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1 Fibroblast-dependent conductivity scaling rule

Diffuse interstitial fibrosis was introduced by randomly assigning approximately 4%
of the mesh nodes to fibroblasts, consistently with histological evidence supporting a
low-degree fibrotic content in adult human myocardium [1]. This value was therefore
used as the baseline physiological fibrosis level in the model.

Because fibroblasts can electrically interact with neighboring cardiomyocytes
through gap-junctional coupling, their local presence may alter the electrical proper-
ties of the surrounding tissue and modulate impulse propagation [2-4]. To incorporate
this effect at the tissue scale, a fibroblast-dependent conductivity scaling rule was
applied at the level of each finite element.

Let T = {e} denote the set of finite elements. For each element e € T, the local
fibroblast fraction was defined as

fo="r@ (s1)
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where np(e) is the number of fibroblast nodes in the element and n. is the total
number of nodes in the element. Since linear hexahedral elements were used, n, = 8,
and therefore

f, = . np(e)=0,1,...,8. (52)



Table S1: Discrete element-wise implementation of the fibroblast-
dependent conductivity scaling rule. For each linear hexahedral ele-
ment, the local fibroblast fraction was computed from the number of
fibroblast nodes within the element. The reference cardiomyocyte con-
ductivity was ocy = 0.0023 S/cm, and a residual conductivity fraction
~v = 0.25 was assigned to a fully fibroblastic element.

Element Fibroblast Scaling Conductivity Effective
composition fraction factor retained [%] conductivity [S/cm)]

0F/8CM 0.000 1.000 100.0 2.300 x 1073
1F/7CM 0.125 0.906 90.6 2.084 x 1073
2F /6CM 0.250 0.812 81.2 1.869 x 1072
3F/5CM 0.375 0.719 71.9 1.653 x 1072
4F /ACM 0.500 0.625 62.5 1.438 x 10732
5F /3CM 0.625 0.531 53.1 1.222 x 1073
6F/2CM 0.750 0.438 43.8 1.006 x 1073
7F/1CM 0.875 0.344 34.4 7.906 x 10~*
8F/0CM 1.000 0.250 25.0 5.750 x 107*

The reference conductivity of a purely cardiomyocyte element was denoted by ocy.
In the present model, the longitudinal cardiomyocyte conductivity was set to

oom = 0.0023 S/cm. (S3)

The presence of fibroblasts within an element was assumed to reduce the local effective
conductivity according to a linear scaling law:

S(fe):1—(1—7)fe7 (84)

where 7 is the residual conductivity fraction assigned to a fully fibroblastic element.
Accordingly, the effective conductivity of element e was computed as

oer(€) = oom S(fe) = oom [L = (1 =) fe].- (S5)

In this study, v = 0.25 was used, meaning that an element composed entirely
of fibroblast nodes retained one quarter of the reference cardiomyocyte conductivity.
Since each hexahedral element contains eight nodes, the scaling law was implemented
in discrete increments of 1/8, yielding

aélfcf) =ocM (1_0-75 :) ) k=01,....,8, (S6>

where k is the number of fibroblast nodes within the element.

Thus, elements containing only cardiomyocytes retained the reference conductivity
ocmMm, whereas elements composed entirely of fibroblast nodes were assigned an effective
conductivity equal to 0.250cy. Intermediate configurations were obtained by linear



interpolation according to the number of fibroblast nodes within the element. The
resulting element-wise scaling factor was applied to the local conductivity tensor used
in the monodomain formulation.

2 Regulatory status and pharmacological class of

drugs

Table S2: Drugs, pharmacological class, and high-level regulatory/commercial status.
Status is reported at a high level across major regulatory markets when possible;
“Active” should not be interpreted as absence of QT /TdP liability.

Drug

Pharmacological class

Regulatory/commercial
status

Amiodarone

Amitriptyline

Azithromycin

Bepridil

Chloroquine

Cibenzoline

Cisapride

Class III antiarrhythmic
(multi—ion channel blocker)

Tricyclic antidepressant (TCA)

Macrolide antibiotic

Antianginal / calcium channel
blocker (multi—channel effects)

Antimalarial (4-aminoquinoline)

Class Ia antiarrhythmic (Na™
channel blocker)

Prokinetic (5-HT4 agonist)

Active; QT prolongation
is recognized, but TdP
risk is context-dependent
and lower than expected
from QT prolongation
alone [5, 6]

Active; QT/TdP concern
is mainly dose-, overdose-,
interaction-, and
susceptibility-dependent
[5, 7]

Active; labeling and FDA
communications warn
about QT prolongation
and potentially fatal
arrhythmias in
susceptible patients [8, 9]
Active regionally, notably
Japan; withdrawn/not
marketed in several major
markets because of
QT/TdP liability

[6, 10, 11]

Active; QT prolongation
and ventricular
arrhythmia warnings
apply, but “boxed QT
warning” should not be
used unless a specific
label supports it [12, 13]
Active in selected regional
markets, including Japan;
not a broadly marketed
FDA/EU reference
compound [14]
Withdrawn from routine
US/EU marketing;
limited-access or
exceptional-use pathways
may exist because of
QT/TdP risk [15, 16]

Continues on next page




Drug

Pharmacological class

Regulatory/commercial
status

Dofetilide

Flecainide

Lidocaine

Lopinavir

Mexiletine

Mibefradil

Moxifloxacin

Ondansetron

Propafenone
Quinidine

Quinine

Ranolazine

Ritonavir

Rufinamide

Class III antiarrhythmic

Class Ic antiarrhythmic

Class Ib antiarrhythmic (local
anesthetic)

Antiretroviral (HIV protease
inhibitor)

Class Ib antiarrhythmic

T—type calcium channel blocker

Fluoroquinolone antibiotic

5-HT'3 receptor antagonist

Class Ic antiarrhythmic
Class Ia antiarrhythmic

Antimalarial

Antianginal (late In, blocker)

Antiretroviral (HIV protease
inhibitor/booster)
Antiepileptic

Active;
initiation/re-initiation
requires inpatient

ECG /renal monitoring,
while REMS should not
be used as the current
primary qualifier [17, 18]
Active; use remains
restricted by
proarrhythmic risk in
structural heart disease
rather than market
withdrawal [5]

Active [5]

Active/authorised
regionally only as
lopinavir/ritonavir;
availability and clinical
use vary substantially by
market [19, 20]

Active; availability and
labelled indications vary
by region [5]

Withdrawn from major
markets because of
clinically significant
drug—drug interactions
and safety concerns [21]
Active; QT prolongation
warning and avoidance in
high-risk QT settings [22]
Active; high-dose single
IV 32 mg regimen
withdrawn/avoided, and
no single IV dose should
exceed 16 mg because of
dose-dependent QT
prolongation [23, 24]
Active [5]

Active with limited
availability in some
regions; established
QT/TdP liability [5, 6]
Active for restricted
indications; nocturnal leg-
cramp use removed /not
recommended in the US;
QT/TdP warnings apply
[25]

Active; dose-related QTc
prolongation is labelled,
although clinical
proarrhythmia signal is
limited in studied
populations [26]

Active [5, 20]

Active; label concern is
QT shortening, not QT
prolongation [27]

Continues on next page




Drug

Pharmacological class

Regulatory/commercial
status

Saquinavir

Sertindole

Sotalol

Terfenadine

Toremifene

Verapamil

Astemizole

Ceftriaxone

Cilostazol

Clozapine

Dasatinib
Diazepam
Disopyramide

Donepezil

Droperidol

Duloxetine
Halofantrine

Antiretroviral (HIV protease
inhibitor)

Atypical antipsychotic

Class IIT antiarrhythmic /
B—blocker

Antihistamine (Hyp)

Selective estrogen receptor
modulator (SERM)

Non—-DHP calcium channel

blocker

Antihistamine (Hyp)

Cephalosporin antibiotic (3rd
gen)
PDE3 inhibitor (antiplatelet)

Atypical antipsychotic

Tyrosine kinase inhibitor
Benzodiazepine
Class Ia antiarrhythmic

Acetylcholinesterase inhibitor

Butyrophenone

antiemetic/antipsychotic

SNRI antidepressant
Antimalarial (phenanthrene
methanol)

Discontinued/withdrawn
in US/EU major markets;
historical labels include
QT prolongation warning
28]

Restricted /authorised
only in selected markets
with mandatory ECG
monitoring; not
FDA-approved [29]
Active; initiation/re-
initiation requires
ECG-based monitoring
because of life-threatening
proarrhythmia/TdP risk
[30]

Withdrawn from US/EU
routine markets because
of QT/TdP risk and safer
alternatives [31, 32]
Active; boxed QT
prolongation warning
applies [33]

Active; QT prolonga-
tion/proarrhythmia
relationship differs from
high-risk Ik, blockers [5]
Withdrawn from major
markets because of

QT /hERG-related
arrhythmia risk [32, 34]
Active [5]

Active; contraindicated in
heart failure, but this is
not primarily a QT/TdP
regulatory restriction [5]
Active; ANC
monitoring/severe-
neutropenia warnings
remain, but FDA REMS
has been removed [35]
Active [5]

Active [5]

Active; established
QT/TdP liability typical
of Class Ia agents [5, 6]
Active; QT/TdP concern
is mainly susceptibility-,
interaction-, and
case-report-dependent

[5, 36]

Active/restricted use;
boxed QT/TdP warning
and monitoring
considerations apply [37]
Active [5]

Not marketed or highly
restricted in many major
markets; QT /TdP risk is
clinically important

[25, 38]

Continues on next page




Drug

Pharmacological class

Regulatory/commercial
status

Haloperidol

Linezolid
Loratadine

Methadone

Mitoxantrone

Nifedipine
Nitrendipine

Paliperidone
Paroxetine
Pentobarbital

Phenytoin
Pimozide

Procainamide

Raltegravir

Ribavirin

Risperidone

Sitagliptin

Solifenacin

Sparfloxacin

Sunitinib

Typical antipsychotic
(butyrophenone)

Oxazolidinone antibiotic
Antihistamine (H;p)

Opioid analgesic /
opioid-use-disorder therapy

Antineoplastic
(anthracenedione)

DHP calcium channel blocker
DHP calcium channel blocker

Atypical antipsychotic
SSRI antidepressant
Barbiturate sedative—hypnotic

Antiepileptic
Typical antipsychotic
(diphenylbutylpiperidine)

Class Ia antiarrhythmic

Antiretroviral (integrase
inhibitor)
Antiviral (nucleoside analogue)

Atypical antipsychotic

DPP—4 inhibitor (antidiabetic)
Antimuscarinic (OAB)

Fluoroquinolone antibiotic

Tyrosine kinase inhibitor
(VEGFR/PDGFR)

Active; QT/TdP
warnings are especially
relevant for high dose, IV
use, interactions, or
susceptible patients [5, 7]
Active [5]

Active; generally lower
QT/TdP concern than
terfenadine or astemizole
[5, 32]

Active; life-threatening
QT prolongation and
TdP warnings apply [39]
Active; major cardiac
concern is cumulative
cardiomyopathy rather
than primary QT/TdP
liability [5]

Active [5]

Active in selected non-US
markets; not
marketed/approved in the
US [5]

Active [5]

Active [5]

Active but highly
controlled /restricted
depending on jurisdiction
and use setting [5]

Active [5]

Active with QT-based
contraindications and
interaction restrictions
[40]

Active, mainly injectable
and with variable
availability; established
QT /TdP liability [5, 6]
Active [20]

Active, although clinical
use has declined in
several indications [5)
Active; included among
compounds used in
proarrhythmia-risk
benchmark sets [5, 41]
Active [5]

Active; QT concern is
context-dependent and
should not be equated
with market restriction
[5, 16]
Withdrawn/discontinued
in major markets;
historical labeling and
literature support
QT-prolongation concern
[42, 43]

Active [5]

Continues on next page




Drug

Pharmacological class

Regulatory/commercial
status

Telbivudine

Terodiline

Thioridazine

Antiviral (HBV nucleoside
analogue)

Antimuscarinic (urologic)

Typical antipsychotic
(phenothiazine)

Discontinued/withdrawn
in US/EU major markets,
mainly for
commercial/availability
reasons rather than
QT/TdP liability [44]
Withdrawn because of
concentration-dependent
QT prolongation and
ventricular
arrhythmia/TdP risk [45]
Branded product
discontinued;
generic/regional
availability varies; use is
highly restricted by
QT/TdP and
sudden-death risk [46, 47]

Note. “Active” denotes that the drug remains marketed or authorised in at least
one major or regional market according to available labeling/authorization sources;
it does not imply low cardiac risk. “Withdrawn”, “discontinued”, and “restricted”
are jurisdiction-dependent terms and should be interpreted in the specific regula-
tory context stated in the manuscript. QT prolongation, torsades de pointes (TdP),
market withdrawal, and REMS/monitoring requirements are distinct regulatory

concepts.

Caveat: Regulatory statuses are jurisdiction-dependent and time-varying; therefore,
local regulatory sources should be consulted for the most reliable and up-to-date

information.

3 Characteristics of the entire drug dataset
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The first 30 Drugs are taken from Crumb et al [189] human dataset. On the other
hand,

the following 37 drugs are taken from Kramer et al rat dataset [190]

4 Source- and Therapeutic-Class-Stratified
Sensitivity Analyses of Model Performance

Table S4: Source-stratified performance of the 4% physiological fibrosis
model. Metrics were computed separately for compounds whose ion-
channel pharmacology was derived from the Crumb and Kramer datasets.

Source N Bias [ms] MAE [ms] RMSE [ms] Mean UB95 [ms]

UB95 < 10 ms

Crumb 27 0.77 2.41
Kramer 34 -0.62 2.30

5.74

4.96

26/27 (96.3%)
34/34 (100.0%)

Table S5: Leave-one-therapeutic-class-out sensitivity analysis of UB95-based regula-
tory performance in the 4% physiological fibrosis configuration. Each row reports the
global metrics obtained after excluding one therapeutic class. Nyey, indicates the num-
ber of remaining compounds. N<ig and N+ indicate the number of compounds with
UB95 absolute prediction error below/equal to or above the 10 ms threshold, respec-
tively. Conc. indicates concordance. Mean, median, and max refer to UB95 absolute

prediction error values in milliseconds.

Class excluded Nrem N<19 N>10 Conc. [%] Mean Median Max Outlier
Antiarrhythmic 50 49 1 98.0 5.06 4.50 12.34 Ranolazine
Antidepressant 58 57 1 98.3 5.38 4.77 12.34 Ranolazine
Antibacterial 56 55 1 98.2 5.39 4.68 12.34 Ranolazine
Calcium-channel blocker 56 55 1 98.2 5.31 4.66 12.34 Ranolazine
Antimalarial 58 57 1 98.3 5.31 4.66 12.34 Ranolazine
Prokinetic/antiemetic 59 58 1 98.3 5.22  4.66 12.34 Ranolazine
Antiviral 55 54 1 98.2 5.36 4.85 12.34 Ranolazine
Other cardiovascular 59 59 0 100.0 5.19 4.66 9.88 None
CNS-active 57 56 1 98.2 5.30 4.66 12.34 Ranolazine
Antipsychotic 53 52 1 98.1 5.45 4.70 12.34 Ranolazine
Antihistamine 58 57 1 98.3 5.35 4.68 12.34 Ranolazine
Antineoplastic/endocrine 57 56 1 98.2 5.25  4.66 12.34 Ranolazine
Other 58 57 1 98.3 5.32 4.68 12.34 Ranolazine
Urologic 59 58 1 98.3 5.35 4.70 12.34 Ranolazine

5 QT interval measurement

In clinical practice, the QT interval is measured from the onset of ventricular depolar-
ization to the end of ventricular repolarization, usually defined as the point at which



the T wave returns to the isoelectric line. In the present framework, the reconstructed
signal represents a pseudo-ECG obtained from ventricular tissue only. No atrial activ-
ity or pre-ventricular electrical segment was modeled. Therefore, the pseudo-ECG trace
starts at the first simulated instant of ventricular excitation. This first time point rep-
resents the earliest available temporal reference for ventricular depolarization and was
operationally defined as QRS,ynser = to = 0 ms for all simulations. Since no electrical
activity preceding ventricular activation exists in the simulated domain, selecting an
earlier onset is not possible, whereas selecting a later point would artificially exclude
part of the depolarization phase from the QT interval. The same definition of ¢, was
applied identically to control and drug-treated simulations.

QT measurement was performed on the final simulated cardiac cycle, corresponding
to the last 800-ms beat of the pacing protocol, consistent with the imposed BCL.
No additional signal filtering was required, because the pseudo-ECGs were generated
under controlled numerical conditions and showed clearly identifiable depolarization
and repolarization phases across all analyzed simulations.

The end of the QT interval was identified using an automated tangent-based
method. This approach was adopted to ensure reproducible QT measurements across
all virtual patients, drugs, and concentration levels, avoiding operator-dependent vari-
ability associated with manual annotation [191, 192]. The tangent method is based on
the identification of the steepest downslope of the T wave during ventricular repolar-
ization. A tangent line is then constructed at this point, and the intersection between
this tangent and the isoelectric baseline is taken as the end of the T wave, Teng [193].

In the present implementation, the T-wave peak was first identified using an
automated peak-detection procedure to initialize the repolarization downslope search
window. This step was used only to define the starting point of the segment in which
the tangent method was applied, and did not directly determine Te,q. Starting from
the T-wave peak, the subsequent pseudo-ECG segment was analyzed to identify the
point of maximum downslope, from which the tangent line was constructed.

The isoelectric baseline was defined as the zero reference level of the reconstructed
pseudo-ECG, consistently with the reference level used in the numerical signal recon-
struction. This choice was consistent with the pseudo-ECG formulation, in which the
reconstructed signal is expressed relative to a zero reference potential. Therefore, Tonqg
was computed as the intersection between the tangent line and the baseline.

The resulting Ti,,q was accepted only if the tangent-baseline intersection occurred
within the analyzed cardiac cycle and after the depolarization phase. In the present
dataset, all analyzed pseudo-ECG traces satisfied these validity criteria, and no trace
was excluded from the QT analysis.

The QT interval was then computed as:

QT = Tepag — to- (S7)
The same tangent-based procedure was applied identically to control and drug-treated
simulations. Therefore, the endpoint of interest was not the absolute reproduction of

clinical ECG morphology, but the relative change in QT duration induced by drug
administration under the same measurement conditions.
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The complete pseudo-ECG reconstruction and QT-measurement pipeline was
implemented as a fixed deterministic procedure and applied uniformly to all virtual
patients, compounds, and drug conditions. Thus, the digital QT endpoint was gener-
ated without operator-dependent annotation or compound-specific adjustment. Model
parameters were derived from physiological assumptions, literature data, or prede-
fined numerical settings, and were not adjusted to improve agreement with clinical
QT/QTc prolongation.

References

[1] Zhang, M., Zhang, Z., Xue, H., Fan, L. & Weng, Y. Microvascular rarefaction and
myocardial fibrosis in hypertrophic obstructive cardiomyopathy: A histopatho-
logical comparison of pediatric and adult patients. Frontiers in Cardiovascular
Medicine 9, 829392 (2022).

[2] Camelliti, P., Devlin, G. P., Matthews, K. G., Kohl, P. & Green, C. R. Spatially
and temporally distinct expression of fibroblast connexins after sheep ventricular
infarction. Cardiovascular Research 62, 415-425 (2004).

[3] Rohr, S. Role of gap junctions in the propagation of the cardiac action potential.
Cardiovascular Research 62, 309-322 (2004).

[4] Maleckar, M. M., Greenstein, J. L., Giles, W. R. & Trayanova, N. A. Electro-
tonic coupling between human atrial myocytes and fibroblasts alters myocyte
excitability and repolarization. Biophysical Journal 97, 2179-2190 (2009).

[5] U.S. National Library of Medicine. DailyMed database: FDA-submitted drug
labeling. URL https://dailymed.nlm.nih.gov/. Accessed 10 June 2026.

[6] Redfern, W. S. et al. Relationships between preclinical cardiac electrophysiology,
clinical qt interval prolongation and torsade de pointes for a broad range of drugs:
evidence for a provisional safety margin in drug development. Cardiovascular

Research 58, 32-45 (2003).

[7] AZCERT / CredibleMeds. Clarification of CredibleMeds TdP
risk  categories  (2016). URL  https://www.crediblemeds.org/blog/
clarification-crediblemedsr-tdp-risk-categories. Accessed 10 June 2026.

[8] U.S. Food and Drug Administration. Azithromycin (Zithromax or Zmax) and
the risk of potentially fatal heart rhythms (2013). URL https://www.fda.gov/
media/85787/download. Accessed 10 June 2026.

[9] National Library of Medicine. Azithromycin tablets: Full prescribing infor-
mation (2026). URL https://dailymed.nlm.nih.gov/dailymed/fda/fdaDrugXsl.
cfm7setid=519e13f5-69ee-4220-90d9-31fa8660d880. DailyMed label. Accessed 10
June 2026.

14


https://dailymed.nlm.nih.gov/
https://www.crediblemeds.org/blog/clarification-crediblemedsr-tdp-risk-categories
https://www.crediblemeds.org/blog/clarification-crediblemedsr-tdp-risk-categories
https://www.fda.gov/media/85787/download
https://www.fda.gov/media/85787/download
https://dailymed.nlm.nih.gov/dailymed/fda/fdaDrugXsl.cfm?setid=5f9e13f5-69ee-4220-90d9-31fa8660d880
https://dailymed.nlm.nih.gov/dailymed/fda/fdaDrugXsl.cfm?setid=5f9e13f5-69ee-4220-90d9-31fa8660d880

[10] Hirata, Y. et al. Clinical insights into the role of bepridil in recurrence after
cryoballoon ablation for atrial fibrillation: from the VISUAL-J study. Journal
of Arrhythmia (2025). URL https://onlinelibrary.wiley.com/doi/full/10.1002/
joad.70083.

[11] Uchikawa, M. et al. Drug-induced QT prolongation and torsade de pointes in
spontaneous adverse event reporting: A retrospective analysis using the japanese
adverse drug event report database (2004-2021). Drug Safety (2022). URL
https://link.springer.com/article/10.1007 /s40801-022-00328-0.

12

National Library of Medicine. Chloroquine phosphate tablets: Full prescrib-
ing information (2026). URL https://www.dailymed.nlm.nih.gov/dailymed/
druglnfo.cfm?setid=ff199f31-bfda-45{8-adbd-4662f7054f1c.  DailyMed label.
Accessed 10 June 2026.

[13] U.S. Food and Drug Administration. Hydroxychloroquine  or
chloroquine for COVID-19: Drug safety communication  (2020).
URL https://www.fda.gov/safety /medical-product-safety-information/
hydroxychloroquine-or-chloroquine-covid- 19-drug-safety-communication-fda-cautions-against-use.
Accessed 10 June 2026.

[14] Harron, D. W. G., Brogden, R. N., Faulds, D. & Fitton, A. Cibenzoline: a review
of its pharmacological properties and therapeutic potential in arrhythmias.
Drugs 43, 734-759 (1992).

[15] European Medicines Agency. Opinion following an Article 31
referral: ~ Cisapride. Tech. Rep., FEuropean Medicines Agency
(2002). URL  https://www.ema.europa.eu/en/documents/referral /

opinion-following-article- 31-referral-cisapride-international-non-proprietary-name-inn-cisapride-background
en.pdf. EMEA /CPMP/24844/02.

16

Janssen Pharmaceuticals. Propulsid limited access program (2020). URL https:
//www.propulsid-lap.com/. Accessed 10 June 2026.

[17] U.S. National Library of Medicine. DailyMed label: TIKOSYN (dofetilide)
capsule. URL https://dailymed.nlm.nih.gov/dailymed /lookup.cfm?setid=
02438044-d6a3-49e9-alac-3aad21ef2c8c. Accessed 10 June 2026.

[18] U.S. Food and Drug Administration. Tikosyn (dofetilide) REMS review: REMS
no longer required (2016). URL https://www.accessdata.fda.gov/drugsatfda_
docs/review/2018/0209310rig1s013REMS.pdf. Accessed 10 June 2026.

[19] European Medicines Agency. Kaletra: EPAR medicine overview and product

information (2025). URL https://www.ema.europa.eu/en/medicines/human/
EPAR /kaletra. Accessed 10 June 2026.

15


https://onlinelibrary.wiley.com/doi/full/10.1002/joa3.70083
https://onlinelibrary.wiley.com/doi/full/10.1002/joa3.70083
https://link.springer.com/article/10.1007/s40801-022-00328-0
https://www.dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=ff199f31-bfda-45f8-adbd-4662f7054f1c
https://www.dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=ff199f31-bfda-45f8-adbd-4662f7054f1c
https://www.fda.gov/safety/medical-product-safety-information/hydroxychloroquine-or-chloroquine-covid-19-drug-safety-communication-fda-cautions-against-use
https://www.fda.gov/safety/medical-product-safety-information/hydroxychloroquine-or-chloroquine-covid-19-drug-safety-communication-fda-cautions-against-use
https://www.ema.europa.eu/en/documents/referral/opinion-following-article-31-referral-cisapride-international-non-proprietary-name-inn-cisapride-background-information-and-annexes-i-ii-and-iv-english-and-annex-iii-all-languages_en.pdf
https://www.ema.europa.eu/en/documents/referral/opinion-following-article-31-referral-cisapride-international-non-proprietary-name-inn-cisapride-background-information-and-annexes-i-ii-and-iv-english-and-annex-iii-all-languages_en.pdf
https://www.ema.europa.eu/en/documents/referral/opinion-following-article-31-referral-cisapride-international-non-proprietary-name-inn-cisapride-background-information-and-annexes-i-ii-and-iv-english-and-annex-iii-all-languages_en.pdf
https://www.propulsid-lap.com/
https://www.propulsid-lap.com/
https://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=02438044-d6a3-49e9-a1ac-3aad21ef2c8c
https://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=02438044-d6a3-49e9-a1ac-3aad21ef2c8c
https://www.accessdata.fda.gov/drugsatfda_docs/review/2018/020931Orig1s013REMS.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/review/2018/020931Orig1s013REMS.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/kaletra
https://www.ema.europa.eu/en/medicines/human/EPAR/kaletra

[20] National Institutes of Health. FDA-approved HIV medicines (2026). URL https:
//hivinfo.nih.gov/understanding-hiv /fact-sheets/fda-approved-hiv-medicines.
Accessed 10 June 2026.

[21] World Health Organization. Mibefradil (Posicor) drug alert (1998).
URL https://cdn.who.int /media/docs/default-source/pvg/drug-alerts/
da070---drug_alert70mibefradil_recall.pdf. Accessed 10 June 2026.

[22] U.S. National Library of Medicine. DailyMed label: moxifloxacin hydrochloride
injection. URL https://dailymed.nlm.nih.gov/dailymed/druglnfo.cfm?setid=
c6fad129-292-4179-ac5d-bb7b4a538789. Accessed 10 June 2026.

[23] U.S. Food and Drug Administration. Ondansetron: Drug safety communication
— QT prolongation with high-dose intravenous ondansetron (2012). URL https:
//downloads.regulations.gov/FDA-2016-N-2462-0014/content.pdf. Accessed 10
June 2026.

[24] U.S. Food and Drug Administration. List of drug products that have been
withdrawn or removed from the market for reasons of safety or effectiveness:
Ondansetron hydrochloride injection (2018). URL https://public-inspection.
federalregister.gov/2018-26712.pdf. Federal Register public inspection docu-
ment. Accessed 10 June 2026.

[25] U.S. National Library of Medicine. DailyMed label: quinine sulfate
capsule. ~ URL https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=
£567d5¢7-eabd-49a7-a035-b47208135{73. Accessed 10 June 2026.

[26] U.S. National Library of Medicine. DailyMed label: ranolazine extended-
release tablet. URL https://dailymed.nlm.nih.gov/dailymed/druglnfo.cfm?
setid=d74f3dea-7357-4e9a-be9a-2f498a44108a. Accessed 10 June 2026.

[27] National Library of Medicine. Rufinamide tablets: Full prescribing informa-
tion (2026). URL https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=
56316809-6e73-4717-990b-fc84bf6bf433. DailyMed label. Accessed 10 June 2026.

[28] U.S. Food and Drug Administration. Invirase (saquinavir mesylate) tablets and
capsules: Full prescribing information (2015). URL https://www.accessdata.fda.
gov/drugsatfda_docs/label/2015/020628s43-021785s191bl.pdf. Revised Decem-
ber 2015.

[29] European Medicines Agency. CPMP opinion following an Article 36 referral:
sertindole (2002). URL https://www.ema.europa.eu/en/documents/referral/
opinion-following-article- 36-referral-sertindole-international-non-proprietary-name-inn-sertindole-bacl
en.pdf. Accessed 10 June 2026.

[30] U.S. National Library of Medicine.  DailyMed label: sotalol hydrochlo-
ride tablet. URL https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=

16


https://hivinfo.nih.gov/understanding-hiv/fact-sheets/fda-approved-hiv-medicines
https://hivinfo.nih.gov/understanding-hiv/fact-sheets/fda-approved-hiv-medicines
https://cdn.who.int/media/docs/default-source/pvg/drug-alerts/da070---drug_alert70mibefradil_recall.pdf
https://cdn.who.int/media/docs/default-source/pvg/drug-alerts/da070---drug_alert70mibefradil_recall.pdf
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=c6fa4129-2f92-4179-ac5d-bb7b4a538789
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=c6fa4129-2f92-4179-ac5d-bb7b4a538789
https://downloads.regulations.gov/FDA-2016-N-2462-0014/content.pdf
https://downloads.regulations.gov/FDA-2016-N-2462-0014/content.pdf
https://public-inspection.federalregister.gov/2018-26712.pdf
https://public-inspection.federalregister.gov/2018-26712.pdf
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=f567d5c7-ea5d-49a7-a035-b47208135f73
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=f567d5c7-ea5d-49a7-a035-b47208135f73
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=d74f3dea-7357-4e9a-be9a-2f498a44108a
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=d74f3dea-7357-4e9a-be9a-2f498a44108a
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=56316809-6e73-4717-990b-fc84bf6bf433
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=56316809-6e73-4717-990b-fc84bf6bf433
https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/020628s43-021785s19lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/020628s43-021785s19lbl.pdf
https://www.ema.europa.eu/en/documents/referral/opinion-following-article-36-referral-sertindole-international-non-proprietary-name-inn-sertindole-background-information-and-annexes-i-ii-english-and-annex-iii-all-languages_en.pdf
https://www.ema.europa.eu/en/documents/referral/opinion-following-article-36-referral-sertindole-international-non-proprietary-name-inn-sertindole-background-information-and-annexes-i-ii-english-and-annex-iii-all-languages_en.pdf
https://www.ema.europa.eu/en/documents/referral/opinion-following-article-36-referral-sertindole-international-non-proprietary-name-inn-sertindole-background-information-and-annexes-i-ii-english-and-annex-iii-all-languages_en.pdf
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=bcbc1624-283e-732f-e053-2995a90a8f11
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=bcbc1624-283e-732f-e053-2995a90a8f11

[31]

[38]

[39]

bebel624-283e-732f-e053-2995290a8f11. Accessed 10 June 2026.

U.S. Food and Drug Administration / Federal Register. Terfenadine-containing
drug products; proposal to withdraw approval (1997). URL https://www.
govinfo.gov/content /pkg/FR-1997-01-14/html/97-714.htm. Accessed 10 June
2026.

Li, M. & Ramos, L. G. Drug-induced gt prolongation and torsades de pointes.
Pharmacy and Therapeutics 42, 473-477 (2017).

National Library of Medicine. Toremifene citrate tablets: Full prescribing infor-
mation (2026). URL https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?
setid=2cab8dd1-3a10-48e6-86¢ce-0e5275ed49e5. DailyMed label. Accessed 10
June 2026.

IUPHAR/BPS Guide to Pharmacology.  Astemizole ligand page (2026).
URL  https://www.guidetopharmacology.org/ GRAC/LigandDisplayForward?
ligandIld=2603. Accessed 10 June 2026.

U.S. Food and Drug Administration. FDA removes risk evaluation
and mitigation strategy (REMS) program for antipsychotic drug cloza-
pine. URL  https://www.fda.gov/drugs/drug-safety-communications/

fda-removes-risk-evaluation-and-mitigation-strategy-rems- program-antipsychotic-drug-clozapine.

Accessed 10 June 2026.

CredibleMeds. FAQs for QTdrugs List (2026). URL https://crediblemeds.org/
everyone/articlesbrochures-library /fags-qtdrugs-list. Accessed 10 June 2026.

U.S. National Library of Medicine. DailyMed label: droperidol injec-
tion. URL https://dailymed.nlm.nih.gov/dailymed /drugInfo.cfm?setid=
147e033d-d997-4ef6-8bb5-a9ba372590b2. Accessed 10 June 2026.

Yap, Y. G. & Camm, A. J. Drug induced gt prolongation and torsades de
pointes. Heart 89, 1363-1372 (2003).

U.S. National Library of Medicine. DailyMed label: methadone hydrochlo-
ride tablet. URL https://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=
8e5celae-bbfe-cfea-e053-2995a90a3d44. Accessed 10 June 2026.

U.S. National Library of Medicine. DailyMed label: pimozide
tablet. URL https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=
70b079e2-a1f7-4293-8685-d60add7c1280. Accessed 10 June 2026.

Vicente, J. et al. Assessment of multi-ion channel block in a phase i randomized

study design: Results of the CiPA phase i ECG biomarker validation study.
Clinical Pharmacology and Therapeutics 103, 943-953 (2018).

17


https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=bcbc1624-283e-732f-e053-2995a90a8f11
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=bcbc1624-283e-732f-e053-2995a90a8f11
https://www.govinfo.gov/content/pkg/FR-1997-01-14/html/97-714.htm
https://www.govinfo.gov/content/pkg/FR-1997-01-14/html/97-714.htm
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=2cab8dd1-3a10-48e6-86ce-0e5275ed49e5
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=2cab8dd1-3a10-48e6-86ce-0e5275ed49e5
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=2603
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=2603
https://www.fda.gov/drugs/drug-safety-communications/fda-removes-risk-evaluation-and-mitigation-strategy-rems-program-antipsychotic-drug-clozapine
https://www.fda.gov/drugs/drug-safety-communications/fda-removes-risk-evaluation-and-mitigation-strategy-rems-program-antipsychotic-drug-clozapine
https://crediblemeds.org/everyone/articlesbrochures-library/faqs-qtdrugs-list
https://crediblemeds.org/everyone/articlesbrochures-library/faqs-qtdrugs-list
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=147e033d-d997-4ef6-8bb5-a9ba372590b2
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=147e033d-d997-4ef6-8bb5-a9ba372590b2
https://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=8e5ce0ae-b6fc-cfea-e053-2995a90a3d44
https://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=8e5ce0ae-b6fc-cfea-e053-2995a90a3d44
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=70b079e2-a1f7-4a93-8685-d60a4d7c1280
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=70b079e2-a1f7-4a93-8685-d60a4d7c1280

[42]

[43]

[44]

[47]

[48]

[53]

[54]

U.S. Food and Drug Administration. Zagam (sparflozacin) tablets: Full prescrib-
ing information (2003). URL https://www.accessdata.fda.gov/drugsatfda_docs/
label/2003,/020677s0061bl.pdf. Revised label.

Nachimuthu, S., Assar, M. D. & Schussler, J. M. Drug-induced gt interval
prolongation: mechanisms and clinical management. Therapeutic Advances in
Drug Safety 3, 241-253 (2012).

European Medicines Agency. Sebivo: EPAR medicine overview (2020). URL
https://www.ema.europa.eu/en/medicines/human/EPAR /sebivo. ~ Marketing
authorisation ceased to be valid in the European Union on 5 November 2020.
Accessed 10 June 2026.

Thomas, S. H. L. & Behr, E. R. Concentration dependent cardiotoxicity of
terodiline in patients treated for urinary incontinence. Heart 74, 53-56 (1995).

Dean, L. Thioridazine therapy and CYP2D6 genotype (2017). URL https:
//www.ncbi.nlm.nih.gov/books/NBK424018/. Medical Genetics Summaries,
National Center for Biotechnology Information.

U.S. Food and Drug Administration.  Thioridazine hydrochloride tablets:
Full prescribing information (2013). URL https://www.accessdata.fda.gov/
drugsatfda_docs/label /2013/021520s035s0361bl.pdf. Revised label.

Lafuente-Lafuente, C. et al. Amiodarone concentrations in plasma and fat tis-
sue during chronic treatment and related toxicity. British Journal of Clinical
Pharmacology 68, 626633 (2009).

Vassallo, P. & Trohman, R. G. Prescribing amiodarone: An evidence-based
review of clinical indications. JAMA 284, 3050-3058 (2000).

Torres, V. et al. Qt prolongation and the antiarrhythmic efficacy of amiodarone.
American Heart Journal 112, 50-57 (1986).

Rochester, M. P., Kane, A. M., Linnebur, S. A. & Fixen, D. R. Evaluating the
risk of qtc prolongation associated with antidepressant use in older adults: A
review of the evidence. Therapeutic Advances in Drug Safety 9, 297-308 (2018).

Noordam, R. et al. Assessing prolongation of the heart rate corrected qt interval
in users of tricyclic antidepressants: Advice to use fridericia rather than bazett’s
correction. Journal of Clinical Psychopharmacology 35, 260—265 (2015).

Garey, K. W. & Amsden, G. W. Intravenous azithromycin. Annals of
Pharmacotherapy 34, 375-386 (2000).

Cruz, M. D., Ershad, M. & Mostafa, A. Qtc interval prolongation associated
with inpatient azithromycin therapy for pneumonia. Cardiopulmonary Medicine

18


https://www.accessdata.fda.gov/drugsatfda_docs/label/2003/020677s006lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2003/020677s006lbl.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/sebivo
https://www.ncbi.nlm.nih.gov/books/NBK424018/
https://www.ncbi.nlm.nih.gov/books/NBK424018/
https://www.accessdata.fda.gov/drugsatfda_docs/label/2013/021520s035s036lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2013/021520s035s036lbl.pdf

[55]

[56]

2020, 1-6 (2020).

Benet, L. Z. Pharmacokinetics and metabolism of bepridil. American Journal
of Cardiology 55, 6C-13C (1985).

Funck-Brentano, C., Coudray, P., Planellas, J., Motté, G. & Jaillon, P. Effects of
bepridil and diltiazem on ventricular repolarization in angina pectoris. American
Journal of Cardiology 66, 812-817 (1990).

Tillement, J.-P., Albengres, E., Urien, S., Defer, O. & Pognat, J.-F. Metabolisme
et pharmacocinetique du bepridil chez 'homme. Revue de Médecine 24, 1265—
1269 (1983).

Nicol, M. R. et al. Pharmacokinetics and pharmacological properties of chloro-
quine and hydroxychloroquine in the context of covid-19 infection. Clinical
Pharmacokinetics 59, 659-669 (2020).

Mzayek, F. et al. Randomized dose-ranging controlled trial of aq-13, a candidate
antimalarial, and chloroquine in healthy volunteers. PLoS Clinical Trials 2, €6
(2007).

Canal, M., Flouvat, B., Tremblay, D. & Dufour, A. Pharmacokinetics in
man of a new antiarrhythmic drug, cibenzoline. Furopean Journal of Clinical
Pharmacology 21, 187-192 (1981).

Touboul, P. et al. Electrophysiologic effects of cibenzoline in humans related to
dose and plasma concentrations. American Heart Journal 102, 830-838 (1981).

Wang, S. H. et al. Qt interval effects of cisapride in the clinical setting.
International Journal of Cardiology 80, 179-183 (2001).

van Haarst, A. D. et al. The influence of cisapride and clarithromycin on qt
intervals in healthy volunteers. Clinical Pharmacology and Therapeutics 64,
542-546 (1998).

Zhou, H. et al. Pharmacokinetic profile of cisapride 20 mg after once- and
twice-daily dosing. Clinical Therapeutics 20, 292-298 (1998).

Vicente, J. et al. Comprehensive t-wave morphology assessment in a randomized
clinical study of dofetilide, quinidine, ranolazine, and verapamil. Journal of the
American Heart Association 4, 001615 (2015).

Coz, F. L., Funck-Brentano, C., Morell, T., Ghadanfar, M. M. & Jaillon, P.
Pharmacokinetic and pharmacodynamic modeling of the effects of oral and
intravenous administrations of dofetilide on ventricular repolarization. Clinical
Pharmacology and Therapeutics 57, 533-542 (1995).

19



[67]

[68]

[69]

[70]

[71]

[79]

Holmes, B. & Heel, R. C. Flecainide: A preliminary review of its pharmacody-
namic properties and therapeutic efficacy. Drugs 29, 1-33 (1985).

Malfatto, G., Zaza, A. & Facchini, M. Different effects of antiarrhythmic drugs
on the rate-dependency of gt interval: A study with amiodarone and flecainide.
Journal of Cardiovascular Pharmacology 50, 535-540 (2007).

Pieper, J. A.; Slaughter, R. L., Anderson, G. D., Wyman, M. G. & Lalka, D.
Lidocaine clinical pharmacokinetics. Drug Intelligence and Clinical Pharmacy
16, 291296 (1982).

Owczuk, R. et al. The effect of intravenous lidocaine on gt changes during
tracheal intubation. Anaesthesia 63, 924-931 (2008).

Ridjab, D. A., Ivan, 1., Budiman, F. & Juliawati, D. J. Current evidence for the
risk of pr prolongation, qrs widening, qt prolongation, from lopinavir, ritonavir,
atazanavir, and saquinavir: a systematic review. Medicine 100, 26787 (2021).

la Porte, C. J. L. et al. Pharmacokinetics of adjusted-dose lopinavir-ritonavir
combined with rifampin in healthy volunteers. Antimicrobial Agents and
Chemotherapy 48, 1553-1560 (2004).

Vozeh, S., Katz, G., Steiner, V. & Follath, F. Population pharmacokinetic
parameters in patients treated with oral mexiletine. Furopean Journal of Clinical
Pharmacology 23, 445-451 (1982).

Monk, J. P. & Brogden, R. N. Mexiletine: A review of its pharmacody-
namic and pharmacokinetic properties, and therapeutic use in the treatment of
arrhythmias. Drugs 40, 374-411 (1990).

Welker, H. A., Wiltshire, H. R. & Bullingham, R. Clinical pharmacokinetics of
mibefradil. Clinical Pharmacokinetics 35, 405-423 (1998).

du Souich, P. et al. Nonlinear kinetics and pharmacologic response to mibefradil.
Clinical Pharmacology and Therapeutics 67, 249-257 (2000).

Stass, H. & Kubitza, D. Pharmacokinetics and elimination of moxifloxacin
after oral and intravenous administration in man. Journal of Antimicrobial
Chemotherapy 43, 83-90 (1999).

Bloomfield, D. M. et al. The effect of moxifloxacin on qtc and implications for
the design of thorough qt studies. Clinical Pharmacology and Therapeutics 84,
475-480 (2008).

Simpson, K. H. & Hicks, F. M. Clinical pharmacokinetics of ondansetron: A
review. Journal of Pharmacy and Pharmacology 48, 774781 (1996).

20



[80]

[81]

[36]

[87]

Charbit, B. et al. Droperidol and ondansetron-induced qt interval prolongation:
A clinical drug interaction study. Anesthesiology 109, 206212 (2008).

Chouchoulis, K. et al. Impact of gt interval prolongation following antiarrhyth-
mic drug therapy on left ventricular function. Future Cardiology 13, 13-22
(2017).

Ochs, H. R., Greenblatt, D. J. & Woo, E. Clinical pharmacokinetics of quinidine.
Clinical Pharmacokinetics 5, 150-168 (1980).

White, N. J. et al. Quinine pharmacokinetics and toxicity in cerebral and uncom-
plicated falciparum malaria. The American Journal of Medicine 73, 564-572
(1982).

U.S. Food and Drug Administration. Qualaquin (quinine sulfate) capsules, 324
mg: Full prescribing information. Tech. Rep., U.S. Food and Drug Administra-
tion (2009). URL https://www.accessdata.fda.gov/drugsatfda_docs/label /2009 /
021799s0141bl.pdf. Revised November 2009.

Wanwimolruk, S. & Denton, J. R. Plasma protein binding of quinine: Binding
to human serum albumin, a;-acid glycoprotein and plasma from patients with
malaria. Journal of Pharmacy and Pharmacology 44, 806-811 (1992).

Rayner-Hartley, E. & Sedlak, T. Ranolazine: A contemporary review. Journal
of the American Heart Association 5, 003196 (2016).

Sarapa, N., Nickens, D. J., Raber, S. R., Reynolds, R. R. & Amantea, M. A.
Ritonavir 100 mg does not cause qtc prolongation in healthy subjects: A possible
role as cyp3a inhibitor in thorough qtc studies. Journal of Clinical Pharmacology
49, 1282-1292 (2009).

Hsu, A. et al. Multiple-dose pharmacokinetics of ritonavir in human immunod-
eficiency virus-infected subjects. Antimicrobial Agents and Chemotherapy 41,
898-905 (1997).

Schimpf, R. et al. Drug-induced qt-interval shortening following antiepileptic
treatment with oral rufinamide. Heart Rhythm 9, 776-781 (2012).

Boffito, M. et al. The unbound percentage of saquinavir and indinavir remains
constant throughout the dosing interval in hiv positive subjects. British Journal
of Clinical Pharmacology 54, 262-268 (2002).

Boffito, M. et al. Effect of a modified saquinavir/ritonavir dosing regimen with
lower dose lead-in phase on qtc interval, pharmacokinetics, antiviral activity and
safety in treatment-naive hiv-1-infected patients. Drugs in R&D 15, 141-153
(2015).

21


https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/021799s014lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/021799s014lbl.pdf

[92]

[93]

[94]

[95]

[96]

[101]

[102]

[103]

[104]

Vella, S. & Floridia, M. Saquinavir: Clinical pharmacology and efficacy. Clinical
Pharmacokinetics 34, 213-225 (1998).

Murdoch, D. & Keating, G. M. Sertindole: A review of its use in schizophrenia.
CNS Drugs 20, 233-255 (2006).

Atmaca, M. et al. Effect of sertindole on qtc interval in patients with
schizophrenia. Neuroscience Letters 442, 1-3 (2008).

Hanyok, J. J. Clinical pharmacokinetics of sotalol. American Journal of
Cardiology 72, 19A—-29A (1993).

Funck-Brentano, C. et al. Rate dependence of sotalol-induced prolongation of
ventricular repolarization during exercise in humans. Circulation 83, 536-545
(1991).

Pratt, C. M. et al. Dose-response relation between terfenadine (seldane) and the
gtc interval on the scalar electrocardiogram: Distinguishing a drug effect from
spontaneous variability. American Heart Journal 131, 472-480 (1996).

Okerholm, R. A. et al. Bioavailability of terfenadine in man. Biopharmaceutics
& Drug Disposition 2, 185-190 (1981).

Anttila, M., Valavaara, R., Kivinen, S. & Méienpéé, J. Pharmacokinetics of
toremifene. Journal of Steroid Biochemistry 36, 249-252 (1990).

U.S. Food and Drug Administration. Fareston® (toremifene citrate) tablets: Full
prescribing information. Tech. Rep., Center for Drug Evaluation and Research
(CDER), Rockville, MD, USA (2019). Technical report, Center for Drug Eval-
uation and Research (CDER), Rockville, MD, USA, 2019; Revised June 2019.
Reference ID: 4449207.

Taras, T. L., Wurz, G. T., Linares, G. R. & DeGregorio, M. W. Clinical
pharmacokinetics of toremifene. Clinical Pharmacokinetics 39, 327-334 (2000).

Clozel, J.-P., Danchin, N., Genton, P., Thomas, J.-L. & Cherrier, F. Effects
of propranolol and of verapamil on heart rate and blood pressure in hyperthy-
roidism. Clinical Pharmacology & Therapeutics 35, 671-676 (1984).

Dominic, J. A., Bourne, D. W. A., Tan, T. G., Kirsten, E. B. & Jr, R. G. M.
The pharmacology of verapamil. iii. pharmacokinetics in normal subjects after
intravenous drug administration. Journal of Cardiovascular Pharmacology 3,
25-38 (1981).

Heykants, J., Peer, A. V., Woestenborghs, R., Jageneau, A. & Bussche, G. V.
Dose-proportionality, bioavailability, and steady-state kinetics of astemizole in
man. Arzneimittel-Forschung 36, 1873-1879 (1986).

22



[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

Shafiee, A. & Khoobi, M. Astemizole. Encyclopedia of Toxicology (2010).
In Philip Wexler, editor, Encyclopedia of Toxicology, pages 325-327. Elsevier,
Tehran University of Medical Sciences, Tehran, Iran, 3rd edition, 2010.

Craft, T. M., Bussche, G. V., Cree, J. D. & Griffiths, J. V. Ecg studies with
astemizole. British Journal of Clinical Pharmacology 23, 97S-102S (1987).

Popick, A. C., Crouthamel, W. G. & Bekersky, I. Plasma protein binding of
ceftriaxone. Xenobiotica 17, 1139-1145 (1987).

Owens, R. C. An overview of harms associated with beta-lactam antimicrobials:
Where do the carbapenems fit in? Critical Care 12, S3 (2008).

Patel, I. H. & Kaplan, S. A. Pharmacokinetics of ceftriaxone in man. American
Journal of Medicine 74, 17-25 (1983).

Bramer, S. L., Forbes, W. P. & Mallikaarjun, S. Cilostazol pharmacokinet-
ics after single and multiple oral doses in healthy males and patients with
intermittent claudication resulting from peripheral arterial disease. Clinical
Pharmacokinetics 37, 1-11 (1999).

Suri, A., Forbes, W. P. & Bramer, S. L. Pharmacokinetics of multiple-dose
oral cilostazol in middle-age and elderly men and women. Journal of Clinical
Pharmacology 38, 144-150 (1998).

Pratt, C. M. Analysis of the cilostazol safety database. American Journal of
Cardiology 87, 28D-33D (2001).

Schaber, G., Stevens, 1., Gaertner, H. J., Dietz, K. & Breyer-Pfaff, U. Phar-
macokinetics of clozapine and its metabolites in psychiatric patients: Plasma
protein binding and renal clearance. British Journal of Clinical Pharmacology
46, 453-459 (1998).

Jann, M. W., Grimsley, S. R., Gray, E. C. & Chang, W.-H. Pharmacokinetics
and pharmacodynamics of clozapine. Clinical Pharmacokinetics 24, 161-176
(1993).

Grande, 1., Pons, A., Baeza, 1., Torras, A& Bernardo, M. Qtc prolongation: Is
clozapine safe? study of 82 cases before and after clozapine treatment. Human
Psychopharmacology: Clinical and Ezperimental 26, 397-403 (2011).

Hofinkové, J., Sfma, M. & Slanaf, O. Pharmacokinetics of dasatinib. Prague
Medical Report 120, 52-63 (2019).

Levéque, D., Becker, G., Bilger, K. & Natarajan-Amé, S. Clinical pharma-

cokinetics and pharmacodynamics of dasatinib. Clinical Pharmacokinetics 59,
849-856 (2020).

23



[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

Kantarjian, H. et al. Dasatinib versus imatinib in newly diagnosed chronic-phase
chronic myeloid leukemia. New England Journal of Medicine 362, 2260-2270
(2010).

Riss, J., Cloyd, J., Gates, J. & Collins, S. Benzodiazepines in epilepsy: Phar-
macology and pharmacokinetics. Acta Neurologica Scandinavica 118, 69-86
(2008).

Isbister, G. K. & Page, C. B. Drug-induced qt prolongation: The measurement
and assessment of the gt interval in clinical practice. British Journal of Clinical
Pharmacology 76, 48-57 (2013).

Ochs, H. R., Greenblatt, D. J., Lauven, P. M., Stoeckel, H. & Rommelsheim, K.
Kinetics of high-dose i.v. diazepam. British Journal of Anaesthesia 54, 849-852
(1982).

Aitio, M.-L. Plasma concentrations and protein binding of disopyramide and
mono-n-dealkyldisopyramide during chronic oral disopyramide therapy. British
Journal of Clinical Pharmacology 11, 369-376 (1981).

Whiting, B., Holford, N. H. G. & Sheiner, L. B. Quantitative analysis of
the disopyramide concentration-effect relationship. British Journal of Clinical
Pharmacology 9, 67-75 (1980).

Rogers, S. L. et al. Pharmacokinetic and pharmacodynamic profile of donepezil
hel following multiple oral doses. British Journal of Clinical Pharmacology 46,
7-12 (1998).

Tiseo, P. J., Rogers, S. L. & Friedhoff, L. T. Pharmacokinetic and pharmacody-
namic profile of donepezil hcl following evening administration. British Journal
of Clinical Pharmacology 46, 13-18 (1998).

Isik, A. T., Yildiz, G. B., Bozoglu, E., Yay, A. & Aydemir, E. Cardiac safety
of donepezil in elderly patients with alzheimer disease. Internal Medicine 51,
575-578 (2012).

Foo, L.-K., Duffull, S. B., Calver, L., Schneider, J. & Isbister, G. K. Popula-
tion pharmacokinetics of intramuscular droperidol in acutely agitated patients.
British Journal of Clinical Pharmacology 82, 1638-1646 (2016).

Yimcharoen, P. et al. Droperidol, when used for sedation during ercp, may
prolong the gt interval. Gastrointestinal Endoscopy 63, 979-985 (2006).

McKeage, K., Simpson, D. & Wagstaff, A. J. Intravenous droperidol: A review

of its use in the management of postoperative nausea and vomiting. Drugs 66,
2193-2217 (2006).

24



[130]

131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139)]

[140]

[141]

Knadler, M. P., Lobo, E., Chappell, J. & Bergstrom, R. Duloxetine: Clinical
pharmacokinetics and drug interactions. Clinical Pharmacokinetics 50, 281-294
(2011).

Wernicke, J., Lledd, A., Raskin, J., Kajdasz, D. K. & Wang, F. An evaluation
of the cardiovascular safety profile of duloxetine: Findings from 42 placebo-
controlled studies. Drug Safety 30, 437-455 (2007).

Cenni, B., Meyer, J., Brandt, R. & Betschart, B. The antimalarial drug halo-
fantrine is bound mainly to low and high density lipoproteins in human serum.
British Journal of Clinical Pharmacology 39, 519-526 (1995).

Abernethy, D. R. et al. Stereoselective halofantrine disposition and effect:
Concentration-related qtc prolongation. British Journal of Clinical Pharmacol-
ogy 51, 231-237 (2001).

Harrigan, E. P. et al. A randomized evaluation of the effects of six antipsychotic
agents on qtc, in the absence and presence of metabolic inhibition. Journal of
Clinical Psychopharmacology 24, 62—69 (2004).

Usdin, E., Dahl, S. G., Gram, L. F., Lingjeerde, O. & editors. Clinical Phar-
macology in Psychiatry: Neuroleptic and Antidepressant Research (Macmillan
Press, London, 1978).

Stalker, D. J. & Jungbluth, G. L. Clinical pharmacokinetics of linezolid, a novel
oxazolidinone antibacterial. Clinical Pharmacokinetics 42, 1129-1140 (2003).

Dryden, M. S. Linezolid pharmacokinetics and pharmacodynamics in clinical
treatment. Journal of Antimicrobial Chemotherapy 66, ivi—ivl5 (2011).

Damle, B. et al. Lack of an effect of standard and supratherapeutic doses of
linezolid on qtc interval prolongation. Antimicrobial Agents and Chemotherapy
55, 4302-4307 (2011).

ter Laak, A. M. et al. Serum protein binding of histamine hl-antagonists: a
comparative study on the serum protein binding of a sedating ([3h]mepyramine)
and a non-sedating hl-antagonist ([3h]loratadine). Biochemical Pharmacology
38, 843-849 (1989).

Clissold, S. P., Sorkin, E. M. & Goa, K. L. Loratadine: A preliminary review
of its pharmacodynamic properties and therapeutic efficacy. Drugs 37, 42-57
(1989).

Kowalski, M. L. et al. Rupatadine 10 and 20 mg are effective and safe in the
treatment of perennial allergic rhinitis after 4 weeks of treatment: a randomized,
double-blind, controlled trial with loratadine and placebo. Therapy 6, 417-425
(2009).

25



[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

Wolff, K., Sanderson, M., Hay, A. W. N. & Ralstrick, D. Methadone concentra-
tions in plasma and their relationship to drug dosage. Clinical Chemistry 37,
205-209 (1991).

Lugo, R. A., Satterfield, K. L. & Kern, S. E. Pharmacokinetics of methadone.
Journal of Pain and Palliative Care Pharmacotherapy 19, 13-24 (2005).

Grodofsky, S. et al. The qtc effect of low-dose methadone for chronic pain: A
prospective pilot study. Pain Medicine 16, 1112-1121 (2015).

Faulds, D., Balfour, J. A., Chrisp, P. & Langtry, H. D. Mitoxantrone: A review of
its pharmacodynamic and pharmacokinetic properties, and therapeutic potential
in the chemotherapy of cancer. Drugs 41, 400-449 (1991).

Okuma, K., Ariyoshi, Y. & Ota, K. Gan to kagaku ryoho [cancer and chemother-
apy]. Gan to Kagaku Ryoho. Cancer and Chemotherapy 13, 3040-3045
(1986).

Prevost, R. R., Akl, S. A., Whybrew, W. D. & Sibai, B. M. Oral nifedipine phar-
macokinetics in pregnancy-induced hypertension. Pharmacotherapy 12, 174-177
(1992).

Davis, M. E., Jones, C. J. H., Feneck, R. O. & Walesby, R. K. Intravenous
nifedipine for control of hypertension in patients after coronary artery bypass
graft surgery. Journal of Cardiothoracic Anesthesia 2, 130-139 (1988).

Lee, H. R., Roeske, W. R. & Yamamura, H. I. The measurement of free nitrendip-
ine in human serum by an equilibrium dialysis—radioreceptor assay. Life Sciences
33, 1821-1829 (1983).

Fujimura, A., ichi Ohashi, K., Sugimoto, K., Kumagai, Y. & Ebihara, A.
Chronopharmacological study of nitrendipine in healthy subjects. Journal of
Clinical Pharmacology 29, 909-915 (1989).

Maltz, M. B. et al. The effects of oral nitrendipine and propranolol, alone and in
combination, on hypertensive patients with special reference to av conduction.
British Journal of Clinical Pharmacology 22, 463-467 (1986).

Janicak, P. G. & Winans, E. A. Paliperidone er: A review of the clinical trial
data. Neuropsychiatric Disease and Treatment 3, 869-875 (2007).

Janssen Pharmaceuticals, Inc. Invega (paliperidone) extended-release tablets:
Full prescribing information. Tech. Rep., Janssen Pharmaceuticals, Inc.
(2007).  URL https://www.accessdata.fda.gov/drugsatfda_docs/label /2007 /
0220431bl.pdf. Revised December 2007.

26


https://www.accessdata.fda.gov/drugsatfda_docs/label/2007/022043lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2007/022043lbl.pdf

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163)]

[164]

[165]

[166]

Kaye, C. M. et al. A review of the metabolism and pharmacokinetics of
paroxetine in man. Acta Psychiatrica Scandinavica 80, 60-75 (1989).

Dechant, K. L. & Clissold, S. P. Paroxetine: A review of its pharmacodynamic
and pharmacokinetic properties, and therapeutic potential in depressive illness.
Drugs 41, 225-253 (1991).

Nelson, J. C. et al. The safety and tolerability of duloxetine compared with
paroxetine and placebo: A pooled analysis of four clinical trials. Primary Care
Companion to the Journal of Clinical Psychiatry 8, 212-219 (2006).

Ehrnebo, M. & Odar-Cederlof, I. Binding of amobarbital, pentobarbital and
diphenylhydantoin to blood cells and plasma proteins in healthy volunteers and
uraemic patients. Furopean Journal of Clinical Pharmacology 8, 415-420 (1975).

Ehrnebo, M. Pharmacokinetics and distribution properties of pentobarbi-
tal in humans following oral and intravenous administration. Journal of
Pharmaceutical Sciences 63, 1072-1076 (1974).

Shimizu, W., McMahon, B. & Antzelevitch, C. Sodium pentobarbital reduces
transmural dispersion of repolarization and prevents torsades de pointes in mod-
els of acquired and congenital long qt syndrome. Journal of Cardiovascular
Electrophysiology 10, 154-164 (1999).

Antzelevitch, C. Role of transmural dispersion of repolarization in the genesis
of drug-induced torsades de pointes. Heart Rhythm 2, S9-S15 (2005).

Jun, H. et al. Comparisons of four protein-binding models characterizing
the pharmacokinetics of unbound phenytoin in adult patients using non-linear
mixed-effects modeling. Drugs in R€&D 20, 343-358 (2020).

Gugler, R., Manion, C. V. & Azarnoff, D. L. Phenytoin: Pharmacokinetics and
bioavailability. Clinical Pharmacology and Therapeutics 19, 135-142 (1976).

Evers, M. L., Izhar, A. & Aqil, A. Cardiac monitoring after phenytoin overdose.
Heart € Lung 26, 325-328 (1997).

Sallee, F. R. et al. Pharmacokinetics of pimozide in adults and children with
tourette’s syndrome. Clinical Pharmacology and Therapeutics 48, 496-502
(1990).

Pinder, R. M. et al. Pimozide: A review of its pharmacological properties and
therapeutic uses in psychiatry. Drugs 12, 1-40 (1976).

Gilbert, D. L., Batterson, J. R., Sethuraman, G. & Sallee, F. R. Tic reduction
with risperidone versus pimozide in a randomized, double-blind, crossover trial.

27



167

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

Journal of the American Academy of Child and Adolescent Psychiatry 43, 206—
214 (2004).

Galeazzi, R. L., Benet, L. Z. & Sheiner, L. B. Relationship between the phar-
macokinetics and pharmacodynamics of procainamide. Clinical Pharmacology
& Therapeutics 20, 278-289 (1976).

Karlsson, E. Clinical pharmacokinetics of procainamide. Clinical Pharmacoki-
netics 3, 97-107 (1978).

Barau, C. et al. Characterization of binding of raltegravir to plasma proteins.
Antimicrobial Agents and Chemotherapy 57, 5147-5150 (2013).

Burger, D. Raltegravir: A review of its pharmacokinetics, pharmacology and
clinical studies. Ezxpert Opinion on Drug Metabolism & Toxicology 6, 1151-1160
(2010).

Iwamoto, M. et al. Raltegravir thorough qt/qtc study: A single supratherapeu-
tic dose of raltegravir does not prolong the qtcf interval. Journal of Clinical
Pharmacology 48, 726-733 (2008).

Slavenburg, S. et al. Ribavirin plasma concentration measurements in patients
with hepatitis c: Early ribavirin concentrations predict steady-state concentra-
tions. Therapeutic Drug Monitoring 33, 40—44 (2011).

Dixit, N. M. & Perelson, A. S. The metabolism, pharmacokinetics and mech-
anisms of antiviral activity of ribavirin against hepatitis ¢ virus. Cellular and
Molecular Life Sciences 63, 832-842 (2006).

Mannens, G., Meuldermans, W., Snoeck, E. & Heykants, J. Plasma protein
binding of risperidone and its distribution in blood. Psychopharmacology 114,
566-572 (1994).

Eerdekens, M., Hove, I. V., Remmerie, B. & Mannaert, E. Pharmacokinetics and
tolerability of long-acting risperidone in schizophrenia. Schizophrenia Research
70, 91-100 (2004).

Szabadfi, K., Pinter, E., Reglodi, D. & Gabriel, R. Neuropeptides, trophic fac-
tors, and other substances providing morphofunctional and metabolic protection
in experimental models of diabetic retinopathy. Diabetes: Oxidative Stress and
Dietary Antioxidants (2014). In Victor R. Preedy, editor, Diabetes: Ozxidative
Stress and Dietary Antioxidants, pages 1-14. Academic Press, London, UK,
2014.

U.S. Food and Drug Administration. Office of clinical pharmacology review:

Sitagliptin (januvia™). Tech. Rep., Center for Drug Evaluation and Research
(CDER), Silver Spring, MD, USA (2005). Technical report, Center for Drug

28



[178]

[179]

[180]

[181]

182]

[183)]

[184]

[185]

[186]

187

[188]

Evaluation and Research (CDER), Silver Spring, MD, USA, 2005; NDA 21-995
(000); Sponsor: Merck; Reviewer: Xiaoxiong (Jim) Wei, M.D., Ph.D.; Submission
Date: December 16, 2005.

Maniscalco, M., Singh-Franco, D., Wolowich, W. R. & Torres-Colén, R. Solife-
nacin succinate for the treatment of symptoms of overactive bladder. Clinical
Therapeutics 28, 1247-1274 (2006).

U.S. Food and Drug Administration. Vesicare (solifenacin succinate) tablets: Full
prescribing information. Tech. Rep., Center for Drug Evaluation and Research
(CDER), Northbrook, IL, USA (2019). Technical report, Center for Drug Eval-
uation and Research (CDER), Northbrook, IL, USA, 2019; Revised April 2019.
Reference ID: 4426417.

RxList Editorial Team & Cunha, J. P. Zagam (sparfloxacin) — warnings, uses,
dosage, side effects, drug interactions (2024). URL https://www.rxlist.com/
zagam-drug.htm. Reviewed by John P. Cunha, DO, FACOEP. Revised 2024.
Accessed October 2025.

Montay, G. Pharmacokinetics of sparfloxacin in healthy volunteers and patients:
A review. Journal of Antimicrobial Chemotherapy 37, 27-39 (1996).

Rini, B. I. Sunitinib. Ezpert Opinion on Pharmacotherapy 8, 2359-2369 (2007).

Bello, C. L. et al. Electrocardiographic characterization of the qtc interval
in patients with advanced solid tumors: Pharmacokinetic-pharmacodynamic
evaluation of sunitinib. Clinical Cancer Research 15, 7045-7052 (2009).

Zhou, X.-J., Fielman, B. A., Lloyd, D. M., Chao, G. C. & Brown, N. A. Phar-
macokinetics of telbivudine in healthy subjects and absence of drug interaction
with lamivudine or adefovir dipivoxil. Antimicrobial Agents and Chemotherapy
50, 2309-2315 (2006).

Poordad, F. et al. Absence of effect of telbivudine on cardiac repolarization:
Results of a thorough qt/qtc study in healthy participants. Journal of Clinical
Pharmacology 49, 1333-1342 (2009).

Hartigan-Go, I., Bateman, D. N., Daly, A. K. & Thomas, S. H. L. Stereoselective
cardiotoxic effects of terodiline. Clinical Pharmacology & Therapeutics 60, 89-98
(1996).

Nyberg, G., Axelsson, R. & Martensson, E. Binding of thioridazine and thiori-
dazine metabolites to serum proteins in psychiatric patients. Furopean Journal
of Clinical Pharmacology 14, 341-350 (1978).

Hartigan-Go, K., Bateman, D. N., Nyberg, G., Martensson, E. & Thomas, S.
H. L. Concentration-related pharmacodynamic effects of thioridazine and its

29


https://www.rxlist.com/zagam-drug.htm
https://www.rxlist.com/zagam-drug.htm

[189)

[190]

[191]

[192]

193]

metabolites in humans. Clinical Pharmacology € Therapeutics 60, 543-553
(1996).

Crumb, W. J., Vicente, J., Johannesen, L. & Strauss, D. G. An evaluation
of 30 clinical drugs against the comprehensive in vitro proarrhythmia assay
(cipa) proposed ion channel panel. Journal of pharmacological and tozicological
methods 81, 251-262 (2016).

Kramer, J. et al. Mice models: superior to the herg model in predicting torsade
de pointes. Scientific Reports 3, 2100 (2013).

Robyns, T. How to: measure the qt interval? Cardiovascular Genomics Insight
9, — (2024).

Postema, P., Jong, J. D., der Bilt, I. V. et al. Accurate electrocardiographic
assessment of the gt interval: teach the tangent. Heart Rhythm 5, 1015-1018
(2008).

Malik, M. & Batchvarov, V. Measurement, interpretation and clinical potential

of gt interval. Journal of the American College of Cardiology 36, 1749-1763
(2000).

30



	Fibroblast-dependent conductivity scaling rule
	Regulatory status and pharmacological class of drugs
	Characteristics of the entire drug dataset
	Source- and Therapeutic-Class-Stratified Sensitivity Analyses of Model Performance
	QT interval measurement

