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Abstract

Background and Objectives: A previous publication of pregnancy outcomes in
onabotulinumtoxinA-exposed mothers demonstrated that the prevalence of major fetal defects
(0.9%, 1/110) was comparable to background rates.in the general population. There is continued
interest to better understand the safety of onabotulinumtoxinA during pregnancy. This analysis
evaluated pregnancy outcomes following onabotulinumtoxinA exposure to provide a cumulative
29-year update.

Methods: The Allergan Global Safety Database was searched from 1/1/1990 to 12/31/2018.
Data from women (<65.years or unknown) during pregnancy or <3 months prior to conception
treated with onabotulinumtoxinA were assessed to estimate birth defect prevalence rates of live
births only from prospective pregnancies.

Results: Of 913 pregnancies, 397 (43.5%) were eligible with known outcomes. Maternal age
was known in 215 preghancies: 45.6% were 235 years. Indication was known in 340 pregnancies:
most frequent were aesthetic (35.3%) and migraine/headache (30.3%). Timing of exposure was
known in 318 pregnancies: 94.6% were prior to conception or during the first trimester.
OnabotulinumtoxinA dose information was known in 242 pregnancies; the majority (83.5%)
were exposed to <200 U. Of 195 prospective pregnancies with 197 fetuses, there were 152
(77.2%) live births and 45 (22.8%) fetal losses (32 spontaneous, 13 elective). Of 152 live births,

148 (97.4%) had normal outcomes, 4 had abnormal outcomes. Among the 4 abnormal
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outcomes, there were 1 major birth defect, 2 minor fetal defects, and 1 birth complication. The
prevalence rate for overall fetal defects was 2.6% (4/152, 95% CI: 1.0-6.6%) and 0.7% (1/152,
95% CI: 0.1-3.6%) for major fetal defects (3-6% in the general population). Among cases of live
births and known determinable exposure times, there was 1 birth defect with preconception
exposure and 2 with first-trimester exposure.

Discussion: Although subject to reporting bias due to the nature of the post-marketing
database review, this 29-year retrospective analysis of safety data in.pregnant women exposed
to onabotulinumtoxinA demonstrates that the prevalence rate of major fetal defects.among live
births is consistent with rates reported in the general population. Even though there are limited
data available for second- and third-trimester exposure, this updated and-expanded safety

analysis provides important real-world evidence to healthcare providers and their patients.

Classification of Evidence: This analysis provides Class Il data that demonstrate that the

prevalence rate of major fetal defects among live births subsequent to in utero

onabotulinumtoxinA exposure is comparable to reported background rates.

Search Terms: Birth defects, BOTOX, fetal defects, onabotulinumtoxinA, pregnancy outcomes
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Introduction

OnabotulinumtoxinA (BOTOX/BOTOX Cosmetic, Allergan, an AbbVie Company, North
Chicago, lllinois, USA) is a potent therapeutic neurotoxin that causes muscle relaxation and can
provide clinical benefit for conditions characterized by the inappropriate contraction of skeletal
and smooth muscles, pain (ie, chronic migraine), and the overstimulation of cholinergically
innervated glands (ie, hyperhidrosis).* To date, onabotulinumtoxinA has been approved by the
US Food and Drug Administration (FDA) and in the European Union (EU) for the treatment of 12
therapeutic indications and 3 aesthetic indications (Table 1).%® Many of these indications are
neurological conditions; therefore, neurologists are likely toraccount for a large proportion of
healthcare providers who treat with onabotulinumtoxinA in clinical practice.* The high
prevalence of migraine in the female population suggests that many exposed to
onabotulinumtoxinA are expected to be women of childbearing age.®> Recent reviews have
concluded that there are limited data on'the safety of enabotulinumtoxinA during pregnancy.®®
Taking into consideration that approximately 45% of pregnancies are unintended,®
onabotulinumtoxinA exposure may inadvertently occur prior to conception or during the early
stages of pregnancy in'women undergoing routine treatment. Therefore, a greater
understanding of the safety of onabotulinumtoxinA during pregnancy would be informative to

healthcare providers, and their patients.

Given the additional pregnancy exposure since 2013 that was not included in the analysis
conducted by Brin et al in 2016 and the increased use of onabotulinumtoxinA in neurological
indications, this analysis was designed to replicate the methodology of that previous analysis

including more recent data.
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The objective of this analysis was to evaluate pregnhancy outcomes following
onabotulinumtoxinA exposure using an expanded dataset to provide a cumulative 29-year

safety update.

Methods

The Allergan Global Safety Database contains individual safety reports.received from pre-
and post-approval sources worldwide, including Allergan- and partner-sponsored clinical trials,
post-authorization studies, regulatory agencies, published literature, and post-marketing
spontaneous reporting. The database includes prospective (fetal outcome unknown at initial
reporting) and retrospective (fetal outcome known at initial reporting) pregnancies, in which the
patient was exposed to onabotulinumtoxinA or betulinum toxin type A (BoNT/A) manufacturer
unknown. When a pregnancy is reported, a minimum of three attempts are made to gather the
following information: pregnancy exposure (including patient and treatment information),
pregnhancy outcome, consent to access medical information, and the physician’s contact
information (to gather additional pregnancy information).

For this analysis, the database was searched from January 1, 1990 (start of recorded cases)
to December 31, 2018 for eligible reports. To be included in this analysis, pregnancies had to
meet the following criteria: 1) eligible pregnancy, defined as a case in which onabotulinumtoxinA
treatment occurred during pregnancy or <3 months prior to the estimated date of conception,
and the patient’s age was <65 years (or unknown), and 2) known outcome, defined as a case in
which the pregnancy had ended and birth type was known at the time of analysis. All
pregnancies were reviewed by a medical safety physician to determine birth type, including live
birth or fetal loss (resulting from spontaneous fetal loss or elective abortion and other causes of
fetal loss [eg, stillbirths]). Elective abortions may have been due to known prior exposure and,

therefore, a conservative approach was used to evaluate fetal loss. Additionally, the medical
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safety physician determined the presence or absence of fetal defect(s). Fetal defects were
categorized as follows™®: minor birth defect (defined as a birth defect with mostly cosmetic
significance; rarely medically significant or requiring surgical repair), major birth defect (defined
as a birth defect with medical and/or social implications that often requires surgical repair), birth
complication (defined as a complication during labor and/or delivery), genetic abnormality
(defined as a pathogenic sequence variant or chromosome abnormality), and significant
adverse event (defined as an event[s] considered to be significant by.the medical reviewer). In
addition to birth type and fetal defects, maternal characteristics were assessed, including age
(grouped as <35 years or 235 years [advanced maternal age]), indication, timing of exposure
(grouped by stage of pregnancy), and dose utilized (grouped by 50 U increments). Due to
missing maternal characteristic data in some of the reports, results are expressed as the
percentage of individuals with known information. To determine if maternal characteristics
varied between prospective pregnancies with live births and those with spontaneous fetal loss,
group differences were evaluated using chi-square tests in SAS v9.4 (SAS Institute, Cary, NC,
USA).

Due to inherent bias associated with retrospective pregnancy reports,***?

only prospective
pregnancies were used to estimate prevalence rates of fetal defects among live births, which is
consistent with FDA guidance®.and the approach utilized in other reports.*"** Retrospective
analyses of pregnancy outcomes have an inherent reporting bias caused by the tendency to
report abnormal over normal outcomes, which can lead to a potential inflation of the true
prevalence rate.'The prevalence rate of overall and major birth defects for prospective
pregnancies with live births were calculated using Poisson distributions in SAS and expressed
as 95% confidence intervals (Cl). This methodology is consistent with that utilized previously?

and the data reported in this manuscript are inclusive of, and expand upon, those reported by

Brin et al in 2016.2
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Standard Protocol Approvals, Registrations, and Patient Consents

2,15

Similar to other published analyses*™ utilizing de-identified and anonymous data, informed

consent was not required.>**

Data Availability Statement

AbbVie is committed to responsible data sharing regarding the clinical trials we sponsor.
This includes access to anonymized, individual, and trial-level data (analysis data sets), as well
as other information (eg, protocols, clinical study reports, analysis plans), as long as the trials
are not part of an ongoing or planned regulatory submission. This includes requests for clinical
trial data for unlicensed products and indications.

These clinical trial data can be requested by.any qualified researchers who engage in
rigorous, independent scientific research, and will be provided following review and approval of
a research proposal, Statistical Analysis Plan (SAP) and execution of a Data Sharing
Agreement (DSA). Data requests can be submitted at any time after approval in the US and
Europe and after acceptance of this manuscript for publication. The data will be accessible for
12 months, with possible extensions considered. For more information on the process, or to

submit a request, visit the following link: https://www.abbvieclinicaltrials.com/hcp/data-

sharing/.html.

Results
Distribution of pregnancies

In total, 913 pregnancies were retrieved (1/1/90-12/31/18) from the Allergan Global Safety
Database (Figure). After excluding pregnancies that failed to meet the inclusion criteria (461
pregnancies did not have a known outcome [labeled “unknown”] and 55 were not eligible

[labeled “ineligible” because the injection date was >3 months prior to the estimated date of
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conception]), 397 (397/913, 43.5%) eligible pregnancies with a known outcome were included in
this analysis (Figure). Most eligible pregnancies reported exposure to onabotulinumtoxinA
(357/397, 89.9%), with the remainder BoNT/A manufacturer unknown (40/397, 10.1%). Of the
397 pregnancies, 195 (195/397, 49.1%) were prospective and 202 (202/397, 50.9%)

retrospective. All BONT/A manufacturer unknown were retrospective pregnancies.

Maternal characteristics

Characteristics of pregnancies with a known outcome are shown in Table 2. Advanced
maternal age (=35 years) was observed in 45.6% of total pregnancies (98/215): Neurological
conditions were reported in 180/340 (52.9%) of pregnancies, including migraine/headache
(103/340, 30.3%), and movement disorders (41/340; 12.1%). The other most frequently
reported indication was aesthetic (120/340, 35.3%). The most common dose categories of
onabotulinumtoxinA were 100 to <200°U (40:1%, 97/242) and <50 U (32.2%, 78/242).
Approximately 95% of onabotulinumtoxinA exposure occurred during the first trimester or prior

to the estimated date of conception.

Fetal outcomes

Of the 195 prospective pregnancies (197 fetuses, including 2 sets of twins), there were 152
live births (152/197, 77.2%) (Figure). Most live births were normal (148/152, 97.4%); 4 were
characterized as abnormal (4/152, 2.6%). Fetal loss was largely due to spontaneous fetal loss
(32/45, 71.1%) and the remainder due to elective abortion (13/45, 28.9%). There were 4 cases
of intrauterine death and 3 premature births. Of those live births with known fetal defects and
known timing of exposure, 1 pregnancy was observed with onabotulinumtoxinA exposure during
the preconception period (ventricular septal defect), and 2 pregnancies were observed with

exposure during the first trimester (talipes equinovarus and cardiac murmur).
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Of the 202 retrospective pregnancies (207 fetuses, including 5 sets of twins), there were 160
live births (160/207, 77.3%) (Figure). Similar to prospective pregnancies, most live births were
normal (155/160, 96.9%); 5 had abnormal outcomes (5/160, 3.1%). Of the 202 retrospective
pregnancies (207 fetuses), 22.7% had fetal loss (47/207). Fetal loss was largely due to
spontaneous fetal loss (40/47, 85.1%) and the remainder due to elective abortion (7/47, 14.9%).
There was 1 premature birth and no intrauterine deaths. Of those with known fetal defects and
known timing of exposure, 1 was exposed to onabotulinumtoxinA during the preconception
period (laryngomalacia), and 2 were exposed during the first trimester (tracheoesophageal

fistula/esophageal atresia and brain neoplasm).

Fetal loss

Among all prospective and retrospective pregnancies, 69 (72 fetuses, including 3 sets of
twins) resulted in fetal loss due to spontaneous fetal loss (cases with known data shown in
eTable 1 in the Supplement; see Figure for flow chart). Of the total pregnancies, a higher
proportion of women who experienced spontaneous fetal loss were of advanced maternal age
(=35 years; 32/53, 60.4%).-The most frequently treated indications were aesthetic (35/66,
53.0%), migraine/headache (16/66, 24.2%), and movement disorders (9/66, 13.6%). The
majority of onabotulinumtoxinA exposure occurred during the first trimester (41/52, 78.8%). The
most frequently reported dose was <50 U (21/44, 47.7%). Approximately half of pregnancies
reported a gestational age of 1 to <2 months at the time of fetal loss (26/49, 53.1%).

A comparison of maternal characteristics in prospective pregnancies with live births (n=152)
versus prospective pregnancies with spontaneous fetal loss (n=32) (Table 3) revealed a non-
significant statistical trend for patients who experienced spontaneous fetal loss to be of
advanced maternal age (235 years; 14/24, 58.3%) compared to those with live births (41/108,

38.0%; comparison, P=.067). No statistical differences were found between prospective
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pregnancies of live births and spontaneous fetal loss for timing of onabotulinumtoxinA exposure
(P=.990) or dose (P=.205).

For completeness, the characteristics of eligible prospective (n=434) and retrospective
(n=22) pregnancies with known and unknown fetal outcomes are presented in eTables 2-3 in
the Supplement. Briefly, the pregnancies with and without known outcomes had similar maternal
characteristics, aside from a trend toward lower onabotulinumtoxinA doses-in the. latter group.

In all prospective and retrospective pregnancies, there were 20 elective abortions
(pregnancies with known data shown in eTable 3 in the Supplement; see Figure for flow chart).
In contrast to the higher maternal age observed in pregnancies of spontaneous fetal loss,
elective abortions were more common in women <35.years of age (9/15, 60.0%). The following
indications were observed most often among pregnancies with elective abortion: aesthetic
(5/16, 31.3%), migraine/headache (4/16, 25.0%), and urological’disorders (3/16, 18.8%). Similar
to spontaneous fetal loss, the majority‘of onabotulinumtoxinA exposure occurred during the first
trimester (14/17, 82.4%). The most.frequently reported dose was 2200 U (5/12, 41.7%). The
most common gestational age at the time of elective abortion was 1 to <2 months (6/15, 40.0%).
The most common reasons.reported for elective abortion were personal/social (8/15, 53.3%)
and fetal disorder (4/15, 26.7%).There were 4 fetal defects reported in elective abortion cases
(2 prospective cases, 2 retrospective cases). Both prospective cases reported timing of
exposure as first trimester (agenesis of corpus callosum and Down syndrome); 1 of the
retrospective cases reported timing of exposure as first trimester (Down syndrome), and the

other retrospective case had unknown timing of exposure (neural tube defect).

Fetal defects

Of all prospective and retrospective pregnancies (n=397), 13 fetal defects were reported

(Figure; Table 4). There were 6 major fetal defects: 2 prospective pregnancies (1 live birth, 1
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elective abortion) and 4 retrospective pregnancies (3 live births, 1 fetal loss). Of the prospective
pregnancies, ventricular septal defect was reported in a case of live birth, which was
asymptomatic and did not require intervention, and a case of agenesis of the corpus callosum,
in which the fetus was electively aborted at 7 months gestation. Of the retrospective
pregnancies with live births, there was a report of tracheoesophageal fistula/esophageal atresia,
which was successfully repaired with surgery, a case of cleft lip and cleft palate; and a case of
diaphragmatic hernia, which underwent surgical repair and required prolonged intubation.
Lastly, a retrospective case of neural tube defect resulted in an elective abortion at week 19 of

gestation.

Overall prevalence rates of fetal defects

Consistent with FDA guidance®® and other reports,****

only prospective pregnancies
were used to estimate prevalence rates of fetal defects in live births (N=152). In this analysis,
the prevalence rate for overall fetal.defects among live births (including all defects regardless of
severity) was 2.6% (4/152, 95% CI: 1.0-6.6%) and for major fetal defects was 0.7% (1/152, 95%
Cl: 0.1-3.6%) (see eTable 4 in the Supplement). In those with known timing of exposure, the
prevalence rate of fetal defects in those exposed during the preconception period was 3.1%

(1/32, 95%_CI: 0.6-15.7),.and in‘those exposed during the first trimester was 2.0% (2/98, 95%

Cl: 0.6-7.1).

Neurological Conditions

Approximately 65% (220/340) of pregnancies had a therapeutic indication, of which
81.8% (180/220) were neurologic (see eTable 5 in the Supplement). A total of 57.2% (103/180)
and 22.8% (41/180) of those with neurological conditions were being treated for

migraine/headache and movement disorders, respectively. Of prospective pregnancies with any
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neurological indication, 2 were characterized as abnormal (2/74, 2.7%). Similarly, of
retrospective pregnancies with any neurological indication, 2 were characterized as abnormal
(2/106, 1.9%).

This analysis provides Class Il data that demonstrate that the prevalence rate of major
fetal defects among live births subsequent to in utero onabotulinumtoxinA exposure is

comparable to reported background rates.

Discussion

This manuscript summarizes pregnancy outcomes following onabotulinumtoxinA exposure
using the Allergan Global Safety Database to providea cumulative 29-year safety update. In
total, 913 pregnancies were retrieved from the database, with 397 pregnancies eligible with
known outcome, which were nearly evenly distributed between prospective (n=195) and
retrospective (n=202) pregnancies. Analysis of maternal characteristics revealed that age was
slightly skewed toward women <35 .years old compared to those of advanced maternal age (=35
years). The most common indications were aesthetic and migraine or headache, with
onabotulinumtoxinA desing.consistent with typical use.**® The majority of onabotulinumtoxinA
exposure occurred during the first trimester, followed by preconception exposure. There were 3
fetal defect events among those 'with preconception exposure and 5 among those with first-
trimester exposure.

This retrospective safety analysis expands upon a previous publication? that summarized
safety data from‘the Allergan Global Safety Database over a 24-year period and included 232
eligible pregnancies with known outcomes. This 29-year update, encompassing the previous
data, includes 397 eligible pregnancies with known outcomes. This updated analysis added 165
eligible pregnancies (58 prospective and 107 retrospective), an approximate 71% increase. In

the original report, aesthetic was the most common reason for using onabotulinumtoxinA
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(50.5% of total pregnancies), followed by movement and pain disorders (16.8% and 14.2%,
respectively). In the current manuscript, therapeutic treatment with onabotulinumtoxinA (64.7%)
was more common than aesthetic treatment (35.3%). Neurological conditions (52.9%), such as
migraine/headache (30.3%) and movement disorders (12.1%), were the most frequently
reported therapeutic indications. In this updated analysis, there was a large increase in the
number of migraine or headache cases (n=103) compared to the previous study (n=24).2
OnabotulinumtoxinA was approved for the treatment of chronic migraine in 2010, allowing for 8
years of post-approval data in the current manuscript compared.to only 3 years in the original.
Taking into consideration that the prevalence of migraine is highest in women of reproductive
age, that women report migraines negatively impacting their plans for pregnancy, that up to 80%
of women who had migraines prior to conception-will.continue to have manifestations during
pregnancy requiring intervention, and that women with chronic migraine who discontinued
onabotulinumtoxinA treatment during pregnancy showed a relapse in their condition,*”*® this
expanded analysis can provide important real-world evidence to healthcare providers and
patients.

Most fetal outcomes from prospective (77.2%) and retrospective (77.3%) pregnancies
resulted in live births. The incidence of spontaneous fetal loss was 16.2% (32/197) for
prospective pregnancies.and 19.3% (40/207) for retrospective. In the general population,
spontaneous fetal loss is expected to occur in approximately 10-28% of known pregnancies,*®
with increased risk with advanced maternal age.? In this analysis, the incidence of fetal loss
due to elective abortion was 6.6% (13/197) for prospective pregnancies and 3.4% (7/207) for
retrospective. According to surveillance data from the Centers for Disease Control and
Prevention (CDC), the rate of US legal induced abortion is 11.6 abortions per 1,000 women
(aged 15-44 years).” Direct comparisons between the abortion rate found in this analysis and

the US rate are not possible due to differences in how the denominators were defined. In this
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analysis, the denominator included only pregnhant women, while the CDC denominator included
all women of childbearing potential (aged 15-44 years).

In this analysis, the prevalence rate of overall fetal defects in prospective live births, which
includes all defects regardless of severity, was 2.6% (4/152, 95% CI: 1.0-6.6%) and for major
fetal defects was 0.7% (1/152, 95% CI: 0.1-3.6%). Among cases of live births and known
determinable exposure times were 1 birth defect (1/32, 3.1%, 95% CI. 0.6-15.7) with
preconception exposure and 2 birth defects (2/98, 2.0%, 95% CI: 0.6-7.1) with first-trimester
exposure. In addition, an exploratory sensitivity analysis was conducted that included
pregnancies with unknown birth outcomes. The prevalence rate was'3.9% (6/154, 95% CI: 1.8-
8.2%), suggesting that including these data, which assumed that a fetal defect occurred in
unknown cases, had no effect on the prevalence of fetal defects.

Published fetal birth defect rates vary between countries and reporting centers. The CDC
reported that major structural and genetic birth defects occur in approximately 3% of US births.?
The Texas Birth Defects Registry. reported structural or chromosomal birth defects in 4.3% of
live births.?® Registry data from the UK found a slightly lower incidence, with major and system-
specific congenital anoemalies occurring in‘approximately 1.7-2.0% of children less than 1 year
of age.” The March of Dimes Foundation estimates that 6% of total births worldwide have a
serious birth defect of genetic or partially genetic origin.”® Given these data, the prevalence rate
of major birth defects.in live births found in this analysis (0.7%) is within/below that observed in
the general population. Compared to the previous analysis® (overall defects: 2.7% [3/110, 95%
Cl: 0.6-8.0%]; major defects: 0.9% [1/110, 95% CI: 0.02-5.1%]), the prevalence rates in this
expanded analysis were slightly lower than those reported previously.

Of 397 pregnancies with known outcomes, 13 fetal defects were reported. No discernible
patterns in characteristics were observed, as fetal defects were reported for prospective and

retrospective pregnancies, in cases of live birth and fetal loss, and in patients treated for a
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variety of indications. Additionally, no consistent types of malformation by organ were observed.
Compared to the previous analysis,? four additional fetal defects (major) were identified: corpus
callosum agenesis (prospective elective abortion), cleft lip and cleft palate (retrospective live
birth), diaphragmatic hernia (retrospective live birth), and neural tube defect (retrospective
elective abortion).

Published reports of fetal exposure to botulinum toxin from botulism (17 publications

describing 19 pregnant women, which have been summarized previously??°

) found no evidence
of infantile botulism nor any direct adverse effects on the pregnancy or fetus. A literature search
of BONT/A treatment during pregnancy (or up to 3 months prior to conception) for therapeutic or
aesthetic indications, which may be inclusive of the pregnancies reportedin this analysis,
revealed 21 publications describing 109 women and 118 pregnancies.'®*?"*® Some reports
described other BoNT/A products, or did not specify the manufacturer, and we acknowledge the
non-interchangeability of these findings. Of the published pregnancies, there was one report of
a therapeutic abortion® and five reports of spontaneous fetal loss.'#?32%3¢46 Of the spontaneous
fetal loss, two were in women with a history of previous miscarriage without BoNT/A

28,29

treatment, one was“a result of an inherent anembryonic pregnancy, most likely without any

”% and the last two were medically unremarkable.'®*° There

relation to the BoNT/A injection,
were two reports of premature birth, with one “not thought to be related to the drug”® and the
other was “within background average statistics.”*® In addition to the pregnancies above, a
recent retrospective study evaluated the safety of onabotulinumtoxinA for the treatment of
chronic migraine during pregnancy and concluded that all 10 pregnancies assessed resulted in
“live full-term births to healthy babies with no organ malformations.”’

A significant strength of this analysis, which increases the external validity of these results,

is the large number of pregnancies within the Allergan Global Safety Database. Nearly 400

eligible pregnancies across both aesthetic and therapeutic indications from US and international
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sources are described in this manuscript. The safety of onabotulinumtoxinA during preghancy
remains an important topic for healthcare providers and their patients and this update provides
additional real-world information. Due to differences in manufacturing, formulation, and potency
evaluation amongst BoNT/A products, which can impact clinical dosing, duration of action, and
adverse events, these onabotulinumtoxinA safety data are not interchangeable with that of other
products.*®4°

As is common to retrospective database analyses, this analysis has several limitations. First,
to ensure potentially important safety data were not overlooked, reports of BONT/A
manufacturer unknown were included in this analysis; therefore, data in this'manuscript may not
be exclusive to pregnancies associated with onabotulinumtoxinA exposure. Nevertheless, none
of these cases were in the prospective cohort. Second, this analysis is restricted to data within
the Allergan Global Safety Database, which‘includes only reported pregnancies and does not
represent all onabotulinumtoxinA-exposed pregnancies. Additionally, the database may not
contain full details, limiting in-depth.analyses on risk factors in this population, including
concomitant medication expasure, comorbidities, and other potentially relevant covariates.
Third, most onabotulinumtoxinA exposure data are from the first trimester, which is important,
as it is the period of most organogenesis; however, consequently, less is known about
onabotulinumtoxinA exposure throughout the later stages of pregnancy. Based on preclinical
data, it is unclear whether a level of potential systemic onabotulinumtoxinA exposure would be
significant enough to impact the fetus of treated mothers.>® Fourth, exposure was primarily
(83.5%) <200 U (per labeling, the maximum dose is 400 U), so the effects of higher doses could
not be evaluated. The majority of exposed mothers were treated for neurological and aesthetic
conditions, which may limit generalizability. Fifth, abnormal outcomes were assessed at the time
of birth, but data for later time points during postnatal development were often unavailable. This

was nhot a comparative or controlled study, and although the analysis adds to the evidence
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base, conclusions about the safety of onabotulinumtoxinA during preghancy should be made

with caution and continue to be monitored.

Conclusions

This 29-year retrospective analysis of safety data in onabotulinumtoxinA-exposed mothers
demonstrates that the prevalence rate of major fetal defects among live births is consistent with
rates reported in the general population. Most of the exposures were.in the preconception
period and first trimester of pregnancy, with limited data available for second- and third-trimester
exposure. This updated and expanded safety analysis provides important real-world evidence to

healthcare providers and their patients.

http://links.lww.com/WNL/C790

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.


http://links.lww.com/WNL/C790

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

Brin MF. Development of future indications for BOTOX. Toxicon 2009;54:668-674.

Brin MF, Kirby RS, Slavotinek A, et al. Pregnancy outcomes following exposure to
onabotulinumtoxinA. Pharmacoepidemiol Drug Saf 2016;25:179-187.

Botox® (onabotulinumtoxinA) [prescribing information]. North Chicago, IL: AbbVie Inc.;
2022.

Simpson DM, Hallett M, Ashman EJ, et al. Practice guideline update summary:
Botulinum neurotoxin for the treatment of blepharospasm, cervical dystonia, adult
spasticity, and headache: Report of the Guideline Development Subcommittee of the
American Academy of Neurology. Neurology 2016;86:1818-1826.

Victor TW, Hu X, Campbell JC, Buse DC, Lipton RB. Migraine prevalence by age and
sex in the United States: a life-span study. Cephalalgia 2010;30:12065-1072.

Burch R. Epidemiology and treatment of menstrual migraine.and migraine during
pregnancy and lactation: A narrative review. Headache 2020;60:200-216.

Li W, Tang M. Application of botulinum toxin in pregnancy and its impact on female
reproductive health. Expert Opin Drug Saf 2020;19:83-91.

Trivedi MK, Kroumpouzos G, Murase JE. A review of the safety of casmetic procedures
during pregnancy and lactation. Int J Womens:Dermatol 2017;3:6-10.

Finer LB, Zolna MR. Declines in Unintended Pregnancy in the United States, 2008-2011.
N Engl J Med 2016;374:843-852.

U.S. Department of Health and Human Services, Food and Drug Administration.
Reviewer Guidance: Evaluating the Risks of Drug Exposure in Human Pregnancies.
2005. Available at: https://www.fda.gov/requlatory-information/search-fda-quidance-
documents/evaluating-risks-drug-exposure-human-pregnancies (Accessed 12 June
2020). Accessed:

Bar-Oz B, Moretti ME, Mareels G, Van Tittelooom T, Koren G. Reporting bias in
retrospective ascertainment of drug-induced embryopathy. Lancet 1999;354:1700-1701.
Koren G, Nickel S. Sources of bias in signals of pharmaceutical safety in pregnancy. Clin
Invest Med 2010;33:E349-355.

U.S. Department of.Health and Human Services, Food and Drug Administration, Center
for Drug Evaluation and Research, Center for Biologics Evaluation and Research.
Guidance for Industry: Establishing Pregnancy Exposure Registries. 2002. Available at:
https://www.fda.gov/media/75607/download (Accessed 12 June 2020). Accessed:

The Antiretroviral Pregnancy Registry. The Antiretroviral Pregnancy Registry Interim
Report for 1 January 1989 through 31 July 2019. . 2019. Available at:
http://www.apregistry.com/forms/interim _report.pdf (Accessed 12 June 2020). Accessed:
Wu B, Hu'Q, Wu F, Li Y, Xu T. A pharmacovigilance study of association between
proton pump inhibitor and dementia event based on FDA adverse event reporting
system data. Sci Rep 2021;11:10709.

Blumenfeld A, Silberstein SD, Dodick DW, Aurora SK, Turkel CC, Binder WJ. Method of
injection of onabotulinumtoxinA for chronic migraine: a safe, well-tolerated, and effective
treatment paradigm based on the PREEMPT clinical program. Headache 2010;50:1406-
1418.

Ishii R, Schwedt TJ, Kim S-K, Dumkrieger G, Chong CD, Dodick DW. The impact of
migraine on pregnancy planning: Insights from the American Registry for Migraine
Research (ARMR). Presented at: American Headache Society (AHS); June 4-7, 2020;
62nd Virtual Annual Scientific Meeting.

Wong HT, Khalil M, Ahmed F. OnabotulinumtoxinA for chronic migraine during
pregnancy: a real world experience on 45 patients. J Headache Pain 2020;21:129.

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.


https://www.fda.gov/regulatory-information/search-fda-guidance-documents/evaluating-risks-drug-exposure-human-pregnancies
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/evaluating-risks-drug-exposure-human-pregnancies
https://www.fda.gov/media/75607/download
http://www.apregistry.com/forms/interim_report.pdf

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Rossen LM, Ahrens KA, Branum AM. Trends in risk of pregnancy loss among US
women, 1990-2011. Paediatr Perinat Epidemiol 2018;32:19-29.

Heffner LJ. Advanced maternal age--how old is too old? N Engl J Med 2004,;351:1927-
1929.

Jatlaoui TC, Eckhaus L, Mandel MG, et al. Abortion Surveillance - United States, 2016.
MMWR Surveill Summ 2019;68(No. SS-11):1-41.

Rynn L, Cragan J, Correa A. Update on overall prevalence of major birth defects --
Atlanta, Georgia, 1978-2005. MMWR Morb Mortal Wkly Rep 2008:1-5.

Texas Department of State Health Services. Birth defects among 1999-2011 deliveries:
Summary and key findings from the Texas Birth Defects Registry's Report of Birth
Defects Among 1999-2011 Deliveries. 2016. Available at:
https://www.dshs.state.tx.us/birthdefects/data/BD _Data 99-11/Report-of-Birth-Defects-
Among-1999-2011-Deliveries.aspx (Accessed 7 May 2020). Accessed:

Sokal R, Fleming KM, Tata LJ. Potential of general practice:data for congenital anomaly
research: Comparison with registry data in the United Kingdom. Birth Defects Res A Clin
Mol Teratol 2013;97:546-553.

Christianson A, Howson CP, Modell B. March of Dimes Global Report on Birth Defects.
White Plains, New York: March of Dimes Birth Defects Foundation; 2006.

Badell ML, Rimawi BH, Rao AK, Jamieson DJ; Rasmussen S, Meaney-Delman D.
Botulism during pregnancy and the postpartum period: A systematic review. Clin Infect
Dis 2018;66:S30-S37.

Newman WJ, Davis TL, Padaliya BB, et al. Botulinum toxin type A therapy during
pregnancy. Mov Disord 2004;19:1384-1385.

Bodkin CL, Maurer KB, Wszolek ZK:-Botulinum toxin type A therapy during pregnancy.
Mov Disord 2005;20:1081-1082; author reply 1082.

Morgan JC, lyer SS, Moser ET, Singer C, Sethi KD. Botulinum toxin A during pregnancy:
a survey of treating physicians. J Neurol Neurosurg Psychiatry 2006;77:117-119.
Kuczkowski KM. Anesthetic implications of ‘botulinum toxin type A (Botox) injections for
the treatment of 'the aging face' in the parturient. Acta Anaesthesiol Scand 2007;51:515-
516.

de Oliveira Monteiro. E. Botulinum toxin and pregnancy. Skinmed 2006;5:308.
Wataganara'T, Leelakusolvong S, Sunsaneevithayakul P, Vantanasiri C. Treatment of
severe achalasia during pregnancy with esophagoscopic injection of botulinum toxin A: a
case report. J Perinatol 2009;29:637-639.

Li Yim JF, Weir CR. Botulinum toxin and pregnancy-a cautionary tale. Strabismus
2010;18:65-66.

Hooft N, Schmidt ES, Bremner RM. Achalasia in pregnancy: botulinum toxin a injection
of lower esophageal sphincter. Case Rep Surg 2015;2015:328970.

Holliday N, Baker S. Intrasphincteric Botulinum Toxin Injections to Treat Achalasia
Diagnosed.in 615 Pregnancy: A Case Report. J Reprod Med 2016;61:615-617.

Krug H, Krause P, Kupsch A, Kuhn AA. Safe Administration of Botulinum Toxin Type A
Injections During Pregnancy: A Report of Two Cases. Mov Disord Clin Pract 2015;2:187-
189.

Neubert ZS, Stickle ET. Bridging therapy for achalasia in a second trimester pregnant
patient. J Family Med Prim Care 2019;8:289-297.

Aranda MA, Herranz A, del Val J, Bellido S, Garcia-Ruiz P. Botulinum toxin A during
pregnancy, still a debate. Eur J Neurol 2012;19:e81-82.

Scott AB. Clostridial toxins as therapeutic agents. In: Simpson LL, ed. Botulinum
Neurotoxin and Tetanus Toxin. New York: Academic Press; 1989:399-412.

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.


https://www.dshs.state.tx.us/birthdefects/data/BD_Data_99-11/Report-of-Birth-Defects-Among-1999-2011-Deliveries.aspx
https://www.dshs.state.tx.us/birthdefects/data/BD_Data_99-11/Report-of-Birth-Defects-Among-1999-2011-Deliveries.aspx

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Robinson AY, Grogan PM. OnabotulinumtoxinA successfully used as migraine
prophylaxis during pregnancy: a case report. Mil Med 2014;179:e703-704.

Hnat MD, Sibai BM, Kovilam O. An initial Glasgow score of 4 and Apgar scores of 9 and
9: a case report of a pregnant comatose woman. Am J Obstet Gynecol 2003;189:877-
879.

Jain P, Jain M, Jain S. Subcutaneous injection of botulinum toxin-A in postherpetic
neuralgia during pregnancy. Ann Indian Acad Neurol 2017;20:430.

Cardon BR, Smith ME, Cerrati EW. Case series of botulinum toxin administered to
pregnant patients and review of the literature. Facial Plast Surg Aesthet Med 2020.
Abbott J. The use of botulinum toxin in the pelvic floor for women with chronic pelvic
pain-a new answer to old problems? J Minim Invasive Gynecol 2009;16:130-135.
Figueiredo S, Manda P, Dresner S, Mahadasu S. Successful treatment of achalasia in
pregnancy with botulinum toxin A: A case presentation. Presented at: British Maternal &
Fetal Medicine Society; BJOG An International Journal of Obstetrics.and Gynaecology;
Amsterdam, The Netherlands.

Kennedy G, Dafe C. A survey of UK practitioners on the use of botulinum-toxin a in
pregnancy. Presented at: International Headache Saciety.

Summers JE, Bedrin KO, Ailani J, Dougherty C. Safety of using onabotulinumtoxinA for
the treatment of chronic migraine in pregnancy. Presented at: American Headache
Association (AHS); Virtual Annual Scientific Meeting.

Brin MF, James C, Maltman J. Botulinum-toxin type A products are not interchangeable:
a review of the evidence. Biologics 2014;8:227-241.

Rupp D, Nicholson G, Canty D, et al. OnabotulinumtoxinA displays greater biological
activity compared to incobotulinumtoxinA, demonstrating non-interchangeability in both
in vitro and in vivo assays. Toxins (Basel) 2020;12.

Ravichandran E, Gong Y, Al'Saleem FH, Ancharski DM, Joshi SG, Simpson LL. An
initial assessment of the systemic pharmacokinetics of botulinum toxin. The Journal of
pharmacology and experimental therapeutics 2006;318:1343-1351.

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.



Figure Legend

Figure. Distribution of pregnancies.

®Pregnancies in which onabotulinumtoxinA injection occurred >3 months prior to the estimated date of

conception were considered ineligible.

Total pregnancy cases retrieved
(N=913):

= Clinical trial (124)

* Postmarketing (789)

Excluded (n = 461):
* Pregnancies with unknown outcome (461)

Pregnancies with known outcome
(n=452):

« Clinical trial (98)

* Postmarketing (354)

Excluded (n = 55):
* Ineligible pregnancies®(55)

Eligible pregnancies (n = 397):
* Clinical trial (58)
* Postmarketing (339)

Prospective (n = 392): Retrospective (n = 409):
* Fetuses (2 twins) (197) « Fetuses (5 twins) (207)
* Pregnancies (195) * Pregnancies (202)
| | J |
Live birth Fetal loss Live birth Fetal loss
(n=152; (n = 45; (n=160; (n=47;
77.2%) 22.8%) 77.3%) 22.7%)
Normal Abnormal Spontaneous Elective Normal Abnormal Spontaneous Elective
(n= 148; (n=4, (n=32, (n=13, (n =155, (n=5, (n=40, n=7,
97.4%) 2.6%) 71.1%) 28.9%) 96.9%) 3.1%) 85.1%) 14.9%)
Excluded (n = 4): Excluded (n = 5): Excluded (n = 2):
= Major fetal defect (1) Excluded (n = 1): « Major fetal defect (3) * Major fetal defect (1)
* Minor fetal defect (2) + Major fetal « Minor fetal defect (1) * Genetic abnormality
+ Birth complication (1) defect (1) + Significant adverse (1)
event (1)

Excluded (n=1):
» Genetic
abnormality (1)
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Table 1. Approved indications for onabotulinumtoxinA treatment®

Year of
Indication vearof FDA | gy Epma
approval
approval
Therapeutic
Strabismus 1989 N/A
Blepharospasm 1989 1994
Cervical dystonia 2000 1995
Primary axillary hyperhidrosis 2004 2001
Adult upper limb spasticity 2010 2001
Chronic migraine 2010 2010
Adult detrusor overactivity associated with a neurologic condition 2011 2011
Overactive bladder 2013 2013
Adult lower limb spasticity 2016 2014
*Pediatric upper limb spasticity 2019 2009
*Pediatric lower limb spasticity 2019 1997
*Pediatric detrusor overactivity associated with a neurologic condition 2021 N/A
Aesthetic
Glabellar lines 2002 2003
Lateral canthal lines 2013 2014
*Forehead lines 2017 2017

EMA = European Medicines Agency; EU = European Union; FDA = US Food and-Drug Administration; N/A = not
applicable.

2Asterisks (*) indicate new FDA approvals since previous 2016 report.” Detailed information pertaining to indication

statements approved by the FDA can be found in the package insert.?
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Table 2. Characteristics of prospective and retrospective pregnancies with a known outcome?

Prospective

Retrospective

pregnancies pregnancies J_o;g;
(n=195) (n=202) (N=397)
Maternal age, n 142 73 215
Missing data 53 129 182
<35 years 84 (59.2) 33 (45.2) 117 (54.4)
>35 years” 58 (40.8) 40 (54.8) 98 (45.6)
OnabotulinumtoxinA indication,’ n 182 158 340
Missing data 13 44 57
Aesthetic 89 (48.9) 31 (19.6) 120 (35.3)
Skin wrinkling 88 31 119
Skin cosmetic procedure 1 0 1
Therapeutic 93 (51.1) 127(80.4) 220 (64.7)
Migraine/headache’ 49 (26.9) 54 (34.2) 103 (30.3)
Migraine 46 54 100
Headache 3 0 3
Movement disorders® 17 ( 9.3) 24 (15.2) 41 (12.1)
Torticollis 8 16 24
Spasmodic dysphonia 1 5 6
Dystonia 4 0 4
Blepharospasm 1 1 2
Muscle hypertrophy 2 0 2
Hemiparesis 1 0 1
Muscle contracture 0 1 1
Strabismus 0 1 1
Hyperhidrosis 12 ( 6.6) 15 ( 9.5) 27 (7.9
Hyperhidrosis 12 15 27
Urological disorders 6 (3.3 1( 0.6) 7(21)
Neurogenic bladder 4 1 5
Hypertonic bladder 1 0 1
Cystitis interstitial 1 0 1
Gastrointestinal disorders 1( 0.5) 5( 3.2 6( 1.8)
Oesophageal achalasia 0 5 5
Anal fissure 1 0 1
Spasticity” 5( 2.7) 1( 0.6) 6( 1.8)
Muscle spasticity 5 1 6
Pain disorders® 3( 1.6) 0( 0.0 3( 0.9
Muscle spasms 2 0 2
Pelvic pain 1 0 1
Miscellaneous disorders® 0( 0.0 27 (17.1) 27 (7.9
Nervous system disorder 0( 0.0 27 (17.1) 27(7.9)
Timing of exposure,® n 177 141 318
Missing data 18 61 79
Prior to conception
0-1 month 22 (12.4) 4(2.8) 26 ( 8.2)
>1-2 months 11( 6.2) 4(2.8) 15(4.7)
>2-3 months 7 (4.0 3(21) 10 ( 3.1)
First trimester 129 (72.9) 121 (85.8) 250 (78.6)
Second trimester 7 (4.0 5(3.5) 12 ( 3.8)
Third trimester 1(0.6) 4( 2.8) 5(1.6)
OnabotulinumtoxinA dose, n 142 100 242

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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Missing data 53 102 155

<50 U 54 (38.0) 24 (24.0) 78 (32.2)
50 U to <100 U 19 (13.4) 8 ( 8.0) 27 (11.2)
100 U to <150 U 19 (13.4) 13 (13.0) 32 (13.2)
150 U to <200 U 27 (19.0) 38 (38.0) 65 (26.9)
200 U to <250 U 10( 7.0 9( 9.0 19( 7.9
250 U to <300 U 2(149 0( 0.0 2(0.8)
300 U to <350 U 9(6.3) 3(3.0 12 (. 5.0)
350 U to <400 U 2(149 0( 0.0 2(0.8)
2400 U 0( 0.0 5( 5.0 5(2.1)

n or N = number of pregnancies; U = units of onabotulinumtoxinA.

#Known data are shown and expressed as n or n (% among those with known information).

®Advanced maternal age was defined as 235 years.

“Medical Dictionary for Regulatory Activities (MedDRA) preferred terms shown'in italics.

For a complete list of neurological disorders, see eTable 5 in the Supplement.

°If exposed to onabotulinumtoxinA multiple times during pregnancy;, the patient was categorized closest to estimated

date of conception.
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Table 3. Comparison of characteristics between prospective pregnancies with live births and

spontaneous fetal loss®

. Pregnancies
Pregnancies with spontaneous
with live births f P values
- etal loss
(n=152) (n=32)
Maternal age, n 108 24 .067
Missing data 44 8
<35 years 67 (62.0) 10 (41.7)
>35 years 41 (38.0) 14 (58.3)
OnabotulinumtoxinA indication, n 142 29 .009
Missing data 10 3
Aesthetic 65 (45.8) 21(72.4)
Therapeutic 77 (54.2) 8 (27.6)
Timing of exposure, n 138 26 .990
Missing data 14 6
Prior to conception 32 (23.2) 6(23.1)
First/second trimester 106 (76.8) 20 (76.9)
OnabotulinumtoxinA dose, n 115 20 .205
Missing data 37 12
<50 U 41(35.7) 11 (55.0)
50 U to <100 U 16 (13.9) 3 (15.0)
2100 U 58 (50.4) 6 (30.0)

n = number of pregnancies; U = units of onabotulinumtoxinA.

®Known data are shown and expressed as n or n (% .among these-with known information).
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Table 4. Summary of fetal defects in prospective and retrospective pregnancies

a . S Time of Maternal
Adverse event Pregnancy details Indication expoSiire Dose age
Prospective fetal defects in live births
Major fetal defect (n=1)
Congenital ventricular septal defect C-section; asymptomatic, Axillary 37 days pre- 100U 28 years
(Ventricular septal defect) no intervention required hyperhidrosis conception
Minor fetal defects (n=2)
Metatarsus adductus Induced vaginal delivery Chronic migraine | 15 days’/post- 155 U 19 years
(Talipes) (decreased fetal movement); conception
no other abnormalities
Innocent heart murmur® Family history of cardiac Blepharospasm | Trimesters 1,2,3 | 8U,12U,14U | 23 years
(Cardiac murmur) murmur
Birth complication (n=1)
Horner’s syndrome C-section, placenta previa, Axillary “Few days” before | 100 U (50 U Unknown
(Horner’s syndrome) and uterine varicosities; hyperhidrosis conception each axilla)
no abnormalities‘reported
11 months later
Prospective fetal defects in abortions
Major fetal defect (n=1)
Agenesis of corpus callosum Elective abortion at 7 months | Skin wrinkling 4 days post- Not reported 37 years
(Congenital central nervous system conception
anomaly)
Genetic abnormality
Down syndrome Miscarriage at.gestation Skin wrinkling 40 days post- 12U 38 years
(Fetal chromosome abnormality) month 5 (glabella) conception
Retrospective fetal defects in live births
Major fetal defects (n=3)
Tracheoesophageal fistula (tracheo- Pre-term labor at ~33 weeks, | Facial wrinkles 3 days post- 35U 30 years
oesophageal fistula) and esophageal resulting in C-section; conception
atresia (oesophageal atresia) surgical repair successful
Cleft lip (Cleft lip) and Cleft palate (Cleft Live birth; limited information | Unknown During pregnancy, | Not reported Unknown
palate) reported specific timing not
indicated
Diaphragmatic hernia Surgical repair with prolonged | Chronic migraine | During pregnancy, | Not reported Unknown

(Diaphragmatic hernia)

intubation

specific timing not
indicated
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Minor fetal defect (n=1)

Laryngomalacia Planned C-section at 38 Facial wrinkles 1 week pre- & 2 Not reported 38 years
(Laryngomalacia) weeks; settled spontaneously weeks post-
over several months conception

Significant adverse event (n=1)
Benign brain tumor® Successful surgical resection | Cervical Within 1 week 100U 25 years
(Brain neoplasm) dystonia before conception

Retrospective fetal defects in abortions

Major fetal defect (n=1)
Neural tube defect Elective abortion at week 19 Unknown During pregnancy, | Not reported Unknown
(Neural tube defect) specific timing not

indicated

Genetic abnormality (n=1)
Down syndrome Elective abortion at week 20 Skin wrinkling “Immediately after | 25 U 40 years
(Foetal disorder) (glabella) injection”

C-section = caesarean section; n = number of pregnancies; U = units of onabotulinumtoxinA.

*The event(s) as reported is (are) shown, followed by the Medical Dictionary.for Regulatory Activities (MedDRA) preferred term(s) in italics.

®Diagnosed at 7 days.

‘Diagnosed at 13 months.
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