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Abstract

Objective.—A prolonged QTc (LQT) is a surrogate for the risk of Torsade-de-Pointes (TdP).
QTc interval duration is influenced by sex hormones: estradiol prolongs and testosterone shortens
QTc. Drugs used in the treatment of breast cancer have divergent effects on hormonal status.

Methods.—We performed a disproportionality analysis using the European database of suspected
adverse drug reaction (ADR) reports to evaluate the reporting odds-ratio (ROR chi-square) of
LQT, TdP and ventricular arrhythmias associated to selective estrogen receptor modulators
(SERMs: tamoxifen and toremifene) as opposed to aromatase inhibitors (Als: anastrozole,
exemestane and letrozole). When the proportion of an ADR is greater in patients exposed to a drug
(SERMs) compared to patients exposed to control drug (Als), this suggests an association between
the specific drug and the reaction and is a potential signal for safety. Clinical and demographical
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characterization of patients with SERMs-induced LQT and ventricular arrhythmias was
performed.

Results.—SERMs were associated with higher proportion of LQT reports vs. Als (26/8318 vs.
11/14851, ROR: 4.2[2.11-8.55], p<0.001). SERMs were also associated with higher proportion of
TdP and ventricular arrhythmias reports vs. Als (6/8318 vs. 2/14851, ROR:5.4[1.29-26.15],
p:0.02; 16/8318 vs. 12/14851, ROR:2.38[1.15-4.94], p:0.02, respectively). Mortality was 38% in
patients presenting ventricular arrhythmias associated to SERMs.

Conclusions.—SERMs are associated with more reports of drug-induced LQT, TdP and
ventricular arrhythmias as compared to Als. This finding is consistent with estradiol-like
properties of SERMs on the heart as opposed to effects of estrogen deprivation and testosterone
increase induced by Als.

Keywords

Long QT syndrome; torsade de pointes; ventricular arrhythmias; selective estrogen receptor
modulators; aromatase inhibitors; sex steroid hormones

Background.

Cardiac repolarization, measured by QT interval duration corrected for heart rate (QTc) on
surface electrocardiogram,? is influenced by sex steroid hormones.2= Long QT (LQT) is a
surrogate for the risk of Torsade de Pointes (TdP).2 In women, estradiol is associated with
QTc increase while testosterone is associated with QTc shortening.? It has been shown that
contraceptive pills might influence QTc depending on their anti-androgenic properties.®
Selective estrogen receptor modulators (SERMs) and aromatase inhibitors (Als) are
cornerstone endocrine drugs used for hormone sensitive breast cancer treatment.8 SERMs
used in clinical practice are mainly tamoxifen and, toremifene to a lesser degree.6” SERMs
have variable agonists/antagonists effects depending on the target tissue, being antagonists
for breast and agonists for metabolism and cardiovascular organs.58 Als block peripheral
conversion of testosterone into estradiol, leading to decreased estradiol and increased
testosterone levels.59 Als, i.e anastrozole, letrozole and exemestane are used in post-
menopausal women first line or when there is a disease progression following tamoxifen
therapy.89 Therefore, due to their peculiar pharmacology, SERMs are expected to increase
LQT and TdP as compared to Als.

Methods.

We performed a disproportionality analysis using the European-database of suspected
adverse drug reaction (ADR) reports to evaluate the reporting odds-ratio (ROR) of LQT,
TdP and ventricular arrhythmias as a function of SERMs or Als use. European-database of
suspected ADR reports is a publicly accessible portal designed to search data on suspected
ADR for authorized medicinal products in the European Economic Area (http://
www.adrreports.eu/fr/search_subst.html#). Case/non-case analyses were performed for
SERMs (tamoxifen and toremifene) vs. Als (anastrozole, exemestane and letrozole). This
method compares the proportion of specific ADR reported for these two groups. Reactions
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are based on the medical dictionary for regulatory activities classification dictionary of terms
for side effects. Disproportionality was estimated by calculating the ROR Chi-square (Table
1). If the proportion of an ADR is greater in patients exposed to a drug (SERMs) than in
patients not exposed to this drug (Als), this suggests an association between the specific
drug and the reaction and is a potential signal for safety.19-12 We searched for ADR related
to suspected drug-induced LQT, TdP and ventricular arrhythmias. Selected medical
dictionary for regulatory activities classification Terms used for definition of ventricular
arrhythmias were: ventricular arrhythmias, ventricular tachycardia, ventricular fibrillation
and TdP. Selected medical dictionary for regulatory activities classification terms used for
definition of LQT were: Long QT syndrome, Electrocardiogram QT prolonged or
Electrocardiogram QT abnormal.

Clinical and demographical characterization of the cohort of patients with suspected
SERMs-induced LQT, TdP and ventricular arrhythmias was performed. Details were
extracted from VigiBase, 13 where data from European-database of suspected ADR reports
are usually transferred electronically on a daily basis. VigiBase is the international
pharmacovigilance database managed by the World Health Organization’s Uppsala
Monitoring Center. Complementary information and relevant unreported cases to European-
database of suspected ADR reports or VigiBase were searched in Pubmed, last accessed
December 2017.14

The use of confidential electronically processed patient data was approved by the French
National Commission for Data Protection and Liberties (Commission Nationale de
I’Informatique et des Libertés; reference:1922081).

Analysis of European-database of suspected ADR reports from 12/2001 to 08/2017 revealed
23169 individual safety case reports (ISCRs) of suspected ADR for SERMs (n:8318) and
Als (n:14851). These ISCRs mainly involved adult (18-64y0:50.3%, 65-85y0:44.7%,
>85y0:4.4%, <18y0:0.6%) women (97.7%). Adult women on SERMSs were younger as
compared to women on Als (18-64y0:54.3% vs. 48.3%, p<0.0001). For SERMs, most of
these ISCR were associated with tamoxifen (95.2%). For Als, repartition of ISCRs by
molecule was: letrozole (44.4%), anastrozole (33.1%) and exemestane (22.5%). For ISCRs
reported on SERMs, 26 were LQT (24 on Tamoxifen), 6 were TdP (5 on Tamoxifen), and 16
were ventricular arrhythmias (14 on Tamoxifen). For ISCRs reported on Als, 11 were LQT
(9 on letrozole and 2 on exemestane), 2 were TdP (1 on exemestane and 1 on anastrozole),
and 12 were ventricular arrhythmias (6 on letrozole, 5 on anastrozole and 1 on exemestane).

SERMs were associated with higher proportion of LQT as compared to Als (26/8318 vs.
11/14851, ROR:4.2[2.11-8.55], p<0.001; Figure 1). SERMs were also associated with
higher proportion of TdP and ventricular arrhythmias as compared to Als (6/8318 vs.
2/14851, ROR:5.4[1.29-26.15], p:0.02; 16/8318 vs. 12/14851, ROR:2.38[1.15-4.94],
p:0.02; respectively; Figure 1). More details concerning specific numbers of ISCR as a
function of medical dictionary for regulatory activities classification terms and molecules are
detailed in Table 2.
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Clinico-demographic details concerning ISCRs of LQT (n=30) and ventricular arrhythmias
(n=21) associated to SERMs extracted from the international pharmacovigilance database
(where information from EMA are transferred) and PubMed (through 12/2017) are detailed
in Tables 3 and 4. LQT and ventricular arrhythmias overwhelmingly affected women with
breast cancer on tamoxifen taking standard dose (10-30 mg/day, oral) with no other culprit
drugs or liable conditions (Tables 3 and 4). Time to onset between SERM intake and LQT
apparition could be as fast as 24 hours and the median time was of a week. Information
concerning LQT evolution after SERM withdrawal was available in 10 patients. In these
latter, QTc duration normalized after stopping SERM. Recurrence of LQT after SERM
rechallenge was reported in one women. In two women with breast cancer, SERM was
switched to an Al with subsequent normalization of QT duration. In one women, genetic
study of enzymes involved in metabolism of tamoxifen identified a poor metabolizer status
for CYP2D6, CYP3A, UGT2B7 and UGT1AL. In two other women, it was hypothesized
that tamoxifen induced LQT resulted from a pharmacokinetic interaction leading to
CYP3A4 inhibition by an interacting drug (acitretine, norfloxacin). Of note, SERMs induced
ventricular arrhythmias lead to life threatening situations with recovery in 24% and death in
38% of patients.

Discussion

The main finding of this study is that SERMs were associated with higher proportion of
ADR reports related to LQT, TdP and ventricular arrhythmias as compared to Als in
European-database of suspected ADR reports (Figure 2). Almost all these reports on SERMs
were observed with standard oral dose of tamoxifen, which is much more widely used than
toremifene.5” However, the overall number of events were small but, in an era where
treatment for hormone positive breast cancer is moving toward combination therapy where
SERMs and Als are combined with other therapies (such as kinase inhibitors) which have
their own effects of QT, these results can be more significant for the cancer population.

Tamoxifen was approved before the systematic requirement for dedicated thorough QTc
studies and there is also no information on QTc measurements from large clinical trials
evaluating the efficacy of tamoxifen in breast cancer.” To date, tamoxifen is often considered
by tertiary drug information sources as a drug with intermediate effects on QTc interval.
United States Food and Drug Administration label does not mention any warning,
precaution of use in population at risk or particular electrocardiographic monitoring while
using tamoxifen. Our finding reveals the potential for tamoxifen to induce ventricular
arrhythmias, particularly TdP. TdP induced by tamoxifen has rarely been reported in the
literature. Our finding is in line with three case reports of acquired LQT on tamoxifen used
at standard dose (20mg/day).14 Two phase I trials investigating use of high dose tamoxifen
(80-680mg/m?/day) in advanced epithelial tumors (n:53) and pediatric malignant gliomas
(n:14) have shown that up to 40% of patients had a significant QT prolongation (=10%) and
about 10% had very marked QTc increase (prolongation =20%).1516 |n these trials, one
patient had sudden death associated with QTc prolongation and premature ventricular
contractions. 1216 Development of tamoxifen in these indications was not pursued. A
thorough QT study conducted in men showed that toremifene (differing from tamoxifen for
one chlorine atom) prolongs the QTc interval in a dose- and concentration-related manner.”
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The influence of tamoxifen and/or its active metabolite (endoxifen) on ventricular
repolarization have been studied in several animal models.1”-2! Data mainly showed an IKr
(rapidly activating delayed rectifier potassium channel) inhibition, a mechanism also
involved in estradiol-induced?22 and in most drug-induced LQT (Figure 2).223 In human
embryonic kidney cells expressing IKr currents, tamoxifen and endoxifen inhibited IKr
currents by direct channel blockage and by disruption of channel trafficking to the plasma
membrane in a concentration-dependent manner.19 IKr blockage induced by tamoxifen was
also found in Xenopus laevis oocytes expressing IKr channels.2® However, it has also been
shown in ventricular myocytes that tamoxifen inhibited sodium (in rat)1’ and L-type calcium
(canine®® and rabbit?l) currents, beyond potassium currents inhibition. This multi-channel
blockade induced by tamoxifen might counter balance effects of isolated IKr
inhibition171821 and, therefore result in a mild ventricular repolarization prolongation and
explain a modest QTc prolongation in clinical settings when there is no other liable
conditions potentiating LQT.

Extrapolating preclinical models to humans is tricky, in part due to potential differences in
the composition of cardiac ionic channels among the different species.?4 In addition, given
the large number of women with breast cancer requiring SERMs for a period ranging from 5
to 10 yearsl®], it can be expected that these patients will take a number of other drugs at risk
for TdP.23

Our findings are further supported by previous data showing that Als increase testosterone
and decrease estradiol levels resulting in ventricular repolarization shortening (Figure 2).222
Accordingly, Kurokawa et al. recently showed that ablation of circulating levels of estradiol
in aromatase knockout mice blunted the QT prolonging effect of E-4031, an IKr blocker.22
Moreover, it has been shown that high dose anastrozole lead to QT shortening in dogs.25

There are limitations to our work based on EMA and VigiBase reports. The sources are non-
homogeneous, and there is limited possibility of verification of the rhythm abnormalities by
means of electrocardiographic tracings, nor completeness of reporting for comorbid
conditions and concomitant drugs. The exact denominator and clinical characteristics of
patients exposed to SERMs or Als can’t be evaluated, but in the present situation it was
mainly breast cancer women patients. Total number of ISCRs for each drug is used as
denominator for this kind of disproportionality analysis in pharmacovigilance databases for
signal detection.10-12 The volume of reports for a particular medicinal product may be
influenced by the extent of use of the product, publicity, the nature of the reactions and other
factors such as competition bias. Even though magnitude of disproportionality (ROR) for
LQT and TdP have been associated to extent of IKr drug-induced blockade using VigiBase;
11 or to identification of over-reporting for LQT and TdP on anti-androgenics vs.
testosterone using EMA;* there is still a risk that comparisons of disproportionality between
medicinal products in pharmacovigilance databases may be misleading. Older age is
expected to contribute to higher pro-arrhythmia risk.226 Therefore, the age difference found
between Als vs SERMs users is unlikely to bias our results, but status for other risk factors
for TdP between Als vs SERMs users were unknown.
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In conclusion, LQT and TdP were more likely to be reported on SERMs as compared to Als.
Further investigation may be needed to better understand risk of LQT or TdP in high-risk
patients such as carrier of congenital LQT syndrome or when SERMs are used in
combination with other QT prolonging drugs, such as new anticancer drugs developed for
breast cancer. In addition, Als appear to be a therapeutic alternative in breast cancer patients
developing LQT and TdP on SERMs. Electrocardiographic monitoring should be considered
in patients on SERMs with a risk of TdP.
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Keypoints.
What is already known about this subject?

Cardiac repolarization assessed by QTc interval duration is influenced by sex steroid
hormones: estradiol prolongs QTc and testosterone shortens it. Drugs used in the
treatment of breast cancer have divergent effects on hormonal status.

What doesthis study add?

The effects of selective estrogen receptor modulators (SERMs) compared to aromatase
inhibitors (Als) on QT duration and torsade de pointes (TdP) risk are unknown. We
showed that SERMs are associated with more reports of drug-induced long QT
(reporting Odds-Ratio:4.2, p<0.001), TdP (reporting Odds-Ratio:5.4, p:0.02) and
ventricular arrhythmias (reporting Odds-Ratio:2.38, p:0.02) as compared to Als. This
finding is consistent with estradiol-like properties of SERMs on the heart as opposed to
effects of estrogen deprivation and testosterone increase induced by Als.

How might thisimpact on clinical practice?

Als might be a better alternative to SERMs in breast cancer patients at risk for long QT
and TdP. This issue will be more critical as endocrine therapy is combined with other
therapies for the treatment of breast cancer. Electrocardiographic monitoring should be
considered in patients on SERMs with a risk of TdP.
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Reporting Odds-Ratio

Figurel.

Over-reporting with SERMs vs Als

Forest plot detailing reporting Odds-Ratio (ROR) of suspected adverse drug reactions
(ADR) related to acquired long QT, Torsade-de-Pointes, or ventricular arrhythmias between
selective estrogen receptor modulators (SERMs) and aromatase inhibitors (Als) collected
from the European database of suspected ADR reports accessed in 08/2017.
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Table 1.

Calculation of the reporting Odds-Ratios (ROR).

Page 11

Reportswith the suspected ADR:
i.eLQT or TdP or Ventricular arrhythmias

Reportswithout the suspected ADR

Reports with suspected drugs (exposed: SERMs)

A

B

Reports with control drugs (non-exposed: Als)

C

D

A: Number of reports of drug-induced arrhythmias (LQT or TdP or ventricular arrhythmias) associated with given drugs (SERMs).

B: Number of reports of other adverse drug reactions associated with given drugs (SERMs).

C: Number of reports of drug-induced arrhythmias associated with control drugs (Als).

D: Number of reports of other adverse drug reactions associated with control drugs (Als).

ROR = (A/C)/(B/D) = AD/BC. (1)

Abbreviations. ADR, adverse drug reaction; Als, aromatase inhibitors; LQT, long QT; SERMs, selective estrogen receptor modulators; TdP,

Torsade-de-pointes
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Details concerning patients with selective estrogen receptor modulators (SERMs) associated long QT

Table 3.
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syndrome with no ventricular arrhythmias (n=30) collected from VigiBase (last accessed in 09/2017) and

Pubmed (last accessed in 12/2017)

Characteristic Number (%) Number with available data
Female gender 19 (66%) 29
Age

<18y 3 (11%) 27
18-64y 15 (56%)

65-85y 8 (29%)

>85y 1 (4%)

Indication

Breast cancer 11 (55%) 20
Meningioma, glioma 3 (15%)

Other 6 (30%)

Region of reporting

Americas 9 (36%) 25
Europe 13 (52%)

Asia 2 (8%)

Other concomitant reported suspected medications™

None (only SERMs) 18 (60%) 30
1 other 10 (33%)

2 others 2 (7%)

Regimen of culprit drug

Tamoxifen (10-30 mg/day; Oral) 17 (57%) 30
Tamoxifen (100-300 mg/day; Oral) 4 (13%)

Tamoxifen (dose unknown) 4 (13%)

Toremifene (300 mg/day; Oral) 5 (17%)

Magnitude of QTc prolongation

QTc (470-500 msec) 1 (10%) 10
QTc > 500msec 9 (90%)

Concurrent reported condition favoring LQT syndrome

Hypokalemia, hypomagnesemia 1(3%) 30
Cardiac conditions (ischemia, heart failure) 2 (6%)

Bradycardia 2 (6%)
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Characteristic Number (%) Number with available data

Atrial fibrillation 2 (6%)

Reporting year

1990 - 2004 6 (20%) 30

2005 - 2010 4 (13%)

2011 -2017 20 (67%)

Reporter Qualification

Health Professional 25 (86%) 29

Consumer (Non health professional) 4 (14%)

Timeto onset (median, [interquartile range]), days 7[5, 66.5] days 21
(1, 1415) days

Page 14

*
Other concomitant reported suspected medications were hydrochlorothiazide (n=1), glycopyrronium (n=1), anti-depressant drugs (n=3), class 111
anti-arrhythmic drugs (n=2), fluoroquinolone (n=2), acitretine (n=1), angiotensin-converting-enzyme inhibitor (n=1) and anticancer drugs (n=3).
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Characteristics of patients with selective estrogen receptor modulators (SERMs) associated ventricular

Table 4.
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arrhythmias (n=21, of which n=6 TdP) collected from VigiBase (last accessed in 09/2017) and Pubmed (last

accessed in 12/2017)
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Characteristic Number (%) Number with available data
Female gender 18 (95%) 19
Age

<18y 0 (0%) 18
18-64y 5 (28%)

65-85y 11 (61%)

>85y 2 (11%)

Indication |

Breast cancer 5 (84%) 6
Other 1 (16%)

Region of reporting

Americas 12 (57%) 21
Europe 6 (29%)

Asia 3 (14%)

Other concomitant reported suspected medications

None (only SERMs) 14 (66%) 21
1 other 1 (5%)

>2 others 6 (29%)

Regimen of culprit drug

Tamoxifen (10-20 mg/day; Oral) 10 (47%) 21
Tamoxifen (200 mg/day; Oral) 1 (5%)

Tamoxifen (dose unknown) 7 (33%)

Toremifene (40-120 mg/day; Oral) 2 (10%)

Toremifene (dose unknown) 1 (5%)

Concurrent reported condition and outcome

Cardiac conditions (ischemia, heart failure) 3 (14%) 21
Atrial fibrillation 1 (5%)

Life threatening (circulatory collapse) recovered 5 (24%)

Mortality 8 (38%)

Reporting year |

1983 - 2000 | 9 (42%) 27
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(10, 2967) days

Characteristic Number (%) Number with available data
2000 - 2010 6 (29%)

2011 - 2017 6 (29%)

Reporter Qualification | |

Health Professional | 11 (100%) | 11

Timeto onset (median, [interquartilerange]), days (min, max), days | 156 [61, 633] days 14

Page 16

*
Other concomitant reported suspected medications were furosemide (n=1), anti-asthmatic drugs (n=1), neurotropic drugs (n=4), anti-arrhythmic

drugs (n=2), azithromycin (n=1), amlodipine (n=1), and anticancer drugs (n=4).
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