]), sex (male), and comorbidity, including hypertension, dia-
betes mellitus, heart failure, convulsive disorder, and chronic kidney disease. These comorbidities were extracted from
the Hist table based on PTs in the MedDRA version 27.1 J. Each PT was defined according to the narrow scopes of the
standardized MedDRA queries (SMQ) for hypertension (code: 20000147), hyperglycaemia/new onset diabetes mellitus
(code: 2000041), cardiac failure (code: 20000004), convulsions (code: 20000079), and chronic kidney disease (code:
20000213) (S6-S10 Tables in S1 File). All calculations were performed using Microsoft 365 (Microsoft Corporation, Red-
mond, WA, United States). Statistical analyses were performed using EZR (Saitama Medical Center, Jichi Medical Univer-
sity, Saitama, Japan), a graphical user interface for R version 4.2.2 (The R Foundation for Statistical Computing, Vienna,
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Austria) based on a modified version of R Commander (version 1.61) and designed to add statistical functions frequently
used in biostatistics [33]. Statistical significance was set at p<0.05.

Reporting odds ratio

The ROR is an AE signal detection index that is used to compare the odds of reporting a particular AE for a target drug
with those of reporting all other AEs for all other drugs [15,17,18,20]. The ROR and 95% CI were calculated using data
from the S3 Table in S1 File and Equations (1) and (2). AE signals were considered significant if the lower limit of the 95%
Cl exceeded 1.

Ni1/Nio — NiiNgo
ROR = =
No1/Noo  NioNox (1)

ROR (95% CI) — GN(ROR) = 1.96\/ﬁ+ e 2

Information components

The IC of the Bayesian Confidence Propagation Neural Network is an AE signal index based on the Bayesian statistical
model. This model can detect AE signals even when the sample size is small [14,15]. The IC and 95% CI were calculated
using data from the S3 Table in S1 File and Equations (3—6). AE signals were considered significant when the lower limit
of the 95% CI exceeded O.

(Ni1+ y1)(Ng+ + a)(Npp + B)

E(ICll) = |092

(Niy + V) Ny + a1)(Ny + Br) (3)
V(IC):(1>2{ Ny — Nip + v - Niy =Ny + o - Niy =Ny + 8-=5
o Un2) [N+ ) (@ + Ney +9) " (N + a) (1 + N + @) (N + B+ Ny + B)

7:711((’\/++ + &)(Nyt + B)

N1++a1)(N+1+/31)’%1:1’ a=pfh=1a=F=2 -

IC (95% CI) = E(IC11) £ 21/V (IC11) (6)

Q shrinkage measure model

The Q shrinkage measure is a DDI signal index based on the reporting ratio of a particular AE associated with a two-drug
combination to its expected values [16,34,35]. The Q. values were calculated using data from the S4 Table in S1 File and

Equations (7) and (8).

Ny + 0.5

Q = logg———
g2E111 + 0.5 (7)

B $(0.975)
Qozs = Q 7Iog(2) o @
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Where E,,, is the expected value for a particular AE targeted by a two-drug combination, ®(0.975) is 97.5% of the stan-
dard normal distribution, and Q>0 is used as a threshold to screen for DDI signals under the combination of two drugs

(drug D, and D).

Additive model

Under the additive assumption, no interaction is established when the excess risk associated with drug D, in the absence
of drug D, is same as that associated with drug D, in the presence of drug D, [36]. The signal value of the additive model
was calculated using data from the S5 Table in S1 File and Equations (9).

P11 —Poo = (P10 + Poo) + (Po1 — Poo) (9)
The signals of potential DDI are detected when pq; —p1g — po1 + Poo > 0

Multiplicative model

Under the multiplicative model and the assumption of no interaction, the relative risk associated with the concomitant use
of drugs D, and D, is equal to the product of the relative risk associated with each individual drug in the absence of the
other [36]. The signal value of the multiplicative model was calculated using data from the S5 Table in S1 File and Equa-

tion (10).

Pui _ P Po

Poo Poo Poo (10)

The signals of potential DDI are detected when % > 1, indicating a positive interaction, where the observed relative
risk for the drug combination is significantly greater than the expected risk based on the product of the relative risks for
each drug used alone.

Chi-square statistics model

The Chi-square statistic is a DDI detection model proposed by Gosho et al. [37]. This model is more sensitive to DDI sig-
nals than the Q shrinkage measure method when AEs are rare [37]. The x was calculated using data from the S4 Table in
S1 File and Equation (11).

niin — Eiin — 0.5
VvEi11 (11)

Where x> 2 is used as the detection criterion to screen for DDI signals under a two-drug combination.

Analysis of time-to-onset and outcomes of hemorrhagic transformation and intracerebral hemorrhage with
alteplase

TTO was calculated using the date of the first alteplase administration in the Drug table and the date of the first occur-
rence of HT or ICH in the Reac table. We classified cases without the date of the first alteplase administration or that

of the first onset of HT or ICH, and those with missing values as unknown. Additionally, the analysis period for TTO of
alteplase-induced HT or ICH was 20 days; cases in which these AEs occurred after this period were excluded. TTO anal-
ysis was performed using JMP 13.0 (SAS Institute Inc., Cary, NC, USA). The outcomes were examined using the Reac
table. Cases with missing information were classified as unknown.
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Results
Hemorrhagic transformation and intracerebral hemorrhage signals under concomitant therapy

S11 and S12 Tables in S1 File present the RORs and ICs for HT and ICH, respectively, under monotherapy with
alteplase, antiplatelets, and anticoagulants. HT and ICH signals were detected for alteplase (HT: ROR, 645.83 [95% CI
554.19752.63]; IC, 7.26 [95% CI 7.05 to 7.46]; ICH: ROR, 29.91 [95% CI 25.72 to 34.77]; IC, 4.33 [95% Cl 4.12 to 4.54]).

Among patients who received alteplase in combination with antiplatelets or anticoagulants, there was at least one
reported AEs for alteplase when administered in combination with the following eight antiplatelets: aspirin, clopidogrel sul-
fate, ticlopidine hydrochloride, cilostazol, ozagrel sodium, limaprost alfadex, ethyl icosapentate, and dilazep hydrochloride
hydrate; as well as the following all eligible anticoagulants: apixaban, rivaroxaban, edoxaban tosilate hydrate, dabigatran
etexilate methanesulfonate, warfarin potassium, heparin sodium, heparin calcium, and argatroban (Fig 2). To reduce the
risk of false-positive or negative AE signals caused by the limited number of individual case reports, these drugs were
categorized into the following five groups of antiplatelets: aspirin, P2Y , inhibitors, cilostazol, ozagrel sodium, and other
types of antiplatelets (others); and the following four groups of anticoagulants: DOACs, warfarin potassium, heparin group,
and argatroban (Fig 2).

The RORs and ICs for HT and ICH in patients who received alteplase in combination with each group of antiplatelets
or anticoagulants are summarized in Table 1. Alteplase showed HT signals when administered in combination with the
following four types of antiplatelets: aspirin (ROR, 413.60 [95% CI 262.33 to 652.10]; IC, 4.75 [95% CI 4.13 to 5.37]),
P2Y,, inhibitors (ROR, 398.13 [95% CI 184.69 to 858.22]; IC, 3.40 [95% Cl 2.38 to 4.42]), cilostazol (ROR, 376.10 [95%
CI 113.08 to 1250.89]; IC, 2.30 [95% CI 0.78 to 3.82]), and ozagrel sodium (ROR, 1006.71 [95% CI 348.70 to 2906.39];
IC, 3.14 [95% CI 1.92 to 4.36]). HT signals were shown when combined with the following all types of anticoagulants:
DOACs (ROR, 171.11 [95% CI 64.68 to 452.70]; IC, 2.53 [95% CI 1.23 to 3.83]), warfarin potassium (ROR, 525.31 [95%
Cl1 358.27 to 770.21]; IC, 5.32 [95% CI 4.81 to 5.83]), heparin group (ROR, 421.19 [95% CI 283.91 to 624.85]; IC, 5.12
[95% CI 4.58 to 5.66]), and argatroban (ROR, 566.80 [95% CI| 238.33 to 1348.00]; IC, 3.28 [95% CI 2.18 to 4.38]).

In addition, ICH signals were observed when alteplase was combined with the following three types of antiplatelets:
aspirin (ROR, 40.83 [95% CI 25.78 to 64.65]; IC, 3.82 [95% CI 3.19 to 4.45]), P2Y, inhibitors (ROR, 68.70 [95% CI 33.04
to 142.86]; IC, 3.37 [95% CI 2.44 to 4.31]), and cilostazol (ROR, 42.24 [95% CI 12.72 to 140.29]; IC, 2.12 [95% CI 0.60
to 3.64]). ICH signals were also observed when combined with the following all types of anticoagulants: DOACs (ROR,

Aspirin DOACs Apixaban Rivaroxaban tosilate |Dabigatran etexilate

(N =83) 83 ‘ (N=27) 7 10 hyddrate methanesulfopate

p2y. Tclopidi Warfarin

inhi{)zitors Clopidogrel sulfate | T|c|op|d|n_e | & 112 ‘

(N=29) 2 e | (N=112)

Cilostazol 12 ‘ :::’:;m Heparin sodium ::rB:i’?‘
= 109

(=) (N=111)

Ozagrel

Sodium 14 ‘ (AA;Q:;")ba" 21 ‘

(N=14)

Others i Ethyl Diazep hydrg-

(N=5) leaprozt Alfadex icosapentate chloridi hydr;te

Fig 2. The distribution of the pharmacological class of antiplatelets (A) and anticoagulants (B). N, number of cases; Others, other types of anti-
platelets; DOACs, direct oral anticoagulants.

https://doi.org/10.137 1/journal.pone.0329378.9002
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Table 1. Reporting odds ratio and information components for hemorrhagic transformation (HT) and intracerebral hemorrhage (ICH) in

patients receiving alteplase treatment in combination with antiplatelets or anticoagulants.

Total AEs Cases ROR [95% CIl] IC [95% CI] Signal

HT

Alteplase Aspirin 83 29 413.60 [262.33 to 652.10] 4.75[4.13 t0 5.37] Yes
P2Y , inhibitors 29 10 398.13 [184.69 to 858.22] 3.40[2.38 t0 4.42] Yes
Cilostazol 12 4 376.10 [113.08 to 1250.89] 2.30[0.78 to 3.82] Yes
Ozagrel sodium 14 8 1006.71 [348.70 to 2906.39] 3.14 [1.92 to 4.36] Yes
Others 5 1 187.53 [20.94 to 1679.23] 0.99 [-1.37 to 3.35] No
DOACs 27 5 171.11 [64.68 to 452.70] 2.53[1.23 to 3.83] Yes
Warfarin potassium 112 45 525.31 [358.27 to 770.21] 5.32[4.81 to 5.83] Yes
Heparin group 111 39 421.19 [283.91 to 624.85] 5.12 [4.58 to 5.66] Yes
Argatroban 21 9 566.80 [238.33 to 1348.00] 3.28 [2.18 t0 4.38] Yes

ICH

Alteplase Aspirin 83 27 40.83 [25.78 to 64.65] 3.82[3.19 to 4.45] Yes
P2Y , inhibitors 29 13 68.70 [33.04 to 142.86] 3.37 [2.44 t0 4.31] Yes
Cilostazol 12 4 42.24 [12.72 to 140.29] 2.12[0.60 to 3.64] Yes
Ozagrel sodium 14 2 14.08 [3.15 t0 62.90] 1.35[-0.47 to 3.18] No
Others 5 1 21.11 [2.36 to 188.91] 0.90 [-1.45 to 3.26] No
DOACs 27 8 35.58 [15.57 to 81.30] 2.76 [1.65 to 3.87] Yes
Warfarin potassium 112 19 17.28 [10.55 to 28.32] 3.11 [2.41 to 3.81] Yes
Heparin group 111 22 20.92 [13.11 to 33.37] 3.32[2.65 to 3.98] Yes
Argatroban 21 4 19.88 [6.69 to 59.08] 1.99 [0.56 to 3.42] Yes

AEs, adverse events; ROR, reporting odds ratio; IC, information component; Cl,

oral anticoagulants.

confidence interval; Others, other types of antiplatelets; DOACs, direct

https://doi.org/10.1371/journal.pone.0329378.t001

35.58 [95% Cl 15.57 to 81.30]; IC, 2.76 [95% Cl 1.65 to 3.87]), warfarin potassium (ROR, 17.28 [95% Cl 10.55 to 28.32];
IC, 3.11 [95% CI 2.41 to 3.81]), heparin group (ROR, 20.92 [95% CI 13.11 to 33.37]; IC, 3.32 [95% CI 2.65 to 3.98]), and
argatroban (ROR, 19.88 [95% CI 6.69 to 59.08]; IC, 1.99 [95% CI 0.56 to 3.42]).

Drug-drug interactions for hemorrhagic transformation and intracerebral hemorrhage between alteplase and
antiplatelets or anticoagulants

The DDI signals for HT and ICH are summarized in Table 2. No DDI signals for HT and ICH were detected between
alteplase and any type of antiplatelets or anticoagulants. However, in the additive model only, warfarin potassium (the

signal value based on the additive model [AM]: 0.01) showed an interactive signal for HT when used in combination with
alteplase. In the same model, P2Y , inhibitors (AM: 0.01), cilostazol (AM: 0.02), and others (AM: 0.02) showed interactive
signals for ICH in combination with alteplase. No interactive signals were detected for any type of antiplatelets or antico-

agulants in the multiplicative, the Q shrinkage measure, and the Chi-square statistics models.

Predictors for hemorrhagic transformation and intracerebral hemorrhage with alteplase treatment

Multivariable logistic regression analysis was performed to investigate the predictors of alteplase-induced HT or

ICH (Table 3). The analysis revealed that hypertension and diabetes mellitus were independent predictors for
alteplase-induced HT (hypertension: OR, 1.65 [95% Cl=1.24 to 2.20], p<0.001; diabetes mellitus: OR, 1.75[95% CI 1.20
to 2.55], p=0.004). Significant predictors of alteplase-induced ICH were not identified in multivariable analysis; however,
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Table 2. The drug-drug interaction signals of alteplase with antiplatelets or anticoagulants for HT and ICH.

n,. n., E,, Qs AM MM X Signal

HT

Alteplase Aspirin 219 72 79.17 -0.47 -0.03 0.16 -0.86 No
P2Y ., inhibitors 112 37 40.23 -0.58 -0.03 0.18 -0.59 No
Cilostazol 55 10 19.99 -1.86 -0.18 0.10 -2.35 No
Ozagrel sodium 40 14 14.53 -0.81 -0.02 0.03 -0.27 No
Others 15 3 5.37 -2.38 -0.16 0.31 -1.23 No
DOACs 46 10 16.70 -1.61 -0.15 0.03 -1.76 No
Warfarin potassium 285 104 101.24 -0.24 0.01 0.27 0.22 No
Heparin group 305 92 113.31 -0.59 -0.07 0.06 -2.05 No
Argatroban 67 19 25.57 -1.07 -0.13 0.01 -1.40 No

ICH

Alteplase Aspirin 219 53 55.24 -0.45 -0.02 0.30 -0.37 No
P2Y , inhibitors 112 30 28.37 -0.44 0.01 0.30 0.21 No
Cilostazol 55 16 13.99 -0.52 0.02 0.33 0.40 No
Ozagrel sodium 40 8 11.23 -1.47 -0.11 0.12 -1.11 No
Others 15 4 3.63 -1.29 0.02 0.68 -0.07 No
DOACs 46 13 14.35 -0.92 -0.08 0.06 -0.49 No
Warfarin potassium 285 49 77.26 -1.06 -0.11 0.16 -3.27 No
Heparin group 305 53 81.05 -1.00 -0.10 0.22 -3.17 No
Argatroban 67 8 18.42 -2.15 -0.18 0.08 -2.54 No

HT, hemorrhagic transformation; ICH, intracerebral hemorrhage; n
n,,,, the reported number of adverse events targeted by two-drug combinations; E.

the reported number of total adverse events induced by two-drug combinations;
the expected value of adverse events targeted by two-drug

combinations; Q ., the signal value based on the Q shrinkage measure model; AM, the signal value based on the additive model; MM, the signal value
based on the multiplicative model; x, the signal value based on the Chi-square statistics model; Others, other types of antiplatelets; DOACs, direct oral
anticoagulants.

https://doi.org/10.1371/journal.pone.0329378.t002

the convulsive disorder was not included as a variable in the analysis because this comorbidity was not observed in any
patients with alteplase-induced ICH. Additionally, multivariable logistic regression analysis was not applied to cases of
concomitant therapy with alteplase in combination with antiplatelets or anticoagulants owing to a limited sample size.

Time-to-onset and outcomes of hemorrhagic transformation and intracerebral hemorrhage with alteplase

Data from 308 of 336 patients with alteplase-induced HT were used for evaluating TTO (Fig 3A and Table 4). Among the
308 patients, 197 (63%) experienced a TTO of 1 day post-alteplase administration. The median time for alteplase-induced
HT was 1 day. The outcomes were analyzed in 307 patients with alteplase-induced HT (Table 4), among whom 94 (31%)
were in recovery or remission and 213 (69%) were not in recovery. Among 185 patients with alteplase-induced ICH,

103 (56%) exhibited a TTO of 0 days (the day of alteplase administration) (Fig 3B and Table 4). The median time for
alteplase-induced ICH was 0 days. Additionally, the outcomes were analyzed for 187 patients with alteplase-induced ICH
(Table 4); among them, 31 (17%) were in recovery or remission and 156 (83%) were not.

Discussion

The main findings of the present study were as follows: (1) HT and ICH signals were detected for alteplase administered
in combination with several types of antiplatelets and anticoagulants, whereas DDI signals for HT and ICH were not. (2)
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Table 3. Multivariable logistic analysis of predictors for alteplase induced-HT or alteplase

induced-ICH.

Multivariable analysis

OR [95% CI] p-Value
HT
Male 1.27 [0.95 to 1.70] 0.102
Older adults 0.99[0.74 to 1.33] 0.942
Hypertension 1.65[1.24 to 2.20] <0.001
Diabetes mellitus 1.75[1.20 to 2.55] 0.004
Heart failure 1.44 [0.78 to 2.66] 0.244
Convulsive disorder 0.75[0.07 to 8.46] 0.819
Chronic kidney disease 0.60[0.18 to 2.02] 0.409
ICH
Male 1.07 [0.85 to 1.35] 0.569
Older adults 1.14 [0.90 to 1.45] 0.271
Hypertension 0.90 [0.66 to 1.24] 0.537
Diabetes mellitus 0.67 [0.42 to 1.06] 0.089
Heart failure 0.62 [0.28 to 1.36] 0.230
Convulsive disorder N.A.
Chronic kidney disease 0.26 [0.03 to 1.99] 0.193

HT, hemorrhagic transformation; ICH, intracerebral hemorrhage; OR, odds ratio; Cl, confidence intervals;
N.A., not applicable.

https://doi.org/10.1371/journal.pone.0329378.t003
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Fig 3. Time-to-onset for alteplase-induced hemorrhagic transformation (A) and intracerebral hemorrhage (B). N, number of cases.

https://doi.org/10.137 1/journal.pone.0329378.9003

Hypertension and diabetes mellitus were independent predictive factors for alteplase-induced HT. (3) The results of the
TTO analyses for alteplase-induced HT and alteplase-induced ICH were different.

Consistent with previous findings [5,7], HT and ICH signals were detected following alteplase monotherapy (S11 and
S12 Tables in S1 File). Furthermore, we demonstrated that alteplase showed HT and/or ICH signals when administered
in combination with the antiplatelets aspirin, P2Y , inhibitors, cilostazol, or ozagrel sodium (Table 1). Pretreatment with
several antiplatelets has been reported to increase the risk of HT and ICH in patients receiving alteplase [26,38,39]. A
growing number of studies report that alteplase therapy increases the risk of HT and ICH, especially in patients receiving
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Table 4. Time-to-onset and outcomes of HT and ICH in patients with alteplase.

Time-to-onset (day) N Outcomes N
HT

0 62 Recovery 24
1 197 Remission 70
2 24 No recovery 69
3 8 After-effect 59
4-20 17 Death 85
Unknown 28 Unknown 29
ICH

0 103 Recovery 11
1 72 Remission 20
2 6 No recovery 28
3 2 After-effect 74
4-20 2 Death 54
Unknown 45 Unknown 45

Time-to-onset was defined as the period from the first alteplase administration to the date of the first occur-
rence of HT or ICH. HT, hemorrhagic transformation; ICH, intracerebral hemorrhage; N, number of cases.

https://doi.org/10.1371/journal.pone.0329378.t004

aspirin [26—29,40,41]. A retrospective analysis showed that clopidogrel sulfate treatment significantly increased the

risk of HT in patients treated with alteplase, compared with the absence of antiplatelet treatment [42]. Another analysis
showed that patients receiving antiplatelet agents other than aspirin, mainly ticlopidine hydrochloride, were at high risk of
alteplase-induced HT [26], although the safety of combination therapy with alteplase and P2Y ,, inhibitors other than clopi-
dogrel sulfate has not been well reported. These findings were consistent with our results. However, several studies have
shown contradictory results that alteplase, in combination with clopidogrel sulfate, was safe in clinical practice [29,40,41].
Therefore, further prospective observational studies and randomized controlled trials reporting the combination therapy
of alteplase and P2Y , inhibitors are needed to assess the results of this study. HT and/or ICH signals were detected in
patients receiving alteplase in combination with cilostazol or ozagrel sodium, despite a lack of evidence regarding the risk
of HT and ICH with these combination therapies. Thus, the risk of HT and ICH should be considered in patients receiving
alteplase in combination with cilostazol or ozagrel sodium. Neither HT nor ICH signals were detected in patients receiving
alteplase in combination with other types of antiplatelets (others) other than aspirin, P2Y , inhibitors, ozagrel sodium, and
cilostazol. For all AEs reported in the JADER, only a small number of cases were combination therapy with alteplase and
other types of antiplatelets; therefore, the present results for these combination therapies may need to be reevaluated
using a larger medical or pharmacovigilance database.

Current Japanese guidelines permit administering alteplase to patients with AIS taking anticoagulants with a
PT-INR<1.7 and/or APTT <1.5 times the baseline value [12,22]. In patients taking DOACs, alteplase administration is not
recommended if the last dose was taken within 4 h, even if the coagulation markers meet the above criteria [22]. In the
present study, HT and ICH signals were detected in patients on alteplase in combination with the anticoagulants DOACs,
warfarin potassium, heparin group, and argatroban (Table 1). Alteplase in combination with DOACs, warfarin potassium,
heparin group, or argatroban have been shown to increase the risk of HT and/or ICH [11,12,43—48]. Our findings support
these results of previous clinical or epidemiological studies.

In contrast, these combinations are reportedly safe when used following the guidelines for alteplase use [49-56].
However, in the present study, it was unclear whether these combination therapies were administered to all patients
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according to the guideline because the JADER database does not include detailed clinical information. In many cases of
each combination therapy, the date of initial administration or the drug dosage were missing. Protocol violations with the
use of alteplase may increase the risk of HT and ICH [57]. These limitations show that the risk of HT and ICH induced by
alteplase monotherapy or combination therapy with antiplatelets or anticoagulants may be overestimated in this study,
which may limit the applicability of our findings to clinical practice. Therefore, our findings should be interpreted with cau-
tion. The risk of HT and ICH associated with these combination therapies requires further investigation.

Our findings reveal that the risk of HT and ICH may increase when alteplase is used in combination with antiplatelets
or anticoagulants; nevertheless, these results should be interpreted in the context of the well-established clinical benefits
of alteplase in patients with AIS. According to AHA/ASA guidelines [2], intravenous alteplase is recommended as a Class
I, Level A treatment for AlS, ideally administered as early as possible and within 3 h of symptom onset or the last known
time of wellness, based on strong evidence of improved outcomes [6,58—64]. The overall benefit-risk profile of alteplase
remains favorable, particularly when administered to patients who are appropriately selected and guidelines are followed.
Our findings highlight the need for careful monitoring and individualized risk assessment; however, they do not diminish
the established clinical value of alteplase in eligible patients.

Analysis of the safety profile of DDlIs is challenging but important because the proportion of AEs attributed to DDlIs is
estimated to be approximately 30% of unexpected AEs [65]. In this study, the Q shrinkage measure, additive, multiplica-
tive, and Chi-square statistics models were applied to alteplase and all types of antiplatelets and anticoagulants to detect
synergistic DDIs that could lead to HT or ICH (Table 2). Against our expectations, no drug combination showed synergistic
interactions for HT or ICH development, despite the detection of HT and ICH signals with the respective monotherapies
(S11 and S12 Tables in S1 File). This result may be partly attributed to the small number of cases for each drug combi-
nation. Moreover, for the same reason, further subgroup analysis for DDI detection was difficult. In addition to the limited
number of cases, this result may also reflect the inherent limitations of current DDI models. Noguchi et al reported that the
Q shrinkage measure model is the most conservative and tends to detect the fewest DDI signals among the four models
used in this study [16]. In contrast, the additive and multiplicative models are more likely to detect positive signals even
when the number of cases is small. The Chi-square statistics model is considered more sensitive to rare events; mean-
while, its detection pattern was very similar to that of the Q shrinkage measure model. The characteristics of the four
DDI models should be considered when interpreting the lack of DDI signals in our results. In this study, weak interactive
signals for HCI or ICH were detected using the additive model when alteplase was used in combination with warfarin
potassium, P2Y , inhibitors, cilostazol, or other types of antiplatelets. However, these signals were not confirmed by the Q
shrinkage measure model. Therefore, our results are insufficient for concluding the absence of synergistic interactions for
the development of HT or ICH with these combination therapies. In the future, the results of this study should be reevalu-
ated in a larger population using more comprehensive medical or pharmacovigilance databases.

Alteplase-induced HT was significantly associated with hypertension and diabetes mellitus in our analysis (Table
3). These findings are supported by those from previous studies, which have shown that hypertension, elevated sys-
tolic blood pressure, diabetes mellitus, and hyperglycemia are each independently associated with an increased risk of
alteplase-induced HT [23,26—28]. These vascular and metabolic conditions may compromise the integrity of the blood-
brain barrier or exacerbate reperfusion injury, thereby increasing the likelihood of bleeding complications [66]. The AHA/
ASA guidelines also emphasize the importance of strict control of blood pressure and glucose levels before administering
alteplase [2]. Our findings are consistent with these reports and guidelines, supporting the need for careful management
of blood pressure and glucose levels before initiating treatment.

The median time of occurrence of HT and ICH was 1 and 0 days after alteplase administration, respectively, and most
of these events occurred within 1 day (Fig 3 and Table 4). Lopez-Yunez et al. demonstrated that most HT and ICH events
occurred within 36 h after alteplase administration, consistent with our findings [67]. Additionally, we observed that the
mode values for HT and ICH were 1 and 0 days after alteplase administration, respectively. These results may reflect
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the differences in the development patterns of HT and ICH. Moreover, more than 60% of the patients who developed
alteplase-induced HT and ICH were not in recovery (Table 4), suggesting poor prognosis following the development of
these AEs. Based on our results and previous reports, alteplase should be administered with caution, followed by continu-
ous monitoring.

Our study has certain limitations. First, spontaneous reporting systems, such as JADER, have various biases, including
under- or over-reporting, the Weber effect [68], the ripple effect, notoriety bias [69], and the masking effect [70], as well as
confounding by comorbidities. Additionally, the JADER database tends to be biased toward the reporting of serious AEs
[15]. As these biases could not be ruled out in this study, they may affect the reliability of the data obtained from this large
spontaneous reporting system. Consequently, the JADER database may reflect only a limited portion of the AEs that occur
in real-world clinical practice. Therefore, signals, including inverse signals, should be interpreted with caution [71]. Sec-
ond, clinical data at the time of alteplase administration were inadequate. For example, neurological signs, medical condi-
tions, blood findings, and adherence of guidelines at the time of alteplase administration were not registered in the JADER
database. Furthermore, many cases for each combination therapy had missing values for the date of first administration
or drug dose. These factors are considered important in the development of alteplase-induced HT or ICH; nevertheless,
we were unable to evaluate them owing to the lack of data. Third, disproportionality analysis was difficult for combination
therapy with three drugs, such as alteplase and dual antiplatelet agents (e.g., aspirin and clopidogrel sulfate), because,
to the best of our knowledge, no appropriate model exists for evaluating the interactions among more than three drugs.
Finally, because of the lack of distinction between past medical history and primary diseases in the JADER database, we
were unable to analyze whether patients treated with alteplase had a history of cerebrovascular disorders. Further pro-
spective observational studies and randomized controlled trials are needed to access our results.

Conclusions

HT and/or ICH signals were detected in patients receiving alteplase in combination with aspirin, P2Y , inhibitors,
cilostazol, ozagrel sodium, DOACs, warfarin potassium, heparin group, or argatroban. Therefore, continued monitoring is
required, particularly for these combination therapies. Additionally, the occurrence of HT or ICH within 1 day post-alteplase
administration should be carefully considered, especially in patients treated with alteplase who have hypertension or
diabetes mellitus. However, these findings do not undermine the established clinical value of alteplase when administered
in accordance with clinical guidelines. Our results may help in understanding the risk of HT and ICH induced by the use

of rtPA in patients taking antiplatelet or anticoagulant medications, as well as in promoting the appropriate use of rtPA.
Future prospective observational studies and randomized controlled trials are necessary to assess these findings.

Supporting information

S1 File. S1 Table. Definition of hemorrhagic transformation (HT). S2 Table. Definition of intracerebral hemorrhage (ICH).
S3 Table. Two-by-two contingency table for adverse-event signal detection. S4 Table. Four-by-two contingency table for
drug-drug interaction signal detection. S5 Table. Two-by-two contingency table for drug-drug interaction signal detection.
S6 Table. Definition of hypertension. S7 Table. Definition of diabetes mellitus. S8 Table. Definition of heart failure. S9
Table. Definition of convulsions. S10 Table. Definition of chronic kidney disease. S11 Table. Reporting odds ratio and infor-
mation components of HT for each drug as monotherapy. S12 Table. Reporting odds ratio and information components of
ICH for each drug as monotherapy.

(ZIP)

Acknowledgments
We would like to thank Editage (www.editage.jp) for English language editing.

PLOS One | https://doi.org/10.1371/journal.pone.0329378 August 18, 2025 13/17



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0329378.s001

PLO\Sﬁ\\.- One

Author contributions

Conceptualization: Tsuyoshi Nakai, Shoji Matsumoto.

Data curation: Tsuyoshi Nakai, Takenao Koseki.

Formal analysis: Tsuyoshi Nakai, Takenao Koseki, Hiroka Nakao, Koki Kato.

Funding acquisition: Tsuyoshi Nakai.

Investigation: Tsuyoshi Nakai, Takenao Koseki, Hiroka Nakao, Koki Kato.

Methodology: Tsuyoshi Nakai, Takenao Koseki.

Project administration: Tsuyoshi Nakai, Shigeki Yamada, Shoji Matsumoto.

Supervision: Shigeki Yamada, Shoji Matsumoto.

Validation: Tsuyoshi Nakai.

Writing — original draft: Tsuyoshi Nakai.

Writing — review & editing: Tsuyoshi Nakai, Takenao Koseki, Hiroka Nakao, Koki Kato, Kazuo Takahashi, Shigeki

Yamada, Shoji Matsumoto.

References

1.

10.

1.

12.

13.

Byrne RA, Rossello X, Coughlan JJ, Barbato E, Berry C, Chieffo A, et al. 2023 ESC Guidelines for the management of acute coronary syndromes.
Eur Heart J. 2023;44(38):3720-826. https://doi.org/10.1093/eurheartj/ehad191 PMID: 37622654

Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker K, et al. Guidelines for the Early Management of Patients with
acute ischemic stroke: 2019 update to the 2018 guidelines for the early management of acute ischemic stroke: a guideline for healthcare
professionals from the American Heart Association/American Stroke Association. Stroke. 2019;50(12):e344—418. https://doi.org/10.1161/
STR.0000000000000211 PMID: 31662037

Turc G, Bhogal P, Fischer U, Khatri P, Lobotesis K, Mazighi M, et al. European Stroke Organisation (ESO) - European Society for Minimally Inva-
sive Neurological Therapy (ESMINT) guidelines on mechanical thrombectomy in acute ischemic stroke. J Neurointerv Surg. 2023;15(8):e8. https://
doi.org/10.1136/neurintsurg-2018-014569 PMID: 30808653

Collen D. Molecular mechanism of action of newer thrombolytic agents. J Am Coll Cardiol. 1987;10(5 Suppl B):11B—15B. https://doi.org/10.1016/
s0735-1097(87)80422-9 PMID: 3117858

Hacke W, Kaste M, Bluhmki E, Brozman M, Davalos A, Guidetti D, et al. Thrombolysis with alteplase 3 to 4.5 hours after acute ischemic stroke. N
Engl J Med. 2008;359(13):1317-29. https://doi.org/10.1056/NEJM0a0804656 PMID: 18815396

National Institute of Neurological Disorders and Stroke rt-PA Stroke Study Group. Tissue plasminogen activator for acute ischemic stroke. N Engl J
Med. 1995;333(24):1581-7. https://doi.org/10.1056/NEJM199512143332401 PMID: 7477192

Whiteley WN, Emberson J, Lees KR, Blackwell L, Albers G, Bluhmki E, et al. Risk of intracerebral haemorrhage with alteplase after acute isch-
aemic stroke: a secondary analysis of an individual patient data meta-analysis. Lancet Neurol. 2016;15(9):925-33. https://doi.org/10.1016/S1474-
4422(16)30076-X PMID: 27289487

Bushnell C, Kernan WN, Sharrief AZ, Chaturvedi S, Cole JW, Cornwell WK 3rd, et al. 2024 guideline for the primary prevention of stroke:
a guideline from the American Heart Association/American Stroke Association. Stroke. 2024;55(12):e344—424. https://doi.org/10.1161/
STR.0000000000000475 PMID: 39429201

Kleindorfer DO, Towfighi A, Chaturvedi S, Cockroft KM, Gutierrez J, Lombardi-Hill D, et al. 2021 guideline for the prevention of stroke in patients
with stroke and transient ischemic attack: a guideline from the American Heart Association/American Stroke Association. Stroke. 2021;52(7):e364—
467. https://doi.org/10.1161/STR.0000000000000375 PMID: 34024117

Van Gelder IC, Rienstra M, Bunting KV, Casado-Arroyo R, Caso V, Crijns HJGM, et al. 2024 ESC Guidelines for the management of atrial fibrilla-
tion developed in collaboration with the European Association for Cardio-Thoracic Surgery (EACTS). Eur Heart J. 2024;45(36):3314—414. https://
doi.org/10.1093/eurheartj/ehae176 PMID: 39210723

Suzuki K, Aoki J, Sakamoto Y, Abe A, Suda S, Okubo S, et al. Low risk of ICH after reperfusion therapy in acute stroke patients treated with direct
oral anti-coagulant. J Neurol Sci. 2017;379:207—11. https://doi.org/10.1016/j.jns.2017.06.004 PMID: 28716241

Toyoda K, Yamagami H, Koga M. Consensus guides on stroke thrombolysis for anticoagulated patients from Japan: application to other popula-
tions. J Stroke. 2018;20(3):321-31. https://doi.org/10.5853/j0s.2018.01788 PMID: 30309227

Tsuchiya M, Obara T, Sakai T, Nomura K, Takamura C, Mano N. Quality evaluation of the Japanese Adverse Drug Event Report database
(JADER). Pharmacoepidemiol Drug Saf. 2020;29(2):173-81. https://doi.org/10.1002/pds.4944 PMID: 31823506

PLOS One | https://doi.org/10.1371/journal.pone.0329378  August 18, 2025 14717



https://doi.org/10.1093/eurheartj/ehad191
http://www.ncbi.nlm.nih.gov/pubmed/37622654
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1161/STR.0000000000000211
http://www.ncbi.nlm.nih.gov/pubmed/31662037
https://doi.org/10.1136/neurintsurg-2018-014569
https://doi.org/10.1136/neurintsurg-2018-014569
http://www.ncbi.nlm.nih.gov/pubmed/30808653
https://doi.org/10.1016/s0735-1097(87)80422-9
https://doi.org/10.1016/s0735-1097(87)80422-9
http://www.ncbi.nlm.nih.gov/pubmed/3117858
https://doi.org/10.1056/NEJMoa0804656
http://www.ncbi.nlm.nih.gov/pubmed/18815396
https://doi.org/10.1056/NEJM199512143332401
http://www.ncbi.nlm.nih.gov/pubmed/7477192
https://doi.org/10.1016/S1474-4422(16)30076-X
https://doi.org/10.1016/S1474-4422(16)30076-X
http://www.ncbi.nlm.nih.gov/pubmed/27289487
https://doi.org/10.1161/STR.0000000000000475
https://doi.org/10.1161/STR.0000000000000475
http://www.ncbi.nlm.nih.gov/pubmed/39429201
https://doi.org/10.1161/STR.0000000000000375
http://www.ncbi.nlm.nih.gov/pubmed/34024117
https://doi.org/10.1093/eurheartj/ehae176
https://doi.org/10.1093/eurheartj/ehae176
http://www.ncbi.nlm.nih.gov/pubmed/39210723
https://doi.org/10.1016/j.jns.2017.06.004
http://www.ncbi.nlm.nih.gov/pubmed/28716241
https://doi.org/10.5853/jos.2018.01788
http://www.ncbi.nlm.nih.gov/pubmed/30309227
https://doi.org/10.1002/pds.4944
http://www.ncbi.nlm.nih.gov/pubmed/31823506

PLO\Sﬁ\\.- One

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Noguchi Y, Murayama A, Esaki H, Sugioka M, Koyama A, Tachi T, et al. Angioedema caused by drugs that prevent the degradation of vasoactive
peptides: a pharmacovigilance database study. J Clin Med. 2021;10(23):5507. https://doi.org/10.3390/jcm10235507 PMID: 34884209

Nomura K, Takahashi K, Hinomura Y, Kawaguchi G, Matsushita Y, Marui H, et al. Effect of database profile variation on drug safety assessment: an
analysis of spontaneous adverse event reports of Japanese cases. Drug Des Devel Ther. 2015;9:3031—41. https://doi.org/10.2147/DDDT.S81998
PMID: 26109846

Noguchi Y, Tachi T, Teramachi H. Comparison of signal detection algorithms based on frequency statistical model for drug-drug interaction using
spontaneous reporting systems. Pharm Res. 2020;37(5):86. https://doi.org/10.1007/s11095-020-02801-3 PMID: 32356247

Liu F, Yang G, Xie J, Xie P, Zhou F, Yang F, et al. Adverse events of tissue plasminogen activators in acute myocardial infarction patients: a real-
world and pharmacovigilance database analysis. BMC Cardiovasc Disord. 2024;24(1):441. https://doi.org/10.1186/s12872-024-04121-5 PMID:
39179962

Shi F-E, Yu Z, Sun C, Gao P, Zhang H, Zhu J. Comparing adverse events of tenecteplase and alteplase: a real-world analysis of the FDA adverse
event reporting system (FAERS). Expert Opin Drug Saf. 2024;23(2):221-9. https://doi.org/10.1080/14740338.2023.2245745 PMID: 37554093

Japanese Adverse Drug Event Report database, Pharmaceuticals and Medical Devices Agency, Internet. [Accessed 2024 September 10]. https://
www.pmda.go.jp/safety/info-services/drugs/adr-info/suspected-adr/0006.html

Sugawara H, Uchida M, Suzuki S, Suga Y, Uesawa Y, Nakagawa T, et al. Analyses of respiratory depression associated with opioids in cancer
patients based on the Japanese Adverse Drug Event Report database. Biol Pharm Bull. 2019;42(7):1185-91. https://doi.org/10.1248/bpb.b19-
00105 PMID: 31257293

Minematsu K, Toyoda K, Hirano T, Kimura K, Kondo R, Mori E, et al. Guidelines for the intravenous application of recombinant tissue-type
plasminogen activator (alteplase), the second edition, October 2012: a guideline from the Japan Stroke Society. J Stroke Cerebrovasc Dis.
2013;22(5):571-600. https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.04.001 PMID: 23727456

Toyoda K, Koga M, Iguchi Y, ltabashi R, Inoue M, Okada Y, et al. Guidelines for intravenous thrombolysis (Recombinant Tissue-type Plasminogen
Activator), the Third Edition, March 2019: a guideline from the Japan Stroke Society. Neurol Med Chir (Tokyo). 2019;59(12):449-91. https://doi.
org/10.2176/nmc.st.2019-0177 PMID: 31801934

Hong JM, Kim DS, Kim M. Hemorrhagic transformation after ischemic stroke: mechanisms and management. Front Neurol. 2021;12:703258.
https://doi.org/10.3389/fneur.2021.703258 PMID: 34917010

Medical dictionary for regulatory activities. Japanese version. [Accessed 2024 September 10]. https://www.jmo.gr.jp/imo/servlet/mdrLoginTop.

Appelros P, Stegmayr B, Terént A. Sex differences in stroke epidemiology: a systematic review. Stroke. 2009;40(4):1082—90. https://doi.
org/10.1161/STROKEAHA.108.540781 PMID: 19211488

Tanne D, Kasner SE, Demchuk AM, Koren-Morag N, Hanson S, Grond M, et al. Markers of increased risk of intracerebral hemorrhage after intrave-
nous recombinant tissue plasminogen activator therapy for acute ischemic stroke in clinical practice: the Multicenter rt-PA Stroke Survey. Circula-
tion. 2002;105(14):1679-85. https://doi.org/10.1161/01.cir.0000012747.53592.6a PMID: 11940547

Mazya M, Egido JA, Ford GA, Lees KR, Mikulik R, Toni D, et al. Predicting the risk of symptomatic intracerebral hemorrhage in ischemic stroke
treated with intravenous alteplase: safe Implementation of Treatments in Stroke (SITS) symptomatic intracerebral hemorrhage risk score. Stroke.
2012;43(6):1524-31. https://doi.org/10.1161/STROKEAHA.111.644815 PMID: 22442178

Wahigren N, Ahmed N, Eriksson N, Aichner F, Bluhmki E, Davalos A, et al. Multivariable analysis of outcome predictors and adjustment of main
outcome results to baseline data profile in randomized controlled trials: Safe Implementation of Thrombolysis in Stroke-MOnitoring STudy (SITS-
MOST). Stroke. 2008;39(12):3316-22. https://doi.org/10.1161/STROKEAHA.107.510768 PMID: 18927461

Lindley RI, Wardlaw JM, Whiteley WN, Cohen G, Blackwell L, Murray GD, et al. Alteplase for acute ischemic stroke: outcomes by clinically important
subgroups in the Third International Stroke Trial. Stroke. 2015;46(3):746—56. https://doi.org/10.1161/STROKEAHA.114.006573 PMID: 25613308

Lansberg MG, Albers GW, Wijman CAC. Symptomatic intracerebral hemorrhage following thrombolytic therapy for acute ischemic stroke: a review
of the risk factors. Cerebrovasc Dis. 2007;24(1):1-10. https://doi.org/10.1159/000103110 PMID: 17519538

Malhotra K, Katsanos AH, Goyal N, Tayal A, Gensicke H, Mitsias PD, et al. Intravenous thrombolysis in patients with chronic kidney disease: A
systematic review and meta-analysis. Neurology. 2020;95(2):e121-30. https://doi.org/10.1212/VWNL.0000000000009756 PMID: 32554767

Larrue V, von Kummer R R, Miller A, Bluhmki E. Risk factors for severe hemorrhagic transformation in ischemic stroke patients treated with recom-
binant tissue plasminogen activator: a secondary analysis of the European-Australasian Acute Stroke Study (ECASS Il). Stroke. 2001;32(2):438—
41. https://doi.org/10.1161/01.str.32.2.438 PMID: 11157179

Kanda Y. Investigation of the freely available easy-to-use software “EZR” for medical statistics. Bone Marrow Transplant. 2013;48(3):452-8. https://
doi.org/10.1038/bmt.2012.244 PMID: 23208313

Norén GN, Sundberg R, Bate A, Edwards IR. A statistical methodology for drug-drug interaction surveillance. Stat Med. 2008;27(16):3057—70.
https://doi.org/10.1002/sim.3247 PMID: 18344185

Xia S, Gong H, Zhao Y, Guo L, Wang Y, Ma R, et al. Tumor lysis syndrome associated with monoclonal antibodies in patients with multiple
myeloma: a pharmacovigilance study based on the FAERS database. Clin Pharmacol Ther. 2023;114(1):211-9. https://doi.org/10.1002/cpt.2920
PMID: 37086211

Thakrar BT, Grundschober SB, Doessegger L. Detecting signals of drug-drug interactions in a spontaneous reports database. Br J Clin Pharmacol.
2007;64(4):489-95. https://doi.org/10.1111/j.1365-2125.2007.02900.x PMID: 17506784

PLOS One | https://doi.org/10.1371/journal.pone.0329378 August 18, 2025 15717



https://doi.org/10.3390/jcm10235507
http://www.ncbi.nlm.nih.gov/pubmed/34884209
https://doi.org/10.2147/DDDT.S81998
http://www.ncbi.nlm.nih.gov/pubmed/26109846
https://doi.org/10.1007/s11095-020-02801-3
http://www.ncbi.nlm.nih.gov/pubmed/32356247
https://doi.org/10.1186/s12872-024-04121-5
http://www.ncbi.nlm.nih.gov/pubmed/39179962
https://doi.org/10.1080/14740338.2023.2245745
http://www.ncbi.nlm.nih.gov/pubmed/37554093
https://www.pmda.go.jp/safety/info-services/drugs/adr-info/suspected-adr/0006.html
https://www.pmda.go.jp/safety/info-services/drugs/adr-info/suspected-adr/0006.html
https://doi.org/10.1248/bpb.b19-00105
https://doi.org/10.1248/bpb.b19-00105
http://www.ncbi.nlm.nih.gov/pubmed/31257293
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.04.001
http://www.ncbi.nlm.nih.gov/pubmed/23727456
https://doi.org/10.2176/nmc.st.2019-0177
https://doi.org/10.2176/nmc.st.2019-0177
http://www.ncbi.nlm.nih.gov/pubmed/31801934
https://doi.org/10.3389/fneur.2021.703258
http://www.ncbi.nlm.nih.gov/pubmed/34917010
https://www.jmo.gr.jp/jmo/servlet/mdrLoginTop
https://doi.org/10.1161/STROKEAHA.108.540781
https://doi.org/10.1161/STROKEAHA.108.540781
http://www.ncbi.nlm.nih.gov/pubmed/19211488
https://doi.org/10.1161/01.cir.0000012747.53592.6a
http://www.ncbi.nlm.nih.gov/pubmed/11940547
https://doi.org/10.1161/STROKEAHA.111.644815
http://www.ncbi.nlm.nih.gov/pubmed/22442178
https://doi.org/10.1161/STROKEAHA.107.510768
http://www.ncbi.nlm.nih.gov/pubmed/18927461
https://doi.org/10.1161/STROKEAHA.114.006573
http://www.ncbi.nlm.nih.gov/pubmed/25613308
https://doi.org/10.1159/000103110
http://www.ncbi.nlm.nih.gov/pubmed/17519538
https://doi.org/10.1212/WNL.0000000000009756
http://www.ncbi.nlm.nih.gov/pubmed/32554767
https://doi.org/10.1161/01.str.32.2.438
http://www.ncbi.nlm.nih.gov/pubmed/11157179
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1038/bmt.2012.244
http://www.ncbi.nlm.nih.gov/pubmed/23208313
https://doi.org/10.1002/sim.3247
http://www.ncbi.nlm.nih.gov/pubmed/18344185
https://doi.org/10.1002/cpt.2920
http://www.ncbi.nlm.nih.gov/pubmed/37086211
https://doi.org/10.1111/j.1365-2125.2007.02900.x
http://www.ncbi.nlm.nih.gov/pubmed/17506784

PLO\Sﬁ\\.- One

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Gosho M, Maruo K, Tada K, Hirakawa A. Utilization of chi-square statistics for screening adverse drug-drug interactions in spontaneous reporting
systems. Eur J Clin Pharmacol. 2017;73(6):779-86. https://doi.org/10.1007/s00228-017-2233-3 PMID: 28280890

Dorado L, Millan M, de la Ossa NP, Guerrero C, Gomis M, Lépez-Cancio E, et al. Influence of antiplatelet pre-treatment on the risk of intra-
cranial haemorrhage in acute ischaemic stroke after intravenous thrombolysis. Eur J Neurol. 2010;17(2):301-6. https://doi.org/10.1111/j.1468-
1331.2009.02843.x PMID: 19912320

Peng TJ, Schwamm LH, Fonarow GC, Hassan AE, Hill M, Messé SR, et al. Contemporary prestroke dual antiplatelet use and symptomatic intrace-
rebral hemorrhage risk after thrombolysis. JAMA Neurol. 2024;81(7):722-31. https://doi.org/10.1001/jamaneurol.2024.1312 PMID: 38767894

Diedler J, Ahmed N, Sykora M, Uyttenboogaart M, Overgaard K, Luijckx G-J, et al. Safety of intravenous thrombolysis for acute ischemic stroke
in patients receiving antiplatelet therapy at stroke onset. Stroke. 2010;41(2):288-94. https://doi.org/10.1161/STROKEAHA.109.559724 PMID:
20056933

Xian Y, Federspiel JJ, Grau-Sepulveda M, Hernandez AF, Schwamm LH, Bhatt DL, et al. Risks and benefits associated with prestroke antiplatelet
therapy among patients with acute ischemic stroke treated with intravenous tissue plasminogen activator. JAMA Neurol. 2016;73(1):50-9. https://
doi.org/10.1001/jamaneurol.2015.3106 PMID: 26551916

Ibrahim MM, Sebastian J, Hussain M, Al-Hussain F, Uchino K, Molina C, et al. Does current oral antiplatelet agent or subtherapeutic anticoagu-
lation use have an effect on tissue-plasminogen-activator-mediated recanalization rate in patients with acute ischemic stroke?. Cerebrovasc Dis.
2010;30(5):508-13. https://doi.org/10.1159/000319029 PMID: 20861622

Barreto AD, Alexandrov AV, Lyden P, Lee J, Martin-Schild S, Shen L, et al. The argatroban and tissue-type plasminogen activator stroke study: final
results of a pilot safety study. Stroke. 2012;43(3):770-5. https://doi.org/10.1161/STROKEAHA.111.625574 PMID: 22223235

Kono S, Deguchi K, Morimoto N, Kurata T, Deguchi S, Yamashita T, et al. Tissue plasminogen activator thrombolytic therapy for acute ischemic
stroke in 4 hospital groups in Japan. J Stroke Cerebrovasc Dis. 2013;22(3):190—6. https://doi.org/10.1016/j.jstrokecerebrovasdis.2011.07.016
PMID: 21968092

Matute M-C, Masjuan J, Egido J-A, Fuentes B, Simal P, Diaz-Otero F, et al. Safety and outcomes following thrombolytic treatment in stroke patients
who had received prior treatment with anticoagulants. Cerebrovasc Dis. 2012;33(3):231-9. https://doi.org/10.1159/000334662 PMID: 22261670

Prabhakaran S, Rivolta J, Vieira JR, Rincon F, Stillman J, Marshall RS, et al. Symptomatic intracerebral hemorrhage among eligible
warfarin-treated patients receiving intravenous tissue plasminogen activator for acute ischemic stroke. Arch Neurol. 2010;67(5):559-63. https://doi.
org/10.1001/archneurol.2010.25 PMID: 20212195

Sugg RM, Pary JK, Uchino K, Baraniuk S, Shaltoni HM, Gonzales NR, et al. Argatroban tPA stroke study: study design and results in the first
treated cohort. Arch Neurol. 2006;63(8):1057—62. https://doi.org/10.1001/archneur.63.8.1057 PMID: 16908730

von Kummer R, Hacke W. Safety and efficacy of intravenous tissue plasminogen activator and heparin in acute middle cerebral artery stroke.
Stroke. 1992;23(5):646-52. https://doi.org/10.1161/01.str.23.5.646 PMID: 1579960

Barreto AD, Ford GA, Shen L, Pedroza C, Tyson J, Cai C, et al. Randomized, Multicenter Trial of ARTSS-2 (Argatroban With Recombinant Tissue
Plasminogen Activator for Acute Stroke). Stroke. 2017;48(6):1608-16. https://doi.org/10.1161/STROKEAHA.117.016720 PMID: 28507269

Berekashvili K, Soomro J, Shen L, Misra V, Chen PR, Blackburn S, et al. Safety and feasibility of Argatroban, Recombinant Tissue Plasminogen
Activator, and Intra-Arterial Therapy in Stroke (ARTSS-IA Study). J Stroke Cerebrovasc Dis. 2018;27(12):3647-51. https://doi.org/10.1016/].jstroke-
cerebrovasdis.2018.08.036 PMID: 30249518

Mazya MV, Lees KR, Markus R, Roine RO, Seet RCS, Wahigren N, et al. Safety of intravenous thrombolysis for ischemic stroke in patients treated
with warfarin. Ann Neurol. 2013;74(2):266—74. https://doi.org/10.1002/ana.23924 PMID: 23744571

Mowla A, Memon A, Razavi S-M, Lail NS, Vaughn CB, Mohammadi P, et al. Safety of intravenous thrombolysis for acute ischemic stroke in patients
taking warfarin with subtherapeutic INR. J Stroke Cerebrovasc Dis. 2021;30(5):105678. https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105678
PMID: 33640783

Okada T, Yoshimoto T, Wada S, Yoshimura S, Chiba T, Egashira S, et al. Intravenous thrombolysis with alteplase at 0.6 mg/kg in patients with isch-
emic stroke taking direct oral anticoagulants. J Am Heart Assoc. 2022;11(19):e0258009. https://doi.org/10.1161/JAHA.122.025809 PMID: 36129032

Schmiilling S, Rudolf J, Strotmann-Tack T, Grond M, Schneweis S, Sobesky J, et al. Acetylsalicylic acid pretreatment, concomitant heparin therapy
and the risk of early intracranial hemorrhage following systemic thrombolysis for acute ischemic stroke. Cerebrovasc Dis. 2003;16(3):183-90.
https://doi.org/10.1159/000071114 PMID: 12865603

Vergouwen MDI, Casaubon LK, Swartz RH, Fang J, Stamplecoski M, Kapral MK, et al. Subtherapeutic warfarin is not associated with
increased hemorrhage rates in ischemic strokes treated with tissue plasminogen activator. Stroke. 2011;42(4):1041-5. https://doi.org/10.1161/
STROKEAHA.110.599183 PMID: 21350204

Xian'Y, Liang L, Smith EE, Schwamm LH, Reeves MJ, Olson DM, et al. Risks of intracranial hemorrhage among patients with acute ischemic
stroke receiving warfarin and treated with intravenous tissue plasminogen activator. JAMA. 2012;307(24):2600-8. https://doi.org/10.1001/
jama.2012.6756 PMID: 22735429

Graham GD. Tissue plasminogen activator for acute ischemic stroke in clinical practice: a meta-analysis of safety data. Stroke. 2003;34(12):2847—
50. https://doi.org/10.1161/01.STR.0000101752.23813.C3 PMID: 14605319

Wardlaw JM, Murray V, Berge E, del Zoppo GJ. Thrombolysis for acute ischaemic stroke. Cochrane Database Syst Rev. 2014;2014(7):CD000213.
https://doi.org/10.1002/14651858.CD000213.pub3 PMID: 25072528

PLOS One | https://doi.org/10.1371/journal.pone.0329378  August 18, 2025 16 /17



https://doi.org/10.1007/s00228-017-2233-3
http://www.ncbi.nlm.nih.gov/pubmed/28280890
https://doi.org/10.1111/j.1468-1331.2009.02843.x
https://doi.org/10.1111/j.1468-1331.2009.02843.x
http://www.ncbi.nlm.nih.gov/pubmed/19912320
https://doi.org/10.1001/jamaneurol.2024.1312
http://www.ncbi.nlm.nih.gov/pubmed/38767894
https://doi.org/10.1161/STROKEAHA.109.559724
http://www.ncbi.nlm.nih.gov/pubmed/20056933
https://doi.org/10.1001/jamaneurol.2015.3106
https://doi.org/10.1001/jamaneurol.2015.3106
http://www.ncbi.nlm.nih.gov/pubmed/26551916
https://doi.org/10.1159/000319029
http://www.ncbi.nlm.nih.gov/pubmed/20861622
https://doi.org/10.1161/STROKEAHA.111.625574
http://www.ncbi.nlm.nih.gov/pubmed/22223235
https://doi.org/10.1016/j.jstrokecerebrovasdis.2011.07.016
http://www.ncbi.nlm.nih.gov/pubmed/21968092
https://doi.org/10.1159/000334662
http://www.ncbi.nlm.nih.gov/pubmed/22261670
https://doi.org/10.1001/archneurol.2010.25
https://doi.org/10.1001/archneurol.2010.25
http://www.ncbi.nlm.nih.gov/pubmed/20212195
https://doi.org/10.1001/archneur.63.8.1057
http://www.ncbi.nlm.nih.gov/pubmed/16908730
https://doi.org/10.1161/01.str.23.5.646
http://www.ncbi.nlm.nih.gov/pubmed/1579960
https://doi.org/10.1161/STROKEAHA.117.016720
http://www.ncbi.nlm.nih.gov/pubmed/28507269
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.08.036
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.08.036
http://www.ncbi.nlm.nih.gov/pubmed/30249518
https://doi.org/10.1002/ana.23924
http://www.ncbi.nlm.nih.gov/pubmed/23744571
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105678
http://www.ncbi.nlm.nih.gov/pubmed/33640783
https://doi.org/10.1161/JAHA.122.025809
http://www.ncbi.nlm.nih.gov/pubmed/36129032
https://doi.org/10.1159/000071114
http://www.ncbi.nlm.nih.gov/pubmed/12865603
https://doi.org/10.1161/STROKEAHA.110.599183
https://doi.org/10.1161/STROKEAHA.110.599183
http://www.ncbi.nlm.nih.gov/pubmed/21350204
https://doi.org/10.1001/jama.2012.6756
https://doi.org/10.1001/jama.2012.6756
http://www.ncbi.nlm.nih.gov/pubmed/22735429
https://doi.org/10.1161/01.STR.0000101752.23813.C3
http://www.ncbi.nlm.nih.gov/pubmed/14605319
https://doi.org/10.1002/14651858.CD000213.pub3
http://www.ncbi.nlm.nih.gov/pubmed/25072528

PLO\S\% One

59.

60.

61.

62.

63.

64.

65.
66.

67.

68.

69.

70.

7.

Hacke W, Donnan G, Fieschi C, Kaste M, von Kummer R, Broderick JP, et al. Association of outcome with early stroke treatment: pooled analysis
of ATLANTIS, ECASS, and NINDS rt-PA stroke trials. Lancet. 2004;363(9411):768-74. https://doi.org/10.1016/S0140-6736(04)15692-4 PMID:
15016487

Wardlaw JM, Murray V, Berge E, del Zoppo G, Sandercock P, Lindley RL, et al. Recombinant tissue plasminogen activator for acute ischaemic
stroke: an updated systematic review and meta-analysis. Lancet. 2012;379(9834):2364—72. https://doi.org/10.1016/S0140-6736(12)60738-7 PMID:
22632907

Wahigren N, Ahmed N, Davalos A, Ford GA, Grond M, Hacke W, et al. Thrombolysis with alteplase for acute ischaemic stroke in the Safe
Implementation of Thrombolysis in Stroke-Monitoring Study (SITS-MOST): an observational study. Lancet. 2007;369(9558):275-82. https://doi.
org/10.1016/S0140-6736(07)60149-4 PMID: 17258667

IST-3 collaborative group, Sandercock P, Wardlaw JM, Lindley RI, Dennis M, Cohen G, et al. The benefits and harms of intravenous thrombolysis

with recombinant tissue plasminogen activator within 6 h of acute ischaemic stroke (the third international stroke trial [IST-3]): a randomised con-
trolled trial. Lancet. 2012;379(9834):2352—-63. https://doi.org/10.1016/S0140-6736(12)60768-5 PMID: 22632908

Anderson CS, Robinson T, Lindley RI, Arima H, Lavados PM, Lee T-H, et al. Low-Dose versus Standard-Dose Intravenous Alteplase in Acute Isch-
emic Stroke. N Engl J Med. 2016;374(24):2313-23. https://doi.org/10.1056/NEJMoa1515510 PMID: 27161018

Lees KR, Emberson J, Blackwell L, Bluhmki E, Davis SM, Donnan GA, et al. Effects of alteplase for acute stroke on the distribution of functional
outcomes: a pooled analysis of 9 trials. Stroke. 2016;47(9):2373-9. https://doi.org/10.1161/STROKEAHA.116.013644 PMID: 27507856

Davies DM, Ferner RE, De Glanville H. Davies’s textbook of adverse drug reactions. 5th ed. London, UK: Chapman & Hall Medical Press; 1998.

Spronk E, Sykes G, Falcione S, Munsterman D, Joy T, Kamtchum-Tatuene J, et al. Hemorrhagic transformation in ischemic stroke and the role of
inflammation. Front Neurol. 2021;12:661955. https://doi.org/10.3389/fneur.2021.661955 PMID: 34054705

Lopez-Yunez AM, Bruno A, Williams LS, Yilmaz E, Zurra C, Biller J. Protocol violations in community-based rTPA stroke treatment are associated
with symptomatic intracerebral hemorrhage. Stroke. 2001;32(1):12—6. https://doi.org/10.1161/01.str.32.1.12 PMID: 11136907

Hartnell NR, Wilson JP. Replication of the Weber effect using postmarketing adverse event reports voluntarily submitted to the United States Food
and Drug Administration. Pharmacotherapy. 2004;24(6):743-9. https://doi.org/10.1592/phco.24.8.743.36068 PMID: 15222664

Pariente A, Gregoire F, Fourrier-Reglat A, Haramburu F, Moore N. Impact of safety alerts on measures of disproportionality in spontaneous report-
ing databases: the notoriety bias. Drug Saf. 2007;30(10):891-8. https://doi.org/10.2165/00002018-200730100-00007 PMID: 17867726

Wang H, Hochberg AM, Pearson RK, Hauben M. An experimental investigation of masking in the US FDA adverse event reporting system data-
base. Drug Saf. 2010;33(12):1117-33. https://doi.org/10.2165/11584390-000000000-00000 PMID: 21077702

Noguchi Y, Tachi T, Teramachi H. Detection algorithms and attentive points of safety signal using spontaneous reporting systems as a clinical data
source. Brief Bioinform. 2021;22(6):bbab347. https://doi.org/10.1093/bib/bbab347 PMID: 34453158

PLOS One | https://doi.org/10.1371/journal.pone.0329378 August 18, 2025 17117



https://doi.org/10.1016/S0140-6736(04)15692-4
http://www.ncbi.nlm.nih.gov/pubmed/15016487
https://doi.org/10.1016/S0140-6736(12)60738-7
http://www.ncbi.nlm.nih.gov/pubmed/22632907
https://doi.org/10.1016/S0140-6736(07)60149-4
https://doi.org/10.1016/S0140-6736(07)60149-4
http://www.ncbi.nlm.nih.gov/pubmed/17258667
https://doi.org/10.1016/S0140-6736(12)60768-5
http://www.ncbi.nlm.nih.gov/pubmed/22632908
https://doi.org/10.1056/NEJMoa1515510
http://www.ncbi.nlm.nih.gov/pubmed/27161018
https://doi.org/10.1161/STROKEAHA.116.013644
http://www.ncbi.nlm.nih.gov/pubmed/27507856
https://doi.org/10.3389/fneur.2021.661955
http://www.ncbi.nlm.nih.gov/pubmed/34054705
https://doi.org/10.1161/01.str.32.1.12
http://www.ncbi.nlm.nih.gov/pubmed/11136907
https://doi.org/10.1592/phco.24.8.743.36068
http://www.ncbi.nlm.nih.gov/pubmed/15222664
https://doi.org/10.2165/00002018-200730100-00007
http://www.ncbi.nlm.nih.gov/pubmed/17867726
https://doi.org/10.2165/11584390-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/21077702
https://doi.org/10.1093/bib/bbab347
http://www.ncbi.nlm.nih.gov/pubmed/34453158

